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Simple Summary: It is widely known that psychological characteristics, for example personality
traits, can facilitate the occurrence of aggressive behavior. Using the combination of two research
methods—questionnaires and behavioral testing—we investigated the associations between a dog’s
personality and its aggression towards humans and animals. Due to the close relationship and
co-habitation of dogs and humans, we also looked at how the owner’s personality and the dog–human
emotional bond, known as attachment style, play a role in dog aggression. Our results indicated that
dogs which were aggressive towards humans were less sociable, and had owners who were less
emotionally stable, more distant, and less clingy and controlling, compared to non-aggressive dogs.
These results emphasize the importance of owner attachment to a dog for dog behavior, and may
serve as a foundation for future research on psychosocial factors influencing dog aggression.

Abstract: A dog’s aggressive behavior is influenced by external and internal factors, including its
psychological profile. In this study, dogs’ and owners’ personalities and the owners’ attachment style
to their dogs were identified and associated with owner-reported dog aggression towards humans
and animals. Forty Slovenian owners participated with their dogs, of different breeds and aggression
history, sorted into three groups (non-aggressive dogs, dogs aggressive towards humans, and dogs
aggressive towards animals). The owners filled out three separate questionnaires that assessed dog
aggression history towards different targets, owner’s personality and degree of insecure attachment
styles to dogs; namely anxious and avoidant attachment. Dog personality was characterized using
a standardized dog mentality assessment test, during which the dog was exposed to nine tasks,
performed outside, and dogs were scored based on behaviors they exhibited. The results indicated
that dogs which were aggressive towards humans were less sociable than non-aggressive dogs and
this was associated with the higher neuroticism scores of their owners. We also found that dogs
which were aggressive towards strangers had owners with lower scores for anxious attachment
and that dogs which were aggressive towards owners had owners with higher scores for avoidant
attachment. These results imply that the psychological profiles of both a dog and its owner influence
dog aggression towards humans.

Keywords: dogs; dog owners; aggression; personality traits; attachment

1. Introduction

Historically, the primary role of dogs was in guarding, herding and hunting, but their high
socio-cognitive abilities and capability to form a close relationship with humans [1,2] have made them
an integral part of human society. Nowadays, whilst many still play an important role as working
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dogs [3–6], the most common reason for owning a dog is companionship [7]. Despite the fact that
the role of pet dogs in Western cultures has been elevated to the status of a family member [8], there
are several factors that can negatively affect the quality of the dog–human bond, with aggression
being the most serious [9,10]. Aggressive behavior of dogs is expressed as aggressive biting, by
snapping or attacking, and aggressive threatening, by growling, barking and baring their teeth [11].
It can be classified by motivational basis (territorial-, fear-, possessiveness-related, etc.) or targeted
basis (stranger-, owner-, dog-directed etc.) [12], and can be influenced by a variety of factors. These
include environment, maternal and sibling interactions, experience in the form of socialization and
learning, as well as different biological [13] and psychological correlates, including an individual’s
personality traits.

Animal personality is defined as a consistency of inter-individual behavioral traits through time
and across contexts [14,15] and can be characterized using standardized tests [16]. In dogs, there are
two main methods for the assessment of personality: questionnaires and behavioral tests [17]. Both
methods have advantages and disadvantages. For instance, gaining information from dog owners
using questionnaires is less time consuming, allows for a larger and a more diverse sample, and involves
a person who lives with the dog and knows more about the dog’s everyday behavior [18]. On the
other hand, it means that behavior is often assessed by people that do not have sufficient knowledge of
animal behavior. This makes behavioral observations and interpretations made by professionals in the
field more objective, precise and free of owner bias [19]. One of the most widely used behavioral tests
is the standardized Dog Mentality Assessment (DMA) that was developed by the Swedish Working
Dog Association and measures a dog’s reaction to different stimuli [20]. The assessments using the
DMA revealed five personality traits, labelled as playfulness, curiosity/fearlessness, chase-proneness,
sociability and aggressiveness, as well as one broader dimension named shyness/boldness, that is
generalized for the dog as a species [20]. Using questionnaire data, personality traits were found to
be associated with potential aggressive behavior. For example, more fearful dogs were associated
with dog-directed aggression and fear-related aggression [21,22], while lower levels of sociability were
related to higher levels of stranger-directed and child-directed aggression [23].

Aside from the dog’s personality traits, its owner’s psychological characteristics may lead to
pronounced dog aggression, due to their co-habitation and close relationship. For instance, owners
with lower ratings for the personality traits of agreeableness, emotional stability, extraversion and
conscientiousness often have dogs showing higher levels of aggression towards owners and a fear of
strangers [24]. Additionally, the owner’s personality traits have also been significantly correlated with
those of their dog, using the Big Five factor taxonomy [25]. The reason behind this may be the shared
social environment and activities, resulting in a higher degree of emotional contagion, or a selection
process, where the owners select a dog that matches their personality and lifestyle, as seen in romantic
partner and friend selection in humans [26].

Another factor that may influence a dog’s aggressive behavior is the cognitive-emotional bond,
known as attachment. The concept of attachment was initially developed to describe the affectional
bond of children to their caregivers and later between adults [27]. The use of the term was further
extended into contexts involving humans and objects, places and non-human animals [28,29]. It was
previously suggested that humans can form an attachment to their dogs [30] and that this relationship is
comparable to the one between a parent and a child [31], as human behavior towards dogs and children
tends to be similar [32,33]. The attachment between two individuals can be secure, defined by comfort
with intimacy and trust, or insecure. Two examples of insecure attachment are anxious attachment,
characterized by clingy, controlling behavior, and avoidant attachment, defined by avoidance of
intimacy [34]. A dog–human bond is more influenced by human factors than canine factors [35];
therefore the owner’s attachment style may have an impact on the dog’s behavior. For example, it
has been reported that dogs of owners with lower or higher adult attachment scores (in attachment
anxiety, confidence and avoidant attachment subscales) may develop different behavioral strategies
during challenging situations [36]. Additionally, the adult attachment styles have also been associated
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with behavioral problems in dogs; more precisely, owners scoring high on avoidant attachment were
reported to have dogs with increased occurrence of separation-related disorder [37].

Here, we investigated the associations between owner- and dog-related psychosocial factors and
dog aggression towards different targets, using a combination of two research methods: behavioral
testing, that has not previously been used while studying dog aggression from a psychosocial
perspective, and questionnaire-based evaluations. For behavioral testing, we used the personality
taxonomy of Svartberg and Forkman [20]. Based on the previous studies using only questionnaires,
we predicted that dogs with owner-reported aggressive behavior would have higher trait scores for
aggressiveness and chase-proneness, and lower trait scores for playfulness, curiosity/fearlessness and
sociability. Secondly, we hypothesized that aggressive dogs would be associated with owners having
lower scores for agreeableness, extraversion and conscientiousness, but higher neuroticism, and higher
owner–dog anxious and avoidant attachment scores than non-aggressive dogs.

2. Materials and Methods

2.1. Participants

Forty dog–owner dyads participated in the study. To include a sample of dogs with diverse
behavioral backgrounds, and to compare dogs with and without behavior problems, owners were
asked to report their dogs’ behavioral history before participation in the study. Once the data were
collected, dogs were placed into one of the following categories: dogs with no history of aggression
(n =14), dogs with a history of aggression towards humans (n = 13), and dogs with a history of
aggression towards dogs and other animals (n = 13). Dogs were of both sexes (16 females; 24 males)
and were all older than one year (mean age ± SD, 4.1 ± 2.8 years). There were 17 mongrels and the rest
were one of 12 breeds: Pekingese, Tibetan Terrier, Karst Shepherd, Border Collie, Australian Shepherd,
German Spitz, Entlebucher, Coton de Tulear, Central Asian Shepherd, Shiba Inu, Brittany, Stafford
Terrier. None of the dogs had been previously trained for any particular test battery. The owners
accompanying the dogs during behavioral testing were primarily female (n = 26, 65%), aged between
19 and 64 years (mean age ± SD, 33.8 ± 12.7 years) and were the dogs’ primary attachment figure
(mean years ± SD of cohabitation, 3.9 ± 2.9).

2.2. Protocol

The dog owners were contacted through social media, faculty mailing lists and canine clubs.
Those willing to participate received an online generated survey (OneClick survey software© 200–2018
University of Ljubljana, Faculty of Social Sciences, Centre for Social Informatics; www.1ka.si) containing
demographic questions, a Canine Behavioral Assessment and a Research Questionnaire (C-BARQ) [18],
a Big Five Inventory questionnaire (BFI-10) [38] and an Experiences in Close Relationship—Revised
questionnaire (ECR-R) [34]. The owners and their dogs afterwards participated in an adapted DMA
test [20] that was performed in a secured open field.

2.3. Assessment of Dogs’ Aggressive Behaviour

Further information on the dogs’ behavioral history was obtained using the C-BARQ questionnaire
for owners [18]. The full questionnaire consists of 68 items, divided into 11 categories, but in this study
only aggression related factors (9 items for stranger-directed aggression, 8 items for owner-directed
aggression, 3 items for dog-directed aggression and 4 items for chasing) were used. The owners
were asked to grade their dogs’ typical behavior in a described situation on a 5-point rating scale.
The category on chasing behavior was scored on a 5-point frequency scale (0 = never, 1 = seldom, 2 =

sometimes, 3 = usually, and 4 = always). For categories regarding owner-, stranger- and dog-directed
aggression, a 5-point qualitative scale was used (0 = no signs of the behavior, 1 to 3 = mild to moderate
signs of the behavior, and 4 = severe signs of the behavior). As suggested by Hsu and Serpell [18],
a brief description of mild, moderate and severe signs of aggression was included in the questionnaire
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before every question, to help the responder with the grading of their dog’s behavior. The mean value
of all answers within each category presented the final score of the category, with the higher score
representing a more severe expression of behavior.

2.4. Personality Assessment of Dogs

The DMA behavior test was used to determine the dogs’ personality traits. The behavioral
test consisted of nine subtests that were performed outside in a specifically set test area built in
advance (Figure 1). Originally there were 10 subtests, but we excluded the last subtest called Gunshot,
because shooting a gun was prohibited at the test location. In addition to the owner that accompanied
the dog during the testing, three other persons were present—a test leader, an observer and an assistant.
The test leader instructed the owner on how to act before and during each subtest and led the owner
through the test. The observer video recorded the dogs’ behavioral responses in the test using a Canon
XA20 Camcorder. The assistant performed tasks such as pulling up the dummy during the Sudden
Appearance subtest. The equipment and its installation was the same in all tests to ensure that the test
conditions were similar for the dogs. For safety reasons, dogs were secured with a long (9 m) training
leash, even while released from a tighter grip. All the dogs completed the test without any breaks,
with a duration of approximately 30 min for each dog.

Animals 2020, 10, x FOR PEER REVIEW 4 of 14 

2.4. Personality Assessment of Dogs 

The DMA behavior test was used to determine the dogs' personality traits. The behavioral test 
consisted of nine subtests that were performed outside in a specifically set test area built in advance 
(Figure 1). Originally there were 10 subtests, but we excluded the last subtest called Gunshot, because 
shooting a gun was prohibited at the test location. In addition to the owner that accompanied the dog 
during the testing, three other persons were present—a test leader, an observer and an assistant. The 
test leader instructed the owner on how to act before and during each subtest and led the owner 
through the test. The observer video recorded the dogs’ behavioral responses in the test using a 
Canon XA20 Camcorder. The assistant performed tasks such as pulling up the dummy during the 
Sudden Appearance subtest. The equipment and its installation was the same in all tests to ensure 
that the test conditions were similar for the dogs. For safety reasons, dogs were secured with a long 
(9 m) training leash, even while released from a tighter grip. All the dogs completed the test without 
any breaks, with a duration of approximately 30 min for each dog.  

After the completion of the testing, the dogs’ behavioral responses were coded and scored. Score 
sheets contained subtests, predefined behavioral variables and descriptions of behavior for score 1, 3 
and 5 (Table S1). The behavior descriptions for scores 1 and 5 were as described by Svartberg and 
Forkman [20], while for score 3 we added our own descriptions. A low or high score represented a 
low or high intensity of the dog’s reaction. Based on the scores of behavioral variables, trait scores for 
each individual dog were calculated (see Svartberg et al., [38]). A second independent person 
conducted an inter-rater reliability scoring on 30% of the videos. Consistency between coders using 
an intra-class correlation coefficient (ICC) was excellent: ICC (consistency) >0.9. 

 
Figure 1. Overview of the outdoor testing area and the position of each subtest; (1) Social contact, (2) 
Play 1, (3) Chase, (4) Passive situation, (5) Distance play, (6) Sudden appearance, (7) Metallic noise, 
(8) Ghosts, (9) Play 2. 

2.5. Psychological Assessment of Owners 

The abbreviated version of the Big Five Inventory, BFI-10 [39] was used to assess the personality 
traits of the owners. BFI-10 measured the components of the five factors defined as extraversion, 

Figure 1. Overview of the outdoor testing area and the position of each subtest; (1) Social contact,
(2) Play 1, (3) Chase, (4) Passive situation, (5) Distance play, (6) Sudden appearance, (7) Metallic noise,
(8) Ghosts, (9) Play 2.

After the completion of the testing, the dogs’ behavioral responses were coded and scored. Score
sheets contained subtests, predefined behavioral variables and descriptions of behavior for score 1,
3 and 5 (Table S1). The behavior descriptions for scores 1 and 5 were as described by Svartberg and
Forkman [20], while for score 3 we added our own descriptions. A low or high score represented a low
or high intensity of the dog’s reaction. Based on the scores of behavioral variables, trait scores for each
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individual dog were calculated (see Svartberg et al., [38]). A second independent person conducted
an inter-rater reliability scoring on 30% of the videos. Consistency between coders using an intra-class
correlation coefficient (ICC) was excellent: ICC (consistency) >0.9.

2.5. Psychological Assessment of Owners

The abbreviated version of the Big Five Inventory, BFI-10 [39] was used to assess the personality
traits of the owners. BFI-10 measured the components of the five factors defined as extraversion,
agreeableness, conscientiousness, neuroticism and openness. It consisted of 10 items describing
statements about personality, rated on a 5-point scale (1 = disagree strongly, 2 = disagree a little, 3 =

neither agree nor disagree, 4 = agree a little, and 5 = agree strongly), with two items for each factor. One
item in each factor was reverse scored. The mean value of both answers within each factor represented
the final score of the factor 2.6. Owners’ Attachment Styles.

A modified ECR-R [34], based on the ECR-R for humans [40], was used to assess owner attachment
styles to dogs. Eight items regarding pet-related anxiety and eight items regarding pet-related
avoidance were rated on a 7-point scale (1 = strongly disagree to 7 = strongly agree). The mean value
of all answers within each variable represented the final score of the attachment style, with a higher
score presenting the more severe expression of pet-related anxiety and avoidance.

2.6. Ethical Note

The study was conducted in accordance with the Administration of the Republic of Slovenia for
Food Safety, Veterinary Sector and Plant Protection (U3440-14/2019/15). The owners signed a form
consenting to data usage and videotaping of the experiment and were given the right to withdraw
from the study at any time if the dog showed signs of distress or without giving any reason.

2.7. Statistical Analysis

Data were analyzed using SAS 9.4 (SAS Institute, Cary, NC, USA). Dogs were assigned to
three groups, based on their owners’ report, (1) non-aggressive group, (2) aggressive towards humans
group and (3) aggressive towards animals group. A general linear model (GLM) analysis was used to
assess the differences between groups. The residuals followed a normal distribution. For the dogs’
personality traits (playfulness, curiosity/fearlessness, chase-proneness, sociability, aggressiveness,
shyness/boldness), the fixed effect of the group was tested for differences and the effect of the
dogs’ age was tested as a covariate. For the owners’ personality traits (extraversion, agreeableness,
conscientiousness, neuroticism and openness) and the owners’ attachment styles (anxious and avoidant),
the fixed effects of the group and the owners’ gender were tested for differences and the effect of the
owners’ ages was tested as a covariate. Statistical significance was accepted if p < 0.05 and tendency if
p < 0.10. When a significant effect was found, the LSMEANS and ESTIMATE statements were used to
estimate the contrasts between factor levels and to compare their means. When more than two means
needed to be compared, a multiple post-hoc Tukey–Kramer test was utilized to find the significant
differences. Pearson correlation coefficient calculations were performed using the proc CORR to assess
the relationship between the attachment styles and the dogs’ personality traits, the owners’ personality
traits, and the dogs’ aggressive behavior, also separately for each of the aggressive classification
groups. In the text, only Bonferroni-corrected statistically significant values (p ≤ 0.05, B: p ≤ 0.01) and
coefficients >0.6 are reported. Four participants did not fill out the ECR-R questionnaire regarding
attachment styles and their responses were considered as missing data.

3. Results

The dogs were placed in one of three groups (non-aggressive dogs, dogs aggressive towards
humans and dogs aggressive towards animals) based on aggression history reported by their owner.
Using behavioral data from C-BARQ, we found that dogs of different groups differed in stranger-directed
aggression (F = 10.0, p < 0.001), dog-directed aggression (F = 8.71, p < 0.001) and chasing (F = 6.02,
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p < 0.001) (Figure 2). Dogs classed as aggressive towards humans had the highest scores for
stranger-directed aggression and dog-directed aggression, while both classes of aggressive dogs had
higher scores for chasing compared to non-aggressive dogs. Non-aggressive dogs had the lowest
scores in all four categories.
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Figure 2. Owner-reported dog behavior using the C-BARQ questionnaire scoring by aggression groups
(* p < 0.05; ** p < 0.001). Group 1 = non-aggressive dogs; Group 2 = dogs, aggressive towards humans;
Group 3 = dogs, aggressive towards animals.

Looking at the personality assessment of dogs derived from the DMA, sociability was the only
trait which differed statistically between the groups (F = 4.5, p = 0.02) (Table 1). Non-aggressive dogs
had higher sociability scores compared to dogs aggressive towards humans (p < 0.01). The age of the
dogs was found to have an effect on their personality traits. Older dogs were less playful (F = 17.54,
p = 0.0002), less chase-prone (F = 8.91, p < 0.005) and more shy in the shyness/boldness dimension
(F = 12.14, p < 0.001) than younger dogs.
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Table 1. Differences between groups (Group 1 = non-aggressive dogs; Group 2 = dogs, aggressive
towards humans; Group 3 = dogs, aggressive towards animals) in dogs’ personality traits.
Bold—statistically significant result. Means with different superscript letters differ significantly.

Personality Trait Group Mean SD F-Value p-Value

Playfulness 1 3.64 1.55 1.96 0.16
2 2.15 1.68
3 3.59 1.83

Curiosity 1 3.76 0.89 0.14 0.87
2 3.58 0.78
3 3.56 0.74

Chase-proneness 1 3.75 1.49 1.48 0.24
2 2.42 1.57
3 3.58 1.69

Sociability 1 3.79 a 0.93 4.5 0.02
2 2.58 b 0.94
3 3.19 ab 0.81

Aggressiveness 1 2.11 0.68 0.73 0.49
2 2.12 0.85
3 2.5 1.29

Shyness/boldness 1 3.74 1.01 2.13 0.13
2 3.69 1
3 3.48 1.09

The owners’ personality assessment revealed neuroticism as the only statistically different trait
between the dog aggression groups (Table 2). Owners of dogs which were aggressive towards humans
had higher scores for neuroticism compared to other owners (both comparisons p < 0.05). The gender
(F = 5.62, p < 0.02) and age of the owner (F = 4.81, p < 0.04) was found to have an effect on the owners’
personality traits. Male and older owners were less extraverted than females and younger owners.
The younger owners had higher scores for openness than the older owners (F = 9.78, p < 0.004).

Table 2. Differences between groups (Group 1 = non-aggressive dogs; Group 2 = dogs, aggressive
towards humans; Group 3 = dogs, aggressive towards animals) in owners’ personality traits.
Bold—statistically significant result. Means with different superscript letters differ significantly.

Personality Trait Group Mean SD F-Value p-Value

Extraversion 1 3.71 0.67 1.14 0.33
2 3.23 1.01
3 3.69 1.07

Agreeableness 1 3.68 0.64 0.82 0.45
2 3.38 0.92
3 3.38 0.92

Conscientiousness 1 3.79 0.82 0.02 0.98
2 3.77 0.67
3 3.73 0.75

Neuroticism 1 2.5 a 0.89 3.85 0.03
2 3.27 b 0.88
3 2.5 a 0.82

Openness 1 3.46 0.79 0.31 0.74
2 3.69 1.11
3 3.69 0.97

Owners’ attachment styles did not differ between the groups (avoidant attachment: F = 0.38,
p = 0.54; anxious attachment: F = 1.88, p = 0.17). However, a correlation analysis revealed that
dogs of owners with higher scores for anxious attachment were less aggressive towards strangers,
more sociable and had lower scores for chasing (Table 3). Those owners whose scores for avoidant
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attachment were higher had lower scores for conscientiousness and owned dogs with higher scores for
owner-directed aggression.

Table 3. Significant correlations between attachment style, dog and owner personality traits and dog
aggressive owner-reported behavior.

Attachment Style Variable r p-Value

Anxious Stranger-directed aggression −0.4 0.01
Chasing −0.37 0.03

Sociability 0.33 0.05
Avoidant Owner-directed aggression 0.38 0.02

Conscientiousness −0.42 0.01

Within each of the aggression groups, significant correlations were found between the observed
variables (Figures 3–5). In the group of non-aggressive dogs (Figure 3), more extraverted owners had
dogs with lower scores for chasing behavior. More playful dogs were more sociable, chase-prone
and fearless. In the group of dogs which were aggressive towards humans (Figure 4), dogs with
higher stranger-directed aggression were less sociable and less aggressive towards the owner. More
neurotic owners were associated with dogs expressing a higher level of chasing behavior. In the
group of dogs which were aggressive towards dogs and other animals (Figure 5), dogs with more
expressed dog-directed aggression had less open owners. More conscientious owners were found to
be less open and had lower scores for avoidant attachment and more playful dogs were found to be
more chase-prone.Animals 2020, 10, x FOR PEER REVIEW 8 of 14 
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4. Discussion

Using a combination of behavioral testing of the dog, and owner-reported questionnaires, our
findings show that dog and owner personality profiles were strongly associated with dog aggression.
Dogs classed as aggressive towards humans were found to be less sociable and had owners with higher
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scores for neuroticism. Our main results also reveal a previously unreported relationship between
an owner’s insecure attachment style to a dog and dog aggression. We showed that high avoidant
attachment of owners was associated with high levels of owner-directed aggression, while a high
anxious attachment was associated with low levels of stranger-directed aggression.

When examining the relationships between dog personality scores and owner-reported dog
aggressive behavior, sociability was the only personality trait associated with the behavior. Dogs
classified as aggressive towards humans had lower sociability scores than non-aggressive dogs.
Furthermore, within this group, a correlation analysis revealed that less sociable dogs were more
aggressive towards strangers. This is in line with previous findings showing that high scores for
sociability are linked to lower levels of stranger-directed and child-directed aggression in dogs [23]. It
seems that sociable dogs are more comfortable around strangers and in new environments, resulting in
lower stress levels and a better social control that may reduce aggressive responses [41]. A personality
trait positively associated with sociability in our study was playfulness, but only in the group of
non-aggressive dogs. Finding this association only in the group of non-aggressive dogs implies that the
social evolutionary purpose of play is a normal social behavior. The function of social play is to enable
a more flexible development of future behaviors and a better socio-cognitive development [42,43] with
the improvement of communication skills and social ties [44,45]. Play may thus contribute an important
role in the appropriate (non-aggressive) social behavior of dogs. Furthermore, playfulness was also
positively associated with chase-proneness in the groups of non-aggressive dogs and dogs which were
aggressive towards animals, which was previously reported by Svartberg [46] while validating dog
behavioral traits.

When considering the owners’ personality traits, neuroticism was the trait found to have the
main impact on the manifestation of dogs’ behavioral problems. The dogs of more neurotic owners
were characterized as being the most aggressive of all the dogs towards both strangers and dogs. In
the group of dogs classified as showing aggressive behavior towards humans, high owner scores for
neuroticism were associated with more prominent chasing behavior in the dog. The reason behind this
may be found in the fact that owners’ neuroticism may affect the social behavior of their pet, causing
behavioral problems and/or aggressive behavior [47]. A second relevant, although less influential,
personality trait was conscientiousness. In the group of dogs classified as showing aggressive behavior
towards animals, owners scoring high on conscientiousness were less open. The less open owners
were younger individuals who had dogs with higher levels of owner-directed aggression. More
conscientious individuals tend to be more organized, responsible and self-disciplined [48], which
possibly makes them more controlling, leading to a dog which is less prone to engage in play with
a stranger. The other explanation could be that highly conscientious and neurotic individuals tend to
prefer dog breeds they perceive as more aggressive [49]. Looking at the owners’ neurotic personality
trait, similar positive associations to those found in our study between neurotic owners and behavioral
problems, such as the aggression of pets, have been reported in another dog study [50], and in cats [47],
as well as in humans [51]. According to Schöberl et al. [52], who suggested that neurotic individuals
have a higher stress level based on higher cortisol levels, and Finka et al. [47] recently claimed that
neurotic owners affect their pets’ behavior by being less warm, more hostile and overall displaying
unpredictable styles of caretaking, resulting in higher stress levels and decreased social control of
their cat. We may therefore argue that these neurotic dog owners have a specific behavioral and
physiological profile that affects their pets. Another relevant personality trait, however seen only in the
non-aggressive dog group, was extraversion, with more extraverted owners, mostly younger females,
having dogs with lower levels of chasing. As extraverted people are more inclined to attend various
social events and activities, socialize and enjoy the company of other people [53], it is possible that
they include their dogs in these activities, making dogs more socialized to other people and animals,
and more comfortable in new environments, which might have resulted in a lower level of chasing.

The finding that owners with higher scores for neuroticism were associated with aggressive dogs
partly supports our hypotheses. We based our hypotheses on the study by Dodman et al., [24], where
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1564 people responded to an online battery of questionnaires and where it was concluded that owners
with lower scores of extraversion, agreeableness, conscientiousness and emotional stability (high
neuroticism) own dogs which are more susceptible to develop owner-directed aggression. Although our
sample size may have limited the ability to detect potential associations between owners’ personality
traits and dog behavior, adding behavioral testing of dogs to objectively assess aggression-related
traits enabled our data to be without possible owner biases, and thus more reliable. Questionnaires are
known to be a less reliable, less objective method of assessment, although they are less time consuming
to administer [19]. It may thus not be surprising to see differences between our results and those
in literature, because all previous studies were done using questionnaires only [25,54,55], or even
the same Big Five factor taxonomy in both dog and owner assessments [25], just to be able to easily
compare dyad scores.

In this study we are first to confirm a relationship between owners’ attachment style to pets and
dog aggression. Before discussing this further, it is important to note that we assessed the owners’
attachment to their dogs, while in other studies mentioned below, the adult attachment styles to
other people were used for studying the relationship between owners’ attachment and their pet’s
behavior. We showed that both degrees of the insecure attachment styles, anxious and avoidant, play
a role in dog aggression, regardless of a dog being identified by their owner as a non-aggressive
dog, a dog aggressive towards humans, or a dog aggressive towards animals. The owners whose
scores for avoidant attachment were higher had lower scores for conscientiousness and owned dogs
with higher scores for owner-directed aggression. This can partly be explained by the idea that
a more avoidant attachment style to pets might influence the owner’s behavior toward their dog as
they distance themselves from the dog, being ignorant and not providing enough affection, intimate
contact and availability, as seen in adult attachment [56]. As a result, the dog may perceive a lack of
consistent responsiveness to its needs as an indication that it cannot use its owner as a secure base,
as it was previously suggested that owners can represent a secure base for their dogs [57], especially
in a threatening situation [36,58]. This might evoke fear in dogs, which is one of the most common
motivations for aggressive behavior [10]. Security gained from a caregiver may reduce or eliminate the
level of fear in dogs. Similar behavioral responses to those we found have been reported in children
of parents with a more avoidant attachment style. Children tended to be less attentive toward their
parents [59] and more distressed [60] during a stressful event.

On the other hand, and contrary to our hypotheses, dogs with higher scores for stranger-directed
aggression were associated with owners who had lower scores for anxious attachment to pets. It
seems that highly anxious attachment behavior of the owner, such as constant seeking of support and
closeness, clinginess and controlling behavior [61], does not promote aggression. This is in contrast to
studies in humans, where it has been reported that anxious mother–infant attachment increases the risk
of child aggression [62]. It also seems that anxiety does not contribute to the lack of responsiveness [63]
seen among people scoring higher in avoidant attachment, which can lead to a more stressful situation
for the dog and potentially facilitate aggression. We also found correlations between owner attachment
style to pets, and dogs’ and owner’s personality traits, as seen in human adults [64]. Contrary to our
findings showing that more conscientious dog owners were associated with higher scores for avoidant
attachment to dogs, Carver [64] found an association with extraversion, agreeableness and neuroticism.
A further strong correlation was found between dog owners with high scores for anxious attachment
and highly sociable dogs that are not prone to chase. Knowing that this attachment represents a tight,
even clingy relationship between dog and owner, we may speculate that these dogs are used to
closeness and proximity, resulting in also being more comfortable in the vicinity and company of
other people.

By providing evidence of the associations between owner’s attachment style to pets and dog
aggression, this study can serve as a foundation for future research on psychosocial factors affecting
dog aggression. We believe that owners’ aggressive tendencies, dog training and socialization history
and more in-depth exploration of the owner–dog bond are important psychosocial measures that can
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be further explored in the context of dog aggression. In this particular study, we used the personality
taxonomy developed by Svartberg and Forkman [20] to investigate dog personality. However, there
are other potentially useful measures (for review on dog personality assessment see Fratkin et al., [15]),
yielding alternative dog personality traits that may potentially play a role in dog aggression.

5. Conclusions

Our results imply that both dogs’ and owners’ personality profiles predict dogs’ aggressive
behavior. Similar to previous studies, neuroticism as the personality trait of an owner and sociability
as the personality trait of a dog were closely associated with dogs exhibiting human-directed and
animal-directed aggressive behavior. We first provided evidence suggesting that owners’ insecure
attachment styles to pets, anxious and avoidant attachment, are linked to owner- and stranger-directed
aggression in dogs, making owner–dog attachment style a potential predictor of undesired dog
behavior. These results may contribute to the early detection of potentially dangerous traits, leading to
better management and prevention of dog aggression towards humans, other dogs and other animals.
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helping with the testing, as well as for the coding of videos for reliability. We also thank Živa Logar for providing
the testing area and Sandra Edwards, Therese Rehn and Florian Klauser for their comments on the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Topál, J.; Gácsi, M.; Miklósi, Á.; Virányi, Z.; Kubinyi, E.; Csányi, V. Attachment to humans: A comparative
study on hand–reared wolves and differently socialized dog puppies. Anim. Behav. 2005, 70, 1367–1375.
[CrossRef]

2. Payne, E.; Bennett, P.C.; McGreevy, P.D. Current perspectives on attachment and bonding in the dog–human
dyad. Psychol. Res. Behav. Manag. 2015, 8, 71–79. [CrossRef] [PubMed]

3. Brady, K.; Cracknell, N.; Zulch, H.; Mills, D.S. Factors associated with long-term success in working police
dogs. Appl. Anim. Behav. Sci. 2018, 207, 67–72. [CrossRef]

4. Charry-Sánchez, J.D.; Pradilla, I.; Talero-Gutiérrez, C. Animal-assisted therapy in adults: A systematic review.
Complement. Ther. Clin. Pract. 2018, 32, 169–180. [CrossRef]

5. Feng, Z.; Dibben, C.; Witham, M.D.; Donnan, P.T.; Vadiveloo, T.; Sniehotta, F.; Crombie, I.K.; McMurdo, M.E.
Dog ownership and physical activity in later life: A cross-sectional observational study. Prev. Med. 2014, 66,
101–106. [CrossRef]

6. Gee, N.R.; Belcher, J.M.; Grabski, J.L.; DeJesus, M.; Riley, W. The presence of a therapy dog results in improved
object recognition performance in preschool children. Anthrozoös 2012, 25, 289–300. [CrossRef]

7. Staats, S.; Wallace, H.; Anderson, T. Reasons for companion animal guardianship (pet ownership) from two
populations. Soc. Anim. 2008, 16, 279–291. [CrossRef]

8. Kubinyi, E.; Turcsán, B.; Miklósi, Á. Dog and owner demographic characteristics and dog personality trait
associations. Behav. Process. 2009, 81, 392–401. [CrossRef]

9. Boyd, C.; Jarvis, S.; McGreevy, P.D.; Heath, S.; Church, D.B.; Brodbelt, D.C.; O’Neill, D. Mortality resulting
from undesirable behaviours in dogs aged under three years attending primary-care veterinary practices in
England. Anim. Welfare 2018, 27, 251–262. [CrossRef]

10. Flint, H.E.; Coe, J.B.; Serpell, J.A.; Pearl, D.L.; Niel, L. Risk factors associated with stranger-directed aggression
in domestic dogs. Appl. Anim. Behav. Sci. 2017, 197, 45–54. [CrossRef]

http://www.mdpi.com/2076-2615/10/2/315/s1
http://dx.doi.org/10.1016/j.anbehav.2005.03.025
http://dx.doi.org/10.2147/PRBM.S74972
http://www.ncbi.nlm.nih.gov/pubmed/25750549
http://dx.doi.org/10.1016/j.applanim.2018.07.003
http://dx.doi.org/10.1016/j.ctcp.2018.06.011
http://dx.doi.org/10.1016/j.ypmed.2014.06.004
http://dx.doi.org/10.2752/175303712X13403555186172
http://dx.doi.org/10.1163/156853008X323411
http://dx.doi.org/10.1016/j.beproc.2009.04.004
http://dx.doi.org/10.7120/09627286.27.3.251
http://dx.doi.org/10.1016/j.applanim.2017.08.007


Animals 2020, 10, 315 13 of 15

11. Netto, W.J.; Planta, J.U.D. Behavioural testing for aggression in the domestic dog. Appl. Anim. Behav. Sci.
1997, 52, 243–263. [CrossRef]

12. Houpt, K.A. Terminology Think Tank: Terminology of aggressive behavior. J. Vet. Behav. 2006, 1, 39–41.
[CrossRef]

13. Haug, L.I. Canine aggression toward unfamiliar people and dogs. Vet. Clin. N. Am. Small. Anim. Pract. 2008,
38, 1023–1041. [CrossRef]

14. Gosling, S.D. Personality in non-human animals. Soc. Personal. Psychol. Compass. 2008, 2, 985–1001.
[CrossRef]

15. Fratkin, J.L.; Sinn, D.L.; Patall, E.A.; Gosling, S.D. Personality consistency in dogs: A meta–analysis.
PLoS ONE 2013, 8, e54907. [CrossRef]

16. Dingemanse, N.J.; Wolf, M. Recent models for adaptive personality differences: A review. Phil. Trans. R. Soc.
B 2010, 365, 3947–3958. [CrossRef]

17. Jones, A.C.; Gosling, S.D. Temperament and personality in dogs (Canis familiaris): A review and evaluation
of past research. Appl. Anim. Behav. Sci. 2005, 95, 1–53. [CrossRef]

18. Hsu, Y.; Serpell, J.A. Development and validation of a questionnaire for measuring behavior and temperament
traits in pet dogs. J. Am. Vet. Med. Assoc. 2003, 223, 1293–1300. [CrossRef]

19. Wiener, P.; Haskell, M.J. Use of questionnaire-based data to assess dog personality. J. Vet. Behav. 2016, 16,
81–85. [CrossRef]

20. Svartberg, K.; Forkman, B. Personality traits in the domestic dog (Canis familiaris). Appl. Anim. Behav. Sci.
2002, 79, 133–155. [CrossRef]

21. Haverbeke, A.; De Smet, A.; Depiereux, E.; Giffoy, J.M.; Diedrich, C. Assessing undesired aggression in
military working dogs. Appl. Anim. Behav. Sci. 2009, 117, 55–62. [CrossRef]

22. Arata, S.; Takeuchi, Y.; Inoue, M.; Mori, Y. “Reactivity to stimuli” is a temperamental factor contributing to
dog aggression. PLoS ONE 2014, 9, e100767. [CrossRef] [PubMed]

23. Kaneko, F.; Arata, S.; Takeuchi, Y.; Mori, Y. Analysis of association between behavioural traits and four types
of aggression in Shiba Inu. J. Vet. Med. Sci. 2013, 75, 1297–1301. [CrossRef] [PubMed]

24. Dodman, N.H.; Brown, D.C.; Serpell, J.A. Associations between owner personality and psychological status
and the prevalence of canine behavior problems. PLoS ONE 2018, 13, e0192846. [CrossRef] [PubMed]

25. Turcsán, B.; Range, F.; Virányi, Z.; Miklósia, A.; Kubinyia, E. Birds of a feather flock together? Perceived
personality matching in owner–dog dyads. Appl. Anim. Behav. Sci. 2012, 140, 154–160. [CrossRef]

26. Tidwell, N.D.; Eastwick, P.W.; Finkel, E.J. Perceived, not actual, similarity predicts initial attraction in a live
romantic context: Evidence from the speed- dating paradigm. Pers. Relatsh. 2013, 20, 199–215. [CrossRef]

27. Bowlby, J. Attachment and Loss, Vol. 3: Loss: Sadness and Depression, Penguin ed.; The Hogarth Press and
Institute of Psychoanalysis: London, UK, 1981; pp. 39–41.

28. Bell, T.; Spikins, P. The object of my affection: Attachment security and material culture. Time Mind 2018, 11,
23–39. [CrossRef]

29. Meehan, M.; Massavelli, B.; Pachana, N. Using attachment theory and social support theory to examine and
measure pets as sources of social support and attachment figures. Anthrozoös 2017, 30, 273–289. [CrossRef]

30. Archer, J.; Ireland, J.L. The development and factor structure of a questionnaire measure of the strength of
attachment to pet dogs. Anthrozoös 2011, 24, 249–261. [CrossRef]

31. Topál, J.; Miklósi, Á.; Csányi, V.; Dóka, A. Attachment behavior in dogs (Canis familiaris): A new application
of the Ainsworths’ (1969) Strange Situation Test. J. Comp. Psychol. 1998, 112, 219–229. [CrossRef]

32. Prato-Previde, E.; Fallani, G.; Valsecchi, P. Gender differences in owners interacting with pet dogs:
An observational study. Ethology 2006, 112, 64–73. [CrossRef]

33. German, A.J. Style over substance: What can parenting styles tell us about ownership styles and obesity in
companion animals? Br. J. Nutr. 2015, 113, 72–77. [CrossRef]

34. Beck, L.; Madresh, E.A. Romantic partners and four-legged friends: An extension of attachment theory to
relationships with pets. Anthrozoös 2008, 21, 43–56. [CrossRef]

35. Meyer, I.; Forkman, B. Dog and owner characteristics affecting the dog-owner relationship. Vet. Behav. 2014,
9, 143–150. [CrossRef]

36. Rehn, T.; Beetz, A.; Keeling, L.J. Links between an owners’ adult attachment style and the support-seeking
behavior of their dog. Front. Psychol. 2017, 8, 2059. [CrossRef]

http://dx.doi.org/10.1016/S0168-1591(96)01126-4
http://dx.doi.org/10.1016/j.jveb.2006.04.006
http://dx.doi.org/10.1016/j.cvsm.2008.04.005
http://dx.doi.org/10.1111/j.1751-9004.2008.00087.x
http://dx.doi.org/10.1371/journal.pone.0054907
http://dx.doi.org/10.1098/rstb.2010.0221
http://dx.doi.org/10.1016/j.applanim.2005.04.008
http://dx.doi.org/10.2460/javma.2003.223.1293
http://dx.doi.org/10.1016/j.jveb.2016.10.007
http://dx.doi.org/10.1016/S0168-1591(02)00121-1
http://dx.doi.org/10.1016/j.applanim.2008.12.002
http://dx.doi.org/10.1371/journal.pone.0100767
http://www.ncbi.nlm.nih.gov/pubmed/24972077
http://dx.doi.org/10.1292/jvms.13-0082
http://www.ncbi.nlm.nih.gov/pubmed/23719752
http://dx.doi.org/10.1371/journal.pone.0192846
http://www.ncbi.nlm.nih.gov/pubmed/29444154
http://dx.doi.org/10.1016/j.applanim.2012.06.004
http://dx.doi.org/10.1111/j.1475-6811.2012.01405.x
http://dx.doi.org/10.1080/1751696X.2018.1433355
http://dx.doi.org/10.1080/08927936.2017.1311050
http://dx.doi.org/10.2752/175303711X13045914865060
http://dx.doi.org/10.1037/0735-7036.112.3.219
http://dx.doi.org/10.1111/j.1439-0310.2006.01123.x
http://dx.doi.org/10.1017/S0007114514002335
http://dx.doi.org/10.2752/089279308X274056
http://dx.doi.org/10.1016/j.jveb.2014.03.002
http://dx.doi.org/10.3389/fpsyg.2017.02059


Animals 2020, 10, 315 14 of 15

37. 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. [CrossRef]

38. Svartberg, K.; Tapper, I.; Temrin, H.; Radesäter, T.; Thorman, S. Consistency of personality traits in dogs.
Anim. Behav. 2005, 69, 283–291. [CrossRef]

39. Rammstedt, B.; John, O.P. Measuring personality in one minute or less: A 10-item short version of the Big
Five Inventory in English and German. J. Res. Pers. 2007, 41, 203–212. [CrossRef]

40. Fraley, R.C.; Waller, N.G.; Brennan, K.A. An item response theory analysis of self-report measures of adult
attachment. J. Pers. Soc. Psychol. 2000, 78, 350–365. [CrossRef]

41. Yang, T.; Yang, C.F.; Chizari, M.D.; Maheswaranathan, N.; Burke, K.J., Jr.; Borius, M.; Inoue, S.; Chiang, M.C.;
Bender, K.J.; Ganguli, S.; et al. Social control of hypothalamus-mediated male aggression. Neuron 2017, 95,
955–970. [CrossRef]

42. Dallaire, J.A.; Mason, G.J. Juvenile rough-and-tumble play predicts adult sexual behaviour in American
mink. Anim. Behav. 2017, 123, 81–89. [CrossRef]

43. Palagi, E. Social play in bonobos (Pan paniscus) and chimpanzees (Pan troglodytes): Implications for natural
social systems and interindividual relationships. Am. J. Phys. Anthropol. 2006, 129, 418–426. [CrossRef]
[PubMed]

44. Špinka, M.; Newberry, R.C.; Bekoff, M. Mammalian play: Training for the unexpected. Q. Rev. Biol. 2001, 76,
141–168. [CrossRef] [PubMed]

45. Vieira, M.L.; Sartorio, R. Motivational, causal and functional analysis of play behavior in two rodent species.
Estud. Psicol. 2002, 7, 189–196. [CrossRef]

46. Svartberg, K. A comparison of behaviour in test and in everyday life: Evidence of three consistent
boldness-related personality traits in dogs. Appl. Anim. Behav. Sci. 2005, 91, 103–128. [CrossRef]

47. Finka, L.R.; Ward, J.; Farnworth, M.J.; Mills, D.S. Owner personality and the wellbeing of their cats share
parallels with the parent-child relationship. PLoS ONE 2019, 14, e0211862. [CrossRef]

48. Gosling, S.D.; Rentfrow, P.J.; Swann, W.B. A very brief measure of the Big Five personality domains. J. Res.
Pers. 2003, 37, 504–528. [CrossRef]

49. Egan, V.; MacKenzie, J. Does personality, delinquency, or mating effort necessarily dictate a preference for an
aggressive dog? Anthrozoös 2012, 25, 161–170. [CrossRef]

50. Podberscek, A.L.; Serpell, J.A. Aggressive behaviour in English cocker spaniels and the personality of their
owners. Vet. Rec. 1997, 141, 73–76. [CrossRef]

51. Nigg, J.T.; Hinshaw, S.P. Parent personality traits and psychopathology associated with antisocial behaviors
in childhood attention-deficit hyperactivity disorder. J. Child. Psychol. Psychiatry. 1998, 39, 145–159.

52. Schöberl, I.; Wedl, M.; Bauer, B.; Day, J.; Möstl, E.; Kotrschal, K. Effects of owner-dog relationship and owner
personality on cortisol modulation in human-dog dyads. Anthrozoös 2012, 25, 199–214. [CrossRef]

53. Lucas, R.E.; Diener, E. Understanding extraverts’ enjoyment of social situations: The importance of
pleasantness. J. Pers. Soc. Psychol. 2001, 81, 343–356. [CrossRef] [PubMed]

54. Chopik, W.J.; Weaver, J.R. 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. [CrossRef]

55. Zeigler-Hill, V.; Highfill, L. Applying the interpersonal circumplex to the behavioural styles of dogs and cats.
Appl. Anim. Behav. Sci. 2010, 124, 104–112. [CrossRef]

56. Hazan, C.; Shaver, P. Romantic love conceptualized as an attachment process. J. Pers. 1987, 52, 511–524.
[CrossRef]

57. Mariti, C.; Gazzano, A.; Ricci, E.; Zilocchi, M. Owners as a secure base for their dogs. Behaviour 2013, 150,
1275–1294. [CrossRef]

58. Fraley, R.C.; Shaver, R. Adult romantic attachment: Theoretical developments, emerging controversies and
unanswered questions. Rev. Gen. Psychol. 2000, 4, 132–154. [CrossRef]

59. Main, M. The organized categories of infant, child, and adult attachment: Flexible vs. inflexible attention
under attachment-related stress. J. Am. Psychoanal. Assoc. 2000, 48, 1055–1095. [CrossRef]

60. Edelstein, R.S.; Alexander, K.W.; Shaver, P.R.; Schaaf, J.M.; Quas, J.; Lovas, G.S.; Goodman, G.S. Adult
attachment style and parental responsiveness during a stressful event. Attach. Hum. Dev. 2004, 6, 31–52.
[CrossRef]

http://dx.doi.org/10.1371/journal.pone.0118375
http://dx.doi.org/10.1016/j.anbehav.2004.04.011
http://dx.doi.org/10.1016/j.jrp.2006.02.001
http://dx.doi.org/10.1037/0022-3514.78.2.350
http://dx.doi.org/10.1016/j.neuron.2017.06.046
http://dx.doi.org/10.1016/j.anbehav.2016.10.023
http://dx.doi.org/10.1002/ajpa.20289
http://www.ncbi.nlm.nih.gov/pubmed/16323189
http://dx.doi.org/10.1086/393866
http://www.ncbi.nlm.nih.gov/pubmed/11409050
http://dx.doi.org/10.1590/S1413-294X2002000100020
http://dx.doi.org/10.1016/j.applanim.2004.08.030
http://dx.doi.org/10.1371/journal.pone.0211862
http://dx.doi.org/10.1016/S0092-6566(03)00046-1
http://dx.doi.org/10.2752/175303712X13316289505305
http://dx.doi.org/10.1136/vr.141.3.73
http://dx.doi.org/10.2752/175303712X13316289505422
http://dx.doi.org/10.1037/0022-3514.81.2.343
http://www.ncbi.nlm.nih.gov/pubmed/11519937
http://dx.doi.org/10.1016/j.jrp.2019.01.005
http://dx.doi.org/10.1016/j.applanim.2010.02.012
http://dx.doi.org/10.1037/0022-3514.52.3.511
http://dx.doi.org/10.1163/1568539X-00003095
http://dx.doi.org/10.1037/1089-2680.4.2.132
http://dx.doi.org/10.1177/00030651000480041801
http://dx.doi.org/10.1080/146167303100001659584


Animals 2020, 10, 315 15 of 15

61. Shaver, P.; Mikulincer, M. Attachment-related psychodynamics. Attach. Hum. Dev. 2002, 4, 133–161.
[CrossRef]

62. Amani, R. Mother-infant attachment styles as a predictor of aggression. J. Midwifery. Reprod. Health 2016, 4,
506–512.

63. Whipple, N.; Bernier, A.; Mageau, G. A dimensional approach to maternal attachment state of mind:
Relations to maternal sensitivity and maternal autonomy support. Dev. Psychol. 2011, 47, 396–403. [CrossRef]
[PubMed]

64. Carver, C. Adult attachment and personality: Converging evidence and a new measure. Personal. Soc.
Psychol. Bull. 1997, 23, 865–883. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1080/14616730210154171
http://dx.doi.org/10.1037/a0021310
http://www.ncbi.nlm.nih.gov/pubmed/21171748
http://dx.doi.org/10.1177/0146167297238007
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Protocol 
	Assessment of Dogs’ Aggressive Behaviour 
	Personality Assessment of Dogs 
	Psychological Assessment of Owners 
	Ethical Note 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

