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The dog has been suggested as a possible model for personality development over

the lifespan, however, we know little about how aging may shape their personality or

the magnitude of age-related changes. Previously we established that aging influences

multiple dog demographics, which could also affect how personality traits change

across different age periods. A demographic questionnaire and the Dog Personality

Questionnaire were completed for a cross-sectional sample of 1,207 adult dogs living

in Hungary (Mage = 7.71, SD = 4.12), split into six different age groups. Results revealed

three of the five factors showed significant age effects. Activity/Excitability decreased

with age, and whilst Responsiveness to training also decreased, only dogs older than

12 years differed significantly from the other groups. Aggressiveness toward animals

showed a quadratic trajectory peaking in dogs aged 6–10 years. The greatest magnitude

of age-related change was detected between late senior and geriatric ages, likely caused

by compensatory behavioral changes to biological aging and owner attitudes to aging.

When the models were re-run including the other explanatory variables, age group

was no longer significant for the Responsiveness to training trait. The amount of time

spent interacting/playing with the owner partially mediated the relationship between age

and this trait, implying that interventions to increase play and training motivation may

alleviate the negative effects of aging on dogs’ trainability. Fifteen out of 28 explanatory

variables were significantly associated with at least one of the five factors [weight, breed

(pure/mixed breed), sex, off-leash activity, diet, previous trauma, age of dog when arrived

in the household, play, dog training activities, number of known commands and dog

obedience tasks]. Similarly to humans, dogs that had previously experienced trauma

scored higher in fearfulness and aggression. A higher level of basic obedience was

linked to some desirable dog personality traits (lower Fearfulness and Aggression, and

higher Activity/Excitability and Responsiveness to training). Regardless of the direction

of this relationship, obedience is an important aspect contributing to dog personality

questionnaires and the dog-owner relationship. This study is unique in that it considered

a wide variety of demographic variables which are influenced by aging.
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INTRODUCTION

Although personality is defined as “behavioral differences that
are stable across time and situations,” there is substantial cross-
sectional evidence for mean personality trait change across the
lifespan in humans (1). People tend to show increased self-
confidence, warmth, self-control, and emotional stability with
age, with changes occurring during young adulthood, middle
age, and old age. Previous studies have also indicated substantial
individual differences in changes; individuals display unique
patterns of development at all life stages, which appear to be
the result of specific life experiences (2). Work, marital, family,
and educational experiences can all lead to changes in personality
traits (3–6).

Cross-species comparison have been used to examine the
origins and adaptive significance of specific personality traits. For
example, Gosling and John (7) used the human Five factor model
(FFM: openness to experience, conscientiousness, extraversion,
agreeableness, and neuroticism) to compare the personality
factors of dogs and 11 other non-human species. They found
four of the five factors, and the canine analogs were labeled:
Energy (analogous to human Extraversion), Affection (human
Agreeableness), Emotional Reactivity (human Neuroticism),
and Intelligence (human Openness/Intellect). The dog has
been suggested as a possible model for human personality
development, and the influence of personality on health (8–
10). Dogs are observed by their owners on a daily basis, and
biological, psychological, social, and health related events are
often recorded. Their lifespan is much shorter than ours is, which
means developmental studies can be performed in a shorter
timeframe. Dogs share an evolutionary and developmental
history with humans due to domestication. They are present in
many households and are subject to the same environmental
conditions. Thus, they can be tested using the same observations
and experimental protocols (11). The high genetic variability and
differing environmental experiences found in pet dogs makes
them a good candidate to study individual differences and
personality (12).

However, we know little about how aging and experience
may shape personality in pet dogs (12). Over the last 20 years,
much research has focused on studying personality in dogs, as
they are common household pets around the world, and play
important roles in human society, such as guide dogs, assistance
dogs, therapy dogs, military and police dogs, and search and
rescue dogs. The number of publications on personality in dogs
has increased from roughly one per year in the late nineties to
a current average of eight publications per year (Google scholar
title word search). By far the most common method to assess
personality in dogs is through owners’ or care-takers individual
ratings of individuals’ personality traits on a Likert scale [with
1 being the least likely to exhibit the trait, and 5, or 7 as being
the most likely (reviewed in Gartner (13)]. Evidence suggests
that data collected through questionnaires can be accurate and
consistent (14, 15) with demonstrated reliability and validity (13,
16–18). Owners can draw on their experience from a wide range
of contexts and situations when they answer questions regarding
their dogs’ personality, while test batteries are strongly affected by

the context in which they are performed, and do not necessarily
reflect the dogs’ behavior on a day-to-day basis. The most
commonly used questionnaires include the Canine Behavioral
Assessment and Research Questionnaire (C-BARQ) (19), the
Monash Canine Personality Questionnaire (MCPQ/MCPQ-R)
(20, 21), and the Dog Personality Questionnaire (DPQ) (22).

Most studies have concentrated on the early development
up to 2 years, the predictability of certain early behavioral
characteristics on adult behavior, or on senior and geriatric
populations (23–26). Early experience has been found to
have a long-term effect on the personality of dogs (27–29).
Additionally, several studies have established differences in
personality between individuals belonging to dog breeds or breed
groups (30–32), as well as between the typical personality of pure
breed and mixed breed dogs (33).

Besides the effects of early experience and breed, the most
commonly reported factors that have been found to influence
personality in dogs are age, sex, and reproductive status (34).
Regarding age effects, younger dogs show higher boldness
(35), sociability (36), companionability, energy, excitability,
playfulness, active engagement (14), extraversion (21), and
attentiveness (37, 38). The literature is contradictory about
anxiety; while older dogs show higher calmness (36) and
lower anxious/destructive behavior than younger dogs (39),
neuroticism (a general measurement of fearfulness) was found
to correlate positively with age (40). Touch sensitivity, fear of
handling, fear of noises (14, 41), human and object fear (34),
aggression toward dogs, and owner directed aggression (14, 42)
also increase with age.

Inconsistencies may be due to the fact that different methods
were used to obtain the trait scores, including one-word
adjectives, complete sentence descriptions (with examples to
set the trait in context), and/or different age-based groupings
and age ranges of the samples. In addition, nearly all studies
reported only linear age relationships, and many had only small
effect sizes. The studies listed above did not look for quadratic
relationships with age, and in most cases, only a few age groups
were compared. Therefore, more detailed questionnaire studies
regarding the influence of aging on mean level personality traits
are necessary, particularly as the majority of past studies typically
examined only a few personality traits, used dogs in working
contexts, or only specific breeds, and only a handful of studies
investigated dogs of all life stages (particularly those over 4
years of age). One recent study by Chopik and Weaver (43),
is the first to use the validated Dog Personality Questionnaire
(DPQ) (22) to examine the degree to which dog personality
differs by age (including testing for quadratic relationships)
whilst controlling for age differences in sex, breed (pure breed
or mixed breed), reproductive status (intact/neutered), whether
the dog has attended obedience training, and whether the
owner trains their dog themselves or not. Although the sample
was heavily biased toward undergraduate students (70% of the
sample) and neutered dogs (87%), nevertheless a significant
linear age effect was found for the factor Activity/Excitability, and
quadratic effects were found for Responsiveness to training and
Aggression toward animals. Older dogs were less active/excitable
compared to younger dogs, and responsiveness to training and
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aggression toward other animals was highest among 6–8-year-
old dogs.

Sex effects have been reported in 38% of studies [reviewed in
Gartner (13)], however, reports are often conflicting. In general,
results show that males have higher aggression (31, 34, 43, 44)
and boldness (35, 36) and lower sociability (36) than females.
Conversely, female dogs have higher fearfulness (40, 45), and
lower dominance over dogs than males (14). Neuter status
often complicates sex effects, due to the absence or presence
of hormones. Intact dogs were found to be bolder (35) than
neutered dogs. In addition, neutered dogs were found to be
less calm (36), more aggressive, excitable and anxious (46) than
entire male and female dogs. In one study, entire male Labrador
retrievers showed higher owner aggression, and entire females
higher trainability (34). The results of sex effects on personality
are inconsistent, so further investigations are necessary with
larger sample sizes, to clarify the patterns found, and determine
the importance of sex effects in relation to other biological and
environmental influences.

So far, personality differences have also been described with
regards to coat color (34), body size [dog height is negatively
associated with neuroticism, and positively with amicability
(shorter dogs are considered more fearful and less sociable (21,
47))], training history [the most calm, trainable and sociable
dogs were found to be those that have participated in three or
more types of professional training (36)], and owner experience
[experienced owners tend to have calmer andmore trainable dogs
(39)]. Several studies have even found correlations between the
owner’s and their dog’s questionnaire-assessed personality traits
(43, 48, 49).

Studies examining how behavior changes with age and/or
breed, rarely take into account lifestyle demographic factors,
which have the potential to influence both test battery and
questionnaire results (50, 51). For example, environmental
factors (such as housing condition; living in a flat, house, and/or
garden) can mask, or even enhance genetically potentiated breed
differences in personality (50). Physiological changes with age
in the dog may also have an effect on the dogs’ perceived
personality. Starling et al. (35) suggested that a sharp decrease
in the personality trait boldness, in dogs aged over 13 years
might be explained by age-related degenerative conditions, such
as arthritis. Older dogs may suffer from physical pain and
discomfort, which may cause them to take fewer risks and to
become less inclined to interact with other dogs or people.
Therefore, when examining personality in dogs over all life stages,
it is important to include a wide range of dog demographic,
health, and environmental factors.

The aim of this study was to investigate the effects of
age on personality in a cross-sectional Hungarian sample.
Additionally, we explored which other factors are associated
with dog personality. We measured personality using the Dog
Personality Questionnaire (DPQ) (22), as it has been shown
to demonstrate reliability and validity, and has been used in
numerous studies to measure personality in dogs via owner
report (25, 52–54). Additionally, it has been found to be the
more reliable and trustworthy questionnaire in comparison to
C-BARQ and MCPQ-R (14), and it achieved a slightly higher

average mean consensus estimate of inter-rater reliability than
the MCPQ-R (0.54 vs. 0.45) (15). From previous studies, we
predicted a strong influence of dog age on dog personality.
Since few studies report the magnitude of age-related change, we
analyzed how much the personality traits change across different
age periods (mean-level changes) and explore at what age changes
in personality traits most prominently occur. Additionally,
Purebred dogs were predicted to be rated as less fearful and
aggressive than mixed breeds, male dogs less fearful and more
aggressive than females, reproductively intact dogs less fearful
than neutered, and finally, shared activities and training was
predicted to increase responsiveness to training and decrease
fearfulness and aggression.

METHODS

Ethical Statement
Data were collected from Hungarian dog owners via an online
questionnaire. Owners gave their informed consent for the data
to be used for scientific purposes in an introductory letter, before
filling out the questionnaire voluntarily and anonymously.

Subjects
One thousand three hundred and sixty five Hungarian dog
owners filled out an online questionnaire, which was advertised
on the Eötvös Loránd University Department of Ethology’s
homepage (http://kutyaetologia.elte.hu), on the Facebook page
“Családi Kutya Program,” and on the group “Kutyaetológia.”
The questionnaire was available from the middle of May to
the beginning of July 2016. Dogs aged under 1 year were
excluded from the full sample of 1365, as previous research has
suggested that their behavior does not remain stable over time
(55). Duplicate entries and entries with missing information were
deleted, which resulted in data from a total of 1207 individual
dogs. The final sample consisted of 66% pure breeds, 54%
females, of which 17% were intact, and 37% were neutered (26%
intact males and 20% neutered males). The descriptive statistics
of the sample are presented in Table 1.

Procedure
The on-line questionnaire contained three sections—the
demographic data of the dogs and their owners, questions
relating to the dogs’ personality, and questions concerning
possible age-related changes in cognition, impulsivity
and interspecific communication (results from this final
questionnaire are presented in a forthcoming publication).
The “Demographic Questionnaire” collected basic information
regarding the demographic attributes of the dog and the owner
and social attributes of their interactions. Details from the
demographic questionnaire were previously reported in Wallis
et al. (56), where we examined the descriptive statistics of the
variables, and whether the proportion of the dogs allocated
to each category of the demographic variables varied among
the dog age groups. Three continuous variables were collected
from the owners: the dog’s current weight (in kg), height at the
shoulder (in cm), and age (in months) (Table 1). The rest of the
variables were categorical, and the main descriptive statistics
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TABLE 1 | Descriptive statistics of the subjects, including sex, age, breed group, weight, and height information.

Breed Total count (%) Sex N (%) Age in months (Mean ± SD) Weight in kg (Mean ± SD) Height in cm (Mean ± SD)

Male Female

Mixed breeds 417 (34.5) 192 (15.9) 225 (18.6) 97.50 ± 51.05 20.10 ± 11.02 43.41 ± 13.15

Pure breeds 790 (65.5) 365 (30.2) 425 (35.2) 89.80 ± 48.36 21.13 ± 13.88 43.56 ± 15.33

Grand total 1207 557 (46.1) 650 (53.9) 92.46 ± 49.42 20.77 ± 12.97 43.51 ± 14.61

of the subset of 1207 dogs and their owners are presented in
Table S1. In addition to reporting the age in months of the dogs,
we also allocated the dogs to six age groups, which would allow
us to examine non-linear relationships with age. For the age
classifications we used: early adulthood (>1–3 years) N = 185,
middle age (>3–6 years) N = 251, late adulthood (>6–8 years)
N = 191, senior (>8–10 years) N = 202, late senior (>10–12
years) N = 170, and geriatric (>12 years) N = 208. These age
groups were similar to those used in Wallis et al. (38), reflecting
the developmental periods in the Border collie.

To measure dog personality traits, we used the “Dog
Personality Questionnaire” (DPQ) as it has been shown to
demonstrate reliability and validity, and has been used in
numerous studies to measure personality in dogs via owner
report (22). For details of the items used, please refer to Table S2.

Statistical Analysis
Generation of Factor Scores and Assessment of

Reliability
We used the short form of the DPQ, which consisted of 45
items that made up a five-factor solution. We translated the
questionnaire into Hungarian, and then back translated into
English, to ensure that each items content was preserved.
Instead of using a Likert scale with 7 options [as was used in
Jones (22)], we simplified the available responses, by reducing
the scale to 5 possibilities, in harmony with the other scales
of the questionnaires utilized. Owners scored the amount
they agreed with each statement from 1—I do not agree at
all with the statement, to 5—I fully agree. To calculate the
facet and factor scores we used the Scoring Key for the DPQ
Short Form provided by the author. The scores for each
relevant raw item were averaged to create the facet scores.
The factor scores were produced by averaging the scores of
the facets that made up each specific factor. If one item score
was missing, then no facet or factor score was calculated
for that individual. The five factors were labeled by Jones as
“Fearfulness, Aggression toward People, Aggression toward
Animals, Activity/Excitability, and Responsiveness to Training.”
Cronbach’s alpha was calculated to assess the internal reliability
of the extracted factors (57). The five factors were divided into
facets: “Fearfulness” was composed of “Fear of people,” “Non-
social fear,” “Fear of dogs” and “Fear of handling.” “Aggression
toward people” was divided into “General aggression” and
“Situational aggression.” “Activity/Excitability” was divided
into “Excitability,” “Playfulness,” “Active engagement” and
“Companionability.” “Responsiveness to training” was
composed of “Trainability” and “Controllability.” The last

factor, “Aggression toward animals,” contained “Aggression
toward Dogs,” “Prey Drive” and “Dominance over Other Dogs”
(22). Please see Supplementary Materials for a copy of the
questionnaire and scoring key (Tables S2, S3), and for results of
the age analyses of the facets.

Correlations between the factor scores were calculated using
Spearman’s rho as the data were not normally distributed. Results
are displayed in Table S4.

Statistical Models to Determine the Effects of the

Demographic Variables
Statistical analyses were run on the reduced dataset of 1,207
individuals and performed in R 3.3.2 (58). The five factors
from the DPQ were transformed using the boxcox power
transformation [Package “MASS,” (59)] to fulfill the assumptions
of normality and homogeneity of variance. Separate linear
models were first calculated with age as a categorical variable to
look for specific differences between age groups on the five factors
of the DPQ. Post hoc Tukey tests were run when significant
age group differences were found (p values were adjusted for
multiple comparisons using the single-stepmethod. “Single-step”
implements adjusted p values based on the joint normal or t
distribution of the linear function). Mean level changes across the
different age periods are reported, including a brief discussion of
the age periods when changes in personality traits predominately
occur. Then additional models were run with weight and height
included as covariates, and all of the rest of the variables as fixed
factors (age group, breed, sex, neuter status, sensory problems,
off-leash activity, body condition score, food, vitamins, trauma,
health problems, medication, owner age, owner experience, how
many other dogs in household, how many people in household,
child, dog age when arrived, get dog, where dog is kept, dog
obedience tasks, play, commands, dog training activities, time
spent alone, and dog behavior changed (for descriptions of
categories see Table S1). The aim of these linear model analyses
was to investigate (1) associations between personality traits and
the investigated variables (e.g., demographics of both dog and
owner), and (2) to examine whether the behavioral differences
between the dog age groups remained significant after controlling
for the differences in the other explanatory variables. Due to the
large number of predictors used in the models (28 explanatory
variables in total), only main effects were analyzed, and we did
not examine interactions.

Normality and homoscedasticity were assessed via residuals’
distribution charts and plots of residuals against fitted values.
Due to the large number of variables retained in the models,
the Benjamini–Hochberg procedure was utilized to control for
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the false discovery rate [FDR, (60)]. Most of the categorical
variables used were ordinal, which allowed group comparisons
to the smallest or lowest category. However, post hoc Tukey
tests were run on the nominal variables where significant group
differences were found (again p values were adjusted for multiple
comparisons using the single-step method). Results are detailed
in Table S4. To analyse the effect of outliers, any outliers of
z scores of > ± 3 were removed from the analysis, and the
models re-run.

A mediation model was proposed in order to better explain
themechanism or process that underlies the relationship between
personality and dog age, if a previously significant age effect
was no longer detectable in the second model including the
other explanatory variables. Please note that mediation analysis
does not imply a causal relationship. In the case where multiple
significant explanatory variables were present in the model, we
chose the variable that had the greatest variance explained by
dog age [this was determined previously in Wallis et al. (56)].
By implementing the Mediation package in R (61) we estimated
the average causal mediation effect (ACME) and the average
direct effect (ADE). First, we fitted the mediator model, where
the measure of the relevant explanatory variable is modeled
as a function of dog age group and confounding variables
[weight, height, breed, sex, neuter status, etc. (see Table 4 for full
list of final model variables)]. Next, we modeled the outcome
variable, including the mediator, age group, and the same set
of confounding variables as those used in the mediator model.
We then used the mediate function to estimate the ACME
and ADE. The default simulation type [the quasi-Bayesian
Monte Carlo method based on normal approximation (62)] was
used, withWhite’s heteroskedasticity-consistent estimator for the
covariance matrix from the sandwich package [vcovHC; (63)] by
setting the robustSE argument to TRUE.

RESULTS

Generation of Factor Scores and
Assessment of Reliability
The internal consistency (Cronbach’s alpha) of the five
questionnaire factors in the current sample ranged from
0.71 to 0.78 (Fearfulness 0.770, Aggression toward people 0.774,
Activity/Excitability 0.758, Responsiveness to training 0.714,
and Aggression toward animals 0.729). This confirmed that the
translation of the questionnaire from English to Hungarian,
and the modification of the rating scale (from a 7 point to a
5-point Likert scale) did not cause marked changes in the factors’
structure. The Cronbach’s alpha values from the original study
ranged from 0.73 to 0.84 (Fearfulness 0.838, Aggression toward
People 0.742, Activity/Excitability 0.728, Responsiveness to
Training 0.771, and Aggression toward Animals 0.748).

Descriptive Information of the Canine
Personality Factors
The means, standard deviations, ranges, minimum scores,
maximum scores and percentiles for each of the personality
factors are shown in Table 2. The Fearfulness and the Aggression

toward people factors were positively skewed, with half of
the dogs scoring between 1.83 and 2.75 for Fearfulness, and
between 1.17 and 2.17 for Aggressiveness toward people.
Activity/Excitability and Responsiveness to Training were the
most negatively skewed of the factors, with half the dogs scoring
between 3.08 and 4.00 for Activity/Excitability, and 3.00 and 4.17
for Responsiveness to Training. At least one dog obtained the
maximum score possible on each of the five factors, apart from
for Fearfulness. The largest range of scores was obtained for the
Responsiveness to training and the Aggression toward people
factors while the Fearfulness factor had the smallest range.

Linear Models: Main Effect of Age
Linear models were run to examine the effect of dog age
group on the five DPQ factors. Results revealed a significant
effect of age group on Activity/Excitability, which explained 18%
of the variance, Responsiveness to training, with 4% variance
explained, and Aggressiveness to animals, at only 2% variance
explained. Fearfulness and Aggressiveness toward humans had
no relationship with dog age (F = 1.35, P = 0.443; F = 0.88,
P = 0.493, respectively). Activity/Excitability showed a strong
negative linear relationship with age, all dog age groups differed
significantly from age group 1 (1–3 year olds). Responsiveness to
training was highest in 3–6 year olds, and there was a tendency for
Responsiveness to training to decrease from age 10, however, only
dogs aged above 12 years (age group 6) had significantly lower
scores than dogs aged 1–3 years. Aggressiveness toward animals
showed a quadratic distribution with age. Dogs aged between 6
and 10 years (age groups 3 and 4) had significantly higher scores
than dogs aged 1–3 years (Table S5 and Figures 1A–C below).

Regarding the magnitude of age-related change in personality,
Table 3 reports how much each of the three personality traits
changed across the different age periods (mean-level changes).
Z scores are presented for ease of interpretation. The greatest
mean-level change (decrease) in Activity/excitability was found
in middle age in comparison to early adulthood, followed by
the change between late senior and geriatric. Responsiveness to
training showed the greatest mean level change between late
senior and geriatric, with a significant drop in score. Finally,
although there were no significant differences between the
sequential age groups in Aggression toward animals, the greatest
mean level change (increase) occurred between middle age and
late adulthood.

Finally, we also examined how age influenced each individual
Facet of the DPQ, and since none were normally distributed,
and transformations did not result in normalized residuals,
we performed non-parametric Kruskal Wallis Tests to look
for differences between age groups. Significant age effects
were found in the following 11 facets (out of 15): Fear
of people, Non-social fear, Excitability, Playfulness, Active
engagement, Companionability, Trainability, Controllability,
Aggression toward animals, Prey drive and Dominance over
dogs (all p < 0.003; Figures S1A–K). Fear of people peaked in
dogs aged three to 6 years and was lowest in dogs aged over
10 years. Non-social fear increased with age, with dogs aged
over 12 years showing the highest levels, and dogs aged under
3 years the lowest levels. Excitability, Playfulness, and Active
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TABLE 2 | Number of subjects, mean, standard deviation, minimum, maximum, range, and quartiles of the Dog Personality Questionnaire factor scores.

DPQ Factors

Fearfulness Aggression toward People Activity/Excitability Responsiveness to Training Aggression toward Animals

N 1,172 1,184 1,158 1,185 1,173

Mean (%) 2.32 1.80 3.51 3.61 2.69

Std. deviation 0.68 0.78 0.63 0.82 0.77

Minimum (%) 1.00 1.00 1.08 1.00 1.00

Maximum (%) 4.33 5.00 5.00 5.00 5.00

Range 3.33 4.00 3.92 4.00 4.00

25% Percentile 1.83 1.17 3.08 3.00 2.11

50% Percentile 2.25 1.50 3.58 3.67 2.67

75% Percentile 2.75 2.17 4.00 4.17 3.22

TABLE 3 | Results of the linear models of the three PCA factors of the DPQ where a significant relationship with age group was found.

DPQ Factor Early adult

(>1–3 years)

Middle age

(>3–6 years)

Late adult

(>6–8 years)

Senior

(>8–10

years)

Late senior

(>10–12

years)

Geriatric

(>12 years)

Life-long

change

Activity N 178 241 182 192 162 201

Mean 0.692 0.285 0.048 −0.101 −0.286 −0.672 –

SD 0.794 0.845 0.933 0.829 0.953 1.063 –

M2–M1 – 0.407 −0.237 −0.149 −0.185 −0.386 −1.364

T – 4.826 −2.659 −1.725 −1.776 −3.763 –

P <0.001 0.084 0.515 0.481 0.003 –

Responsiveness to

training

N 180 241 182 192 162 201 –

Mean 0.072 0.166 0.129 0.113 −0.104 −0.405 –

SD 0.999 0.983 1.015 0.972 0.945 0.971 –

M2–M1 0.094 −0.036 −0.017 −0.217 −0.300 −0.477

T 0.983 −0.368 −0.205 −2.150 −2.884 –

P 0.923 0.999 1.000 0.262 0.046 –

Aggression toward

animals

N 177 244 184 198 166 202 –

Mean -0.117 -0.069 0.189 0.195 −0.034 −0.150 –

SD 0.936 1.016 1.030 0.992 0.934 1.024 –

M2–M1 0.049 0.258 0.006 −0.229 −0.116 −0.032

T 0.376 2.728 0.060 −2.093 −1.284 –

P 0.999 0.070 1.000 0.291 0.793 –

Here only the sequential relationships are presented, i.e., middle age in comparison to early adult, late adult in comparison to middle age etc. N, Number of subjects; Mean, Mean z

score; SD, Standard deviation; M2–M1, Difference between the preceding and current age group z score means; T, T value; and P, Adjusted p values (Turkey contrasts for multiple

comparisons of means). Bold type indicates p < 0.05.

engagement all showed a significant linear decrease with age
(highest scores in dogs aged one to three, and the lowest in
dogs aged over 12 years). Trainability scores remained high
until declining from 10 years onwards. Controllability showed
a quadratic distribution, peaking in three to 6 year olds, and
was lowest in dogs aged over 12 years. Aggression toward
dogs was lowest in the youngest age group, and highest in the
oldest. Conversely, prey drive was highest in the youngest age
group and lowest in the oldest. Finally, Dominance over dogs
showed a quadratic distribution and peaked in dogs aged 8 to
10. Please refer to the Supplementary Materials for pairwise
comparison of each age group, along with test statistic, standard

error, significance level, and adjusted significance level for
multiple comparisons.

Linear Models: Main Effects of All
Explanatory Variables
Linear models were run to examine the effects of the explanatory
variables and age group on the five DPQ factors. Since most
of the demographic and explanatory variables were previously
shown to differ according to the age group of the dog (56), in
order to control for these age differences, all of the variables were
left in the models (i.e., the models were not reduced), except
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TABLE 4 | Results of the linear models on the five PCA factors of the DPQ.

Source df Fearfulness

(N = 1,170)

Aggression

toward people

(N = 1,182)

Activity

excitability

(N = 1,156)

Responsiveness

to training

(N = 1,183)

Aggression

toward animals

(N = 1,171)

F P FDR Partial

eta2

F P FDR Partial

eta2

F P FDR Partial

eta2

F P FDR Partial

eta2

F P FDR Partial

eta2

Corrected Model 6.542 <0.001 0.230 3.327 <0.001 0.131 10.800 <0.001 0.333 18.830 <0.001 0.459 2.884 <0.001 0.116

Age group 5 2.690 0.020 0.066 0.012 0.897 0.482 0.605 0.004 18.153 0.000 0.000 0.076 1.077 0.372 0.475 0.005 4.113 0.001 0.012 0.018

Height (in cm) 1 0.194 0.659 0.288 0.000 0.578 0.447 0.605 0.001 0.137 0.711 0.779 0.000 2.094 0.148 0.340 0.002 1.266 0.261 0.375 0.001

Weight (in kg) 1 29.058 0.000 0.000 0.025 2.569 0.109 0.358 0.002 0.938 0.333 0.418 0.001 7.039 0.008 0.031 0.006 1.512 0.219 0.336 0.001

Breed 1 16.562 0.000 0.001 0.015 10.112 0.002 0.012 0.009 3.387 0.066 0.169 0.003 0.238 0.626 0.719 0.000 5.841 0.016 0.061 0.005

Sex 1 9.013 0.003 0.010 0.008 14.386 0.000 0.000 0.013 3.806 0.051 0.147 0.003 10.334 0.001 0.008 0.009 2.739 0.098 0.188 0.002

Neuter status 1 3.173 0.075 0.173 0.003 1.097 0.295 0.590 0.001 0.000 0.985 0.985 0.000 0.993 0.319 0.459 0.001 3.065 0.080 0.178 0.003

Sensory problems 1 2.205 0.138 0.693 0.002 1.729 0.189 0.543 0.002 6.526 0.011 0.042 0.006 1.516 0.218 0.380 0.001 5.967 0.015 0.061 0.005

Off-leash activity 4 1.510 0.197 0.377 0.005 0.718 0.580 0.642 0.003 2.039 0.087 0.200 0.007 3.872 0.004 0.023 0.014 1.866 0.114 0.202 0.007

Body Condition Score 2 0.411 0.663 0.693 0.001 0.693 0.500 0.605 0.001 5.427 0.005 0.029 0.010 0.385 0.681 0.719 0.001 1.851 0.158 0.260 0.003

Food 4 0.930 0.446 0.603 0.003 1.374 0.241 0.564 0.005 1.356 0.247 0.379 0.005 2.959 0.019 0.055 0.010 3.443 0.008 0.046 0.012

Vitamins 3 0.769 0.512 0.654 0.002 0.190 0.903 0.903 0.001 1.938 0.122 0.236 0.005 1.428 0.233 0.380 0.004 0.739 0.529 0.676 0.002

Trauma 1 40.734 0.000 0.000 0.035 22.142 0.000 0.000 0.019 1.619 0.204 0.335 0.001 0.805 0.370 0.475 0.001 8.502 0.004 0.031 0.008

Health problems 4 2.719 0.029 0.082 0.010 0.356 0.840 0.878 0.001 1.225 0.298 0.403 0.004 1.635 0.163 0.341 0.006 2.051 0.085 0.178 0.007

Medication 1 0.299 0.585 0.684 0.000 0.297 0.586 0.642 0.000 1.724 0.189 0.334 0.002 0.161 0.688 0.719 0.000 0.063 0.802 0.922 0.000

Owner age 3 1.007 0.389 0.559 0.003 1.030 0.379 0.604 0.003 0.939 0.421 0.484 0.003 1.500 0.213 0.380 0.004 0.106 0.957 0.957 0.000

Age of dog when arrived 3 1.163 0.323 0.495 0.003 3.104 0.026 0.120 0.008 14.223 0.000 0.000 0.037 0.719 0.541 0.655 0.002 3.224 0.022 0.072 0.009

Get dog 2 1.163 0.313 0.495 0.002 1.180 0.308 0.590 0.002 4.945 0.007 0.032 0.009 0.029 0.972 0.972 0.000 0.069 0.933 0.957 0.000

Where dog is kept 2 1.448 0.236 0.417 0.003 2.503 0.082 0.314 0.004 1.065 0.345 0.418 0.002 1.394 0.248 0.380 0.002 2.548 0.079 0.178 0.005

Dog obedience tasks 3 5.895 0.001 0.003 0.016 12.157 0.000 0.000 0.031 12.738 0.000 0.000 0.033 83.808 0.000 0.000 0.182 7.275 0.000 0.000 0.019

Play 3 0.091 0.965 0.965 0.000 0.940 0.420 0.604 0.002 1.931 0.123 0.236 0.005 4.207 0.006 0.028 0.011 0.248 0.863 0.945 0.001

Commands 2 0.520 0.595 0.684 0.001 0.869 0.420 0.604 0.002 3.388 0.034 0.112 0.006 19.961 0.000 0.000 0.034 0.801 0.449 0.607 0.001

Dog training activities 2 7.052 0.001 0.004 0.012 0.925 0.397 0.604 0.002 1.228 0.293 0.403 0.002 4.064 0.017 0.055 0.007 0.408 0.665 0.805 0.001

Dog behavior changed 1 4.191 0.041 0.105 0.004 1.350 0.245 0.564 0.001 0.068 0.794 0.830 0.000 5.025 0.025 0.064 0.004 2.970 0.085 0.178 0.003

Owner experience, Other dogs in the household, People in household, Child, and Time spent alone were removed from the model, as all p values were non-significant, and none of these variables differed among the age groups. All

other non-significant effects remained in the model in order to control for age effects on the explanatory variables. P values were corrected for multiple comparisons using the false discovery rate procedure (FDR). Significant predictors

are highlighted in bold and colored (p ≤ 0.05).
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FIGURE 1 | Mean Z score (and standard deviation) of the Dog Personality

Questionnaire (22) factors (A) Activity/Excitability, (B) Responsiveness to

training, and (C) Aggression toward animals, in the six different dog age

groups. The blue diamonds indicate the reference age group, and the blue

circles and dotted lines represent significant differences between age groups

p < 0.05 (after correction for multiple comparisons) in the pairwise post-hoc

analysis. The mean Z score for each age group is presented under each graph.

five variables which were not significant in the models and did
not show age differences (specifically, owner experience, other
dogs in the household, people in household, child, and time
spent alone). We found that dog age group was still significantly
associated with the Activity/Excitability trait, and also for
the Aggressiveness toward animals. However, the significant
main effect in the linear model of Responsiveness to training
disappeared after FDR correction (p= 0.475, Table 4).

In addition to dog age group, we found numerous associations
between the dog and owner demographics and other explanatory
variables and the personality traits (Table 4). Results for the
Fearfulness factor revealed significant effects of previous trauma
(3.5% variance explained), weight in kg (2.5%), breed (1.5%),
number of dog obedience tasks known (1.6%), number of dog
training activities currently participating in (1.2%), and sex
(0.8%), which including the remaining 17 variables explained a
total of 23.0% of the variance. Results from all the models can be
found in Table S5) but are briefly summarized here. Previously
we established that dogs that have experienced one or more
traumatic events (such as spent time at a shelter, changed owner,
suffered traumatic injury/prolonged disease/surgery, were lost
for a time, or who experienced a change in family structure), were
more likely to be currently suffering from health and/or sensory
problems (56). In the current study, dogs that had previously
experienced a traumatic event were scored higher in Fearfulness
than dogs that had not, and dogs with a higher weight in kg
were scored lower in Fearfulness than lighter dogs. Males and
pure breeds scored lower in Fearfulness than females and mixed
breeds. Finally, dogs that could perform three or more types
of obedience tasks, and/or participated in four or more dog
training activities had lower Fearfulness scores than dogs that
could perform maximum one task, or one dog training activity.

The 23 explanatory variables together accounted for 13.1% of
the total variance of the Aggression toward people score. Four
variables had significant associations after correction for FDR:
Purebreds were rated to be less aggressive than mixed breeds,
and males had higher Aggression toward people than females.
Dogs that had experienced trauma had higher Aggression toward
people, and dogs that knew three or more dog obedience tasks
had lower aggression than dogs that knew maximum one task.
From the four variables, three had a higher than 1% effect size:
number of dog obedience tasks known (3.1%), previous trauma
(1.9%), and sex (1.3%). After excluding 16 outliers and rerunning
the model, all results that were significant according to FDR
Benjamini-Hochberg method remained significant.

Results for the Activity/Excitability factor revealed significant
effects of age group (7.6% variance explained), age of dog when
arrived (3.7%), dog obedience tasks (3.3%), body condition
score (1%), where the dog was obtained from (get dog)
(0.9%), and sensory problems (0.6%), which including the
remaining 22 variables explained a total of 33.3% of the
variance. As dogs age increased Activity/Excitability decreased,
and dogs that arrived in the household aged 7 weeks or
older received lower Activity/Excitability scores than dogs that
were obtained from under 7 weeks. Dogs that knew two or
more types of dog obedience tasks were rated as higher in
Activity/Excitability than dogs that knew maximum one task.
Overweight dogs and dogs with sensory problems were scored
lower on Activity/Excitability levels than dogs in a normal weight
range, with no sensory problems. Finally, dogs that were born in
the household or bought by the owner from a breeder, had lower
Activity/Excitability scores than dogs that were found as a stray,
or obtained from the shelter. After excluding three outliers and
rerunning the model, all results that were significant according to
FDR Benjamini-Hochberg method remained significant.
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The 23 explanatory variables together accounted for 45.9% of
the total variance of the Responsiveness to training score. Results
revealed that as a consequence of successfully uncovering one or
more mediator variables, we could no longer detect age group
differences in this personality trait. Six explanatory variables had
significant associations after correction for FDR: Dogs that knew
two or more dog obedience tasks had higher Responsiveness to
training than dogs that knew maximum one task, and dogs that
knew 11 or more commands were rated higher in Responsiveness
to training than dogs that knew 10 or fewer. Dogs that engaged
in more than 1 h of off leash activity had greater Responsiveness
to training scores, than dogs that received <30min. Owners who
engaged in play or other activities with their dog for more than
1 h per day gave their dog higher scores in Responsiveness to
training than owner who spent <30min. Male dogs were rated
to be less Responsive to training than females, and heavier dogs
had higher Responsiveness to training scores than lighter dogs.
From the six variables, four had a higher than 1% effect size: dog
obedience tasks (18.2%), number of commands known (3.4%),
off leash activity (1.4%), and time spent in play (1.1%). After
excluding one outlier and rerunning the model, all results that
were significant according to FDR Benjamini-Hochberg method,
remained significant.

Results for the Aggressiveness toward animals factor revealed
significant effects of dog obedience tasks (1.9% variance
explained), age group (1.8%), diet (food) (1.2%), and previous
trauma (0.8%), which including the remaining 19 variables
explained a total of 11.6% of the variance. As described
previously, Aggressiveness toward animals showed a quadratic
distribution with age; dogs aged between 6 and 10 years had
significantly higher scores than dogs aged 1–3 years. Dogs that
could carry out four or more dog obedience tasks had lower
Aggressiveness toward animals than dogs that could perform
maximum one task. Dogs fed cooked food and/or raw meat, as
well as dogs fed a mixture of foods had higher owner reported
Aggressiveness toward animals than dogs fed a diet of tinned
food, or tinned and dry food mixed. Finally, dogs that had
previously experienced trauma scored higher in Aggressiveness
toward animals.

Mediation Analysis: Responsiveness to
Training
When modeled separately, some explanatory variables and
Responsiveness to training both showed an effect of age group,
therefore it is possible that a mediation may take place between
this factor and one or more of the variables. To follow up on
this possibility we looked for potential mediator variables by
examining which of the significant explanatory variables in the
model had the strongest relationship with dog age (including
off-leash activity, dog obedience tasks, play, and commands).
Results revealed that the explanatory variable play had the
greatest differences between the age groups [χ (15) = 61.282,
P < 0.001]. Please refer to Wallis et al. (56) for results of
the age analysis. The oldest age group had the lowest amount
of time playing/interacting with the owner in comparison to
younger age groups. Therefore, we were interested in finding out

whether some owners of older dogs maintain or even increase the
amount of time they spend playing/interacting with their dog in
comparison to other owners, who decrease the amount of time.
A high level of interaction with the owner could indirectly result
in maintaining the dogs’ levels of Responsiveness to training
in old age, thereby mediating the effect of age. Therefore, dog
age may not be the real reason that Responsiveness to training
decreases in the oldest age groups (in the age only model).
We hypothesized that as dog age increases, time in play with
the owner decreases in some dogs and then low play levels
decreases Responsiveness to training: Age group (X) → Play
[mediator (M)]→ Responsiveness to training [response variable
(Y)] (Figure 2). The mediation analysis effectively tests (1) the
influence of different amounts of time in play with the owner
in dogs of a similar age (indirect effect), and (2) the influence of
age group in dogs with similar amounts of time in play with the
owner (direct effect), on the response variable, Responsiveness
to training.

We estimated the average causal mediation effect of play,
by first fitting the mediator model, where the categorical
variable play [mediator (M)], is modeled as a function of
dog age group (X) and confounding variables [(C) weight,
height, breed, sex, neuter status, etc. (see Table 3 for full list
of final model variables)]. Next, we modeled the outcome
variable Responsiveness to training, including the mediator
(play), age group, and the same set of confounding variables
as those used in the mediator model. We used proportional
odds logistic regression for the mediator, and linear regression
for the outcome model. When comparing the age group with
the highest Responsiveness to training, with that of the lowest
[age group two and six (adult vs. old dogs)], results from the
mediation analysis indicated that there was a significant average
causal mediation effect (ACME or indirect effect), but the average
direct effect and the total effect were not significant. Results

FIGURE 2 | Proposed relationship between dog age group (X), the

explanatory variable play [mediator (M): “on an average day, how much time

do you or other people spend together with your dog in different activities?”

(Playing, walking, training)], and the Dog Personality Questionnaire factor

Responsiveness to training (Y). The dotted line represents indirect effects and

the solid line direct effects. Confounding variables includes all demographic

and other explanatory variables retained in the final model.
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from the mediation analysis posits a partial mediation and the
average proportion mediated was 18%. The results suggest that
themediating variable play accounts for a significant part (but not
all) of the relationship between dog age and Responsiveness to
training. Therefore, the difference in the play variable (mediator)
in older dogs in part is responsible for the lower Responsiveness
to training personality trait score. The absence of a significant
total effect can be explained by the presence of several mediating
paths that may cancel each other out. Please refer to the
Supplementary Materials for results of the mediation analysis.

DISCUSSION

Previously we established that aging influences multiple dog
and owner demographics (56), therefore the next step was to
examine whether the personality of the dog as measured by
the Dog Personality Questionnaire (22), also fluctuates with
age. In this study, we demonstrated that according to their
age group, dogs do indeed differ in their mean personality
trait levels. Younger dogs had higher Activity/Excitability levels
than older dogs, while older dogs had lower Responsiveness
to training. Aggressiveness toward animals showed a quadratic
trajectory with age and peaked between 6–10 years. The
greatest magnitude of age-related change in personality occurred
between the age groups late senior and geriatric, in the
Activity/excitability and Responsiveness to training traits. This
finding is likely to be caused by compensatory behavioral changes
to biological aging (64), and also could be influenced by the
owner’s attitude to their aging dog [geriatric dogs received
less activity/interaction/training with the owner than other age
groups (56)]. Previous studies have shown that in adult dogs,
cognitive changes generally occur aftermiddle age in parallel with
a decline in sensory and motor systems (38, 65). In the current
study, 65% of geriatric dogs had sensory issues, in comparison
to 23% of late seniors; which may help explain why we observed
the greatest magnitude of age-related change in personality in the
geriatric age group. There was also evidence for change between
early adulthood, middle age and late adulthood. In humans,
the greatest mean level changes in personality occur during
early adulthood (1) and then the rate of change slows down.
Therefore, it seems likely that the greatest period of personality
development in dogs would occur from puppyhood to early
adulthood. Unfortunately, dogs aged under 1 year were excluded
from the sample, so we were not able to examine the magnitude
of age-related change in personality for this period.

Previous studies have observed that multiple environmental
factors can mask or even enhance differences in biological factors
such as age, sex, neuter status, and breed (33, 36). Therefore, in a
second set of models we additionally controlled for demographic
and other explanatory variables. Results revealed that as a
consequence of successfully uncovering one or more mediator
variables, we could no longer detect age group differences in the
personality trait Responsiveness to training. The most important
factors that influenced personality traits (that had a higher than
1% variance explained) were age, weight, breed (pure breed
or mixed breed), sex, off-leash activity, diet, previous trauma,

age of the dog when it first arrived in the household, number
of dog obedience tasks the dog could perform, time spent in
play/interacting with owner, number of known commands, and
current dog training activities.

Interestingly, although we did not find an effect of age
in the main Fearfulness factor of the DPQ, we did find age
differences in the facets Fear of people and Non-social fear (see
Supplementary Materials). Fear of people peaked in dogs aged
3–6 years and was lowest in dogs aged over 10 years. Non-social
fear increased with age, with dogs aged over 12 years showing
the highest levels, perhaps due to a decline in environmental
stimulation opportunities and to sensory dysfunction. Previously
we detected a trend for the oldest age group to be shorter in
height than the other age groups [41 cm in comparison to 43–
45 cm; Kruskal Wallis test= 11.37, p= 0.055 (56)]. Which could
indicate that the higher non-social fear score in this group was
caused by generally higher fearfulness in smaller dogs. However,
there were no differences between the groups in weight in kg
(56). Given the small differences between the age groups it seems
unlikely that the higher non-social fearfulness in the oldest age
groupwas due to differences in height. Since 65% of geriatric dogs
had sensory issues, the higher non-social fear is muchmore likely
to be due to sensory dysfunction in this group. Non-social fear
was characterized by higher anxiety, diffidence, and difficulties
to adapt to new situations and environments. Previous studies
have reported increased anxiety in aged dogs, including increased
neuroticism (40), fear of handling, fear of noises (14, 41, 66) and
human and object fear (34). Since older dogs are more likely to
suffer from painful conditions (e.g., osteoarthritis) (67), when not
medicated, pain can cause changes in behavior such as increased
anxiety and noise sensitivity (68). Unfortunately, the DPQ does
not include questions about noise fear, and so we were not able
to examine its relationship with age. None the less, increased fear
responses in older dogs is particularly relevant for the senior dog-
owner bond, as fearfulness and fear-related behavior problems
result in an increase in the perceived cost of the dog owner
relationship (69), which can ultimately lead to the relinquishment
of the dog (70).

Studies have also shown increased anxiety-like behavior in
agedmice and rats, and in humans (71–74). Increases in anxiety is
one of the symptoms of Alzheimer’s disease (75) and also Canine
Cognitive Dysfunction (CCD) (76–78). Aged dogs aremore likely
to suffer from CCD and signs of increased anxiety include the
development of phobias, separation anxiety, night waking and
vocalizations, as well as disorientation and changes in social
interactions, such as altered relationships with family members,
family pets and unfamiliar pets (77). Increased anxiety can also
be caused by medical conditions such as sensory dysfunction,
metabolic disorders, and pain (67). In older humans, anxiety is
often generalized, but in rats and dogs, individual increases in
social and non-social anxiety can be expressed separately (78, 79).
In the current study, only non-social anxiety increased with age,
whilst social anxiety showed a different trajectory. This finding
could be explained by the fact that researchers have suggested that
the same genomic region affected by structural variants in human
Williams-Beuren syndrome (WBS) is associated with hyper-
sociability found inmost domestic dogs (80). Note that sociability
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toward unfamiliar people varies a great deal, in some breeds
hyper-sociability is favored, and in others it is not a desirable
trait. WBS is a multisystem congenital disorder characterized
by hypersocial behavior and often heightened non-social anxiety
(81). Since many dogs are hyper-social (in comparison to their
closest living relative the wolf), a small increase in non-social
anxiety may be a normal consequence of aging in dogs, however,
large changes in non-social and social anxiety may be an
indication of pathological aging, once other related medical
conditions have been ruled out. Another explanation for the
differing cross-sectional trajectories of social and non-social fear
may be due to the fact that these processes involve differing
neurological regions and neurotransmitters, based on evidence
from rat and human studies (82, 83).

Unsurprisingly, the factor Activity/Excitability, which
contains the facets Excitability, Playfulness, Active Engagement
and Companionability, showed a strong decline with age
in the current cross-sectional study. Several studies have
reported decreases in activity levels with age in dogs within
the home environment (84, 85). This factor also includes
questions regarding sociability (companionability, or time
spent interacting with humans), and playfulness, which are also
reported to decline with age in dogs (39, 84, 86). Using the same
questionnaire Chopik and Weaver (43) found a similar decline
of the factor Activity/Excitability with age. Utilizing a different
personality questionnaire based on a Human Personality
Inventory, Kubinyi et al. (36) found that older dogs were calmer,
less social and less bold than younger dogs [see also Starling et al.
(35) for decrease in boldness with age] which also points to a
reduction in activity/excitability and sociability with age.

In the current study, Responsiveness to training also declined
with age, after peaking in the 3–6-year-old dogs. Chopik and
Weaver (43) reported a peak in Responsiveness to training in
dogs aged 7 years, and no decline with age. This can be explained
by the fact that their sample was skewed toward younger dogs
and contained fewer senior and geriatric dogs in comparison to
the current study. By measuring selective attention, sensorimotor
control and trainability using a clicker training for eye contact
test in a large sample of pet Border collies aged from 6 months to
14 years, Wallis et al. (38) similarly to our results, found that the
dogs’ performance peaked in the 3–6 year olds. Kubinyi et al. (36)
and Turcsán et al. (33) also found a reduction in Trainability in
older dogs, especially those that did not take part in any training
activities and whose owners spent < 1 h active with them daily.

Finally, Aggressiveness toward animals increased with age up
to 10 years, but then declined. Several studies have reported
increases in intraspecific aggression in dogs with age (25, 39,
87). Similarly to the current study, Chopik and Weaver (43)
documented a peak in the factor Aggressiveness toward animals
at 7–8 years old, and a decline thereafter. However, this factor
also contains the facets Prey drive and Dominance over dogs.
In the current study, results indicated that the oldest age group
had the lowest scores in both facets. Which explains why older
dogs overall had lower Aggressiveness toward animals, despite
the fact that the facet Aggressiveness toward dogs was highest
in the oldest age group. This information is particularly relevant
for owners of aged dogs living in multi-dog households as

their management and housing could be affected. If increased
aggressiveness toward dogs within the same household is
observed, pain issues should be ruled out first, and preventative
measures be implemented such as providing separate sleeping
areas and feeding locations, in order to minimize conflicts. Prey
drive and Dominance over dogs may be reduced in the oldest
age group due to falling activity levels or age-related frailty
and/or increased pain levels, and a corresponding decline in
walks and opportunities to meet unfamiliar conspecifics and/or
other animals.

Our next aim was to investigate if the behavior differences
between the dog age groups remained significant after controlling
for any differences in the demographic and dog keeping factors,
as well as to examine how the demographic and explanatory
variables are associated with the behavioral traits. Results
revealed that due to the fact that we successfully uncovered
one or more mediator variables we could no longer detect
age group differences in the personality trait Responsiveness
to training. For the Activity/Excitability and Aggression toward
animals behavior traits, dog age group remained a significant
predictor in the models even after controlling for the measured
explanatory variables. This suggests that these age-related
behavioral differences (i.e., lower Activity/Excitability in older
dogs, and higher Aggression toward animals in dogs aged
six to ten), remained even after taking into account other
demographic variables known to change with age [investigated
in Wallis et al. (56)].

When we explored the relationship between the demographic
and other explanatory variables and the behavior traits, we found
that 15 out of the 28 variables were significantly associated
with at least one behavior trait, after correction for multiple
comparisons. Here we will discuss only those variables that
accounted for <1% variance explained in the models (including
weight, breed, sex, off-leash activity, food (diet), previous trauma,
age of dog when arrived, dog obedience tasks, play, commands,
and dog training activities).

The explanatory variables weight and breed (mixed or pure
bred) were significant in the DPQ factor Fearfulness. Larger,
heavier dogs scored lower in Fearfulness than smaller lighter
dogs, and mixed breeds were higher in Fearfulness than pure
breeds. Our results are supported by previous studies that found
that smaller dogs were seen as more anxious, neurotic and fearful
in comparison to larger dogs (21, 47, 88), which might help
explain why in the current study smaller dogs had lower scores in
Responsiveness to training than larger dogs. Mixed breeds were
also found to be more fearful than pure breeds (39, 40, 89), which
may heighten their tendency to show aggression toward people.
Mixed breed dogs and small dogs in comparison to pedigree
and large dogs may be subject to different early life experiences,
as well as different perceptions from their owners, which could
also explain the observed differences found in the current study.
The factors Aggression toward animals and Aggression toward
people had a low percentage of variance explained in the models
and were less influenced by environmental factors; therefore,
additional variables not measured in the current study likely
contribute to these personality traits. Previous studies suggest
that dogs are likely to learn to show aggression only in particular
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contexts. Experiences that are specific to the individual and the
type of training method used by the owner may also influence
aggression in dogs (87, 90, 91). Genetic factors that contribute
to the DPQ factors Fearfulness, Aggression toward People and
Activity/Excitability have been identified (92–98). Our results
reflect the importance of genetic factors, as breed status was
associated with these factors, albeit only one of them with a
higher than one percent variance explained.

Similarly, although we found significant sex effects for three of
the five personality traits (and a tendency in Activity/Excitability
and Aggression toward animals), only one had a higher than
one percent variance explained, Aggression toward people.
Regardless of breed, owners rated male dogs as higher in
aggression than females. Previous studies have found that male
dogs score higher on owner directed aggression (42), biting,
growling and possessive behavior (99), and over half the dogs
reported to display aggressive behavior toward humans are
reproductively intact males (100–102). In the current study,
female dogs were rated higher in Fearfulness and Responsiveness
to training similarly to previous studies (31, 40, 103–105).
However, another study reported no relationship between
Responsiveness to training and sex, and an interaction between
sex and breed was also reported (44, 106). The current study adds
to previous studies findings that there are breed and sex specific
differences in behavior, behavioral development and heritability
of traits in dogs (25, 26, 29, 44). The lack of personality differences
found in dogs of different reproductive status in the current study
could be because previous studies have found differential effects
of neutering on the behavior ofmales and females [e.g., (90, 107)].
Therefore, future studies should specifically examine sex—neuter
status interactions.

The environmental explanatory variable, off-leash activity
showed only one association with the personality traits measured.
Dogs that engaged in more than 1 h of off-leash activity had
greater Responsiveness to training scores, than dogs that received
<30min. This finding is easily explained by the fact that dogs
that have received more training and have a better recall, are
likely to be allowed more off-leash time than untrained dogs.
Some breeds are more commonly allowed off the lead in public
by owners, which indicates that there are breed differences in off-
leash activity. Additionally, dogs that are more fearful and show
aggression to strangers or other dogs (and therefore might not
return to the owner when called), are less likely to be allowed off-
leash. A recent study found that such dogs were also more likely
to be overweight, perhaps because their owners do not allow their
dogs to exercise outside the house and garden, or restrict their
freedom if they do (108).

The dogs’ main diet had a significant association with one
behavioral trait. Interestingly, dogs fed cooked food and/or raw
meat, as well as dogs fed a mixture of foods (including, cooked
food, raw, as well as dry and/or canned food), had higher owner
reported Aggressiveness toward animals than dogs fed a diet of
only dry food, or tinned food, or tinned and dry food mixed. One
explanation for this finding could be due to the fact that dogs
which are prone to intraspecific aggression that are fed a higher
protein diet, show heightened dominance aggression compared
to when they are fed a low protein diet, or a diet supplemented
with tryptophan (109). Additionally, raw/cooked food could be

considered a more valuable resource than canned/kibble and
therefore more likely to trigger resource guarding aggression.
Alternatively, owners with strong opinions about their dog’s diet
may also be biased in their perception of their dog’s behavior.

Earlier we established that dogs that have previously
experienced one or more traumatic events (such as spent time
at a shelter, changed owner, suffered traumatic injury/prolonged
disease/surgery, were lost for a time, or who experienced a change
in family structure), were more likely to be currently suffering
from health and/or sensory problems (56). We speculated that
exposure to traumatic experiences causes behavioral changes in
dogs such as increased fearfulness and aggression to certain
stimuli. In the current study, results showed that dogs that
were exposed to previous trauma showed higher fearfulness and
aggression toward people and animals, than dogs with no such
negative experience. The owners of forty two percent of the
dogs in our sample indicated that their dogs had experienced
trauma, which seems particularly high, however, 28% of the dogs
were from a rescue background and 18% were obtained when
they were older than 1 year, which could help explain this high
percentage. Future studies should examine whether this holds
true for other dog populations. One could speculate that mixed
breed dogs were more likely to experience trauma, due to the
fact that many of them are obtained from shelters. However,
since there were also significant breed effects in these personality
traits (only a trend in Aggression toward animals), the fact that
trauma was still significant, indicates that this effect was present
regardless of whether the animal was a purebred or a mixed
breed dog.

To date, few studies have examined the effect of previous
trauma on behavioral traits in dogs (28). Serpell and Duffy
(110) found that particularly frightening or traumatic events that
occurred during puppyhood/adolescence were associated with
differences in C-BARQ scores for some behaviors displayed at
12 months. Puppies that had been attacked by an unfamiliar
dog displayed higher dog-directed fear, and stranger directed
aggression. In addition, puppies that had been frightened by a
person showed higher levels of stranger directed fear. However,
the authors note that it was not possible to determine whether the
dogs became more fearful and/or aggressive as a direct result of
their experience or if they had a pre-existing disposition toward
fearfulness, which resulted in a higher likelihood to become
traumatized by aversive encounters. The same argument can be
made of our own results. However, in the current study dogs
could have suffered the trauma at any point in their life, and
therefore, we can speculate that the effects of previous trauma are
likely to persist much longer than the 12-month period in Serpell
and Duffy’s study (110).

Studies in humans have also indicated that extremely
adverse life experiences can have a profound effect on
personality. Participants who reported an extremely horrifying
or frightening event up to 2 years previously, showed
increases in neuroticism, decreases in the compliance facet of
agreeableness, and decreases in openness to values (111). These
changes correspond to increases in fear, anger and frustration
(aggression), and decreases in cooperation in interpersonal
relationships. These striking similarities in dog and human
neurobiological alterations in behavioral disorders further
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support the claim that the dog represents an interesting natural
animal model for human neuropsychiatric diseases (112, 113).

Dogs that arrived in the household aged older than 7 weeks or
that were bred by the owner received lower Activity/Excitability
scores than dogs that were obtained from under 7 weeks, or
that were found, or rescued from a shelter. Our results are
in part agreement to those from Kubinyi et al. (36); dogs
bred by the owner were described as being calmer, and bolder
than dogs acquired later, especially those acquired as adults
(note that a sex difference in boldness was found). In general,
puppies that are removed earlier from the dam are more likely
to exhibit potentially problematic behaviors (114). Increased
activity/excitability could also be a product of early separation
from the mother. However, we did not observe any other effects
of the age of dog when it first arrived in the household, apart from
a tendency of dogs that arrived over 1 year of age to have lower
aggression toward people and animals, than dogs that arrived at
a younger age.

The final four explanatory variables that influenced the
dog behavioral traits were dog obedience tasks, amount of
time in play or other activities, number of known commands,
and dog training activities. Dog obedience tasks was the only
demographic variable that had a higher than 1% variance
explained in all five of the models. A greater number
of dog obedience tasks known by the dog corresponded
to lower Aggressiveness toward animals, Fearfulness and
Aggression toward people, and higher Activity/Excitability and
Responsiveness to training, than dogs that could perform
maximum one task. These results suggest that there is a link
between the number of obedience tasks known and personality as
assessed by the owner in pet dogs. However, this is a correlation
and although changes in the number of obedience tasks known
may lead to changes in personality, it is also possible that
the dogs already had the type of personality that would be
amenable to training (lower aggression and fearfulness, and
higher Activity/Excitability), which resulted in greater levels of
obedience. Regardless of which is cause and which is effect, it
is clear that obedience is an important aspect contributing to
owner answered dog personality questionnaires, and the dog-
owner relationship.

Formal and informal obedience training has been found to
reduce aggression, and owners of obedience-trained animals
reported fewer behavioral problems (115, 116). However, we
should note that owners of fearful or aggressive dogs may
start formal training activities, but often do not continue due
to high stress levels of the dog and the owner. In these
cases, one to one training sessions with qualified trainers are
more likely to produce improvements. For example, Casey
et al. (87) found that dogs that attended obedience classes
had a 1.8 times increased risk of aggression to unfamiliar
dogs, perhaps because the owners were seeking assistance
with their aggressive dog. A questionnaire study by Bennett
and Rohlf (39) found that more obedient dogs (dogs that
come when called, and sit and stay on command) were
reported to be more friendly, and less aggressive, nervous, and
anxious/destructive by their owners. Owners of obedient dogs
had greater training engagement and participated in more shared

activities with their dog, which could result in a stronger dog-
owner bond.

In the current study, dog obedience tasks, time spent in play
or other activities and number of commands known explained
22% of the Responsiveness to training factor, providing construct
validity for this trait. Additionally, we could show that one
explanatory variable, play, partially mediated the relationship
between age group and Responsiveness to training. This result
is particularly important, as it implies that in older dogs,
interventions to increase play and training motivation may
alleviate the negative effects of aging on dogs’ trainability. Finally,
dogs that participated in a higher number of dog training
activities had lower Fearfulness scores. Previous studies have
also found a link between training and fearfulness. Owners of
nervous dogs had lower training engagement (39), and dogs
that participated in more training course were rated higher in
calmness (36).

The fact that the dogs’ level of training (or education) was
found to have a stronger influence on owner perceived dog
personality than breed, sex or reproductive status provides
evidence that educational experiences have the power to shape
dogs’ personality development. It is generally accepted that
children and puppies’ personality is dynamic and dependent
on the interaction of genetics, biology, and environmental
influences. Such phenotypic plasticity allows individuals to adjust
to environmental variation, and helps to explain the high
heritability of personality in early childhood (117). However,
the idea that a dog’s or indeed a person’s personality is fixed at
adulthood and cannot be changed has been pervasive in society
in general. Whilst it is true that as individuals enter adulthood the
longitudinal stability of personality increases substantially (117)
in humans, personality traits continue to change in response to
key life stages and events (2). A recent study has proven that
interventions can change self-reported personality traits through
volitional means (118). Evidence is emerging of the potential
of education interventions in children and adolescents to alter
personality traits in order to improve resilience (119). Here we
define resilience as “any behavioral or emotional response to
a cognitive or social challenge that is positive and beneficial
for development” (120). Dog obedience training throughout the
lifespan may help to increase resilience in dogs, and thus increase
their ability to cope with potentially stressful situations, reducing
fear and aggressiveness, and increasing responsiveness to training
and sociability. Indeed, the success of behavior modification by
owners supervised by qualified dog trainers that use positive
reinforcement as a tool to “correct” behavioral problems in dogs
is a testament to the power of education in improving motivation
and resilience in dogs (121–123).

Our study is among the first that aimed to report mean-level
differences in personality traits across the lifespan of pet dogs,
and to describe the demographic variables that may contribute to
them. However, it is important to note that a major limitation
of this study is that it is based on owner reports, which are
subjective, and in most cases where associations were found, it
was not possible to determine the direction of the cause—effect
relationships, or indeed whether a real causal relationship does
in fact exist. Additionally, as the owners were contacted through
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social media the sample may have been subject to selection bias,
and as such it is not possible to determine whether the results are
generalisable to the population. However, the age related results
are similar to Chopik andWeaver’s (43) study that used the same
questionnaire in populations in the US, the questionnaire showed
good reliability, and the questionnaire method has previously
been proven to be reliable and valid (22) and (17). Many of
the associations found can be used to generate new hypotheses
and tests that will help to validate the results. A low amount of
variance explained in some of the models was likely due to the
fact that we were not able to identify and measure all aspects
that can influence dog personality. Other factors such as trait
heritability and developmental effects like early socialization,
rearing environment and early life experience as well as differing
perceptions of owners of different breeds and sizes of dogs could
also provide explanations for the observed behavioral differences.

CONCLUSION

Some of the predicted relationships between demographic
variables and dog personality were found (such as age, breed,
and sex effects), however, most were small effects, therefore
their biological relevance is questionable. Instead, the amount of
shared activities, specifically the number of dog obedience tasks
known, and the occurrence of previous trauma proved to bemore
predictive of how owners viewed their dogs’ personality.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/Supplementary Material.

ETHICS STATEMENT

Ethical review and approval was not required for the animal
study because we collected the data using an online questionnaire
designed to assess the dogs and the owners demographic
data and dog personality via owner report. According to

the currently operating Hungarian law (1998. Evi XXVIII.
Torvenyand dog personality —the Animal Protection Act, 3rd
paragraph, 9th point), non-invasive observational data collection
on dog demographics and behavior are not considered as animal
experiments, and are therefore allowed to be conducted without
any special permission from the University Institutional Animal
Care and Use Committee (UIACUC). The filling out of the
questionnaires was voluntary and anonymous so the study did
not violate respondents’ privacy. Informed consent was included
in the introductory letter of the questionnaires.Written informed
consent was obtained from the owners for the participation of
their animals in this study.

AUTHOR CONTRIBUTIONS

EK and DS: conceived and designed the demographic
questionnaire. LW, EK, and DS: analyzed the data, interpreted
the results, and revised the paper. LW: wrote the first draft of the
paper. EK: provided the funding.

FUNDING

This research was funded by the European Research Council
(ERC) under the European Union’s Horizon 2020 research and
innovation program (Grant Agreement No. 680040) and the
János Bolyai Research Scholarship of the Hungarian Academy
of Sciences.

ACKNOWLEDGMENTS

We would like to thank all of the Hungarian owners who filled in
the online survey.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fvets.
2019.00493/full#supplementary-material

REFERENCES

1. Roberts BW, Walton KE, Viechtbauer W. Patterns of mean-level change
in personality traits across the life course: a meta-analysis of longitudinal
studies. Psychol Bull. (2006) 132:1–25. doi: 10.1037/0033-2909.132.1.1

2. Roberts BW, Mroczek D. Personality trait change in adulthood.
Curr Dir Psychol Sci. (2008) 17:31–5. doi: 10.1111/j.1467-8721.2008.0
0543.x

3. Heckman J, Pinto R, Savelyev P. Understanding the mechanisms through
which an influential early childhood program boosted adult outcomes. Am
Econ Rev. (2013) 103:2052–86. doi: 10.1257/aer.103.6.2052

4. Jeronimus BF, Riese H, Sanderman R, Ormel J. Mutual reinforcement
between neuroticism and life experiences: a five-wave, 16-year study
to test reciprocal causation. J Pers Soc Psychol. (2014) 107:751–64.
doi: 10.1037/a0037009

5. Jeronimus BF, Ormel J, Aleman A, Penninx BW, Riese H.
Negative and positive life events are associated with small but
lasting change in neuroticism. Psychol Med. (2013) 43:2403–15.
doi: 10.1017/S0033291713000159

6. Roberts BW, Wood D, Smith JL. Evaluating five factor theory and social
investment perspectives on personality trait development. J Res Pers. (2005)
39:166–84. doi: 10.1016/j.jrp.2004.08.002

7. Gosling SD, John OP. Personality dimensions in nonhuman animals. Curr
Dir Psychol Sci. (1999) 8:69–75. doi: 10.1111/1467-8721.00017

8. Cavigelli S. Animal personality and health. Behaviour. (2005) 142:1223–44.
doi: 10.1163/156853905774539355

9. Ley JM, Bennett PC. Understanding personality by understanding
companion dogs. Anthrozoos A Multidiscip J Interact People Anim. (2007)
20:113–24. doi: 10.2752/175303707X207909

10. Mehta PH, Gosling SD. Bridging human and animal research: a comparative
approach to studies of personality and health. Brain Behav Immun. (2008)
22:651–61. doi: 10.1016/j.bbi.2008.01.008

11. Miklósi Á, Kubinyi E. Current trends in canine problem-
solving and cognition. Curr Dir Psychol Sci. (2016) 25:300–6.
doi: 10.1177/0963721416666061

12. Jones AC, Gosling SD. Temperament and personality in dogs (Canis
familiaris): a review and evaluation of past research. Appl Anim Behav Sci.

(2005) 95:1–53. doi: 10.1016/j.applanim.2005.04.008

Frontiers in Veterinary Science | www.frontiersin.org 14 January 2020 | Volume 6 | Article 493

https://www.frontiersin.org/articles/10.3389/fvets.2019.00493/full#supplementary-material
https://doi.org/10.1037/0033-2909.132.1.1
https://doi.org/10.1111/j.1467-8721.2008.00543.x
https://doi.org/10.1257/aer.103.6.2052
https://doi.org/10.1037/a0037009
https://doi.org/10.1017/S0033291713000159
https://doi.org/10.1016/j.jrp.2004.08.002
https://doi.org/10.1111/1467-8721.00017
https://doi.org/10.1163/156853905774539355
https://doi.org/10.2752/175303707X207909
https://doi.org/10.1016/j.bbi.2008.01.008
https://doi.org/10.1177/0963721416666061
https://doi.org/10.1016/j.applanim.2005.04.008
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Wallis et al. Age Differences in Canine Personality

13. Gartner MC. Pet personality: a review. Pers Individ Dif. (2015) 75:102–13.
doi: 10.1016/j.paid.2014.10.042

14. Henriksson, J. (2016). Scores on Dog Personality are Dependent On

Questionnaire: A Comparison of Three Questionnaires. Available online
at: http://urn.kb.se/resolve?urn=urn%3Anbn%3Ase%3Aliu%3Adiva-
129821 (accessed August 27, 2019).

15. Posluns JA, Anderson RE, Walsh CJ. Comparing two canine personality
assessments: convergence of the MCPQ-R and DPQ and consensus between
dog owners and dog walkers. Appl Anim Behav Sci. (2017) 188:68–76.
doi: 10.1016/j.applanim.2016.12.013

16. Harvey ND, Craigon PJ, Blythe SA, England GCW, Asher L. An
evidence-based decision assistance model for predicting training
outcome in juvenile guide dogs. PLoS ONE. (2017) 12:e0174261.
doi: 10.1371/journal.pone.0174261

17. Kubinyi E, Gosling SD, Miklósi Á. A comparison of rating and
coding behavioural traits in dogs. Acta Biol Hung. (2015) 66:27–40.
doi: 10.1556/ABiol.66.2015.1.3

18. Turcsán B, Wallis L, Virányi Z, Range F, Müller CA, Huber L, et al.
Personality traits in companion dogs—results from the VIDOPET. PLoS
ONE. (2018) 13:e0195448. doi: 10.1371/journal.pone.0195448

19. Hsu Y, Serpell JA. Development and validation of a questionnaire for
measuring behavior and temperament traits in pet dogs. J AmVet Med Assoc.

(2003) 223:1293–300. doi: 10.2460/javma.2003.223.1293
20. Ley J, Bennett P, Coleman G. Personality dimensions that emerge

in companion canines. Appl Anim Behav Sci. (2008) 110:305–17.
doi: 10.1016/j.applanim.2007.04.016

21. Ley JM, Bennett PC, ColemanGJ. A refinement and validation of theMonash
Canine Personality Questionnaire (MCPQ). Appl Anim Behav Sci. (2009)
116:220–7. doi: 10.1016/j.applanim.2008.09.009

22. Jones AC. Development and Validation of a Dog Personality Questionnaire.
Univ. Texas Austin, ProQuest Diss. Publ. (2008). Available online at: https://
gosling.psy.utexas.edu/wp-content/uploads/2014/10/Amanda-Claire-
Jones-Diss-2008.pdf (accessed August 27, 2019).

23. Chan ADF, Nippak PMD, Murphey H, Ikeda-douglas CJ, Muggenburg B,
Head E, et al. Visuospatial impairments in aged canines (Canis familiaris):
the role of cognitive-behavioral flexibility. Behav Neurosci. (2002) 116:443–
54. doi: 10.1037/0735-7044.116.3.443

24. Neilson JC, Hart BL, Cliff KD, Ruehl WW. Prevalence of behavioral changes
associated with age-related cognitive impairment in dogs. J Am Vet Med

Assoc. (2001) 218:1787–91. doi: 10.2460/javma.2001.218.1787
25. Riemer S, Müller C, Virányi Z, Huber L, Range F. Individual and group level

trajectories of behavioural development in Border collies. Appl Anim Behav

Sci. (2016) 180:78–86. doi: 10.1016/j.applanim.2016.04.021
26. Wilsson E, Sundgren P-E. The use of a behaviour test for the selection

of dogs for service and breeding, I: method of testing and evaluating
test results in the adult dog, demands on different kinds of service
dogs, sex and breed differences. Appl Anim Behav Sci. (1997) 53:279–95.
doi: 10.1016/S0168-1591(96)01174-4

27. Harvey ND, Craigon PJ, Blythe SA, England GCWW, Asher L. Social rearing
environment influences dog behavioral development. J Vet Behav Clin Appl

Res. (2016) 16:13–21. doi: 10.1016/j.jveb.2016.03.004
28. McMillan FD, Serpell JA, Duffy DL, Masaoud E, Dohoo IR. Differences in

behavioral characteristics between dogs obtained as puppies from pet stores
and those obtained from noncommercial breeders. J Am Vet Med Assoc.

(2013) 242:1359–63. doi: 10.2460/javma.242.10.1359
29. Scott JP. Critical periods in the development of social behavior in puppies.

Psychosom Med. (1958) 20:42–54. doi: 10.1097/00006842-195801000-
00005

30. Duffy DL, Hsu Y, Serpell JA. Breed differences in canine aggression.
Appl Anim Behav Sci. (2008) 114:441–60. doi: 10.1016/j.applanim.2008.
04.006

31. Hart BL, Hart LA. Selecting pet dogs on the basis of cluster analysis of breed
behavior profiles and gender. J Am Vet Med Assoc. (1985) 186:1181–5.

32. Turcsán B, Kubinyi E, Miklósi Á. Trainability and boldness traits differ
between dog breed clusters based on conventional breed categories
and genetic relatedness. Appl Anim Behav Sci. (2011) 132:61–70.
doi: 10.1016/j.applanim.2011.03.006

33. Turcsán B, Miklósi Á, Kubinyi E. Owner perceived differences between
mixed-breed and purebred dogs. PLoS ONE. (2017) 12:e0172720.
doi: 10.1371/journal.pone.0172720

34. Lofgren SE, Wiener P, Blott SC, Sanchez-Molano E, Woolliams JA, Clements
DN, et al. Management and personality in labrador retriever dogs.Appl Anim
Behav Sci. (2014) 156:44–53. doi: 10.1016/j.applanim.2014.04.006

35. Starling MJ, Branson N, Thomson PC, McGreevy PD. Age, sex and
reproductive status affect boldness in dogs. Vet J. (2013) 197:868–72.
doi: 10.1016/j.tvjl.2013.05.019

36. Kubinyi E, Turcsán B, Miklósi Á. Dog and owner demographic
characteristics and dog personality trait associations. Behav Proc. (2009)
81:392–401. doi: 10.1016/j.beproc.2009.04.004

37. Vas J, Topál J, Péch É, Miklósi Á, Topal J, Pech E, et al. Measuring
attention deficit and activity in dogs: a new application and validation of
a human ADHD questionnaire. Appl Anim Behav Sci. (2007) 103:105–17.
doi: 10.1016/j.applanim.2006.03.017

38. Wallis LJ, Range F, Müller CA, Serisier S, Huber L, Virányi Z. Lifespan
development of attentiveness in domestic dogs: drawing parallels with
humans. Front Psychol. (2014) 5:71. doi: 10.3389/fpsyg.2014.00071

39. Bennett PC, Rohlf VI. Owner-companion dog interactions: Relationships
between demographic variables, potentially problematic behaviours, training
engagement and shared activities. Appl Anim Behav Sci. (2007) 102:65–84.
doi: 10.1016/j.applanim.2006.03.009

40. Temesi A, Turcsán B, Miklósi Á. Measuring fear in dogs by questionnaires:
an exploratory study toward a standardized inventory. Appl Anim Behav Sci.

(2014) 161:121–30. doi: 10.1016/j.applanim.2014.09.009
41. Blackwell EJ, Bradshaw JWS, Casey RA. Fear responses to noises

in domestic dogs: prevalence, risk factors and co-occurrence with
other fear related behaviour. Appl Anim Behav Sci. (2013) 145:15–25.
doi: 10.1016/j.applanim.2012.12.004

42. Hsu Y, Sun L. Factors associated with aggressive responses in pet dogs. Appl
Anim Behav Sci. (2010) 123:108–23. doi: 10.1016/j.applanim.2010.01.013

43. Chopik WJ, Weaver JR. Old dog, new tricks: Age differences in
dog personality traits, associations with human personality traits,
and links to important outcomes. J Res Pers. (2019) 79:94–108.
doi: 10.1016/j.jrp.2019.01.005

44. Wilsson E, Sundgren P. The use of a behaviour test for selection of dogs
for service and breeding. II Heritability for tested parameters and effect of
selection based on service dog characteristics. Appl Anim Behav Sci. (1997)
54:235–41. doi: 10.1016/S0168-1591(96)01175-6

45. Gosling SD, Kwan VSY, John OP. A dog’s got personality: a cross-species
comparative approach to personality judgments in dogs and humans. J Pers
Soc Psychol. (2003) 85:1161–9. doi: 10.1037/0022-3514.85.6.1161

46. Farhoody P, Zinc M. Behavioral and Physical Effects of Spaying and Neutering
Domestic Dogs (Canis familiaris). (2010). Available online at: http://
www.naiaonline.org/uploads/WhitePapers/SNBehaviorFarhoodyZink.pdf
(accessed 23, 2018).

47. McGreevy PD, Georgevsky D, Carrasco J, Valenzuela M, Duffy DL, Serpell
JA. Dog behavior co-varies with height, bodyweight and skull shape. PLoS
ONE. (2013) 8:e80529. doi: 10.1371/journal.pone.0080529

48. Konok V, Kosztolányi A, Rainer W, Mutschler B, Halsband U, Miklósi Á.
Influence of owners’ attachment style and personality on their dogs’ (Canis
familiaris) separation-related disorder. PLoS ONE. (2015) 10:e0118375.
doi: 10.1371/journal.pone.0118375

49. Turcsán B, Range F, Virányi Z, Miklósi Á, Kubinyi E. Birds of a
feather flock together? Perceived personality matching in owner–dog dyads.
Appl Anim Behav Sci. (2012) 140:154–60. doi: 10.1016/j.applanim.2012.
06.004

50. Mirkó E, Kubinyi E, Gácsi M,Miklósi Á. Preliminary analysis of an adjective-
based dog personality questionnaire developed to measure some aspects of
personality in the domestic dog (Canis familiaris). Appl Anim Behav Sci.

(2012) 138:88–98. doi: 10.1016/j.applanim.2012.02.016
51. Szabó D, Gee NR, Miklósi Á. Natural or pathologic? Discrepancies in the

study of behavioral and cognitive signs in aging family dogs. J Vet Behav Clin
Appl Res. (2016) 11:86–98. doi: 10.1016/j.jveb.2015.08.003

52. Ákos Z, Beck R, Nagy M, Vicsek T, Kubinyi E. Leadership and path
characteristics during walks are linked to dominance order and

Frontiers in Veterinary Science | www.frontiersin.org 15 January 2020 | Volume 6 | Article 493

https://doi.org/10.1016/j.paid.2014.10.042
http://urn.kb.se/resolve?urn=urn%3Anbn%3Ase%3Aliu%3Adiva-129821
http://urn.kb.se/resolve?urn=urn%3Anbn%3Ase%3Aliu%3Adiva-129821
https://doi.org/10.1016/j.applanim.2016.12.013
https://doi.org/10.1371/journal.pone.0174261
https://doi.org/10.1556/ABiol.66.2015.1.3
https://doi.org/10.1371/journal.pone.0195448
https://doi.org/10.2460/javma.2003.223.1293
https://doi.org/10.1016/j.applanim.2007.04.016
https://doi.org/10.1016/j.applanim.2008.09.009
https://gosling.psy.utexas.edu/wp-content/uploads/2014/10/Amanda-Claire-Jones-Diss-2008.pdf
https://gosling.psy.utexas.edu/wp-content/uploads/2014/10/Amanda-Claire-Jones-Diss-2008.pdf
https://gosling.psy.utexas.edu/wp-content/uploads/2014/10/Amanda-Claire-Jones-Diss-2008.pdf
https://doi.org/10.1037/0735-7044.116.3.443
https://doi.org/10.2460/javma.2001.218.1787
https://doi.org/10.1016/j.applanim.2016.04.021
https://doi.org/10.1016/S0168-1591(96)01174-4
https://doi.org/10.1016/j.jveb.2016.03.004
https://doi.org/10.2460/javma.242.10.1359
https://doi.org/10.1097/00006842-195801000-00005
https://doi.org/10.1016/j.applanim.2008.04.006
https://doi.org/10.1016/j.applanim.2011.03.006
https://doi.org/10.1371/journal.pone.0172720
https://doi.org/10.1016/j.applanim.2014.04.006
https://doi.org/10.1016/j.tvjl.2013.05.019
https://doi.org/10.1016/j.beproc.2009.04.004
https://doi.org/10.1016/j.applanim.2006.03.017
https://doi.org/10.3389/fpsyg.2014.00071
https://doi.org/10.1016/j.applanim.2006.03.009
https://doi.org/10.1016/j.applanim.2014.09.009
https://doi.org/10.1016/j.applanim.2012.12.004
https://doi.org/10.1016/j.applanim.2010.01.013
https://doi.org/10.1016/j.jrp.2019.01.005
https://doi.org/10.1016/S0168-1591(96)01175-6
https://doi.org/10.1037/0022-3514.85.6.1161
http://www.naiaonline.org/uploads/WhitePapers/SNBehaviorFarhoodyZink.pdf
http://www.naiaonline.org/uploads/WhitePapers/SNBehaviorFarhoodyZink.pdf
https://doi.org/10.1371/journal.pone.0080529
https://doi.org/10.1371/journal.pone.0118375
https://doi.org/10.1016/j.applanim.2012.06.004
https://doi.org/10.1016/j.applanim.2012.02.016
https://doi.org/10.1016/j.jveb.2015.08.003
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Wallis et al. Age Differences in Canine Personality

individual traits in dogs. PLoS Comput Biol. (2014) 10:e1003446.
doi: 10.1371/journal.pcbi.1003446

53. Corrieri L, Adda M, Miklósi Á, Kubinyi E. Companion and free-ranging
Bali dogs: environmental links with personality traits in an endemic
dog population of South East Asia. PLoS ONE. (2018) 13:e0197354.
doi: 10.1371/journal.pone.0197354

54. Kuroshima H, Hori Y, Inoue-Murayama M, Fujita K. Influence of owners’
personality on personality in labrador retriever dogs. Psychologia. (2016)
59:73–80. doi: 10.2117/psysoc.2016.73

55. Riemer S, Müller C, Virányi Z, Huber L, Range F. The predictive
value of early behavioural assessments in pet dogs – a longitudinal
study from neonates to adults. PLoS ONE. (2014) 9:e101237.
doi: 10.1371/journal.pone.0101237

56. Wallis LJ, Szabó D, Erdélyi-Belle B, Kubinyi E. Demographic change across
the lifespan of pet dogs and their impact on health status. Front Vet Sci.
(2018) 5:200. doi: 10.3389/fvets.2018.00200

57. DeVellis, R. F. (1991). Scale Development : Theory and Applications.

Thousand Oaks, CA: Sage Publications. Available online at: https://
us.sagepub.com/en-us/nam/scale-development/book246123 (accessed 18,
Dec 2018).

58. R Core Team. R: A Language and Environment for Statistical Computing.
(2013). Available online at: http://www.r-project.org (accessed August 27,
2019).

59. Box GE, Cox DR. An analysis of transformations revisited, rebutted.
J Am Stat Assoc. (1982) 77:209–10. doi: 10.1080/01621459.1982.
10477788

60. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical
and powerful approach to multiple testing. J R Stat Soc Ser Gen. (1995)
57:289–300. doi: 10.1111/j.2517-6161.1995.tb02031.x

61. Tingley D, Yamamoto T, Hirose K, Keele L, Imai K. Mediation: Causal

Mediation Analysis. R package version 4.4.4 (2015).
62. Imai K, Keele L, Tingley D. A general approach to causal mediation analysis.

Psychol Methods. (2010) 15:309–34. doi: 10.1037/a0020761
63. Zeileis A. Object-oriented computation of sandwich estimators. J Stat Softw.

(2006) 16:1–16. doi: 10.18637/jss.v016.i09
64. Roberts BW, Caspi A. The cumulative continuity model of personality

development: striking a balance between continuity and change in
personality traits across the life course. In: Staudinger UM, Lindenberger U,
editors. Understanding Human Development. Boston, MA: Springer (2003).
p. 183–214. doi: 10.1007/978-1-4615-0357-6_9

65. Studzinski CM, Christie LA, Araujo JA, Burnham WM, Head E, Cotman
CW, et al. Visuospatial function in the beagle dog: an early marker of
cognitive decline in a model of human aging and dementia. Neurobiol Learn
Mem. (2006) 86:197–204. doi: 10.1016/j.nlm.2006.02.005

66. Dale A, Walker J, Farnworth M, Morrissey S, Waran N. A survey of
owners’ perceptions of fear of fireworks in a sample of dogs and cats in
New Zealand. N Z Vet J. (2010) 58:286–91. doi: 10.1080/00480169.2010.
69403

67. Bellows J, Colitz CMH, Daristotle L, Ingram DK, Lepine A, Marks SL,
et al. Defining healthy aging in older dogs and differentiating healthy aging
from disease. J Am Vet Med Assoc. (2015) 246:77–89. doi: 10.2460/javma.24
6.1.77

68. Lopes Fagundes AL, Hewison L, McPeake KJ, Zulch H, Mills DS. Noise
sensitivities in dogs: an exploration of signs in dogs with and without
musculoskeletal pain using qualitative content analysis. Front Vet Sci. (2018)
5:17. doi: 10.3389/fvets.2018.00017

69. Meyer I, Forkman BB. Dog and owner characteristics affecting the
dog-owner relationship. J Vet Behav Clin Appl Res. (2014) 9:143–50.
doi: 10.1016/j.jveb.2014.03.002

70. New JC, Salman MD, King M, Scarlett JM, Kass PH, Hutchison JM.
Characteristics of shelter-relinquished animals and their owners compared
with animals and their owners in U.S. Pet-owning households. J Appl Anim
Welf Sci. (2000) 3:179–201. doi: 10.1207/S15327604JAWS0303_1

71. Chemerinski E, Petracca G, Manes F, Leiguarda R, Starkstein SE. Prevalence
and correlates of anxiety in Alzheimer’s disease. Depress. Anxiety. (1998)
7:166–70. doi: 10.1002/(sici)1520-6394(1998)7:4<166::aid-da4>3.0.co;2-8

72. Kogan JN, Edelstein BA, McKee DR. Assessment of anxiety in
older adults: current status. J Anxiety Disord. (2000) 14:109–32.
doi: 10.1016/s0887-6185(99)00044-4

73. Meeker HC, Chadman KK, Heaney AT, Carp RI. Assessment of
social interaction and anxiety-like behavior in senescence-accelerated-
prone and -resistant mice. Physiol Behav. (2013) 118:97–102.
doi: 10.1016/j.physbeh.2013.05.003

74. Meyza KZ, Boguszewski PM, Nikolaev E, Zagrodzka J. Age increases anxiety
and reactivity of the fear/anxiety circuit in Lewis rats. Behav Brain Res. (2011)
225:192–200. doi: 10.1016/j.bbr.2011.07.011

75. Seignourel PJ, Kunik ME, Snow L, Wilson N, Stanley M. Anxiety
in dementia: a critical review. Clin Psychol Rev. (2008) 28:1071–82.
doi: 10.1016/j.cpr.2008.02.008

76. Fast R, Schütt T, Toft N, Møller A, Berendt M. An observational
study with long-term follow-up of canine cognitive dysfunction: clinical
characteristics, survival, and risk factors. J Vet Intern Med. (2013) 27:822–9.
doi: 10.1111/jvim.12109

77. Landsberg GM, Deporter T, Araujo JA. Clinical signs and management
of anxiety, sleeplessness, and cognitive dysfunction in the senior
pet. Vet Clin North Am Small Anim Pract. (2011) 41:565–90.
doi: 10.1016/j.cvsm.2011.03.017

78. Schütt T, Toft N, Berendt M. Cognitive function, progression of age-related
behavioral changes, biomarkers, and survival in dogs more than 8 years old.
J Vet Intern Med. (2015) 29:1569–77. doi: 10.1111/jvim.13633

79. Salchner P, Lubec G, Singewald N. Decreased social interaction in aged rats
may not reflect changes in anxiety-related behaviour. Behav Brain Res. (2004)
151:1–8. doi: 10.1016/j.bbr.2003.07.002

80. vonHoldt BM, Stahler D, Wynne CDL, Shuldiner E, Udell MAR, Ostrander
EA, et al. Structural variants in genes associated with human Williams-
Beuren syndrome underlie stereotypical hypersociability in domestic dogs.
Sci Adv. (2017) 3:e1700398. doi: 10.1126/sciadv.1700398

81. Dodd HF, Porter MA. Interpretation of ambiguous situations: evidence
for a dissociation between social and physical threat in williams
syndrome. J Autism Dev Disord. (2011) 41:266–74. doi: 10.1007/s10803-010-
1048-1

82. Lukas M, Neumann ID. Nasal application of neuropeptide S
reduces anxiety and prolongs memory in rats: social versus
non-social effects. Neuropharmacology. (2012) 62:398–405.
doi: 10.1016/j.neuropharm.2011.08.016

83. Wood JN, Romero SG, Makale M, Grafman J. Category-
specific representations of social and nonsocial knowledge in
the human prefrontal cortex. J Cogn Neurosci. (2003) 15:236–48.
doi: 10.1162/089892903321208178

84. Landsberg GM, Nichol J, Araujo JA. Cognitive dysfunction syndrome: a
disease of canine and feline brain aging. Vet Clin North Am Small Anim

Pract. (2012) 42:749–68. doi: 10.1016/j.cvsm.2012.04.003
85. Siwak CT, Murphey HL, Muggenburg BA, Milgram NW. Age-dependent

decline in locomotor activity in dogs is environment specific. Physiol Behav.
(2002) 75:65–70. doi: 10.1016/S0031-9384(01)00632-1

86. Sforzini E, Michelazzi M, Spada E, Ricci C, Carenzi C, Milani S, et al.
Evaluation of young and adult dogs’ reactivity. J Vet Behav Clin Appl Res.

(2009) 4:3–10. doi: 10.1016/j.jveb.2008.09.035
87. Casey RA, Loftus B, Bolster C, Richards GJ, Blackwell EJ. Inter-dog

aggression in a UK owner survey: prevalence, co-occurrence in different
contexts and risk factors. Vet Rec. (2013) 172:127. doi: 10.1136/vr.100997

88. Arhant C, Bubna-Littitz H, Bartels A, Futschik A, Troxler J. Behaviour of
smaller and larger dogs: effects of training methods, inconsistency of owner
behaviour and level of engagement in activities with the dog. Appl Anim
Behav Sci. (2010) 123:131–42. doi: 10.1016/j.applanim.2010.01.003

89. Schneider LA, Delfabbro PH, Burns NR. Temperament and lateralization
in the domestic dog (Canis familiaris). J Vet Behav Clin Appl Res. (2013)
8:124–34. doi: 10.1016/j.jveb.2012.06.004

90. Casey RA, Loftus B, Bolster C, Richards GJ, Blackwell EJ. Human
directed aggression in domestic dogs (Canis familiaris): Occurrence in
different contexts and risk factors. Appl Anim Behav Sci. (2014) 152:52–63.
doi: 10.1016/j.applanim.2013.12.003

Frontiers in Veterinary Science | www.frontiersin.org 16 January 2020 | Volume 6 | Article 493

https://doi.org/10.1371/journal.pcbi.1003446
https://doi.org/10.1371/journal.pone.0197354
https://doi.org/10.2117/psysoc.2016.73
https://doi.org/10.1371/journal.pone.0101237
https://doi.org/10.3389/fvets.2018.00200
https://us.sagepub.com/en-us/nam/scale-development/book246123
https://us.sagepub.com/en-us/nam/scale-development/book246123
http://www.r-project.org
https://doi.org/10.1080/01621459.1982.10477788
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1037/a0020761
https://doi.org/10.18637/jss.v016.i09
https://doi.org/10.1007/978-1-4615-0357-6_9
https://doi.org/10.1016/j.nlm.2006.02.005
https://doi.org/10.1080/00480169.2010.69403
https://doi.org/10.2460/javma.246.1.77
https://doi.org/10.3389/fvets.2018.00017
https://doi.org/10.1016/j.jveb.2014.03.002
https://doi.org/10.1207/S15327604JAWS0303_1
https://doi.org/10.1002/(sici)1520-6394(1998)7:4<166::aid-da4>3.0.co;2-8
https://doi.org/10.1016/s0887-6185(99)00044-4
https://doi.org/10.1016/j.physbeh.2013.05.003
https://doi.org/10.1016/j.bbr.2011.07.011
https://doi.org/10.1016/j.cpr.2008.02.008
https://doi.org/10.1111/jvim.12109
https://doi.org/10.1016/j.cvsm.2011.03.017
https://doi.org/10.1111/jvim.13633
https://doi.org/10.1016/j.bbr.2003.07.002
https://doi.org/10.1126/sciadv.1700398
https://doi.org/10.1007/s10803-010-1048-1
https://doi.org/10.1016/j.neuropharm.2011.08.016
https://doi.org/10.1162/089892903321208178
https://doi.org/10.1016/j.cvsm.2012.04.003
https://doi.org/10.1016/S0031-9384(01)00632-1
https://doi.org/10.1016/j.jveb.2008.09.035
https://doi.org/10.1136/vr.100997
https://doi.org/10.1016/j.applanim.2010.01.003
https://doi.org/10.1016/j.jveb.2012.06.004
https://doi.org/10.1016/j.applanim.2013.12.003
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Wallis et al. Age Differences in Canine Personality

91. Hiby EF, Rooney NJ, Bradshaw JWS. Dog training methods: their use,
effectiveness and interaction with behaviour and welfare. Anim Welf.

(2004) 13:63–9. Available online at: https://psycnet.apa.org/record/2004-
10850-010

92. Early JB, Arnott ER, van Rooy D, McGreevy P, Wade CM. Holding back the
genes: limitations of research into canine behavioural genetics. Canine Genet
Epidemiol. (2014) 1:7. doi: 10.1186/2052-6687-1-7

93. Hejjas K, Vas J, Topal J, Szantai E, Ronai Z, Szekely A, et al. Association
of polymorphisms in the dopamine D4 receptor gene and the activity-
impulsivity endophenotype in dogs. Anim Genet. (2007) 38:629–33.
doi: 10.1111/j.1365-2052.2007.01657.x

94. Liinamo AE, van den Berg L, Leegwater PAJ, Schilder MBH, van
Arendonk JAM, van Oost BA. Genetic variation in aggression-related
traits in Golden Retriever dogs. Appl Anim Behav Sci. (2007) 104:95–106.
doi: 10.1016/j.applanim.2006.04.025

95. Sarviaho R, Hakosalo O, Tiira K, Lohi H. Two novel genomic regions
associated with fearfulness in dogs overlap human neuropsychiatric loci.
Transl Psychiatry. (2019) 9:18. doi: 10.1038/s41398-018-0361-x

96. van der Waaij EH, Wilsson E, Strandberg E. Genetic analysis of results of a
Swedish behavior test on German Shepherd Dogs and Labrador Retrievers1.
J Anim Sci. (2008) 86:2853–61. doi: 10.2527/jas.2007-0616

97. Vermeire ST, Audenaert KR, Dobbeleir AA, De Meester RH, De Vos FJ,
Peremans KY. Evaluation of the brain 5-HT2A receptor binding index in
dogs with anxiety disorders, measured with 123I-5I-R91150 and SPECT. J
Nucl Med. (2009) 50:284–9. doi: 10.2967/jnumed.108.055731

98. Zapata I, Serpell JA, Alvarez CE. Genetic mapping of canine fear and
aggression. BMC Genom. (2016) 17:1–20. doi: 10.1186/s12864-016-2936-3

99. Guy NC, Luescher UA, Dohoo SE, Spangler E, Miller JB, Dohoo
IR, et al. Demographic and aggressive characteristics of dogs in a
general veterinary caseload. Appl Anim Behav Sci. (2001) 74:15–28.
doi: 10.1016/S0168-1591(01)00153-8

100. Beaver BV. Clinical classification of canine aggression. Appl Anim Ethol.

(1983) 10:35–43. doi: 10.1016/0304-3762(83)90110-4
101. Wright J. Canine Aggression: Dog Bites To People. In: Readings in

Companion Animal Behavior. Trenton, NJ: Veterinary Learning Systems
(1996). p. 240–6. Available online at: http://www.funpawcare.com/wp-
content/uploads/2012/10/Canine-Aggression-Dog-Bites-to-People.pdf

102. Wright JC. Canine aggression: dog bites to people. In: Readings in

Companion Animal Behavior. Trenton, NJ: Veterinary Learning Systems
(1996). p. 240–6. Available online at: http://www.funpawcare.com/wp-
content/uploads/2012/10/Canine-Aggression-Dog-Bites-to-People.pdf

103. Bamberger M, Houpt KA. Signalment factors, comorbidity, and trends in
behavior diagnoses in dogs: 1,644 cases (1991–2001). J Am Vet Med Assoc.

(2006) 229:1591–601. doi: 10.2460/javma.229.10.1591
104. Fratkin JL. Personality in Dogs. In Vonk J, Weiss A, and Kuczaj SA, editors.

Personality in Nonhuman Animals. Cham: Springer International Publishing
(2017). p. 205–24. doi: 10.1007/978-3-319-59300-5_10

105. Tiira K, Lohi H. Early life experiences and exercise associate
with canine anxieties. PLoS ONE. (2015) 10:e0141907.
doi: 10.1371/journal.pone.0141907

106. Serpell JA, Hsu Y. Effects of breed, sex, and neuter status on trainability in
dogs. Anthrozoos A Multidiscip. J Interact People Anim. (2005) 18:196–207.
doi: 10.2752/089279305785594135

107. Flint HE, Coe JB, Serpell JA, Pearl DL, Niel L. Risk factors associated with
stranger-directed aggression in domestic dogs. Appl Anim Behav Sci. (2017)
197:45–54. doi: 10.1016/j.applanim.2017.08.007

108. German AJ, Blackwell E, Evans M, Westgarth C. Overweight dogs are more
likely to display undesirable behaviours: results of a large online survey of
dog owners in the UK. J Nutr Sci. (2017) 6:1–6. doi: 10.1017/jns.2017.5

109. DeNapoli JS, Dodman NH, Shuster L, RandWM, Gross KL. Effect of dietary
protein content and tryptophan supplementation on dominance aggression,

territorial aggression, and hyperactivity in dogs. J Am Vet Med Assoc. (2000)
217:504–8. doi: 10.2460/javma.2000.217.504

110. Serpell JA, Duffy DL. Aspects of juvenile and adolescent environment predict
aggression and fear in 12-month-old guide dogs. Front Vet Sci. (2016) 3:49.
doi: 10.3389/fvets.2016.00049

111. Löckenhoff CE, Terracciano A, Patriciu NS, Eaton WW, Costa PT. Self-
reported extremely adverse life events and longitudinal changes in five-factor
model personality traits in an urban sample. J Trauma Stress. (2009) 22:53–9.
doi: 10.1002/jts.20385

112. Overall KL. Natural animal models of human psychiatric conditions:
assessment of mechanism and validity. Prog Neuro-Psychopharmacol Biol

Psychiatr. (2000) 24:727–76. doi: 10.1016/S0278-5846(00)00104-4
113. Taylor O, Audenaert K, Baeken C, Saunders J, Peremans K. Nuclear medicine

for the investigation of canine behavioral disorders. J Vet Behav Clin Appl Res.
(2016) 16:94–103. doi: 10.1016/j.jveb.2016.08.005

114. Pierantoni L, Albertini M, Pirrone F. Prevalence of owner-reported
behaviours in dogs separated from the litter at two different ages. Vet Rec.
(2011) 169:468–468. doi: 10.1136/vr.d4967

115. Clark GI, Boyer WN. The effects of dog obedience training and behavioural
counselling upon the human-canine relationship. Appl Anim Behav Sci.

(1993) 37:147–59. doi: 10.1016/0168-1591(93)90107-Z
116. Jagoe A, Serpell JA. Owner characteristics and interactions and the

prevalence of canine behaviour problems. Appl Anim Behav Sci. (1996)
47:31–42. doi: 10.1016/0168-1591(95)01008-4

117. Briley DA, Tucker-Drob EM. Genetic and environmental continuity in
personality development: a meta-analysis. Psychol Bull. (2014) 140:1303–31.
doi: 10.1037/a0037091

118. Hudson NW, Fraley RC. Volitional personality trait change: can people
choose to change their personality traits? J Pers Soc Psychol. (2015) 109:490–
507. doi: 10.1037/pspp0000021

119. Dray J, Bowman J, Campbell E, Freund M, Wolfenden L, Hodder
RK, et al. Systematic review of universal resilience-focused interventions
targeting child and adolescent mental health in the school setting. J Am
Acad Child Adolesc Psychiatr. (2017) 56:813–24. doi: 10.1016/j.jaac.2017.
07.780

120. Yeager DS, Dweck CS. Mindsets that promote resilience: when
students believe that personal characteristics can be developed.
Educ Psychol. (2012) 47:302–14. doi: 10.1080/00461520.2012.
722805

121. Blackwell E, Casey RA, Bradshaw JWS. Controlled trial of behavioural
therapy for separation-related disorders in dogs. Vet Rec. (2006) 158:551–4.
doi: 10.1136/vr.158.16.551

122. Herron ME, Shofer FS, Reisner IR. Survey of the use and outcome of
confrontational and non-confrontational training methods in client-owned
dogs showing undesired behaviors. Appl Anim Behav Sci. (2009) 117:47–54.
doi: 10.1016/j.applanim.2008.12.011

123. Levine ED, Mills DS. Long-term follow-up of the efficacy of a behavioural
treatment programme for dogs with firework fears. Vet Rec. (2008) 162:657–
9. doi: 10.1136/vr.162.20.657

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Wallis, Szabó and Kubinyi. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Veterinary Science | www.frontiersin.org 17 January 2020 | Volume 6 | Article 493

https://psycnet.apa.org/record/2004-10850-010
https://psycnet.apa.org/record/2004-10850-010
https://doi.org/10.1186/2052-6687-1-7
https://doi.org/10.1111/j.1365-2052.2007.01657.x
https://doi.org/10.1016/j.applanim.2006.04.025
https://doi.org/10.1038/s41398-018-0361-x
https://doi.org/10.2527/jas.2007-0616
https://doi.org/10.2967/jnumed.108.055731
https://doi.org/10.1186/s12864-016-2936-3
https://doi.org/10.1016/S0168-1591(01)00153-8
https://doi.org/10.1016/0304-3762(83)90110-4
http://www.funpawcare.com/wp-content/uploads/2012/10/Canine-Aggression-Dog-Bites-to-People.pdf
http://www.funpawcare.com/wp-content/uploads/2012/10/Canine-Aggression-Dog-Bites-to-People.pdf
http://www.funpawcare.com/wp-content/uploads/2012/10/Canine-Aggression-Dog-Bites-to-People.pdf
http://www.funpawcare.com/wp-content/uploads/2012/10/Canine-Aggression-Dog-Bites-to-People.pdf
https://doi.org/10.2460/javma.229.10.1591
https://doi.org/10.1007/978-3-319-59300-5_10
https://doi.org/10.1371/journal.pone.0141907
https://doi.org/10.2752/089279305785594135
https://doi.org/10.1016/j.applanim.2017.08.007
https://doi.org/10.1017/jns.2017.5
https://doi.org/10.2460/javma.2000.217.504
https://doi.org/10.3389/fvets.2016.00049
https://doi.org/10.1002/jts.20385
https://doi.org/10.1016/S0278-5846(00)00104-4
https://doi.org/10.1016/j.jveb.2016.08.005
https://doi.org/10.1136/vr.d4967
https://doi.org/10.1016/0168-1591(93)90107-Z
https://doi.org/10.1016/0168-1591(95)01008-4
https://doi.org/10.1037/a0037091
https://doi.org/10.1037/pspp0000021
https://doi.org/10.1016/j.jaac.2017.07.780
https://doi.org/10.1080/00461520.2012.722805
https://doi.org/10.1136/vr.158.16.551
https://doi.org/10.1016/j.applanim.2008.12.011
https://doi.org/10.1136/vr.162.20.657
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Cross-Sectional Age Differences in Canine Personality Traits; Influence of Breed, Sex, Previous Trauma, and Dog Obedience Tasks
	Introduction
	Methods
	Ethical Statement
	Subjects 
	Procedure
	Statistical Analysis
	Generation of Factor Scores and Assessment of Reliability
	Statistical Models to Determine the Effects of the Demographic Variables


	Results
	Generation of Factor Scores and Assessment of Reliability
	Descriptive Information of the Canine Personality Factors
	Linear Models: Main Effect of Age
	Linear Models: Main Effects of All Explanatory Variables
	Mediation Analysis: Responsiveness to Training

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


