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SUMMARY

Personality in pets and other domesticated animals is important for their well-be-
ing and it can also influence human-animal relationships. Genetic and environ-
mental factors influencing unwanted behavior in dogs are somewhat well known,
but the factors influencing dog personality remain understudied. Here we exam-
ined environmental and demographic factors associated with seven broad per-
sonality traits in a survey of over 11,000 dogs. We utilized linear models and
extensive model validation to examine the factors that have the most significant
influences on personality and calculated effect sizes to assess the importance of
these variables. Breed and age had the strongest associations with dog personal-
ity traits. Some environmental factors, especially puppyhood socialization, were
also associated with personality. All factors had small effect sizes, highlighting
that a lot of variation in personality remains unexplained. Our results indicate
that personality traits are complex and strikingly similar in dogs, humans, and
other nonhuman animals.

INTRODUCTION

Animal personality is often defined as behavioral differences between individuals that are relatively stable

in time and across contexts.1,2 Personality is highly important for welfare and well-being, as it is a predictor

of mortality and physical and mental health in both humans and nonhuman animals.3–8 In companion an-

imals, such as pet dogs, personality can also influence the pet-owner relationship.9–11 Undesirable behavior

can even lead to relinquishment to a shelter or euthanasia.12–14 As personality is shared by at least most of

the animal kingdom,15–17 the study of dog personality can deepen the understanding of personality

throughout species. Furthermore, the study of dog personality traits may improve the well-being of

both the pet and its owner.

Personality traits are highly genetic, as heritability estimates in humans and across the animal kingdom

often range between 40 and 50%.18–21 However, some variance in personality is explained by the environ-

mental component as well.2,22–25 The influence of early life environment on personality seems to be espe-

cially pronounced. For example, early life adversity is known to heighten fear-related traits and anxiety in

humans and rodents.26–29 Even though personality traits are relatively stable after ontogeny, they also

change with age. In humans, conscientiousness and agreeableness often increase whereas neuroticism

and extraversion decrease with age.30–32

Dog personality has interested researchers for a long time and previous studies have examined the struc-

ture of personality, which in many studies consists of traits such as fearfulness/insecurity, energy/activity,

training focus, aggressiveness, and sociability.33–41 Despite this knowledge on personality structure, the

factors influencing dog personality are still mostly undiscovered. Previous studies have indicated that,

for example, breeds differ in personalities36,42–45 and that dogs show similar age differences in personality

as humans.10,36,46 Nevertheless, one recent study challenged these breed differences by showing that

breed explains only a small part of behavioral variation.47

Here, we utilized a reliable and validated dog personality survey35 and a large dataset of more than eleven

thousand pet dogs to examine the demographic and environmental factors associated with seven dog per-

sonality traits. We fit general and generalized linear models to assess the independent influence of vari-

ables and performed extensive model validation to include only variables with a large effect in the models.
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Table 1. Association of explanatory variables with 7 personality traits in the generalized linear models

Variable

Insecurity Training focus Energy Perseverance

DFF p value F p value F p value F p value

Sex 48.90 4.18e-11 44.48 3.46e-10 23.81 6.37e-06 2.24 0.206 1

Age 0.00 0.981 145.84 5.28e-15 1426.80 5.28e-15 62.69 5.73e-14 1

Age2 16.36 2.16e-04 36.31 1.69e-08 42.47 8.96e-10 1

Breed/breed group 9.00 5.28e-15 6.37 5.28e-15 28.45 5.28e-15 11.89 5.28e-15 51

Level of socialization 58.45 5.28e-15 26.09 5.28e-15 4

Sterilization status 106.86 5.28e-15 52.27 8.41e-12 1

Dog experience 63.25 5.28e-15 24.75 1.37e-14 3

Main reason for ownership/use

of the dog

25.79 9.19e-11 59.49 5.28e-15 2

Frequency of hobbies 12.92 1.95e-09 40.09 5.28e-15 23.29 5.28e-15 4

Daily exercise 19.86 1.24e-11 3

Average time spent alone 12.19 7.13e-09 4

Other dogs in the household

when acquired

45.30 2.35e-10 69.23 5.28e-15 1

Variable

Aggressiveness/dominance Human sociability Dog sociability

DFF p value F p value F p value

Sex 125.41 5.28e-15 7.79 0.013 194.46 5.28e-15 1

Age 448.82 5.28e-15 145.58 5.28e-15 1141.59 5.28e-15 1

Age2 257.57 5.28e-15 315.55 5.28e-15 1

Breed/breed group 19.90 5.28e-15 12.20 5.28e-15 11.35 5.28e-15 51

Level of socialization 16.46 3.20e-12 12.85 2.22e-09 9.95 3.68e-07 4

Main reason for ownership/use

of the dog

37.94 5.28e-15 2

All p values are controlled for false discovery rate. Significant p values are indicated in bold. N = 11 418. F = F-test statistic, DF = degrees of freedom, age2 = age

as a quadratic explanatory variable. Supplementary items.

ll
OPEN ACCESS

iScience
Article
RESULTS

We used a dog personality questionnaire and previously reduced 63 adjective statements into seven dog per-

sonality traits: insecurity, training focus, aggressiveness/dominance, energy, human sociability, dog sociability,

and perseverance. In this present study, we fit general and generalized linearmodels to study the environmental

and demographic factors associated with these dog personality traits. The possible explanatory variables

included the dog’s sex, age, and breed, and 12 variables related to the dog’s past or present environment.

We performed stringent model selection and validation to include only the most important variables in the

models and also calculated the absolute and relative effect sizes of variables. Final models of all seven traits

included all demographic variables (dog’s age, sex, and breed) and one to six environmental variables (Table 1).

Study cohort

Our study cohort included 11,418 dogs. The age of the dogs varied between 0.18 years and 17.13 years,

with a mean of 5.18 years (SD = 3.44 years). Of these dogs, 53% were female and most dogs (76%) were

intact. The dogs belonged to 52 breeds or breed groups, the most prevalent breed being the Finnish Lap-

ponian Dog (480 dogs). For ranges, means, and standard deviations of the personality traits, see Table S11.

A detailed description of the study cohort can be found in Table S12.

Effect sizes

Age was the most important variable based on relative importance in models of insecurity, training

focus, energy, and dog sociability, whereas breed/breed group was the most important variable

in models of aggressiveness/dominance, human sociability, and perseverance (Figures 1C, 1D, and S1).

In all traits except dog sociability, sex was the least important variable.
2 iScience 26, 106691, May 19, 2023
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Figure 1. Breeds differ in personality traits and some personality traits are also associated with age and social

environment

(A) Breed differences expressed as a heatmap, where colored circles indicate the difference between breed mean of a

trait and population mean of the trait. Size of the circle indicates the magnitude of difference (between the breed mean

factor score and population mean factor score) and color indicates the direction (blue = lower than average dog, red =

higher than average dog). Small gray circles indicate that the breed mean score did not differ from trait mean (95%

confidence limits including the mean).

(B) Distributions of the highest and lowest scoring breeds in human sociability. Lines indicate breed mean scores.

(C) Scaled variance-based variable importance (relative effect size) and Cohen’s f2 (absolute effect size) in insecurity.

(D) Scaled variance-based variable importance (relative effect size) and Cohen’s f2 (absolute effect size) in energy.

(E) Association of age with dog sociability. Gray area indicates 95% confidence limits.

(F) Association of the level of socialization experiences with insecurity. Error bars indicate 95% confidence limits.

N = 11 418.
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Figure 2. Association of breed group with personality traits insecurity, training focus, aggressiveness/

dominance, and energy

(A–D) Association of the dog’s breed/breed group with (A) insecurity, (B) training focus, (C) aggressiveness/dominance,

and (D) energy in the general and generalized linear models. Error bars indicate 95% confidence limits. N = 11 418.
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Cohen’s f2 estimates ranged between <0.001 and 0.128. Based onCohen’s suggested cut-offs (small = 0.02,

medium = 0.15, large = 0.35), all effects sizes were small or less than small.48 When comparing estimates

between variables, breed/breed group obtained the highest value in all traits except dog sociability, in

which age had the highest Cohen’s f2 (Figures 1C, 1D, and S1). Environmental variables, sterilization,

and sex did not reach the cut-off for small effect sizes, except that socialization reached this cut-off in inse-

curity (f2 = 0.021).

Sex, age, and sterilization status

Sex was significantly associated with all personality traits except perseverance (Table 1, Figures S2A–S2G).

However, the difference between female and male dogs was relatively small in many traits. The largest dif-

ference between sexes was discovered in dog sociability (z = 13.94, df = 1, p = 1.14e-41). Female dogs

had higher mean scores in insecurity, training focus, and human sociability, and male dogs had higher

mean scores in energy, aggressiveness/dominance, and dog sociability. For all pairwise contrasts, see

Supplementary Information.

Age was significantly associated with all personality traits except insecurity, which, however, included a sig-

nificant quadratic effect (Table 1, Figures 1E and S3). The model fit of age was improved by including the

quadratic age effect also in training focus, perseverance, aggressiveness/dominance, and dog sociability.

Mean score of training focus increased with age, whereas the mean scores of insecurity, energy, dog socia-

bility, and human sociability decreased with age. Aggressiveness/dominance showed a nonlinear effect,

with the highest mean score at 9 years of age. In contrast, the mean score in perseverance was lowest in

8-year-old dogs and highest in younger and older dogs.

Sterilization status was included in the insecurity and training focus models (Table 1, Figures S2H–S2I).

Compared to intact dogs, neutered dogs had a higher mean score in insecurity (z = 10.21, df = 1,

p = 1.14e-22) and a lower mean score in training focus (z = 7.23, df = 1, p = 7.93e-12).

Breed and breed group differences

Breed group was highly associated with all personality traits (Table 1) and breeds differed in all traits

(Figures 1A, 1B, 2, and 3). The highest mean insecurity score was observed in Shetland Sheepdog and

lowest in Bull-type terriers (difference: z = 8.69, df = 1, p = 1.11e-16). The highest mean training focus score

was observed in the ‘‘other breed’’ group and the lowest in Bull-type terriers (difference: z = 6.47, df = 1,

p = 1.16e-9). The highest mean energy score was detected in Parson-type terriers and the lowest in Live-

stock guardian dogs (difference: z = 15.69, df = 1, p = 1.55e-52). The highest mean perseverance score

was obtained by Miniature Pinscher and the lowest by Golden Retriever (difference: z = 10.77, df = 1,

p = 3.91e-25). In aggressiveness/dominance, there was also a significant difference between the high-

est-scoring breed group, fighting dogs, and the lowest-scoring breed, Golden Retriever (z = 13.27,

df = 1, p = 8.51e-38). The highest mean human sociability score was discovered in Bull-type terriers and

the lowest in Livestock guardian dogs (difference: z = 12.46, df = 1, p = 2.16e-33). Finally, in dog sociability,

the highest mean score was obtained by Finnish Lapponian Dog and the lowest by Border Collie (differ-

ence: z = 13.80, df = 1, p = 7.41e-41). For all pairwise contrasts, see supplemental information.

When comparing distributions of trait scores in breeds with highest and lowestmean scores, these distributions

mostly overlap, with both breeds including individuals in both ends of the distribution (Figures 1B andS4). How-

ever, in many traits, the majority of individuals resided in different parts of the distribution, but this divergence

between breeds was highly dependent of the trait. Aggressiveness/dominance, energy, human sociability, and

perseverance seemed to have the larger differences between breeds that had the highest and lowest scores in

these traits, whereas insecurity, training focus, and dog sociability showed smaller differences.

Socialization

Level of socialization experiences in puppyhood (between 7 weeks and 4 months of age) was included in

the models of insecurity, training focus, aggressiveness/dominance, human sociability, and dog sociability
iScience 26, 106691, May 19, 2023 5
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Figure 3. Association of breed group with personality traits human sociability, dog sociability, and perseverance

(A–C) Association of the dog’s breed/breed group with (A) human sociability, (B) dog sociability, and (C) perseverance in

the linear models. Error bars indicate 95% confidence limits. N = 11 418.
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(Table 1, Figures 1F and 4A–4E). Higher level of socialization was associated with lower insecurity and

aggressiveness/dominance and higher training focus, human sociability, and dog sociability. The largest

difference between the poorest socialization level (Q1) and the highest socialization level (Q4) was

observed for insecurity (z = 13.02, df = 1, p = 2.05e-36). Most pairwise comparisons between socialization

levels reached significance in all traits, and the largest differences were always observed between the poor-

est socialization level and the highest socialization level (training focus: z = 9.40, df = 1, p = 2.43e-19;

aggressiveness/dominance: z = 7.33, df = 1, p = 3.82e-12; human sociability: z = 6.42, df = 1, p = 1.56e-

9; dog sociability: z = 5.39, df = 1, p = 5.26e-7). For all pairwise contrasts, see supplemental information.
Other environmental factors

The main reason for ownership/use of the dog was included in the final models of insecurity, perseverance,

and human sociability (Table 1, Figures 4F–4H). The highest mean insecurity score was discovered in pet

dogs and the lowest in dogs acquired for hobbies or work (z = 6.90, df = 1, p = 7.25e-11). Pet dogs were

also more insecure than dogs considered family members (z = 2.66, df = 1, p = 0.018), which were, in

turn, more insecure than hobby/working dogs (z = 6.16, df = 1, p = 7.71e-9). The highest mean persever-

ance score was obtained by hobby/working dogs and the next highest in dogs considered family members

(difference: z = 7.95, df = 1, p = 3.94e-14). The lowest score was obtained by pet dogs (hobby/working dogs

vs. pet dogs: z = 10.79, df = 1, p = 3.30e-25; family member dogs vs. pet dogs: z = 5.68, df = 1, p = 1.09e-7).

Mean human sociability was higher in family member dogs than in pet dogs (z = 5.86, df = 1, p = 4.13e-8)

and hobby/working dogs (z = 7.51, df = 1, p = 1.12e-12). There was no difference in human sociability be-

tween pet and hobby/working dogs (z = 1.12, df = 1, p = 0.358).

The frequency of hobbies was included as an explanatory variable for insecurity, training focus, and energy

(Table 1, Figures S5A–S5C). The highest mean insecurity score was obtained by dogs that never participated

in hobbies and the lowest by dogs that participated in hobbies infrequently (z = 5.64, df = 1, p = 1.40e-7).

Mean training focus was highest in dogs participating in hobbies actively and lowest in dogs never
6 iScience 26, 106691, May 19, 2023
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Figure 4. Association of puppyhood socialization and main reason for acquiring with personality traits

(A–H) Association of the level of socialization experiences between 7 weeks and 4 months of age with (A) insecurity, (B)

training focus, (C) aggressiveness/dominance, (D) human sociability, (E) dog sociability, and association of main reason/

use with (F) insecurity, (G) human sociability, (H) perseverance in the general and generalized linear models. Error bars

indicate 95% confidence limits. N = 11 418.
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participating in hobbies (z = 11.82, df = 1, p = 4.21e-30), and these groups obtained also the highest and

lowest mean energy score (z = 8.68, df = 1, p = 1.24e-16). For all pairwise contrasts, see Supplementary

Information.

Dog experience was included in the models of insecurity and training focus (Table 1, Figures S6A and S6B).

The highest mean insecurity score was obtained by owners’ first dogs and the lowest by dogs that were

owners’ fifth dogs or more (z = 12.55, df = 1, p = 7.25e-34). In contrast, the highest training focus score

was observed in dogs that were owners’ fifth dogs or more and lowest in second dogs (z = 7.79, df = 1,

p = 1.41e-13). For all pairwise contrasts, see Supplementary Information.

The variable ‘‘other dogs in the household when acquired’’ was included in the final models of energy and

perseverance (Table 1, Figures S6C and S6D). Dogs that had dog company when they entered the house-

hold were more energetic (z = 6.73, df = 1, p = 2.25e-10) but less persevering (z = 8.32, df = 1, p = 2.36e-15)

than dogs that were only dogs at that time.

Daily exercise and average time spent alone were included in the final model of training focus (Table 1,

Figures S5D and S5E). Dogs exercising over 3 h per day on average had the highest mean training focus,

whereas dogs exercising less than 1 h per day had the lowest mean score (z = 7.18, df = 1, p = 1.15e-11).

Furthermore, dogs that spent, on average, less than 1 h alone during a typical workday obtained the high-

est mean training focus, whereas dogs spending over 8 h alone obtained the lowest score (z = 5.33, df = 1,

p = 7.06e-7). For all pairwise contrasts, see Supplementary Information.
DISCUSSION

Although many studies have examined the associations of demographic and environmental factors with

canine behavior problems and undesirable behavior, less is known about factors influencing dog person-

ality. We utilized our validated dog personality questionnaire35 to examine the association of environ-

mental and demographic variables with seven personality traits: insecurity, training focus, energy, aggres-

siveness/dominance, human sociability, dog sociability, and perseverance. We discovered that dog breeds

notably differed in all personality traits and that age was also highly associated with personality. Some envi-

ronmental factors, such as the level of socialization in puppyhood, frequency of hobbies, and the main

reason for dog ownership were also associated with personality traits. However, their effect sizes were

small, indicating a limited association between environment and personality.

Breeds and breed groups differed in personality trait mean scores. Many breeds and breed groups

we included have not been studied before, but our results were mostly in line with previous studies.

Breed differences in training focus,36,42,43,45,49 insecurity,10,42–46,50 energy,36,42,44,45 aggressiveness/

dominance,44,45,51,52 dog sociability,43 and human sociability42,44,45 highly paralleled previous studies.

Furthermore, to our knowledge, breed differences in perseverance have not previously been reported.

In a validation study of the Monash Canine Personality Questionnaire,36 breed differences in motivation

(closely resembling our perseverance) were not detected. Breeds that reached the highest mean score

in perseverance (Miniature Pinscher, followed by Asian primitive breeds, Parson-type terriers, Dachshunds,

and fighting dogs) are often described as stubborn.53 Furthermore, a previous study discovered that perse-

verance was weakly associated with fear-aggression,54 and these persevering breeds also scored high in

aggressiveness/dominance. In contrast, breeds that scored low in perseverance (including Golden

Retriever, Shetland Sheepdog, and Smooth Collie) are all known to be adaptable and compliant.53

We compared the distributions of breeds whose mean scores most differed and showed that even though

the distributions mostly overlapped, breeds showed differences in where the majority of individuals

resided on the trait score distribution. Therefore, a dog’s breed is not a predictor of its personality, but

the probability of showing certain personality traits differs between breeds. Breeds of other domesticated

animals also differ in behavior and personality.55–60 In conclusion, breed differences in personality seem to

be quite stable throughout studies and populations, but many uncommon breeds have not been

adequately studied to reliably describe their typical personalities. These breed differences suggest that

genetic differences could underlie these differences in behavior between breeds.

Other demographic variables, sex, age, and sterilization status were also associated with personality.

Cross-sectional age differences were comparable to breed differences. In contrast, associations of sex
8 iScience 26, 106691, May 19, 2023
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and sterilization status were smaller. As discovered in previous studies, the highest mean energy level was

found in young dogs, whereas age was nonlinearly related to aggressiveness/dominance, with the highest

mean aggressiveness in 8–10-year-old dogs.10,36,46 Similarly to our study, one previous study discovered

that dog sociability was highly negatively associated with age.39 We discovered that insecurity was nega-

tively related to age, contrary to some previous studies.39,61We also noted that training focus was positively

associated with age. Some previous studies, including one longitudinal study, agree with our results,36,62

whereas some studies have discovered the opposite association.10,39 These age differences in dogs show

parallels to humans and other nonhuman animals.6,7,31,32,63–66 This could mean that personality traits share

a similar genetic and evolutionary background leading to similar development through life or that similar

environmental factors shape personality in both humans and other animals. Female dogs were more

focused on training and insecure than male dogs, whereas males were more aggressive/dominant, dog so-

ciable, and energetic, agreeing with previous studies.39,44,46,61 Neutered dogs were more insecure, as

found in some earlier studies42,61 and less focused on training than intact dogs. Neutering may cause un-

wanted changes in behavior or, on the other hand, more insecure and less trainable dogs may be more

likely to be neutered. Similarly to age, these sex differences parallel those of humans and other nonhuman

animals,7,59,67–69 possibly indicating a common effect of sex hormones on personality and behavior.

The level of socialization experiences in puppyhood was the most important environmental variable, based

on visual inspection of variable level differences and relative and absolute effect sizes. Poorly socialized

dogs had higher mean scores in insecurity and aggressiveness/dominance and lower scores in training

focus, dog sociability, and human sociability than well-socialized dogs. Dogs obtained after the socializ-

ation period, at more than 4 months of age, were similar to poorly socialized dogs in all traits. Of these

dogs, 44% were rescues or obtained from a previous owner. Therefore, the results indicate that dogs ob-

tained as rescues or from a previous owner likely have more undesirable characteristics in their personal-

ities, as has been discovered previously.46,70 Early life experiences seem to associate with fearful and

aggressive behavior in dogs,50,71–75 but also trainability.75 Overall, early life experiences are important

for subsequent personality, behavior, and mental health in dogs, humans, and other animals.26,28,76–80

However, it is also possible that owners willing to socialize their puppies choose the puppy and its breeder

more carefully.

Dogs acquired for hobbies and dogs practicing actively were less insecure and more focused on training,

energetic, and persevering, as was discovered in earlier studies.10,39,46,50,72,81–83 Boldness, training focus,

high energy level, and, to some extent, perseverance are important characteristics for hobby dogs that

likely make them easier to train andmore successful in competitions. Therefore, owners who actively partic-

ipate in hobbies may select puppies with a certain personality and stop participating with the dog if it

proves unsuitable for the hobby. However, it is also possible that participating in hobbies could improve

behavioral characteristics.84 Hobbies likely provide environmental enrichment, which has been shown to

influence behavior in dogs and other animals as well.84–86

Surprisingly, we discovered differences between dogs regarded as pets or family members: pet dogs

scored higher in insecurity and lower in human sociability and perseverance than dogs considered family

members. Similarly, one previous study found that non-family member dogs were less dog sociable than

family member dogs.39 This phenomenon may be related to attachment to the dog, as previous studies

have indicated that owners of well-behaving dogs are more satisfied with and attached to them9–11 and

owners perceiving their dogs as pets had a higher probability of unsuccessful ownership.87 It is also

possible that attitude toward dogs, in general, influences the selection of the dog, the owner’s perception

of the dog’s behavior or their care of the dog.

Other environmental variables, dog experience, living in a multi-dog household when acquired, daily ex-

ercise, and average time spent alone during a typical workday showed significant but small associations

with personality traits. These parallel previous studies (dog experience,72,83 rearing with conspecifics,88,89

daily exercise, and time spent alone83). However, the reason for these small associations is not known. Due

to the parallels of these variables with previous studies and their small importance, we will not speculate on

these associations further.

Breed/breed group and age were the most important variables, both relatively and absolutely. Despite

their importance, Cohen’s f2 values were small, agreeing with a recent study of behavioral differences
iScience 26, 106691, May 19, 2023 9
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between breeds.47 However, effect size estimates in individual differences are commonly small and should

only be compared with other studies, not with arbitrary cut-offs.90 Indeed, studies have suggested that cor-

relation cut-offs should be lowered to small = 0.10, medium = 0.20, and large = 0.30.90,91 These cut-points

would correspond to Cohen’s f2 estimates of 0.02, 0.05, and 0.10, respectively.48 If following these sug-

gested estimates, the breed would have a large effect size in energy and a medium effect size in aggres-

siveness/dominance, human sociability, dog sociability, and perseverance. The effect size of the breed

would remain small in insecurity and training focus, possibly highlighting a more complex background in

these traits. As personality traits are strikingly complex, it is not expected that any variables would explain

a large portion of the variance in these traits. Therefore, the variables included in the models, especially

breed has an important association with personality traits, and therefore, despite obtaining highly similar

results to Morrill et al.,47 we argue that dog breeds do differ.

In conclusion, we discovered many interesting associations between demographic and environmental vari-

ables and seven personality traits. The associations of breed and age of the dog with personality traits were

more extensive than environmental factors. This was hardly surprising, as the environmental variables

mostly considered the current environment of largely adult individuals. This was also paralleled in effect

size estimates, which were much higher for breed and age than for environmental variables. Significant

breed differences in personality traits indicate that personality is influenced by the individual’s genetic

background. They also suggest that different behavioral characteristics are preferred and selected for in

different dog breeds. Overall, our results show that personality traits are complex and are likely influenced

by the genetic background of the individual and life experiences. This is reflected in the small effect sizes of

all explanatory variables. Humans as breeders have a large impact on the personality and well-being of

dogs, but our results indicate that individual owners can also influence the development of personality

by socializing puppies carefully. Finally, our results show that associations of age, sex, and environment

with dog personality resemble those in humans and other nonhuman animals. This similarity indicates

that either patterns of personality development are evolutionary very old or due to parallel evolution in

dogs and humans. Thus, our findings improve the wider understanding of factors that influence animal

and human personalities.
Limitations of the study

Our study has limitations. First, this study is cross-sectional, and therefore causal relationships between

explanatory variables and personality traits cannot be inferred. Second, the data is a convenience sample

collected online and young, enthusiastic dog owners may be more likely to answer. Third, it is possible

that owners of, for example, different breeds perceive their dogs differently. However, the survey used in

the study was shown to have good validity and reliability.35 Fourth, to preserve the large sample size and vari-

ability in the background of dogs, we created an ‘‘obtained after the socialization period’’ socialization cate-

gory instead of performing listwise deletion, which could create additional bias. Fifth, we could not collect

many variables that would likely be important for the development of personality, including, for example,

maternal stress during gestation, quality of maternal care, and socialization experiences before weaning.

Future longitudinal studies would be needed to examine the effect of environment on personality.
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KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

Data used in this study Figshare https://doi.org/10.6084/m9.figshare.14479152.v1

Software and algorithms

Code used in this study Supplementary material Data S1

R 4.2.1. R Core Team https://cran.r-project.org/
RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources should be directed to and will be fulfilled by the lead con-

tact, Hannes Lohi (hannes.lohi@helsinki.fi).

Materials availability

This study did not generate new unique materials.

Data and code availability

d Questionnaire data have been deposited at Figshare and are publicly available as of the date of publi-

cation. DOI is listed in the key resources table.

d All original code is available in this paper’s supplemental information.

d Any additional information required to reanalyze the data reported in this paper is available from the

lead contact upon request.
EXPERIMENTAL MODEL AND SUBJECT DETAILS

Dog owners participated in the study by answering an extensive online behavior questionnaire of their

dogs. We did not collect the dog owners’ age and gender identity. Range, mean, and standard deviation

of dogs’ age can be found in Table S11 and sex distribution in Table S12. Dog owners provided the infor-

mation of their dog’s sex, age, breed, environment, and personality. The study was approved by the Uni-

versity of Helsinki Viikki Campus Research Ethics Committee (11.2.2019). Informed consent was obtained

from all participants.

METHOD DETAILS

Questionnaire

We utilized our dog personality and unwanted behavior questionnaire, which was previously validated with

hypothesis testing. The internal consistency, test-retest reliability, and inter-rater reliability of this question-

naire were also assessed.35 The questionnaire included a personality section, several unwanted behavior

sections, a health section, and a background section. A detailed description of the questionnaire and its

sections is available as Supplementary Material of our previous study.35

The personality section of the questionnaire included 63 adjective-based statements and the owners indi-

cated how strongly they agreed or disagreed with the statements using a 5-point Likert scale. We previ-

ously used factor analysis to reduce these statements into 7 personality traits (factors): insecurity, energy,

training focus, aggressiveness/dominance, human sociability, dog sociability, and perseverance.35 We

calculated factor scores for each individual and used these as explanatory variables.

Subjects

We previously collected a dataset that included questionnaire responses on 15 371 dogs.35 From this sam-

ple, we excluded dogs whose owners did not answer the personality section (2506 dogs). During quality
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control we also noted one dog whose answers were clearly false (same answering option selected for every

question) and excluded it. Furthermore, we also excluded dogs whose owners did not answer the back-

ground section (1445 dogs). Finally, we excluded one dog that was a considerable outlier in three out of

seven analyses.

The final dataset included 11 418 dogs in 315 breeds and breed variants. Many breeds had only a few re-

sponses and thus, we grouped these breeds based on their genetic relationships,92 purpose and use of the

breed, and known behavioral similarities. Breeds that were not studied by Parker and others92 were group-

ed based on purpose and behavioral similarities. For example, our study includedmore scenthound breeds

than Parker et al.,92 which we included in the ‘‘scenthounds’’ breed group. Breeds with an adequate num-

ber of responses were handled individually. This grouping resulted in 32 breed groups, 19 individual

breeds, and mixed breed dogs (Table S1).
Variables

We included the scores of the seven personality traits as response variables. For the possible explanatory

variables, we included the dog’s age, sex, and breed, as well as 12 variables related to the environment:

sterilization status, main reason for ownership/use of the dog, where was the dog obtained from, level

of socialization, living place, other dogs in the household when the particular dog was acquired, other

dogs in the household currently, daily exercise, frequency of hobbies, average time spent alone, life expe-

rience of dogs, and dog experience. Level of socialization and frequency of hobbies were variables com-

bined from multiple questions and they are thus described in detail below. All variables are described in

Table S2.

Socialization included 7 questions related to experiences between 7 weeks and 4 months of age. These

socialization questions were only answered by owners who obtained their dogs before 4 months of age.

In these questions, owners stated how often their dog met unfamiliar men, women, children, and dogs,

visited city center, and traveled by car and by public transport. The response options were: never, rarely

(1–4 times during puppyhood), sometimes (twice a month-twice a week), often (twice a week-once a day),

and very often (several times a day). We used principal components analysis (PCA) to reduce these fre-

quencies into fewer components. We first assessed the sampling adequacy with the Kaiser-Meyer-

Olkin test using the package psych.93 Then we performed the PCA using a polychoric correlation matrix

and without rotation. The screen test and Velicer’s minimum average partial test both suggested one

component (Table S3) and we extracted the component scores for individuals with the ‘‘Thurstone’’ esti-

mation method. Finally, many dogs came to the owner after 4 months of age and their owners did not,

therefore, answer this question. Thus, we turned this continuous variable into categorical by dividing

these factor scores into quartiles and including a fifth category labeled ‘‘Obtained after the socialization

period’’.

The dog owners also indicated how often they engaged in activities other than walking (dog hobbies) with

the dog both at home and outside of the home, for example, with an instructor. In frequency outside of

home, the options were ‘‘never’’, ‘‘a few times a year’’, ‘‘1–3 times a month’’, ‘‘1–2 times a week’’, ‘‘3–4 times

a week’’, and ‘‘almost every day’’. The question asking about the frequency at home had these same op-

tions and also included ‘‘several times a day’’ as an option. We divided these answers into three levels:

active, infrequent, and never/no hobby. Active included frequency of hobbies of 1–2 times a week or

higher. Infrequent included hobby frequencies a few times a year and 1–3 times a month. Never/no hobby

included the answering option never. Furthermore, as these variables correlated with each other, we com-

bined them to a single ‘‘frequency of hobbies’’ variable. Dogs that belonged to the category ‘‘active’’ in

both variables were placed in the ‘‘active’’ category. Dogs that belonged to the category active only at

home were placed in an ‘‘active only at home’’ category. Dogs that participated actively in hobbies only

outside of the home were included in an ‘‘active only outside’’ category. Dogs that belonged to the ‘‘infre-

quent’’ category in either variable were placed in an ‘‘infrequent’’ category in frequency of hobbies. Finally,

dogs that belonged to ‘‘never/no hobby’’ category in both variables were placed to the category ‘‘never/no

hobby’’ in frequency of hobbies (Table S2).

We evaluated interactions between sex and sterilization, daily exercise and frequency of hobbies, dog’s age

and sex, living place and daily exercise, life experience of dogs and dog experience, main reason/use of the
16 iScience 26, 106691, May 19, 2023
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dog and frequency of hobbies, other dogs currently and average time spent alone, and between other dogs

currently and other dogs when the dog was acquired.
QUANTIFICATION AND STATISTICAL ANALYSIS

We fitted general and generalized linear models to examine the association of explanatory variables with

personality traits, which were used as response variables. Before selecting the best explanatory variables,

we fitted general linear models with age, sex, and breed as explanatory variables and investigated the fit of

the normal distribution by plotting residuals with packages rcompanion94 and boot95 in R. If normal distri-

bution provided poor fit, we fitted a generalized linear model. The traits insecurity and aggressiveness/

dominance had a better model fit with the gamma distribution.

We used an in-house model selection loop in R96 and performed forward stepwise AIC model selection to

select explanatory variables. Dog’s age, sex, and breed were included in the starting model in all traits. Be-

sides the possible explanatory variables described above, we also included possible interactions between

variables, such as between age and sex, and between sex and sterilization status. These interactions are

listed in Tables S4–S10.

AIC model selection tends to overfit models. Thus, we performed extensive model validation to only

include relevant explanatory variables in the models. First we performed repeated train-test validation

by randomly splitting the data into train (50% of data) and test (50% of data) datasets five times with the

package caret97 in R. Thus, this resulted in ten datasets with 50% of the data. We used the aforementioned

model selection procedure for all of these datasets. Next, we performed random subsampling validation

by splitting the data randomly into 10 equal-sized datasets (10% of data) and performing model selection

for these datasets as well. Then we fitted boosted regression models to evaluate the relative importance of

variables with the package gbm98 in R.

After the AIC model selection of the validation datasets, we had 20 models for each response variable in

total: 10 models in repeated train-test validation datasets and 10models in random subsampling validation

datasets. We calculated the number of times each explanatory variable was included in the chosen models

for both validation types. In the final model for each response variable, we decided to include the explan-

atory variables which were 1) included in all (100%) of the repeated train-test validation dataset models and

2) included in at least 50% of the random subsampling models. The results of model validation are found in

Tables S4–S10.
Model fit and extraction of results

We fitted general and generalized linear models using the selected explanatory variables (described

above). We then assessed model fit carefully. Firstly, we again plotted the residuals with packages

rcompanion94 and boot95 to ensure a good choice of distribution (gamma for insecurity and aggressive-

ness/dominance, normal distribution for other traits) and to evaluate the presence of heteroscedasticity.

Secondly, we inspected outliers with packages broom,99 dplyr,100 and ggplot2.101 At this stage, we de-

tected one outlier, excluded it (as explained in the section ‘‘Subjects’’) and refitted the models. Thirdly,

we checked the linearity assumption of the continuous variable age by fitting generalized additive models

with the package gam102 and if this assumption was not met, included both linear and quadratic variables

(age and age2) in the general/generalized linear model. Finally, we examinedmulticollinearity with the vari-

ance inflation factor using the package car.103

After examining the fit of the selected models, we extracted the results. Firstly, we conducted analysis of

variance (ANOVA) with the package car103 to obtain the overall effects of the explanatory variables. Sec-

ondly, to obtain the adjusted means, confidence limits and pairwise comparisons of the levels of categor-

ical explanatory variables, we extracted the estimated marginal means using the package emmeans.104

Finally, we calculated the adjusted means and confidence limits of the continuous explanatory variable

age with the package effects.103,105 Due to many pairwise comparisons, all p values were controlled for

the false discovery rate (FDR). We set the significance cut-off at p < 0.05.

To compare trait scores between the most extreme breeds, we plotted the trait score distributions of

breeds with lowest and highest mean scores in each trait using package ggplot2.101
iScience 26, 106691, May 19, 2023 17
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Effect size

We examined the relative effect size of variables by computing variance-based variable importance using a

feature importance ranking measure approach with the package vip.106 Variable importance was scaled so

that the most important variable was given the score of 100.

We also examined absolute effect sizes by calculating partial Cohen’s f2 with the package effectsize.107 We

followed Cohen’s suggestions48 and defined cut-offs as small = 0.02, medium = 0.15, and large = 0.35.

We conducted all analyses in R version 4.1.2.108
18 iScience 26, 106691, May 19, 2023
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