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Abstract 
 

A growing number of studies make claims about canine sociability in both applied 

and basic contexts. Despite the prevalence of sociability assessments, it remains unclear 

what exactly these tests can tell us about a dog and how they do or do not relate to other 

concepts such as social cognition, behavior synchronicity, and learning. Additionally, 

multiple types of tests exist, with procedural variations within and between tests; there is 

currently no standard for measuring sociability in dogs. The purpose of these six 

experiments was to systematically investigate the concept of canine sociability. First, we 

examined whether procedural differences among canine sociability tests would affect 

dogs’ behavior. In Experiment 1, we used a mixed-subjects design to assess whether 

experimenter posture (standing, sitting, or kneeling) and presence of attention (petting 

and praise or none) affected leashed dogs’ social behavior. Mixed-effect logistic 

regression modeling showed statistically significant main effects and interactions 

between posture and social contact. On average, dogs were more social when the 

experimenter knelt and provided social contact. However, there were individual 

differences in how dogs were affected by changes in procedure. In Experiment 2, we 

examined correspondence between leashed and unleashed dogs’ social behaviors 

including latency to approach, time in proximity, following patterns, eye gaze, body 

orientation, jumping, and touching. Individual differences were examined by calculating 

a binomial mixed-effect logistic regression with condition (leashed, off-leash, following) 

and subject ID as fixed effects. Interactions were statistically significant for all behaviors, 

indicating that individual differences were present. The results have implications for the 

validity of sociability tests.  
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In two follow-up experiments, correspondence between seven assessments was 

evaluated: Sociability (open field), Synchronicity, Reinforcer Efficacy, Pointing, 

Landmark, Separation, and Reunion. Forty-four dogs from a municipal animal shelter 

served as subjects. Distinct paradigms were observed, with high correlation of behaviors 

within tests, and little or no correlation of behaviors between test types. The data have 

implications for the validity of sociability assessments and the ways in which we discuss 

canine social behaviors, social cognition, and attachment. Our fifth experiment delved 

deeper into the mechanisms that drive dogs’ abilities to follow human pointing gestures. 

Though the two-choice task has been used for decades, researchers still disagree on the 

mechanism that drives this skill. One hypothesis suggests that dogs’ sociable nature—

selected for during domestication—allows them to better communicate with humans, 

including understanding human communicative gestures. The opposing hypothesis is that 

dogs, within their lifetime, have learned to follow pointing gestures by simply interacting 

with humans. To tease apart the underlying mechanism (sociability or learning 

propensity) of point following behavior, we measured dogs (n = 24) on a sociability 

assessment, then subjected them to three different two-choice tasks: pointing, novel 

landmark (difficult learning test), and familiar landmark (easy learning test). There was 

little to no correlation between pointing and the landmark controls, and pointing was 

weakly negatively correlated with sociability. Moreover, when dogs were divided into 

high-sociability and low-sociability groups, no statistical differences were found for 

performance on any of the assessments, including pointing. We consider that three 

distinct constructs were measured: sociability, learning propensity, and social cognition. 
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In the final phase of our study, we investigated the heritability of canine 

sociability. To date, the heritability of sociable behaviors has not been widely studied. A 

unique population of dogs—retired racing greyhounds—may prove to be an astounding 

population with which to study heritability. Because the population is large and dogs’ 

lineages are meticulously traced back to the 1800s, and because racing procedures dictate 

a controlled rearing environment, heritability estimates can be determined for any 

conceivable phenotype. In this first-ever study of its kind, we mapped pedigrees for over 

200 dogs and calculated relationships between genetic relatedness and owner-reported 

sociability behaviors as measured with C-BARQ. We calculated animals’ individual 

inbreeding coefficients as well as additive genetic relationship coefficients between all 

subjects in our sample. A statistically significant regression equation was found for 

predicting sociability based on inbreeding coefficient (F(1, 205) = 4.25, p < .05) with an 

R2 of .02. Between dogs, additive genetic relationship was a statistically significant 

predictor of similarity in human sociability, but not for dog friendliness. Results indicated 

that there is an element of heritability involved in social behaviors, but overall very little 

variation is explained (R2 ranged from .002 – 00001). This highlights a perhaps even 

more interesting finding that, when genetics are accounted for and environmental 

upbringing is controlled, there is still a great deal of behavior variation within our 

homogenous sample of dogs. 

Keywords: Dog, Sociability, Pointing, Learning, Cognition, Greyhound, Heritability  
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Chapter 1  
Canine Sociability: An Overview 

Introduction 

Pet personality is of great interest to researchers, with canine personality being the 

most commonly studied (Gartner, 2015). One component of canine personality is 

sociability. Sociability refers to a dog’s inclination to approach and interact with humans, 

particularly unfamiliar humans (Bentosela, Wynne, D'Orazio, Elgier, & Udell, 2016). It is 

assessed in several ways and appears in the literature in a variety of contexts. Sociability 

measures are included in questionnaires (Hsu & Serpell, 2003), behavior assessments or 

temperament tests (Mirkó, Kubinyi, Gácsi, & Miklósi, 2012; King, Marston, & Bennett, 

2011), personality tests (Ley, Bennett, & Coleman, 2008), and as a component of 

reinforcer efficacy (Feuerbacher & Wynne, 2012; Fukuzawa & Hayashi, 2013; McIntire 

& Colley, 1967). More recently, there have been attempts to find physiological correlates 

to canine sociability, such as serum serotonin (Alberghina, Rizzo, Piccione, Giannetto, & 

Panzera, 2017), oxytocin (Nagasawa et al., 2015; cf. Kekecs et al., 2016), and the ventral 

caudate (Cook, Prichard, Spivak, & Berns, 2016). We will illustrate the breadth of 

sociability research, then compare and contrast the methods most frequently used for 

determining canine sociability, and by doing so demonstrate the need for further research 

into the measures’ validity and reliability.  

Reliability and validity are two concepts imperative to research integrity. With 

respect to an experimental method or procedure, reliability refers to its ability to produce 

the same results with repeated trials (Mitchell & Jolley, 2012). Validity, in contrast, 

refers to the accuracy with which a test measures what it is intended to measure (internal 
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validity) and how applicable the results are to the real world (external validity; Naeem, 

2001). There have been a number of studies that examine the reliability and validity of 

behavior evaluations in general (Valsecchi, Barnard, Stefanini, & Normando, 2011), but 

there is little research on the validity and reliability of sociability tests in particular. Since 

so many studies make claims about a dog’s (or breed’s) sociability, it is imperative to 

know whether the tests used to determine sociability are valid. There is currently no 

standard for measuring sociability, so it is unclear whether the different approaches will 

produce the same results.  

Sociability in Behavior Assessments & Temperament Tests 

Sociability appears in the literature most frequently as a subset of a temperament 

test or behavior evaluation. For example, a 2011 report described the development of the 

Monash Canine Amicability Assessment (MCAA) which assesses behaviors that are 

thought to make a desirable companion animal, including sociability (King et al., 2011). 

More recently, researchers investigated the relationship between subjective owner ratings 

of sociability on the Dog Personality Questionnaire (DPQ) and independent coding on the 

FIDO Personality test from raters with different levels of experience (Mirkó, Dóka, & 

Miklósi, 2013). The Dog Mentality Assessment (DMA) was created to determine if 

results could predict everyday behavior in dogs (Svartberg, 2005). Sociability was 

included as it is one of the six personality traits measured by the DMA (Svartberg & 

Forkman, 2002; Svartberg, Tapper, Temrin, Radesäter, & Thorman, 2005). Another 

report detailed inter- and intra-rater reliability, test-retest reliability, and predictive 

validity of a general temperament test (name of assessment was not provided); sociability 

was one of the factors selected for assessment (Valsecchi et al., 2011). Indeed, it is not 
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uncommon to find smaller bits of data on sociability as a small piece of the bigger 

behavior evaluation puzzle. 

Even though sociability appears most often in the context of behavioral 

assessments, there is a great deal of variation in how it is assessed. Partial and 

comprehensive behavior assessments are prolific in the literature, including, but not 

limited to, Assess-A-Pet, Socially Acceptable Behavior (SAB), SAFER, the modified 

Assess-A-Pet (mAAP), Behavioral Assessment for Rehoming K9’s (B.A.R.K), and the 

FIDO Personality test (Mornement, Toukhsati, Coleman, & Bennett, 2009; Mornement, 

Coleman, Toukhsati, & Bennett, 2010; Mornement, Coleman, Toukhsati, & Bennett, 

2014). The FIDO Personality test involves an experimenter approaching the dog in a 

friendly manner and having several pleasant interactions including petting and playing 

with a tug toy and ball. There are other possibly aversive interactions such as collecting 

an oral epidermis sample, unexpectedly opening an umbrella near the dog, and taking 

away a bone. Mirkó et al. (2013) used this assessment in conjunction with the DPQ to 

evaluate canine sociability as well as the correlation between subjective owner reports 

and objective experimenter ratings. Though not true for all factors studied, consistent 

results were found for sociability; owner reports correlated with behavioral coding of 

raters from all experience levels. They found a weak correlation between results from the 

questionnaire (DPQ) and the dogs’ behavior on the personality test (FIDO); dogs who 

were reported by their owners to be more “initative” and less “mistrustful” toward 

strangers approached the unfamiliar experimenter faster than dogs who were reported to 

be less “initiative” and more “mistrustful.”  
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Svartberg (2005) compared dogs’ results from the Dog Mentality Assessment 

(DMA) to subsequent owner reports of the dogs’ everyday behaviors in an attempt to 

validate the DMA. It was assessed during the first subtest (“social contact”) and involved 

the experimenter approaching and greeting the leashed dog and its owner, taking the dog 

for a short walk and petting him, and then returning to the owner and conducting a brief 

physical exam. Sociability was measured by three behavioral variables: greeting reaction, 

cooperation, and response to physical handling. “Everyday behavior” was recorded based 

on owner responses to a modified version of the C-BARQ (for details on the C-BARQ, 

see below). The results showed that sociability was negatively correlated with stranger-

directed fear and aggression, and positively correlated with stranger-directed interest. 

Valsecchi et al. (2011) tested 163 shelter dogs on 22 behavior subtests, 6 of which were 

meant to measure sociability. For these subtests, a person unfamiliar to the dog 

approached and knelt down outside the dog’s kennel and talked to and pet the dog 

through a wire mesh, then entered the kennel and talked to and pet the dog. After leading 

the dog outside its kennel, the experimenter handled the dog in several ways, such as 

gently tugging on its ears and tail, lifting its paws, rubbing its belly, and placing a 

muzzle.  

Sociability as a Dimension of Personality 

Jones and Gosling (2005) explain that “personality” and “temperament” are often 

used interchangeably in the literature, and only minor differences between them exist. 

They note that “temperament” is often used when studying non-human animals and 

human infants while “personality” is often reserved for human adults, though they go on 

to say that these rules are not closely followed. Indeed, there are many published 
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manuscripts on canine personality, and sociability appears frequently in this body of 

literature (Gosling, Kwan, & John, 2003; Jones & Gosling, 2005; Ley et al., 2008; Mirkó 

et al., 2012). Personality is a construct that refers to behavioral consistency over time 

within an animal (Costa Jr & McCrae, 1992). Research into dog personality often 

compares and contrasts it with human personality. For example, Gosling et al. (2003) 

assessed personality judgments for internal consistency, consensus, and correspondance 

to determine whether personality could be studied to the same degree of accuracy in dogs 

as it is in humans. Results indicated that accuracy was the same for these three measures 

for both dogs and humans. While Gosling et al. (2003) did not identify sociability 

specifically, the authors did include “energy,” which appears to correlate with the 

component that other researchers call “sociability” (Ley et al.) and sociability emerged 

later as one of seven broad personality dimensions in dogs (Jones & Gosling, 2005). Ley 

et al. identified five personality factors using PCA. One component included behaviors 

that mark a dog as energetic and extraverted. The authors note that this component is 

similar to components identified by other canine behavior researchers, often given labels 

of “sociability” or “playfulness.” Finally, they linked this factor to the personality trait 

“extraversion” in humans. Overall, the literature is in agreement that personality exists 

and can be studied in canines, and that, regardless of the specific label, something akin to 

sociability can be measured. 

Sociability as Measured by Behavior Surveys 

The Canine Behavioral Assessment and Research Questionnaire (C-BARQ) is a 

popular survey used to identify and summarize dogs’ behaviors. It is a lengthy survey 

with 100 questions that takes approximately 15 minutes to complete. The detailed 
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questions require that the survey be completed by someone familiar to the dog, so it is 

used almost exclusively on pet dogs. C-BARQ was developed by Hsu and Serpell (2003) 

and has been used repeatedly in a variety of subsequent studies (Barnard et al., 2016; 

Bennett, Litster, Weng, Walker, & Luescher, 2012; Svartberg, 2005). The Dog 

Personality Questionnaire (DPQ) is a 75-question survey developed by Mirkó et al. 

(2012) which appears again as a tool for validating the FIDO behavior assessment (Mirkó 

et al., 2013). A major limitation of behavior surveys is that they are meant to give the 

owner or experimenter insight into a dog’s behavior or temperament, but actual behavior 

is not being measured or observed. Instead, owner perception and memory of behavior, 

both of which are subject to bias, are recorded. 

Discrete, Observable Sociability Behaviors 

Unlike owner reports and surveys, discrete behaviors can be video recorded and 

independently coded, and are thus more objective by nature. Discrete behaviors can 

include anything outwardly observable, such as latency to approach an individual, time 

spent in proximity, gazing, etc. Many of these discrete behaviors can be used as part of a 

behavior evaluation but other times they stand alone. For example, latency to approach a 

stranger was used as a sociability measure in a study of puppy sociability (Riemer, 

Müller, Virányi, Huber, & Range, 2013). Other studies have used time in proximity to the 

experimenter (Feuerbacher & Wynne, 2015), while still others have related sociability to 

gaze behavior (Jakovcevic, Mustaca, & Bentosela, 2012). Cook et al. (2016) used choice 

in a Y-maze as a behavioral correlate to their fMRI findings. This involved placing food 

on the floor in one end of the maze and the owner sitting facing away in the other end. If 

the dog chose the side of the maze with its owner, this was interpreted as the dog being 
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more social. In the same vein, puppies’ speed in a maze as a function of the presence or 

absence of a passive human has previously been used to study reinforcer efficacy 

(Stanley, Morris, & Trattner, 1965).  

Reinforcer Efficacy of Human Social Contact—Sociability? 

 Relative reinforcer efficacy refers to the extent to which a stimulus is effective at 

strengthening or maintaining a behavior compared to another reinforcer (Johnson & 

Bickel, 2006). A series of experiments have systematically examined the relative 

reinforcer efficacy between human social contact and food, as well as the circumstances 

which mediate the extent to which social contact is a reinforcer. Feuerbacher and Wynne 

(2012) trained pet dogs and human-socialized wolves to touch the experimenter’s palm 

with their nose for reinforcement. In contrast to Cook et al. (2016) reported findings 

which seemed to suggest that some dogs prefer praise over food, Feuerbacher and Wynne 

(2012) found that for pet dogs, shelter dogs, and human-reared wolves, brief human 

social contact was a relatively ineffective reinforcer compared to food. The opposing 

findings between the two studies highlight the need to experimentally evaluate the 

reliability and validity of the numerous sociability assessments.  

Comparative Studies of Sociability 

Sociability research has used a wide range of canid species and populations, 

including pet dogs (Cook et al., 2016; Kekecs et al., 2016), shelter dogs (Alberghina et 

al., 2017; De Palma et al., 2005; Valsecchi et al., 2011), and tame wolves (Bentosela et 

al., 2016; Feuerbacher & Wynne, 2012) . Related work in canid social cognition has been 

conducted on foxes bred specifically for their high sociability (Hare et al., 2005). Dogs 

living in an animal shelter are relatively easy to study; they are numerous and readily 
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available, and their housing and handling can be controlled between subjects. However, 

the animals’ backgrounds are generally unknown, and the stressful shelter environment 

may conceivably impact behavior such that it is not representative of how the animal 

might behave in a home environment (Bennett, Weng, Walker, Placer, & Litster, 2015; 

Marder, Shabelansky, Patronek, Dowling-Guyer, & D’Arpino, 2013). Although it is more 

time consuming and costly to recruit pet dogs, there is an advantage of gaining owners’ 

reports and perceptions of everyday behavior. Moreover, the subject is living in the 

environment of interest (i.e., in their home). Wolves and foxes are ideal subjects for 

comparative studies; specifically, when researchers are interested in the effects of 

domestication on a particular trait, behavior, or cognitive ability (Hare & Tomasello, 

2005). Barrera, Jakovcevic, Elgier, Mustaca, and Bentosela (2010) compared shelter and 

pet dogs’ responses to an unfamiliar approaching person and found that shelter dogs 

showed more fear (tail tucked, head down, crouching) and spent relatively more time 

close to the individual. examined the effect of domestication on sociability by comparing 

behaviors of pet dogs and human-reared wolves. Sociability was measured by latency to 

approach and time spent in proximity of familiar and unfamiliar persons, as well the 

amount of time the canid spent gazing at the human face. They found that pet dogs were 

more social than the tame wolves across all conditions. Pet dogs approached more 

quickly, spent more time in proximity, and gazed at the human face longer than did 

socialized wolves. The diversity of species and populations (e.g., dogs living in shelters 

versus homes) used for studying sociability, as well as the diverse findings, highlights the 

need to carefully examine the methodologies, subjects, and animal histories when 

interpreting sociability research. 
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Methodological Variations Within Assessments 

 Beyond the variety of assessment types, procedural variations within assessments 

are common. During open-field sociability assessments, there is variation on whether 

subjects are leashed (see SAFER) or unleashed (e.g., Hennessy et al., 2001), whether the 

experimenter is sitting (Barnard et al., 2016; Jakovcevic et al., 2012), standing (Hennessy 

et al., 2001), or kneeling (De Palma et al., 2005), and whether social contact is provided. 

When gaze is measured, dogs’ faces might be held (SAFER; aspcapro.org), or simply 

looked at through their kennel (Protopopova, Gilmour, Weiss, Shen, & Wynne, 2012). 

When proximity is measured the investigator is sometimes stationary (Hennessy et al., 

2001) and other times is moving (Duranton, Bedossa, & Gaunet, 2017). Over 60 different 

combinations of point topographies have been identified (Udell, Hall, Morrison, Dorey, 

& Wynne, 2013), and the environment in which pointing studies are conducted have 

proven to be critical to subjects’ success (Udell, Dorey, & Wynne, 2008).  

 Typically, minor procedural variations are overlooked or dismissed because they 

are, at the very least, consistent within an experiment. However, recent research has 

shown the even very minor procedural differences, such a experimenter posture and 

provision or absence of social attention during an assessment can impact dogs’ 

performance (Brown, Feuerbacher, Hall, & Protopopova, in prep). Moreover, there were 

individual differences in how the subjects were affected, which creates comparing dogs 

to each other difficult even when identical measures are used, let alone when there are 

procedural variations or different assessments used. McKinley and Sambrook (2000) 

raised similar concerns when they noted discrepancies between their work and that of 

Hare, Call, and Tomasello (1998); they suggested that differences in experimenter 
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posture (standing versus sitting on the ground) may have modified the meaning of their 

gazing cues by being less threatening, or perhaps made them more salient by being on the 

animals’ eye level. 

One underlying concept? 

 With the prolific literature on canine sociability and the myriad methods used to 

measure these social behaviors, one might wonder if the same underlying construct is 

being measured. A recent series of experiments suggests that open field sociability 

assessments, synchronicity paradigms, pointing tasks, and reinforcer efficacy might in 

fact be measuring distinct constructs (Brown, Feuerbacher, & Protopopova, in prep). 

Dogs living in a shelter were subjected to a series of social behavior assessments and then 

correspondance of behaviors between assessments was compared. The data showed 

positive correlations of behaviors measured within each assessment, but little to no 

correspondance of behaviors between assessments. A follow-up study attempted to tease 

apart the components of the pointing task my comparing pointing success to a sociability 

measure (reinforcer efficacy) and two landmark learning tasks: three distinct constructs—

sociability, social cognition, and learning propensity—were detected (Brown, Hall, 

Feuerbacher, & Protopopova, in prep). 

Summary and Conclusion  

To conclude, the literature shows that interest in canine sociability is high, 

research is prolific, but understanding of underlying constructs and agreement between 

canine behavior scientists remains surprisingly low. There remains ample opportunity for 

new discovery.  
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Chapter 2  
Minor Procedural Variations Affect Canine Behavior during 

Sociability Assessments 
Abstract 

A growing number of studies make claims about canine sociability in both applied 

and basic contexts. Yet, there is currently no standard for measuring sociability in dogs. 

The purpose of this two-part study was to determine whether procedural differences 

among canine sociability tests would affect dogs’ behavior. In Experiment 1, we used a 

mixed-subjects design to assess whether experimenter position (standing, sitting, or 

kneeling) and presence of affection (petting and praise or none) affected leashed dogs’ 

social behavior. Mixed-effect logistic regression modeling showed statistically significant 

main effects and interactions between posture and social contact. On average, dogs were 

more social when the experimenter knelt and provided social contact. However, there 

were individual differences in how dogs were affected by changes in procedure. In 

Experiment 2, we examined correspondence between leashed and unleashed dogs’ social 

behaviors including latency to approach, time in proximity, following patterns, eye gaze, 

body orientation, jumping, and touching. Individual differences were examined by 

calculating a binomial mixed-effect logistic regression with condition (leashed, off-leash, 

following) and subject ID as fixed effects. Interactions were statistically significant for all 

behaviors, indicating that individual differences were present. The results have 

implications for the validity of sociability tests.  

Keywords: behavior assessment, dog, methodology, sociability  
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Introduction 

Sociability refers to a dog’s inclination to approach and interact with humans, 

particularly unfamiliar humans (Bentosela, Wynne, D'Orazio, Elgier, & Udell, 2016). It is 

assessed in several ways and appears in the literature in a variety of contexts. Sociability 

measures are included in questionnaires (Hsu & Serpell, 2003), behavior assessments or 

temperament tests (Mirkó, Kubinyi, Gácsi, & Miklósi, 2012; King, Marston, & Bennett, 

2011), and personality tests (Ley, Bennett, & Coleman, 2008). Sociability has also been 

investigated from a behavior-analytic perspective: researchers assessed the efficacy of 

human social contact as a reinforcer by measuring its ability to maintain an arbitrary 

behavior response such as a nose touch (Feuerbacher & Wynne, 2012; Fukuzawa & 

Hayashi, 2013; McIntire & Colley, 1967). A dog’s sociability has also been examined 

from following behavior (Hennessy et al., 2001) and synchronicity (Duranton & Gaunet, 

2015; Kerepesi et al., 2005). Researchers have looked for correlates between sociability 

and adoptability (Protopopova, Gilmour, Weiss, Shen, & Wynne, 2012), behavior 

problems post-adoption (Hennessy et al.) and even illness in the shelter (Protopopova et 

al., under review). More recently, there have been attempts to find physiological 

correlates to canine sociability, such as serum serotonin concentrations (Alberghina, 

Rizzo, Piccione, Giannetto, & Panzera, 2017), oxytocin levels (Nagasawa et al., 2015; cf. 

Kekecs et al., 2016), and ventral caudate activity (Cook, Prichard, Spivak, & Berns, 

2016).  

Indeed, canine sociability has been of great interest not only to researchers, but to 

professionals involved in animal welfare and rescue. Every year, approximately 3.3 

million dogs enter animal shelters in the US, and 20% of those are euthanized 
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(aspca.org). Because there are more animals than adoptable homes, shelter staff must 

make difficult decisions – which dogs are more likely to find a home? Which are 

friendlier or more sociable? Which would make a better family dog? Who is most 

adoptable? Thus, comparisons between dogs are made. To help make these decisions, 

many shelters rely on behavior assessments (Mornement, Coleman, Toukhsati, & 

Bennett, 2010). Mohan-Gibbons, Weiss, and Slater (2012) found that 89% of the US 

shelters who participated in their online survey use a behavior assessment prior to 

adoption, and 39% of those shelters use a modified or self-created assessment. A report 

by D’Arpino, Dowling-Guyer, Shabelansky, Marder, and Patronek (2012) indicated that 

nearly 60% of private shelters who rely on behavior evaluations use an assessment of 

their own design. 

 A study which examined the types of evaluations used in shelters showed a wide 

variety of assessment types, and all 8 of the identified assessments examined sociability 

(Mornement et al., 2010). Even within a particular assessment type, procedural variations 

are common. During open-field sociability assessments, there is variation on whether 

subjects are leashed (see SAFER; ASPCAPro.org) or unleashed (Hennessy et al., 2001), 

whether the experimenter is sitting (Barnard et al., 2016; Bentosela et al., 2016; 

Jakovcevic, Mustaca, & Bentosela, 2012), standing (Hennessy et al., 2001), or kneeling 

(De Palma et al., 2005), and whether social contact is provided. Table 1 illustrates some 

of the methodological variations for the most common sociability assessment.   
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Table 1 A sample of the methodological variation in the canine sociability literature. This list is not comprehensive but 
meant to illustrate the procedural differences that currently exist. 

 Standing (center) Sitting (on object) Kneeling/Crouching 

Active Stood and called the 
dog, then pet the dog if 
it came  
(Jakovcevic et al., 2012) 

Sat in chair/on bucket  
(Bentosela et al., 2016) 

Crouched down and 
called the dog  
(De Palma et al., 2005; 
Barnard et al., 2016) 

Passive Stood quietly in center 
of pen  
(Hennessy et al., 2001) 
 
Stood near door of 
room, then crouched if 
the dog approached  
(Barrera, Jakovcevic, 
Elgier, Mustaca, & 
Bentosela, 2010) 

Sat in chair reading a 
book; ignored dog 
except for one pet 
(Jakovcevic et al., 2012)  
 
Breeder sat in chair and 
ignored dog  
(Barnard et al., 2016) 

Crouched down but 
did not call the dog 
(De Palma et al., 2005) 

 

In sum, there is a wide range of methodologies used to assess canine sociability, 

but it is not known whether different assessments—or even different procedures within a 

given assessment—measure the same concept or would result in the same outcome. The 

purpose of the current study was to assess whether various methodologies within and 

between sociability tests would affect canine social behaviors. Correspondance was 

assessed for a range of the most common sociability measures including latency to 

approach, time in proximity, and following.  

Method 

Subjects 

Forty-nine dogs (Exp. 1, n = 25, Exp. 2, n = 24) housed at the Lubbock Animal 

Shelter served as subjects. Breed histories were not available and were not assessed 

visually due to previously reported human error in such assessments (Voith et al., 2013; 

Voith, Ingram, Mitsouras, & Irizarry, 2009; Olson et al., 2015; Gunter, Barber, & Wynne, 
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2018). All husbandry and housing were provided by the shelter and were not altered by 

the experimenters. Dogs were group-housed by sex (number per kennel ranged from 1-

10, depending on available space), and kennels were cleaned once daily, 7 days per week. 

The steel kennels were 1.6m X 1.2m X 1.9m with cement siding and floors. A guillotine 

door divided the two parts of each kennel; occasionally the guillotine door was raised, 

giving the dogs access to both side of the kennel. Dogs who appeared visually healthy 

(e.g., free of wounds, injury, and without nasal or ocular discharge, coughing, or 

sneezing) were eligible for inclusion. Puppies (approximately 6 months and younger) 

were not included. 

Materials 

All trials were video recorded using a Kodak PixPro SPZ1 waterproof camera. 

Experimental procedures were conducted in a fenced outdoor pen (10.4 m x 7.7 m) with 

turf covering 75% of the area, and concrete covering the remaining area (see Figure 1). 

The shelter wall comprised one side of the pen, with a door and large window looking 

over the yard. A 1-meter long slip lead was used for leashed portions of the experiments. 

Prior to the trials, a circle (diameter of 100 cm) was marked in the center of the pen. A 

plastic, armless folding-chair (46 cm W x 86 cm H, seat height 43 cm) was used for 

sitting trials.  
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Figure 1 Diagram of experimental setting. 

Experiment 1 

Design 

We employed a mixed-subjects design with three independent variables: 

1. Social contact – between subjects; dogs either received petting and praise or 
none (control). 

2. Posture – within subjects; dogs experienced all three postures, and the order 
was pseudorandomized.  

3. Repetition – within subjects; dogs repeated each posture twice 
 

Table 2 describes the treatment conditions. Dogs were pseudo-randomly assigned 

to the treatment (petting and praise) or control (no petting and no praise) condition and an 

order for posture (e.g., standing, sitting, kneeling) such that all possible combinations 

were included (see Table 3) and there were two repetitions of each trial type.  
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Procedure 

Dogs were led from their kennel to the testing pen on a slip lead, and then 

unleashed and released into the pen by themselves for a 2-min habituation period. The 

experimenter verified the treatment condition and posture order, then entered the pen, 

leashed the dog, and walked to the marked circle. If it was a sitting trial, the research 

assistant brought the chair to the experimenter and then returned to the viewing area. The 

chair was removed by the assistant after every sitting trial. Each trial was 1 min in 

duration. We repeated the three trials for a total of six trials per dog (two repetitions of 

each posture condition). Inter-trial intervals were brief, lasting approximately 10 s, with 

slightly longer intervals after a sitting trial to allow for the removal of the chair. The 

assistant filmed and tracked time from their position in the viewing area. Dogs’ social 

behaviors—time in proximity, touching, jumping, orienting, gazing, sitting, laying down, 

and taut leash—were measured (see Table 4). 

Table 2 Descriptions of social contact and posture conditions. 

Treatment Description 

Social 
Contact 

Petting and Praise 

If the dog was assigned to the petting and praise 
condition, then the experimenter would pet and 
speak softly to the dog if it had two or more paws 
within the marked circle. 

Control The experimenter remained motionless and silent 
regardless of the dog’s location or proximity. 

Posture 

Standing 
The experimenter stood motionless in the center 
of the circle, looking straight ahead, and holding 
the dog on leash.  

Sitting The experimenter sat on the folding chair in the 
center of the circle, facing forward. 

Kneeling The experimenter knelt, with the tops of her feet, 
shins, and knees all touching the ground.  
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Table 3 Possible treatment combinations. 

Order of posture conditions (2 

repetitions) 

Petting & 

Praise 

Control  Total 

Standing-sitting-kneeling n=2 n=2 n=4 

Standing-kneeling-sitting n=2 n=2 n=4 

Sitting-standing-kneeling n=2 n=2 n=4 

Sitting-kneeling-standing n=2 n=2 n=4 

Kneeling-standing-sitting n=2 n=2 n=4 

Kneeling-sitting-standing n=2 n=2 n=4 

Total n=12 n=12 n=24 

 

Table 4 Operational definitions of dependent measures. 

Observed 
Behavior Operational Definition 

Proximity The dog had two or more paws within the marked circle, or 
was touching the experimenter 

Touching The dog was in physical contact with the experimenter, not 
including the experimenter petting the dog 

Jumping The dog had one or more paws on the experimenter 

Orienting 
The dog’s body is oriented towards the experimenter, such 
that if they moved forward in a straight line they would run 
into the experimenter 

Gazing The dog’s face is oriented towards the experimenter 
Dog Sitting The dog is sitting on the ground 
Dog Laying 

Down 
The dog is lying on the ground 

Taut Leash 
The dog has moved such that the leash is fully extended; 
the leash makes a straight line from the experimenter’s 
hand to the dog’s neck 

 

Statistical Analysis 

 Data were managed and analyzed using the open-source statistical software 

packages R, R Studio, and Microsoft Excel. Behaviors were coded using partial interval 

coding with 5 s bins. Videos were coded by two trained research assistants who were 

blind to the hypotheses. A random sample of 33% of videos were double coded to assess 
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intraclass correlation (ICC). To calculate ICC, we used a two-way mixed effects, 

consistency, single rater model. Reliability was high with ICC3 = .88 and a 95% 

confidence interval between .86 - .90 (F(383, 383) = 16, p < .0001:(Koo & Li, 2016). 

Partial interval coding allowed for a binomial interpretation of behaviors during each 5 s 

bin: a behavior occurred or did not occur. Behaviors were then assessed using binomial 

mixed-effect logistic regression analysis, with posture, social contact, and repetition as 

fixed effects and subject as a random intercept. Significance of fixed effects was 

determined by comparing nested models using a likelihood ratio test. Least square means 

were calculated for all behaviors across each condition. We conducted pairwise 

comparisons with false discover rate (fdr) corrections. Finally, tests were repeated with 

subject ID as a fixed effect to determine if there was an interaction; a statistically 

significant interaction would indicate that dogs’ behaviors did not change systematically, 

and instead experienced individual differences.  

Results 

 For proximity behavior, mixed-effect logistic regression modeling showed a 

statistically significant interaction between posture and social contact (LRT = 16.57, df = 

2, p < .001). Repetition did not affect proximity (LRT = 0.46, df = 1, p = .497). In the 

social contact control condition, proximity was highest in the kneeling condition and 

lowest in the sitting condition, with significant differences between each posture 

condition (kneeling-sitting: estimate = 1.33, SE = .20, z-ratio = 6.66, p < .0001; kneeling-

standing: estimate = .70, SE = .19, z-ratio = 3.67, p < .001; sitting-standing: estimate = -

.63, SE = .20, z-ratio = -3.20, p < .01). When petting and praise were provided, proximity 

behavior did not differ across postures (p > .05 for all pairwise comparisons). Moreover, 
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for each posture condition, social contact occasioned more proximity than the control 

(kneeling: estimate = -1.30, SE = .54, z-ratio = -2.39, p = .017; sitting: estimate = -2.41, 

SE = .55, z-ratio = -4.42, p < .0001; standing: estimate = -1.61, SE = .54, z-ratio = -2.98, 

p = .003). There were statistically significant main effects of both posture (LRT = 34.41, 

df = 2, p < .0001) and social contact (LRT = 9.96, df = 1, p < .01), with kneeling resulting 

in the most proximity, and petting and praise causing more proximity than control. 

Proximity results are summarized in Figure 2. 

 

Figure 2 Proximity behavior a) as an interaction between conditions; b) by posture; c) by social contact; and d) by 
repetition. 

 Dogs’ touching behavior was also affected by posture and social contact: there 

were main effects of posture (LRT = 145.21, df = 2, p < .0001), social contact (LRT = 

7.74, df = 1, p < .01), and an interaction between the two (LRT = 15.52, df = 2, p < 
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.001)—see Figure 3. Repetition did not affect touching behavior (LRT = 0.01, df = 1, p = 

.91). In the contact control condition, touching behavior was statistically different for all 

posture conditions, with kneeling occasioning the most touching and standing having the 

least touching (kneeling-sitting: estimate = 1.17, SE = .21, z-ratio = 5.53, p < .0001; 

kneeling-standing: estimate = 1.98, SE = .25, z-ratio = 8.06, p < .0001; sitting-standing: 

estimate = .81, SE = .25, z-ratio = 3.17, p < .01). However, in the petting and praise 

contact condition, touching behavior did not differ between kneeling and sitting (estimate 

= .09, SE = .18, z-ratio = .53, p > .05) but touching was higher in kneeling versus 

standing (estimate = 1.49, SE = .19, z-ratio = 7.79, p < .0001) and higher in sitting versus 

standing (estimate = 1.40, SE = .19, z-ratio = 7.33, p < .0001). Furthermore, for all 

posture conditions, more touching behavior occurred when social contact was provided 

versus control (kneeling: estimate = -1.30, SE = .54, z-ratio = -2.39, p = .017; sitting: 

estimate = -2.41, SE = .55, z-ratio = -4.42, p < .0001; standing: estimate = -1.61, SE = 

.54, z-ratio = -2.98, p = .003).  
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Figure 3 Touching behavior a) as an interaction between conditions; b) by posture; c) by social contact; and d) by 
repetition. 

 Jumping behavior differed across conditions as well (Figure 4). There were main 

effects of posture (LRT = 216.34, df = 2, p < .0001) and repetition (LRT = 23.92, df = 1, p 

< .0001), and an interaction between posture and social contact (LRT = 47.63, df = 2, p < 

.0001). No main effects of social contact were detected (LRT = 2.00, df = 1, p > .05). 

Within the control social contact condition, jumping behavior varied across posture 

conditions: kneeling and sitting were not statistically different (estimate = .46, SE = .26, 

z-ratio = 1.74, p = .082), but jumping occurred more frequently when kneeling versus 

standing (estimate = 2.19, SE = .38, z-ratio = 5.74, p < .0001) and more when sitting 

versus standing (estimate = 1.74, SE = .39, z-ratio = 4.49, p < .0001). Conversely, within 
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the petting and praise condition, jumping behavior was statistically different across all 

postures, with sitting resulting in the highest, and standing the lowest (kneeling-sitting: 

estimate = -1.68, SE = .24, z-ratio = -6.93, p < .0001; kneeling-standing: estimate = 3.11, 

SE = .49, z-ratio = 6.28, p < .0001; sitting-standing: estimate = 4.79, SE = .51, z-ratio = 

9.48, p < .0001). Social contact affected jumping behavior in the sitting posture 

condition, with dogs jumping more in the petting and praise condition compared to 

control (estimate = -2.11, SE = .77, z-ratio = -2.76, p = .006). Jumping did not differ 

between social contact conditions for the other postures (standing: estimate = .94, SE = 

.94, z-ratio = 1.01, p > .05; kneeling: estimate = .03, SE = .77, z-ratio = .04, p > .05).  

 

Figure 4 Jumping behavior a) as an interaction between conditions; b) by posture; c) by social contact; and d) by 
repetition. 
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 Analysis revealed main effects of posture (LRT = 87.67, df = 2, p < .0001) and 

repetition (LRT = 21.11, df = 1, p < .0001) on orienting behavior. For posture, kneeling 

and sitting did not differ from each other (estimate = -.20, SE = .15, z-ratio = -1.41, p > 

.05), but both were statistically different from standing (kneeling-standing: estimate = 

1.22, SE = .17, z-ratio = 7.25, p < .0001; sitting-standing: estimate = 1.42, SE = .17, z-

ratio = 8.42, p < .0001). There were no main effects for social contact (LRT = 1.85, df = 

1, p > .05), nor was there a posture-contact interaction (LRT = 2.70, df = 2, p > .05). 

Figure 5 shows the trends of orienting behavior. 

 

Figure 5 Orienting behavior a) as an interaction between conditions; b) by posture; c) by social contact; and d) by 
repetition. 
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 Gazing behavior differed across conditions (Figure 6), with main effects of 

posture (LRT = 6.74, df = 2, p < .05) and repetition (LRT = 9.44, df = 1, p < .01), and a 

statistically significant interaction between posture and social contact (LRT = 14.34, df = 

2, p < .001). When social contact was provided, gazing behavior did not differ between 

posture conditions (p > .05 for all pairwise comparisons). In the control contact condition, 

gazing behavior was statistically significantly different in the kneeling condition 

compared to sitting condition (estimate = .59, SE = .21, z-ratio = 2.76, p < .01), and 

kneeling compared to standing (estimate = .90, SE = .23, z-ratio = 4.00, p < .001). 

Standing and sitting did not result in different gazing behavior for the control contact 

condition (estimate = .31, SE = .24, z-ratio = 1.32, p > .05). Finally, for each posture 

condition, gazing did not differ between social contact and control conditions (p > .05 for 

all pairwise comparisons).  
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Figure 6 Gazing behavior a) as an interaction between conditions; b) by posture; c) by social contact; and d) by 
repetition. 

 With respect to dogs’ sitting behavior, we observed main effects for posture (LRT 

= 15.39, df = 2, p < .001), but not for social contact (LRT = 2.37, df = 1, p > .05) or 

repetition (LRT = .85. df = 1, p > .05)—see Figure 7. A posture-social contact interaction 

was also noted (LRT = 10.93, df = 2, p < .01). Analysis of the interaction showed that 

dogs’ sitting behavior did not differ across postures if social contact was provided (p > 

.05 for all pairwise comparisons), but in the control contact condition, sitting occurred 

more when the experimenter knelt versus sitting in the chair (estimate = 2.01, SE = .56, 

z-ratio = 3.58, p < .001). Dogs sat less when the experimenter sat in the chair versus 

standing (estimate = -2.06, SE = .56, z-ratio = -3.68, p < .001). Differences between 
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kneeling and standing were not detected (estimate = -.05, SE = .32, z-ratio = -.16, p > 

.05). Conversely, dogs’ sitting behavior was affected by social contact in the sitting 

posture (estimate = -3.03, SE = 1.16, z-ratio = -2.61, p < .01; social contact resulted in 

more sitting behavior than control), but did not differ in the kneeling (estimate = -1.33, 

SE = 1.06, z-ratio = -1.25, p > .05) or standing conditions (estimate = -1.40, SE = 1.06, z-

ratio = -1.31, p > .05).  

 

Figure 7 Dogs’ sitting behavior a) as an interaction between conditions; b) by posture; c) by social contact; and d) by 
repetition. 

 Lying down behavior was affected by experimental conditions (Figure 8); there 

were main effects of posture (LRT = 45.61, df = 2, p < .0001) and repetition (LRT = 

59.75, df = 1, p < .0001), and an interaction between posture and social contact (LRT = 
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33.97, df = 2, p < .0001). No main effects of social contact were detected (LRT = .59, df 

=1, p > .05). Within the social contact control condition, posture did not affect lying 

down behavior (p > .05 for all pairwise comparisons), however when petting and praise 

were given, lying down differed across all postures (kneeling-sitting: estimate = 5.39, SE 

= .90, z-ratio = 5.98, p < .0001; kneeling-standing: estimate = 3.18, SE = .68, z-ratio = 

4.71, p < .0001; sitting-standing: estimate = -2.21, SE = .79, z-ratio = -2.81, p < .01). 

Finally, provision of social contact affected lying down behavior in the sitting condition 

(estimate = 4.96, SE = 2.26, z-ratio = 2.20, p < .05), but not in the kneeling (estimate = 

.44, SE = 2.07, z-ratio = .21, p > .05) or standing conditions (estimate = 3.62, SE = 2.16, 

z-ratio = 1.67, p > .05). 
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Figure 8 Lying down behavior a) as an interaction between conditions; b) by posture; c) by social contact; and d) by 
repetition. 

 For taut leash behavior (Figure 9), we detected main effects of posture (LRT = 

64.98, df = 2, p < .0001), social contact (LRT = 9.70, df = 1, p < .01), and repetition (LRT 

= 18.55, df = 1, p < .0001), and a posture-social contact interaction (LRT = 33.64, df = 2, 

p < .0001). Within the social contact control condition, taut leash varied across postures 

with less taut leash in kneeling versus sitting (estimate = -1.08, SE = .20, z-ratio = -5.28, 

p < .0001) or standing (estimate = -.82, SE = .20, z-ratio = -4.11, p < .001) and no 

differences between sitting and standing (estimate = .26, SE = .21, z-ratio = 1.25, p > 

.05). When social reinforcers were provided, taut leash behavior differed between 

kneeling and standing (estimate = -1.41, SE = .21, z-ratio = -6.80, p < .0001) and sitting 
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and standing (estimate = -1.41, SE = .21, z-ratio = -6.80, p < .0001), but kneeling and 

sitting no longer differed (estimate = -2.68e-6, SE = .22, z-ratio = 0, p = 1). For each 

posture, taut leash behavior was higher in the control compared to petting and praise: 

kneeling (estimate = 1.85, SE = .61, z-ratio = 3.03, p < .01), sitting (estimate = 2.93, SE = 

.61, z-ratio = 4.77, p < .0001), and standing (estimate = 1.27, SE = .60, z-ratio = 2.10, p < 

.05). 

 

Figure 9 Taut leash behavior a) as an interaction between conditions; b) by posture; c) by social contact; and d) by 
repetition. 

Importantly, dogs were differentially affected by procedural variations; changes in 

behavior were not systematic. There was a statistically significant interaction between 

subject ID and posture for all of the dependent variables: proximity (LRT = 377.17, df = 
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48, p < .0001), touching (LRT = 415.12, df = 48, p < .0001), jumping (LRT = 239.17, df = 

48, p < .0001), dog sitting (LRT = 276.56, df = 48, p < .0001), lying down (LRT = 129.41, 

df = 48, p < .0001), orienting (LRT = 166.95, df = 48, p < .0001), gazing (LRT = 147.48, 

df = 48, p < .0001), and taut leash (LRT = 317.07, df = 48, p < .0001). Figures 10-17 

show rates of behavior across postures for each subject.  

To understand how posture differentially affected dogs’ behaviors, we calculated 

the dogs’ ranking/percentile for each behavior in all postures (e.g., for proximity, if a dog 

had the highest rate of proximity compared to all of the other subjects, then it was in the 

100th percentile). Next, we looked at how dogs’ rankings changed across conditions. For 

proximity, 14 of the 25 dogs switched between the top (50th and above) to the bottom 

(below 50th) percentile between posture conditions—that is, more than half of the dogs’ 

relative proximity ranking changed based on posture. Changes in posture affected dogs’ 

rankings for the other measured behaviors as well—16 of the 25 dogs switched between 

the top and bottom percentiles for touching, 16 for jumping, 11 for gazing, 9 for 

orienting, and 12 for taut leash. Rankings did not change across conditions for (dog) 

sitting or lying behaviors. 

We also looked at cases in which a subject fell in either extreme (top 20th 

percentile or bottom 20th percentile) for at least one posture condition but fell out of that 

extreme for another posture. This occurred for all of the measured behaviors—proximity 

(14 dogs), touching (17), jumping (22), gazing (14), orienting (15), taut leash (13), dog 

sitting (10), and lying down (19). 
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Figure 10 Box plots of proximity behavior for each subject across postures. Each plot represents 6 trials (2 per 
posture) and social contact or control is indicated above each subject ID. 
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Figure 11 Box plots of touching behavior for each subject across postures. Each plot represents 6 trials (2 per posture) 
and social contact or control is indicated above each subject ID. 
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Figure 12 Box plots of jumping behavior for each subject across postures. Each plot represents 6 trials (2 per posture) 
and social contact or control is indicated above each subject ID. 
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Figure 13 Box plots of orienting behavior for each subject across postures. Each plot represents 6 trials (2 per posture) 
and social contact or control is indicated above each subject ID. 
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Figure 14 Box plots of gazing behavior for each subject across postures. Each plot represents 6 trials (2 per posture) 
and social contact or control is indicated above each subject ID. 
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Figure 15 Box plots of dogs’ sitting behavior for each subject across postures. Each plot represents 6 trials (2 per 
posture) and social contact or control is indicated above each subject ID. 
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Figure 16 Box plots of lying down behavior for each subject across postures. Each plot represents 6 trials (2 per 
posture) and social contact or control is indicated above each subject ID. 
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Figure 17 Box plots of taut leash behavior for each subject across postures. Each plot represents 6 trials (2 per 
posture) and social contact or control is indicated above each subject ID. 

Experiment 2 

Procedure 

Experiment 2 was designed to expand on the findings from Experiment 1. In this 

follow-up experiment, the same open field assessment was conducted, but social contact 

and posture were held constant; the experimenter knelt and provided social contact for all 

trials. The independent variable was whether or not the dog was leashed. We used a 

within-subjects design such that all dogs experienced both conditions, and the order was 

counterbalanced. Each trial was two minutes in duration. The same dependent variables 

from Experiment 1 were measured, with an addition of latency to approach—a measure 

(s) of how long it took the dog to approach the experimenter during the off-leash 
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assessment. In the leashed condition, the leash was long enough for the dog to not be in 

proximity, if it so chose. The experimenter would extend her arm to allow the dog to 

wander as far as possible without moving her body. Finally, a new procedure—

following—was added as a third trial (Hennessy et al., 2001). Following was added to 

compare social behaviors across assessment types. During the following assessment, the 

experimenter started at the center of the circle, walked to the fence, and then walked the 

perimeter of the pen (~35 m total). This took approximately 30 s. The dog was off-leash, 

and the trial was filmed by the assistant. The dependent variable was the proportion of 

time in which the dog was in arm’s reach of the experimenter (“proximity”). Twenty-four 

naïve dogs from the same municipal shelter (and with the same exclusion criteria) were 

enrolled in Experiment 2. 

Statistical Analysis 

 We used the same statistical software as in Experiment 1—R, R Studio, and 

Microsoft Excel. Behaviors for the open field assessment were coded using partial 

interval coding with 5 s bins, and then analyzed as a binomial distribution of whether or 

not a given behavior occurred during each bin. For the dependent variable latency to 

approach, if the dog approached the experimenter in 30 s or less, this was denoted as “1,” 

and if the dog took longer than 30 s to approach it was given a “0.” This was done to 

create a binomial variable for ease of analysis, and also served to reverse code this 

variable so that, like the other measures, a higher number denotes higher sociability. The 

following trials were coded similarly, with the proportion of 30 1-s “bins” in which the 

dog was in proximity. All videos were coded by a trained research assistant who was 

blind to the hypotheses. A random sample of 33% of videos were double coded to assess 
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ICC which was calculated using a two-way mixed effects, consistency, single rater 

model. Reliability was high with ICC3 = .86 and a 95% confidence interval between .84 - 

.89, (F(407, 407) = 14, p < .0001). We used a binomial mixed-effect logistic regression 

analysis, with condition (leashed, off-leash, following) as a fixed effect and subject as a 

random intercept. Significance of the fixed effect was determined by comparing nested 

models using a likelihood ratio test. Least square means were calculated for all behaviors 

across each condition. For proximity (the only dependent variable that was measured 

across all three conditions), we conducted pairwise comparisons with false discover rate 

(fdr) corrections. Finally, we tested subject as a fixed effect to identify any interactions; 

again, a significant interaction would indicate individual differences between dogs.  

Results 

Our analyses showed significant differences in behavior between leashed and off-

leash conditions. Proximity was compared across leashed and off-leash conditions, and 

the following trial; there were statistically significant differences (LRT = 105.22, df = 2, p 

< .0001). Pairwise comparisons with fdr corrections showed that proximity was highest 

in the leashed condition, lowest in the off-leash open field assessment, and somewhere in 

between during the (off-leash) following assessment. Each pairwise comparison was 

statistically significantly different: off-leash versus leashed (estimate = -1.39, SE = .15, z-

ratio = -9.58, p < .0001), following versus leashed (estimate = -.41, SE = .14, z-ratio = -

2.97, p < .01), and following versus off-leash (estimate = .98, SE = .13, z-ratio = 7.40, p 

< .0001)—see Figure 18. There were higher rates of touching (LRT = 46.53, df = 1, p < 

.0001), orienting (LRT = 50.31, df = 1, p < .0001), gazing (LRT = 11.26, df = 1, p < .001), 

sitting (LRT = 5.15, df = 1, p < .05), and lying down (LRT = 17.92, df = 1, p < .0001) in 
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the leashed condition. Jumping behavior did not differ between conditions (LRT = 1.33, 

df = 1, p > .05). These trends are summarized in Figure 19. Overall, following behavior 

was high with 22 of the 24 dogs following the experimenter around the pen.  

 

Figure 18 Bar plot of proximity behavior across leashed, off-leash, and following conditions. 
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Figure 19 Bar plots of a) touching; b) jumping; c) orienting; d) gazing; e) sitting; and f) lying down behaviors across 
leashed and off-leash conditions. 

 Individual differences were examined by calculating a binomial mixed-effect 

logistic regression with condition (leashed, off-leash, following) and subject ID as fixed 

effects. Interactions were statistically significant for all behaviors including proximity 
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(LRT = 606.84, df = 46, p < .0001), touching (LRT = 175.77, df = 23, p < .0001), jumping 

(LRT = 44.46, df = 23, p < .01), orienting (LRT = 279.72, df = 23, p < .0001), gazing 

(LRT = 121.12, df = 23, p < .0001), sitting (LRT = 108.48, df = 23, p < .0001), and lying 

down (LRT = 36.40, df = 23, p < .05). Individual differences across conditions can be 

seen in Figures 20-26. 

 

 

Figure 20 Plots of proximity behavior across following, off-leash, and leashed conditions for each subject. 
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Figure 21 Plots of touching behavior between off-leash and leashed conditions for each subject. 
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Figure 22 Plots of jumping behavior between off-leash and leashed conditions for each subject. 
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Figure 23 Plots of orienting behavior between off-leash and leashed conditions for each subject. 
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Figure 24 Plots of gazing behavior between off-leash and leashed conditions for each subject. 
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Figure 25 Plots of dogs’ sitting behavior between off-leash and leashed conditions for each subject. 
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Figure 26 Plots of lying down behavior between off-leash and leashed conditions for each subject. 

Discussion 

The purpose of this two-part study was to assess whether systematic and 

unsystematic differences in sociability tests affect canine behavior. This question is 

important because a wide variety of sociability tests are used in basic research and 

applied settings (Mornement, Toukhsati, Coleman, & Bennett, 2009; Mornement et al., 

2010); if minor differences in methodology affect behavior, then current practices and 

previous findings may need to be re-considered.  

The general findings demonstrate that procedural variations affect dogs’ behavior. 

Dogs respond to a person’s posture, their level of social contact, whether or not they are 

leashed, the repetition within an assessment, and the type of assessment. These 
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differences across procedures are critical, for it is these differences that can impact a 

dog’s fate in an applied setting (Mornement et al., 2009), or our understanding of canid 

relationships through basic research.  

We are not the first to detect canine behavior changes from procedural variations 

within a test. McKinley and Sambrook (2000) noted that dogs in their study were able to 

use human gazing cues on a two-object choice task, while subjects in Hare, Call, and 

Tomasello (1998) study were not. McKinley and Sambrook suggest that differences in 

posture (standing versus sitting on the ground) could have affected the cue by either 

making it more salient, or by modifying its meaning by making it less threatening. 

Regardless, different postures were used between the studies and different conclusions 

were drawn regarding dogs’ abilities to use human communicative gestures. Similarly, 

experiments investigating the topography of human pointing gestures have shown that 

variations in movement, pointing distance, and point duration affect dogs’ abilities to use 

the gestures effectively (Udell, Hall, Morrison, Dorey, & Wynne, 2013), as does the 

testing environment (Udell, Dorey, & Wynne, 2008). Our findings are thus in line with 

previous research on the general ability of minor procedural differences to affect canine 

behavior, and more specifically, observation of more social behaviors when the 

experimenter is closer to the ground (sitting or kneeling). 

McKinley and Sambrook (2000) speculated that sitting on the ground may have 

been less threatening than standing, and our findings lend support to this hypothesis. In 

the no-contact control condition, proximity behavior was significantly lower in the sitting 

(chair) condition than the kneeling or standing conditions, and there was a main effect of 

posture such that kneeling occasioned the most proximity overall. At first glance, it 



Texas Tech University, Kelsea M. Brown, May 2019 

 57 

appears as though the relative size of the chair to the marked circle may have contributed 

to the decreased proximity: the chair occupied a large portion of the circle and thus there 

was less space available for the dog to be in proximity. However, space alone cannot 

account for all of the variance, because standing took up the least amount of space—

considerably less space than kneeling—but proximity behavior was still higher in the 

kneeling condition. Moreover, when petting and praise were provided, effects of posture 

dissipated. Perhaps social attention mitigates perceived threat and thus allows the dogs to 

be more sociable towards the standing experimenter than they would otherwise be 

without the social reassurances.   

If behavior changed systematically between procedures, such that all dogs became 

more social when leashed, then the findings would be inconsequential. However, the 

individual differences are cause for concern; the plots in Figures 10-17 and 20-26 reveal 

the inconsistency between subjects. The practical takeaway is that, of the procedures 

tested, there is no “correct” or “best” approach that will be most beneficial (or most 

conservative) when studying sociability. This is particularly important in shelter and 

rescue settings, where sociability tests are used as part of broader behavior evaluations to 

determine whether or not dogs are adoptable (Mornement et al., 2010). 

There were, of course, some procedures that occasioned—on average—more 

social behavior than others: generally, dogs displayed more social behaviors when the 

experimenter knelt or sat on a chair than when she stood, and when she provided petting 

and praise than when abstaining from social contact, and when the dog was leashed than 

when off-leash. These differences, in addition to the individual differences, become 

important for basic research that makes claims about domestication and evolution; if 
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procedural variations affect behavior, then it is imperative that procedures be consistent 

both within and between species. Particularly with human-reared wolves, safety measures 

prevent the use of leashes, small yards, and unfamiliar persons to be in close contact (e.g., 

Feuerbacher & Wynne, 2012). According to our findings here, these caveats may be more 

important than previously acknowledged.  

For example, in shelter settings where SAFER, Assess-A-Pet, and combinations 

and modified versions of these and so many other assessments are used to determine 

whether a dog is safe and suitable for adoption (Mohan-Gibbons et al., 2012; Mornement 

et al., 2009; Mornement et al., 2010), could a dog’s determination—adoptable or not 

adoptable—be different depending on the experimenter’s posture? Could a dog’s 

outcome differ depending on whether or not, or how much, petting and praise are 

administered? In a research setting, such as our lab’s own study relating sociability to 

illness in the shelter (Protopopova et al., under review), might the results have been 

different if the experimenter had stood rather than knelt during the open field sociability 

assessment? Or would Hennessy et al.’s (2001) have found sociability to be predictive of 

behavior in the home if the experimenter had knelt and provided social attention rather 

than standing passively during the sociability test? Of course, we cannot answer these 

questions, but we have highlighted the procedural differences that exist in the literature 

and underscored the effects they have on canine behavior. 

Future research and considerations 

We focused on three inconsistent methodological details that could affect 

behavior during a sociability assessment—posture, social contact, and leash presence. 

Many additional factors such as venue (size, indoor versus outdoor, familiar versus 
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unfamiliar), experimenter (male or female, familiar or unfamiliar), staff or volunteer 

presence, use of food reinforcers, noise levels, weather, time of day, and a host of other 

variables could also affect behavior. Our findings highlight that future research should 

consider these extraneous variables, and they should be accounted for when comparing 

behavior between dogs across studies and/or between species, and individual differences 

should be considered.  

Finally, canine sociability is frequently discussed and measured using other 

approaches, such as reinforcer efficacy (Feuerbacher & Wynne, 2012) and social 

cognition (Hare & Tomasello, 2005), and measures overlap with other paradigms such as 

attachment (Wanser & Udell, 2019), which were not included in this study. To expand on 

our findings, future research could further investigate canine social behaviors and 

behavior tests by incorporating other frequently used paradigms, such as separation and 

reunion, social cognition, and reinforcer efficacy. Correspondence between assessments 

could illuminate underlying mechanisms for these behaviors.  

Conclusion 

Procedural variations, including leash presence, provision of social attention, and 

human posture affect canine performance during behavior assessments. When we assess 

dogs’ behaviors, either in an applied setting such as a shelter or during basic research, we 

should be cognizant of how our behavior and the environment might affect dogs’ 

performance.  
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Chapter 3  
Canine Social Behaviors Fall Under Distinct Categories – An 

Exploratory Analysis of Sociability, Point-Following, 
Synchronicity, & Separation Behaviors 

Abstract 

Canine sociability is routinely discussed in basic and applied literature. Despite the 

prevalence of sociability assessments, it remains unclear what exactly these tests can tell 

us about a dog and how they do or do not relate to other concepts such as social 

cognition, behavior synchronicity, learning, and attachment. The purpose of this study 

was to explore the scope of sociability assessments and re-consider the ways in which we 

think about and discuss canine social behaviors. Over two experiments, correspondence 

between seven assessments was evaluated: Sociability (open field), Synchronicity, 

Reinforcer Efficacy, Pointing, Landmark, Separation, and Reunion. Forty-four dogs from 

a municipal animal shelter served as subjects. Distinct paradigms were observed, with 

high correlation of behaviors within tests, and little or no correlation of behaviors 

between test types. The data have implications for the validity of sociability assessments 

and the ways in which we discuss canine social behaviors, social cognition, and 

attachment. 

Introduction 

Canine social behaviors—particularly as they relate to humans—have been of 

great interest in the academic world. In the canine behavior literature, sociability refers to 

how interested and willing a dog is to interact with unfamiliar people (Bentosela, Wynne, 

D'Orazio, Elgier, & Udell, 2016). A growing number of studies discuss dog sociability in 

basic contexts (Feuerbacher & Wynne, 2012; Jakovcevic, Mustaca, & Bentosela, 2012), 
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and research indicates that sociability measures are used to make adoptability decisions in 

shelter settings (Mohan-Gibbons, Weiss, & Slater, 2012; Mornement, Coleman, 

Toukhsati, & Bennett, 2010). Sociability is a popular concept but researchers do not 

agree on what, exactly, it is or even how to measure it.   

Sociability has been measured in a variety of ways by different researchers. 

Gazing (Protopopova, Gilmour, Weiss, Shen, & Wynne, 2012), latency to approach 

(Protopopova et al., under review), time in proximity (Hennessy et al., 2001), 

synchronicity (Duranton, Bedossa, & Gaunet, 2018), and the reinforcer efficacy of social 

contact (Feuerbacher & Wynne, 2012) have all been used as measures of a dog’s 

sociability. An entire movement linking canine domestication and sociability was 

founded on dogs’ ability to follow a human point (Hare & Tomasello, 2005). Even when 

different concepts are studied, there is often crossover with sociability. For example, the 

procedures and measures for canine attachment are very similar to the open field 

sociability assessment (Thielke, Rosenlicht, Saturn, & Udell, 2017; Wanser & Udell, 

2019), suggesting that attachment and sociability may be related. 

A recent series of experiments (Brown, Feuerbacher, Hall, & Protopopova, in 

prep) showed that within an assessment, procedural variations affect dogs’ social 

behaviors. Provision of social attention (petting and praise), experimenter posture, trial 

repetition, and whether or not the dog was leashed all affected dogs’ behaviors on an 

open field sociability assessment. Similarly, sociability has been proposed as the 

mechanism driving proficiency on a pointing task (Hare, Brown, Williamson, & 

Tomasello, 2002; Hare & Tomasello, 2005; Hare et al., 2005), but Udell, Hall, Morrison, 

Dorey, and Wynne (2013) demonstrated that point topography (e.g., proximal versus 
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distal, momentary versus continuous) significantly affects performance on this task. 

Moreover, Udell, Dorey, and Wynne (2008) have shown that testing environment (e.g. 

indoor versus outdoor) can also impact behavior on tests meant to measure social 

cognition. If procedural variations within an assessment type significantly affect social 

behaviors, how will these behaviors compare across different assessments? 

The purpose of this two-part experimental study was to compare social and 

affiliative behaviors across assessments and determine if the measured behaviors are 

related or indicative of one underlying sociability construct. If sociability underlies dogs’ 

abilities to follow points, proclivity for synchronizing their behavior with humans, and 

separation and attachment styles, then behaviors across assessments should correlate with 

each other. If there is significant discordance between the assessments, this would 

indicate that more than one construct is governing these social behaviors. Our first 

experiment examined behavior patterns across five assessments: sociability, reinforcer 

efficacy, synchronicity, pointing, and separation. Our second experiment was a partial 

replication of the first with two additional assessments: reunion and a landmark control 

condition. 

Experiment 1 Method 

Subjects 

Subjects were 24 experimentally-naïve dogs housed at a municipal animal shelter 

in Lubbock, TX. Breed histories were not available and were not assessed visually due to 

previously reported human error in such assessments (Voith et al., 2013; Voith, Ingram, 

Mitsouras, & Irizarry, 2009; Olson et al., 2015; Gunter, Barber, & Wynne, 2018). All 

husbandry was provided by the shelter and was not altered by the experimenters. Dogs 
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were group-housed by sex (number per kennel ranged from 1-10, depending on available 

space), and kennels (1.6m X 1.2m X 1.9m) were cleaned once daily, 7 days per week. 

Dogs who appeared visually healthy (e.g., free of wounds, injury, and without nasal or 

ocular discharge, coughing, or sneezing) were eligible for inclusion. Puppies 

(approximately 6 months and younger) were excluded. 

Design 

We used a within-subjects design. Dogs were pseudo-randomly assigned to an 

order of assessments meant to measure social behaviors: Sociability (open field), 

Reinforcer Efficacy, Synchronicity, Pointing and Separation. Dependent variables varied 

across assessments in accordance with common practices from the literature (see Table 

5). 

Table 5 Variables measured in each of the five assessments. 

Assessment Dependent variable(s) 

Sociability (open 
field) 

Latency to approach, time in proximity, gazing, orienting, 
jumping, and touching (see Brown et al. (in prep) for 
operational definitions) 

  
Reinforcer efficacy Number of palm touches (with snout) over a two-minute 

period (Feuerbacher & Wynne, 2012) 
  
Synchronicity Proportion of trial in which the dog was within arm’s 

length of experimenter as she walked the perimeter of the 
play yard (Hennessy et al., 2001) 

  
Pointing Number of correct choices on a two-choice task with a 

pointing cue given by experimenter (Udell et al., 2008) 
  
Separation Orienting (towards door/window), jumping on 

door/window, time in proximity to door/window, time 
exploring its environment (adapted from Rehn, McGowan, 
and Keeling (2013)) 
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Materials 

Sociability, synchronicity, and separation trials were video recorded using a 

Kodak PixPro SPZ1 waterproof camera. Reinforcer efficacy and pointing trials were live-

coded by a trained research assistant. Experimental procedures were conducted in a 

fenced outdoor pen (10.4 m x 7.7 m) with turf covering 75% of the area, and concrete 

covering the remaining area. The shelter wall comprised one side of the pen, with a door 

and large window overlooking the yard. A 1 m long slip lead was used for leashed 

portions of the experiments. Prior to the trials, a circle (diameter of 100 cm) was marked 

in the center of the pen. 

Two metal paint cans (16 cm diameter, 22 cm tall) with secure lids were used. 

Top Chews® chicken and apple recipe sausages were used as food rewards 

(approximately ¼ of a sausage per delivery).  

Procedure 

Sociability, Synchronicity, and Separation assessments were video recorded by a 

research assistant who stayed within the building’s viewing area. Pointing and Reinforcer 

Efficacy were live-coded by the same assistant, though she was present in the pen during 

the Pointing assessment due to her required participation on that task. The videos were 

later coded by a trained research assistant using partial interval coding in Excel. Data 

were further managed and analyzed using the open-source statistical software R and R 

studio. 

Dogs were led on leash from their kennel to the play yard. Each session began 

with a 2-min habituation period in which the dog was left alone in the yard to explore 

and/or eliminate. The first two assessments were Sociability and Reinforcer Efficacy, and 
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the order was counterbalanced across subjects. These two assessments were always 

succeeded by Synchronicity, Pointing, and Separation, in that order. Because open field 

sociability and reinforcer efficacy both require provision of social attention contingent on 

the dog’s behavior (proximity and palm touch, respectively), these assessments were 

paired together and counterbalanced. Pointing was the only assessment that used food 

rewards, so we wanted this test to be later in the session so as not to interfere with the 

other assessments. Separation assessments are typically conducted with someone familiar 

to the dog, so this was saved for last such that the dog had maximum exposure to the 

experimenter. 

Sociability. The experimenter entered the play yard, walked to the center, and 

knelt down in the 1 m2 marked circle. If the subject came into proximity as defined by 

two or more paws within the marked circle, then the experimenter pet the dog with one 

hand and praised it vocally, “You are such a good boy/girl!” This continued as long as 

the dog was in proximity. At the end of two minutes, the experimenter stood up and 

proceeded to the next assessment. 

Reinforcer Efficacy. The experimenter leashed the dog and stood near the door of 

the play yard. The experimenter presented her palm at her side at the dog’s nose level. 

Four seconds of petting (two hands around the dog’s face/neck) and vocal praise were 

delivered contingent on a palm touch with any part of the dog’s muzzle (Feuerbacher & 

Wynne, 2012). The duration was 2 min maximum but ended if 1 min elapsed with no 

response.  
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Synchronicity. During the Synchronicity paradigm, the experimenter started at the 

center of the marked circle, walked to the fence, and then walked the perimeter (~35 m) 

of the pen. This took approximately 30 s. and the dog was off-leash. 

Pointing. With the help of a research assistant, the experimenter stood facing the 

dog at a distance of 2.5 m. On either side of the experimenter were the two paint cans, 

each at a distance of 0.5 m. The research assistant held the dog at its starting position, and 

the experimenter called the dog to get its attention. Before experimental trials began, four 

motivational trials were conducted: the experimenter showed the dog the food parcel, 

then placed it on the target choice object. The dog was then free to approach the object 

and retrieve the food. This procedure was repeated twice on each can, then the 

researchers proceeded to the experimental trials. For experimental trials, the dog was held 

in place until the experimenter gave her cue (a momentary proximal (~50 cm) point at the 

pre-determined correct choice object). The dog was then released and allowed to make a 

choice. A choice was defined as the dog touching or coming within 10 cm of the can 

(Udell et al., 2008). If a correct choice was made, the experimenter marked the behavior 

with a verbal “yes” and then placed the food parcel on the lid of the choice object. If an 

incorrect choice was made, the dog was called back to the starting position and 

researchers proceeded to the next trial. If 1 min elapsed without a choice, the trial was 

marked as “timed out” and researchers proceeded to the next trial. If two timeouts 

occurred in a row, then two additional motivation trials were conducted to determine 

whether motivating operations were to blame. 



Texas Tech University, Kelsea M. Brown, May 2019 

 72 

Separation. For the Separation assessment, the experimenter exited the pen and 

returned inside to the viewing area. The research assistant filmed the dog for 2 min while 

it was alone in the pen.  

Statistical Analysis 

 Two subjects failed motivation trials and thus could not complete the pointing 

trials. These subjects were removed from analyses (final n = 22). Latency to approach 

during the Sociability assessment and exploring behavior during Separation were reverse 

coded in R so that lower values would reflect less sociable or person-seeking behaviors. 

Correspondence between assessments was first determined using Pearson’s r. 

Data were visualized via a correlation matrix. Correlation strength was determined using 

Evans (1996) guidelines: .00-.19 is very weak, .20-.39 is weak, .40-.59 is moderate, .60-

.79 is strong, and .80-1.0 is very strong. Because this study was exploratory, a principal 

component analysis (PCA) was also conducted to identify significant underlying factors 

among the behaviors measured. Inspection of a scree plot was used to determine the 

number of components to report, and factors that loaded at .30 or above were included in 

each component.  

Results and Interpretation 

 Preliminary visual analysis (see Figure 1) revealed four distinct clusters. 

Sociability behaviors grouped together to form one cluster. Separation behaviors 

correlated strongly with each other, but not with behaviors from the other assessments. 

Pointing was weakly correlated with reinforcer efficacy (r = .37) and jumping during the 

separation assessment (r =.37). Pointing was very weakly correlated with the other 

measures, and even showed a very weak negative correlation with sociability-proximity 
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(r = -.19). Synchronicity behavior was moderately correlated with exploration behavior 

during the separation assessment (r = .42) but was largely distinct and only showed weak 

correlations with Separation and Sociability behaviors. It should also be noted that dogs 

performed well on the Pointing assessment, with 12 of the 22 subjects (54%) performing 

above chance level (8 or more correct responses). 

 

Figure 27 Correlation matrix of all behaviors across 5 assessments. Blue indicates a positive correlation and red is 
negative. The darker the color, the stronger the correlation. 

 PCA revealed three components that cumulatively explained 66% of the variance 

within our data (see scree plot in Figure 2). Table 2 summarizes the three principal 

components and the structures of PC1 and PC2 are visualized in Figure 3. 
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Table 6 Summary of principal components and their respective factors. 

Principal Component Eigenvalue Factor 
Loading 
Coefficient 

PC1 0.33 Sociability - Touching 0.39 
  Sociability - Gazing 0.37 
  Sociability - Proximity 0.35 
  Sociability - Jumping 0.35 
  Sociability - Latency  0.34 
    

PC2 0.20 Separation - Exploring 0.46 
  Separation - Near 0.45 
  Separation - Facing 0.43 
  Separation - Jumping 0.31 
    

PC3 0.13 Pointing 0.65 
  Reinforcer Efficacy 0.50 
  Separation - Jumping 0.35 
    

Cumulative 
Proportion: 0.66   

 

 

Figure 28 Scree plot with eigenvalues for each component in our model. 
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PC1. The first component had an eigenvalue of .33, meaning it explains 33% of 

the variance in our data. Five behaviors, or factors—all from the open field sociability 

assessment—loaded onto this component: latency to approach (.34), time in proximity 

(.35), touching (.39), jumping (.35), and gazing (.37). Only one behavior from the open 

field assessment (orienting, .26) did not load onto this component, and no other behaviors 

significantly contributed to PC1. This component appears to represent “sociability.” 

PC2. The second component had an eigenvalue of .20. The four factors that 

loaded onto PC2 were all from the separation assessment: facing (.43), near (.45), contact 

(.31), and exploring (.46), thus we interpret this component to measure separation-related 

behaviors.  

PC3. The third component (eigenvalue of .13) was comprised of correct choices 

on the pointing task (.65), palm touches during reinforcer efficacy (.50), and jumping on 

the door or window during the separation phase (.35). We suspect a learning propensity 

may explain this grouping: the behaviorist perspective assumes the dogs’ learning history 

will facilitate performance on the pointing task, and the reinforcer efficacy assessment 

could be measuring the dogs’ ability to contact the contingency between their palm touch 

and the social reinforcement. Finally, it is possible that in a home environment—or even 

within the shelter—the subjects have learned that jumping up on the door results in 

attention from humans, either in the form of being let back inside, or having potential 

adopters stop to say hello. 
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Figure 29 Biplot showing the structure of PC1 & PC2. 

Discussion 

 The purpose of this study was to examine the correspondence of canine social 

behaviors across experimental assessments to determine whether the same underlying 

concepts are being measured. Visual inspection of the correlation matrix suggested four 

distinct paradigms, and this interpretation was mostly supported by the exploratory 

principal component analysis. The correlation plot showed clusters of behaviors from 1) 

the open field sociability assessment, 2) the separation assessment, 3) pointing and 

reinforcer efficacy, and 4) synchronicity. PCA revealed three major contributing 

components which we interpreted as sociability, separation behaviors, and contingency 

savvy. Overall, the data suggest that distinct concepts are being measured by the various 

assessments.  

We were surprised to find that that Pointing, Reinforcer Efficacy, and jumping 

(during Separation) clustered together but not with other measures. The reinforcer 
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efficacy assessment is meant to be a direct measure of sociability—the subjects are 

working (palm touching) for social contact. Thus, we anticipated that other obviously 

(physically) social behaviors, such as time in proximity and touching, would correlate 

with number of palm touches. The relationships that did form require that we think about 

the behaviors differently. With this new information, we now hypothesize that these 

behaviors relate to a propensity for learning rather than sociability. This is because each 

of these behaviors could reflect an ability to quickly contact contingencies—food 

reinforcement for following a pointing gesture, social reinforcement for palm touching, 

and perhaps human attention for jumping up on a door or window. We tested this 

hypothesis in Experiment 2 by comparing dogs’ performance on the pointing and 

reinforcer efficacy tasks in addition to a non-social landmark discrimination test.  

Another interesting finding is the distinctness of dogs’ behavior during 

synchronicity. From an operational perspective, we were measuring dogs’ proximity to 

the experimenter as she was in motion. Others have connected motion-proximity 

(synchrony) to sociability (Hennessy et al., 2001; Duranton et al., 2018) and learning 

(Duranton et al.). However, in our study, synchronicity did not correlate with other social 

or possible learned behaviors; it was distinct. This could possibly be due to ceiling 

effects: nearly all of the dogs in our sample followed the experimenter, though that was 

true of Duranton et al.’s sample as well. Our method was very similar to Hennessy et al. 

with respect to the unfamiliar experimenter-dog relationship, simple path, and trial 

length, but diverged significantly from Duranton et al.’s procedure which took place in a 

large open field with the dog’s owner and involved changes in pace and direction. These 

methodological differences could contribute to our divergent findings. 
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Though we aimed to be comprehensive with our tested behaviors, there were 

limitations and unanswered questions. In Experiment 1, we did not include a reunion 

assessment (Hall, Lord, Arnold, Wynne, & Udell, 2015; Rehn et al., 2013). By excluding 

the reunion phase, we missed an opportunity to compare dogs’ social behaviors after 

being separated and reunited with the experimenter. The reunion procedure is identical to 

the open field sociability assessment, and thus would have allowed us to compare the 

dogs’ behaviors towards the experimenter over time within the session. Another 

weakness was the setup of our separation assessment: because of the large viewing 

window, dogs could potentially still see the experimenter after she left the pen. This 

certainly could have affected the dogs’ behavior in our assessment compared to other 

studies, either causing them to spend more time near the window and looking at the 

experimenter, or perhaps allowing them to leave the window and explore more, because 

her presence was known. Either way, this was a limitation that we corrected in our 

follow-up experiment.  

To conclude, our first experiment demonstrated at least three distinct behavioral 

constructs contributing to the measured social behaviors. However, more research was 

needed to understand how they relate to each other. Additionally, there were critical 

limitations that necessitated replication. To address these concerns, we conducted a 

second experiment.  

Experiment 2 

The purpose of this experiment was to replicate and extend the findings of 

Experiment 1. We re-evaluated the correspondence between canine social behaviors 

across the same five assessments and incorporated a new task (Landmark) to explore the 
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underlying mechanism of canine success on the Pointing task. Based on our previous 

findings, we hypothesized that Reinforcer Efficacy, Pointing, and Landmark tasks would 

correspond with each other, but not with Sociability, Separation, or Synchronicity 

behaviors. We further hypothesized that Sociability, Separation, and Synchronicity would 

emerge as three distinct paradigms, with little correlation between behaviors of each 

assessment. Finally, we added a seventh phase—Reunion—to better match the previous 

literature on separation behaviors (Rehn et al., 2013; Hall et al., 2015).  

Experiment 2 Method 

Subjects 

Subjects were 24 experimentally-naïve dogs. Exclusion criteria and husbandry 

factors were identical to Experiment 1.  

Materials 

A visual barrier (height 2 m, width 1.5 m) was constructed using polyvinyl 

chloride (PVC) pipes and an opaque black shower curtain (see Figure 4). A hollow, 

wooden cube (8 cm) served as the landmark stimulus. Food rewards were Top Chews® 

chicken and apple sausage pieces (about ¼ of a patty). Trials were video recorded with a 

Kodak PixPro SPZ1 waterproof camera and behaviors were later coded using the open-

source behavior analysis software Boris. Data were further managed and analyzed using 

the open-source statistical software R. 
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Figure 30 Apparatus used for landmark assessment. 

Design  

A within-subjects design was used for this study. Subjects were pseudo-randomly 

assigned to an order of assessments meant to measure social behaviors: Sociability, 

Reinforcer Efficacy, Synchronicity, Separation, Reunion, Pointing, and a Landmark 

control. Dependent variables varied across assessments in accordance with common 

practices from the literature. For the Sociability and Reunion assessments, dependent 

variables were latency to approach, time in proximity, orienting, gaze, touching, and 

jumping. For Synchronicity, time spent in proximity to the experimenter was measured. 

Separation measured dogs’ behaviors towards the experimenter when she departed and 

interactions with his environment while she was gone. Number of correct trials were 

recorded for the Pointing and Landmark tasks.  
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Procedure 

 Experimental procedures were identical to Experiment 1 with one procedural 

correction (the experimenter went to a different room—completely out of sight—during 

the separation phase) and two additional assessments: Reunion and Landmark. 

 Reunion. The Reunion assessment was identical to the Sociability assessment 

except that filming began as soon as the experimenter entered the pen, rather than waiting 

for her to kneel in the marked circle. Reunion was always assessed immediately after 

Separation. 

 Landmark (control). The Landmark assessment was arranged in the same manner 

as the Pointing assessment, except that the visual barrier was placed in front of the 

experimenter so she was not visible to the dog, and rather than pointing at the correct 

object, she placed the wooden landmark on top. This procedure was meant to eliminate 

the social component of the Pointing assessment. The order of Pointing and Landmark 

was counterbalanced across subjects.  

Statistical Analysis 

 Two subjects failed motivation trials and were excluded from analyses (final n = 

22). Two trained research assistants coded all video-recorded behaviors. Data were first 

visualized with a correlation matrix (Figure 5), and then analyzed using PCA, including 

visual analysis with scree plot (Figure 6) and biplot (Figure 7). Principal components 

with eigenvalues ³ .1 were retained for further analysis.  
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Results 

As expected, there were strong correlations between behaviors within a given 

assessment type; for example, during a Separation session, the amount of time spent 

looking at the door was strongly correlated with the amount of time exploring (r = .61, 

positive because exploring was reverse coded). In the same vein, during Sociability, 

gazing was very strongly correlated with jumping and orienting (r = .82 and .84, 

respectively). Reinforcer Efficacy was moderately correlated with Sociability behaviors 

(proximity (r = .47), gaze (r = .47), jumping (r = .42), latency (r = .52), and touching (r = 

0.55)) and Reunion behaviors proximity (r = 0.50) and jumping (r = .40). Contrary to our 

hypothesis, Reinforcer Efficacy was not correlated with Pointing (r = -.01) or Landmark 

scores (r = .02). Pointing showed a weak negative correlation with Sociability and 

Reunion measures, and weak-very weak correlations with Separation behaviors. Pointing 

successes were high, with 16 of the 22 dogs performing above chance. Behavior during 

the Synchronicity paradigm was weakly correlated with jumping on the experimenter 

during the Sociability test (r = .37). Time in proximity during Sociability and Reunion 

were only moderately correlated (r = 0.52). In sum, our correlation results were similar to 

those in Experiment 1 with several distinct paradigms emerging. 
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Figure 31 a) Correlation matrix of all behaviors from Experiment 2; b) Correlation matrix of Experiment 2 behaviors 
without reunion behaviors, for more direct comparison to Experiment 1 correlation matrix. 
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To further explore our data, we conducted a PCA. Three principal components 

had eigenvalues greater than .10 and accounted for 57% of the variance within our data 

(see Figure 6 and Table 3 for a summary). Figure 7 shows the structure of components 1 

and 2. 

 

Figure 32 Experiment 2 Scree plot with eigenvalues for each component in our model. 
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Figure 33 Biplot of PC1 and PC2. 

PC1. Five behaviors—all from the Sociability assessment—loaded onto PC1. The 

behaviors were gazing (.36), orienting (.32), jumping (.37), and touching (.34). Time in 

proximity was borderline with a rotation of (.29), and latency to approach did not 

contribute significantly (.24). Of note, none of the reunion behaviors loaded onto PC1, 

though sociability and reunion assessments are nearly identical. The difference between 

sociability and reunion is when the assessments take place, with sociability happening 

near the beginning of the session before the dog and experimenter are well acquainted, 

and reunion occurring last, after the two have spent an entire session together (typically 

30 minutes). This unique grouping of behaviors requires that timing and/or familiarity be 

accounted for when identifying the underlying mechanism. For this reason, we interpret 

PC1 to account for introduction or greeting behaviors.  

PC2. Five behaviors from the Separation and Reunion assessments contributed to 

PC2: separation-facing (.44), separation-jumping (.48), separation-exploring (.32), 



Texas Tech University, Kelsea M. Brown, May 2019 

 86 

reunion-touching (.33), and reunion-jumping (.30). Because each of these behaviors is 

associated with the dog being first separated from, then reunited with the experimenter, 

we interpret these to be separation-related behaviors. 

PC3. PC3 had three contributing behaviors. Latency to approach during 

Sociability (-.37), Reunion-touching (.37), and Reunion-jumping (.36). These behaviors 

measure physical contact and proximity at two distinct points in the session. Sociability 

occurs earlier, and Reunion last. Interestingly, the Sociability behavior that loaded—

latency to approach—was in the opposite direction of the Reunion behaviors.   

Table 7 Summary of principal components and their respective factors. 

Principal 
Component Eigenvalue Factor 

Loading 
Coefficient 

PC1 0.31 
Sociability - 
Jumping 0.37 

  Sociability - Gazing 0.36 

  
Sociability - 
Touching 0.34 

  
Sociability - 
Orienting 0.32 

  
Sociability - 
Proximity 0.29 

    

PC2 0.15 
Separation - 
Jumping 0.48 

  Separation - Facing 0.44 
  Reunion - Touching 0.33 

  
Separation - 
Exploring 0.32 

  Reunion - Jumping 0.30 
    

PC3 0.11 
Sociability - 
Latency -0.37 

  Reunion - Touching 0.37 
  Reunion - Jumping 0.36 
    

Cumulative 
Proportion: 0.57   
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Discussion 

The purpose of Experiment 2 was to replicate and extend our findings from 

Experiment 1. Specifically, we aimed to replicate our previous finding that Sociability, 

Separation behaviors, and Synchronicity were separate phenomena, and we tried to 

determine whether performance on the Reinforcer Efficacy and Pointing tasks were 

indicative of a propensity for learning. Distinct paradigms did emerge, and the 

correspondence between assessments was limited. Contrary to our hypothesis, however, 

Reinforcer Efficacy did not correlate with Pointing or Landmark scores, suggesting a 

simple learning proficiency cannot adequately explain performance on these assessments. 

However, there were problems with our methodology that might account for these null 

findings. Specifically, procedural differences between the Pointing and Landmark tasks 

went beyond the presence or absence of a social component. To ensure that the subjects 

could not see the experimenter placing the landmark stimulus on the target, a research 

assistant was recruited to distract the dog between trials. This inadvertently caused two 

crucial differences: non-contingent social reinforcement and a lengthened inter-trial 

interval. 

After the dog made a choice on a Landmark trial, the research assistant called the 

dog and led it back to the starting position or played with it in the yard as a distraction 

while the experimenter placed the landmark stimulus. Practically, this meant that the 

subject received social reinforcement (petting, talking, playing) non-contingent on their 

choice for the previous trial. Second, the distraction delayed the onset of the next trial, 

creating an inter-trial interval much longer than that experienced during Pointing. Either 

of these confounds may have affected behavior. Finally, the apparatus used during the 
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Landmark assessment may have been too distracting for the subjects. Improved 

methodology is needed to properly test the learning propensity hypothesis. 

Interestingly, Pointing showed a weak negative correlation with Sociability, 

Separation, and Reunion measures, suggesting that, within these shelter dogs, 

performance on a Pointing task is not indicative of underlying sociability either. Behavior 

during the Synchronicity assessment was weakly correlated with jumping on the 

experimenter during the Sociability test, but largely emerged as a distinct and separate 

paradigm, which is in line with our predictions. Time in proximity during Sociability and 

Reunion were only moderately correlated (r = 0.52), despite the near identical procedures 

between the two assessments. Indeed, each of the corresponding behaviors between 

Sociability and Reunion were only moderately correlated at best, with the exception of 

orienting which was strongly correlated between assessments (r = .76). This may have 

implications for the validity of open field sociability tests. 

Though Experiment 2 was meant to be a partial replication of Experiment 1, there 

were some differences in the data. In particular, a negative association between Pointing 

and sociability scores emerged in Experiment 2, as well as a negative association between 

separation-near and Sociability scores. Our first consideration was that the different 

coding methods (partial interval coding in Excel for Experiment 1 versus state coding in 

Boris for Experiment 2) could explain these differences. To address this, we re-coded and 

analyzed Experiment 2 data using partial interval coding. Visual inspection of the 

resulting correlation matrix in did not support this. The change in separation-near 

behavior could instead be explained by our procedural change: in Experiment 1 the 
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experimenter was still visible in the viewing area while in Experiment 2 she was not. 

Still, this does not explain the changes in correlations for Pointing and Sociability. 

This leads to one final question: why were these dogs so good at pointing? We 

experienced a ceiling effect with nearly all of the dogs (28 out of 44 over both 

experiments—63%) performing above chance on this task. Though we based our 

methods off of Hare et al. (2002) (proximal point) and Udell et al. (2008) (standing 

between the paint cans, momentary point), slight differences in pointing distance and 

experimenter height, strangely enough, may have impacted our methods. Previous 

research has demonstrated that point topography affects dogs’ performance (Udell et al., 

2013). In our study the experimenter’s height required her to lean to her side to achieve 

the proximal point at the paint can, and this may have been a more salient cue for the 

dogs. In future studies, we will modify our methods and use a distal, continuous point 

instead of the proximal, temporary point used in these experiments.  
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Chapter 4  
The Two-Choice Paradigm: What is the Point? 

Abstract 

Dogs’ abilities to follow human pointing gestures have delighted canine scientists 

for years, but researchers still disagree on the mechanism that drives this skill. One 

hypothesis suggests that dogs’ sociable nature—selected for during domestication—

allows them to better communicate with humans, including understanding human 

communicative gestures. The opposing hypothesis is that dogs, within their lifetime, have 

learned to follow pointing gestures by simply interacting with humans. To tease apart the 

underlying mechanism (sociability or learning propensity) of point following behavior, 

we measured dogs (n = 24) on a sociability assessment, then subjected them to three 

different two-choice tasks: pointing, novel landmark (difficult learning test), and familiar 

landmark (easy learning test). There was little to no correlation between pointing and the 

landmark controls, and pointing was weakly negatively correlated with sociability. 

Moreover, when dogs were divided into high-sociability and low-sociability groups, no 

statistical differences were found for performance on any of the assessments, including 

pointing. We consider that three distinct constructs were measured: sociability, learning 

propensity, and social cognition.   

Keywords: Dog, Pointing, Learning, Sociability, Cognition 

Introduction 

A complex concept such as social cognition inevitably leads to questions of 

underlying mechanisms: how much of a target behavior is “social,” how much is 

“cognition,” and what role, if any, does learning history play? In animal behavior, these 

concepts are typically approached from one of two perspectives. In one corner, 
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behaviorists argue that learning history and environmental stimuli—classical and operant 

conditioning—can account for even the most complex behaviors. The ability of dogs to 

follow human pointing gestures is the epitomic example. Behaviorists assert that dogs 

acquire point following behavior from routine human interactions such as setting down a 

food bowl, attaching a leash to a collar, or pointing at a piece of dropped food on the 

floor. At the same time, cognitive Psychologists may interpret the same behaviors as 

evidence of higher cognition and understanding, with the animal’s underlying sociable 

nature to thank. This divide presents itself prolifically in the canine social skills literature 

(Hare & Tomasello, 2005; Udell & Wynne, 2008). Because of their shared ancestry and 

differences in tameness and domestication, foxes, dogs, and wolves are naturally popular 

subjects for studying the links between learning, sociability, and domestication. Pointing 

assessments have been particularly common. The pointing task involves a two-choice 

paradigm in which an experimenter points at a pre-determined correct object, and the 

subject must use the pointing gesture to find a hidden parcel of food. Other social 

behaviors and measures of sociability, such as gazing, time spent in proximity, and the 

reinforcer efficacy of human attention have also been investigated, though none have 

been pursued to the same degree as pointing. 

The cognitive perspective is intertwined with the domestication hypothesis: as 

dogs (Canis lupus familiaris) became domesticated, hyper sociability (an interest in 

interacting with people; Bentosela, Wynne, D'Orazio, Elgier, & Udell, 2016) was 

naturally and artificially selected. Proponents of this hypothesis suggest that during 

domestication, dogs evolved to have unique communicative and social skills that allow 

them to understand and utilize human cues such as pointing gestures (Hare & Tomasello, 
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2005). This hypothesis has support in the literature; researchers reported that human-

reared wolves are less capable of point following behavior than young puppies, even 

those who have had little human interaction (Hare, Brown, Williamson, & Tomasello, 

2002). Similarly, socialized wolves and dogs were compared on a series of inter-specific 

communication tasks, including point following and an unsolvable manipulation task. 

Dogs outperformed wolves on the pointing task, and, unlike wolves, dogs looked back at 

humans when confronted with an unsolvable puzzle. Therefore, the authors speculated 

that gazing at humans’ faces is the element of sociability that separates dogs from wolves 

and facilitates their communication abilities (Miklósi et al., 2003). Further evidence 

comes from a study of a unique population of Siberian foxes. For decades, an 

experimental group of foxes were selectively bred for their willingness to approach 

humans without fear or aggression, while a control population was bred irrespective of 

this trait. The experimental population not only showed the expected increase in 

sociability, but also domestication-related physical attributes such as floppier ears, shorter 

and curlier tails, depigmented fur, and changes in dentition and cranial shape. Finally, the 

key takeaway from the domesticated fox study, was the experimental population’s ability 

to follow human points as compared to the control population (Hare et al., 2005; Hare & 

Tomasello, 2005). Together, these findings support the domestication hypothesis and 

sociability for explaining dog point following behavior. 

Conversely, researchers who argue the learning hypothesis often focus on 

experimental procedures and the large role of environment and learning history on 

subjects’ performance. For example, Udell, Dorey, and Wynne (2008) reported that, 

when reared appropriately and tested in the right environment, wolves in fact perform as 
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well as or better than dogs on the pointing assessment. Moreover, researchers reported 

that dogs who were tested outdoors, and dogs living in an animal shelter, fail on the 

pointing task. These findings do not support the domestication hypothesis, and instead 

suggest that learning history within the animal’s lifetime shape their ability to use human 

communicative gestures. In a more recent study, the development of point following 

behavior in shelter dogs was tracked. Subjects were obtained from a rural shelter where 

they received very little enrichment or human interaction. A sample of these dogs were 

relocated to an environment where they received daily enrichment including obedience 

training, walks, play groups, and exposure to olfaction training. Over several weeks, both 

samples of dogs were repeatedly assessed on the pointing assessment. Importantly, 

neither sample of dogs were trained to follow human points, but instead were given a 

food reward for any choice made, whether correct or incorrect. Results showed that dogs 

who interacted with humans daily learned to follow pointing gestures over the study 

period, despite not being trained to do so. Conversely, despite equal number of 

assessments over time, the dogs without daily enrichment did not improve and remained 

unable to follow the experimenter’s pointing gestures (Jarvis & Hall, 2018).  

Aside from pointing, the relationship between domestication and sociability has 

been assessed in other ways. Feuerbacher and Wynne (2012) studied canid sociability by 

assessing the relative reinforcer efficacy between social contact and food. The study 

included pet dogs, dogs living in an animal shelter, and captive wolves. Results showed 

that for all subjects, social contact was a relatively weak reinforcer compared to food. 

The hand-reared wolves’ behavior patterns were functionally very similar to the pet dogs. 
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The authors concluded that domestication does not appear to affect the effectiveness of 

social contact as a reinforcer. 

A recent study by our lab (Brown, Feuerbacher, & Protopopova, in prep) assessed 

the correspondence of multiple sociability and social cognition assessments in dogs living 

in an animal shelter. In the first experiment, a strong correlation between performance on 

the pointing task and number of palm touches with contingent social reinforcement, in 

conjunction with those two behaviors not correlating with other social behaviors, led the 

researchers to hypothesize that performance on pointing and reinforcer efficacy tasks is 

driven by a propensity for learning, rather than sociability. This hypothesis was tested in 

a subsequent experiment but was not supported by the data.  

The second experiment consisted of seven assessments: sociability (open field), 

reinforcer efficacy of human social contact, pointing choice task, landmark choice task, 

synchronicity, separation, and reunion. Dogs’ performance on the reinforcer efficacy, 

pointing, and landmark assessments were compared to each other and contrasted with the 

other assessments to test the hypothesis that success on a pointing task is driven by a 

learning propensity rather than social finesse. The introduction of the control landmark 

assessment was meant to recreate the setup of the pointing assessment, but with the social 

component removed. Instead, as the authors noted, it introduced several confounds and 

limiting factors including increased inter-trial interval and non-contingent social contact. 

Thus, improved methods are needed to adequately test the learning hypothesis, and we 

attempt to do so in the present study. 
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Hypothesis 

 The purpose of this experiment was to determine whether a dog’s success on the 

pointing task may be explained by an aptitude for learning. If pointing task success is due 

to a propensity for learning, then subjects’ performance on the task should correlate with 

performance on the landmark tasks, especially a relevant salient stimulus such as a food 

bowl, but not necessarily with the number of nose touches during the reinforcer efficacy 

trial. Conversely, if proficiency on the pointing task is due to enhanced sociability, then 

pointing performance should positively correlate with number of nose touches during 

reinforcer efficacy, but not necessarily with performance on the landmark task. 

Method 

Subjects 

 Twenty-four randomly selected naïve dogs (13 females) served as subjects. The 

dogs were housed at the Lubbock Animal Shelter. Two of the female subjects were in 

heat. One male was neutered, and one female was listed as spayed. Adult dogs (6 months 

or older) who appeared visually healthy (e.g., free of wounds, injury, and without nasal or 

ocular discharge, coughing, or sneezing) and would willingly walk out of their kennel on 

leash were eligible for inclusion. Nursing mothers were excluded. Breed histories were 

not available and were not assessed visually due to previously reported human error in 

such assessments (Gunter, Barber, & Wynne, 2018; Olson et al., 2015; Voith, Ingram, 

Mitsouras, & Irizarry, 2009; Voith et al., 2013).  

All husbandry and housing were provided by the shelter and were not altered by 

the experimenters. Dogs were group-housed by sex (number per group ranged from 2-4, 

depending on available space), and kennels were cleaned once daily, 7 days per week. 
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The steel kennels were 1.6m X 1.2m X 1.9m with cement siding and floors. A guillotine 

door divided the kennel in half; during this study, the guillotine door for each kennel was 

closed with another group of dogs housed on the other side.  

Design 

 We employed a within-subjects design. All subjects completed four consecutive 

assessments: reinforcer efficacy, pointing, novel landmark, and familiar landmark. 

dependent variables were the number of correct trials on the pointing and landmark tasks, 

and the number of palm touches during the reinforcer efficacy assessment.  

Materials 

Experimental procedures were conducted in two outdoor locations (8 sessions in 

Pen A and 16 sessions in Pen B). Pen A was rectangular (10.4 m x 7.7 m) with turf 

covering 75% of the area, and concrete covering the remaining portion. Pen A was 

adjacent to an equal size yard which shared a semi-opaque fence. Pen A also had a tinted 

window which overlooked the shelter interior. During the course of the experiment, 

shelter renovations required that 6 dogs be housed in the yard adjacent to Pen A, which 

would result in many distractions. Thus, experimental procedures were moved to Pen B. 

Pen B was an L-shaped (9.3 m X 6.1 m X 1.6 m, see Figure 1) concrete area enclosed by 

a 6-foot chain-link fence. This pen faced open fields surrounding the shelter and had 

minimal distractions.  

A 1-meter long slip lead was used for leashed portions of the experiments. Two 

metal paint cans (16 cm diameter, 22 cm tall) with secure lids were used as response 

choice objects. A hollow wooden square prism (8 cm length) was the novel landmark 

stimulus and a stainless-steel food bowl (20 cm open diameter, 15 cm base diameter, 8 
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cm tall) was the familiar landmark stimulus. Food rewards were Purina Moist & Meaty® 

dog treats.  

 

Figure 34 Experimental setup showing shape and dimensions of Pen B, with Experimenter (E) and Research Assistant 
(RA) positions. 

Procedure 

 Before trials began, subjects were randomly assigned to an order of conditions, 

with reinforcer efficacy always occurring first because it was the only assessment that did 

not use food rewards. Subjects were led from their kennel to the yard (approximately 30 s 

walk) and left alone (Pen A) or with the researchers (Pen B) for 2 min to habituate to the 

environment and eliminate if needed. Because the fence in Pen B was lower and there 

was no observation window, researchers stood passively during the habituation period to 

ensure the dog did not escape. No dogs attempted to jump the fence. The researchers then 

completed the assessments in the predetermined order. 
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 Reinforcer Efficacy. We followed the same protocol as Feuerbacher and Wynne 

(2012). With the dog leashed, the experimenter presented her palm at her side at the 

dog’s nose level. Four seconds of petting (two hands around the dog’s face/neck) and 

vocal praise were delivered contingent on a palm touch with any part of the dog’s 

muzzle. The trial was 2 min maximum but would terminate if 1 min elapsed with no 

response from the subject.  

 Motivation. To ensure that subjects were willing to participate and were food 

motivated, four motivational trials (two on each target) were conducted. During a 

motivation trial the dog was shown the food parcel as it was placed on the target choice 

object, then released and allowed to retrieve the treat. Dogs had to pass these trials in 

order to participate in pointing and landmark assessments. Two dogs did not pass 

motivation trials and their sessions were terminated. Those two dogs were replaced (total 

participating n = 24). 

 Pointing. There were 10 experimental pointing trials. With the help of two 

research assistants (handler and live-coder), the experimenter stood facing the dog at a 

distance of 2.5 m. The two paint cans were positioned on either side of the experimenter, 

each at a distance of 0.5 m. The handler held the subject at its starting position, and the 

experimenter called to the dog to get its attention. For experimental trials, the dog was 

held in place until the experimenter pointed at the correct choice object, at which time he 

was released and allowed to make a choice. We used a dynamic, continuous, distal 

pointing gesture (Udell, Hall, Morrison, Dorey, & Wynne, 2013). A choice was defined 

as the dog touching or coming within 10 cm of the can (Udell et al., 2008). If a correct 

choice was made, the experimenter verbally marked the behavior (“yes”) and then placed 
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the food reward on the lid of the choice object. If an incorrect choice was made, the 

incorrect choice was verbally marked (“oops”) and the dog was immediately called back 

to the starting position to proceed to the next trial.  

 Landmark (Novel & Familiar). The procedure was identical to the pointing 

assessment with one exception: instead of pointing at the choice object, the experimenter 

placed the landmark stimulus (food bowl or wooden box) onto the correct object. Care 

was taken to ensure the dog did not see the object being placed by setting the landmark 

while the dog was walking away from the experimenter to the starting position. 

Statistical Analysis 

 Shapiro-Wilks tests revealed that pointing and landmark data (total correct) were 

normally distributed (p > .05 for all). Pearson’s r was used to determine correlations 

between performance on reinforcer efficacy and the pointing and landmark tasks. 

Correlation strength was categorized according to Evans (1996): .00-.19 is very weak, 

.20-.39 is weak, .40-.59 is moderate, .60-.79 is strong, and .80-1.0 is very strong. 

 We conducted student’s t-tests to assess sex and pen differences and ANOVAs to 

test for order effects. To determine whether sociability levels moderated performance on 

the pointing and landmark tasks, we divided dogs into high sociability (3 or more palm 

touches, n = 13) and low sociability (2 or fewer, n = 11) groups, and then performance on 

each assessment was compared between groups using two-tailed student’s t-tests with 

alpha = .05. 

Results 

The number of dogs who performed above chance (8 or more correct response) on 

the assessments was generally low, with 7 dogs succeeding at Pointing (~30%), 3 for 
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wooden box (12.5%), and only 2 dogs (8%) for the food bowl. We did not detect main 

effects of subject, sex, or pen for reinforcer efficacy, pointing, novel landmark, or 

familiar landmark (p > .05 for all). No order effects were detected for pointing or novel 

landmark, but there were order effects for familiar landmark—F(2, 21) = 3.69, p = .04. 

Post-hoc tests with Bonferroni corrections showed that dogs made significantly more 

correct choices (p = .039) on the food bowl assessment if that assessment was first (M = 

6.43, SD = 1.13), versus last (M = 4.20, SD = 1.81). If we limit analyses to subjects who 

experienced food bowl landmark first (n = 7), there is a strong negative correlation 

between food bowl correct and pointing correct (r = -.81, p = .029), as shown in Figure 2. 

 

Figure 35 Depicts strong negative correlation (r = -.81) between pointing correct & familiar landmark correct, given 
that familiar landmark was the 1st trial of the 3 choice-tasks. 

There were weak correlations between scores across conditions (see Figure 3). 

The two landmark controls were moderately correlated with each other (r = .47, p = .02). 

Pointing showed a weak negative correlation with reinforcer efficacy (r = -.27, p = .19). 

Pointing had very weak correlations with the wooden block landmark (r = .01, p = .98) 
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and the food bowl landmark (r = -.14, p = .52). Scatterplots for each of the assessment 

combinations are shown in Figure 4, and individual subjects’ scores across all conditions 

are depicted in Figure 5.  

 

Figure 36 Correlation matrix of all conditions: sociability-reinforcer efficacy, pointing, novel landmark (wooden box), 
& familiar landmark (food bowl). 
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Figure 37 Scatterplots of each combination of behaviors tested. 

 

 

Figure 38 Point plot of scores for all subjects across sociability (reinforcer efficacy), pointing, familiar landmark (food 
bowl), and novel landmark (wooden box). 

High versus low sociability 

 There were no significant differences on any of the choice tasks between dogs of 

high (RE ³ 3) and low sociability (RE £ 2). For pointing, the high sociability dogs made 
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fewer correct choices (M = 6.09, SD = 1.45) than low sociability dogs (M = 7.31, SD 

=2.10).  

Discussion 

The purpose of this experiment was to test two hypotheses regarding dogs’ 

abilities to follow human pointing gestures: that pointing success is indicative of dogs’ 

hyper-sociability and ability to “read” human communicative gestures, or that pointing 

success is indicative of a simple learning mechanism (exposure to pointing in day-to-day 

interactions with humans). We attempted to answer this question by first measuring 

sociability with a reinforcer efficacy test, then comparing dogs’ performance on the 

pointing task with their performance on a series of non-social two-choice learning tasks.  

Of note, in the present study we adjusted our procedure from a dynamic, 

momentary, proximal point to a dynamic, continuous, distal point. We made this 

adjustment because in previous experiments our dogs were extremely successful using 

the former procedure (12 out of 22 subjects in one experiment and 16 of 22 subjects in a 

second experiment performed above chance). In the present study, only 7 out of 24 (30%) 

performed above chance. Indeed, point topography has been identified as a contributing 

factor for performance (Udell et al., 2013), and our collective data support its importance. 

This exemplifies the role of experimental protocol on research outcomes, and supports 

previous work suggesting that we need to interpret animal behavior findings with care 

(Udell et al., 2008; Udell et al., 2013). 

Pointing did not correlate with any of the other measures, and in fact was weakly 

negatively correlated with our sociability measure, reinforcer efficacy. The lack of 

relationship between pointing and reinforcer efficacy is in line with our previous findings 
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(Brown, Feuerbacher, & Protopopova, in prep), but it once again contradicts the popular 

theory that dogs are talented point-followers because of their sociable natures. However, 

our findings also contradict, or at the very least do not support, the opposing hypothesis, 

that dogs follow points because of a rich learning history.  

These findings leave us struggling to categorize the nature of point-following. Our 

data suggest that it is not equivalent to sociability, nor is it linked to learning as measured 

with a novel stimulus (wooden box) or a familiar stimulus with a long learning history 

(food bowl). These results were unexpected, because we subscribed to the behaviorist 

perspective that learning history is responsible for point-following success. However, the 

data did not bear this out. Therefore, we cautiously conclude that we measured three 

distinct constructs: sociability, social cognition, and learning. 

Of course, it is possible that we simply failed to detect relationships that do exist. 

The dogs in our sample may have been, at the time of our study, categorically different 

than dogs in previous research. Their housing situation was an exceptionally stressful 

environment with many dogs per kennel, once daily feedings, and frequent exposure to 

empty bowls. Perhaps these dogs did not have the strong association between food bowl 

and food that we assumed would be present. If this is true, then the food bowl would not 

be a good marker for testing the learning hypothesis. We could address this potential 

shortcoming by replicating the procedure with pet dogs who are fed twice daily with a 

food bowl.  

Conclusion 

 We attempted to clarify the mechanism driving point following behavior in dogs, 

but our results were inconclusive. Pointing success did not correlate with sociability as 
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measured by a reinforcer efficacy task, nor did it correspond to performance on two non-

social landmark control conditions. Our familiar landmark (food bowl) may not have 

been the ideal stimulus we imagined, or pointing may be a separate phenomenon—social 

cognition—not rooted in learning or sociability. As always, more research is needed. 
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Chapter 5  
The Heritability of Sociability 

Abstract 

The field of canine science is rapidly developing with respect to sociability, but 

many unknowns remain. To date, the heritability of sociable behaviors has not been 

widely studied. A unique population of dogs—retired racing greyhounds—may prove to 

be an astounding population with which to study heritability. Because the population is 

large and dogs’ lineages are meticulously traced back to the 1800s, and because racing 

procedures dictate a controlled rearing environment, heritability estimates can be 

determined for any conceivable phenotype. In this first-ever study of its kind, we mapped 

pedigrees for over 200 dogs and calculated relationships between genetic relatedness and 

owner-reported sociability behaviors as measured with C-BARQ. We calculated animals’ 

individual inbreeding coefficients as well as additive genetic relationship coefficients 

between all subjects in our sample. A statistically significant regression equation was 

found for predicting sociability based on inbreeding coefficient (F(1, 205) = 4.25, p < 

.05) with an R2 of .02. Between dogs, additive genetic relationship was a statistically 

significant predictor of similarity in human sociability, but not for dog friendliness. 

Results indicated that there is an element of heritability involved in social behaviors, but 

overall very little variation is explained (R2 ranged from .002 – 00001). This highlights a 

perhaps even more interesting finding that, when genetics are accounted for and 

environmental upbringing is controlled, there is still a great deal of behavior variation 

within our homogenous sample of dogs.  

Keywords: dog, greyhound, heritability, sociability, inbreeding 
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Introduction 

Despite the plethora of studies relating to canid sociability and social cognition, 

scientists do not agree on the underlying mechanisms driving these behaviors (Hare, 

Brown, Williamson, & Tomasello, 2002; Hare et al., 2005; Hare et al., 2010; Udell & 

Wynne, 2008; Udell, Dorey, & Wynne, 2010). The roles of domestication, learning 

history, environment, and genetics are still under debate.  

These questions have been addressed using a variety of experimental approaches. 

Comparative researchers have capitalized on several unique populations of canids: 

human-reared wolves (Feuerbacher & Wynne, 2012; Hare et al., 2002; Miklósi et al., 

2003) and two lines of experimentally-bred foxes (Hare et al., 2005; Trut, 1999) have 

been particularly fruitful for this branch of research. In basic research, environmental 

effects and learning history have been explored by comparing pet dogs to those living in 

an animal shelter, and manipulating the testing environment (Udell, Dorey, & Wynne, 

2008). 

Currently it may be tempting to use breed differences as a means of assessing 

genetic contributions to behavior, however this approach is typically rife with confounds, 

making it difficult to yield meaningful results. Human biases are embedded in breed 

studies. When owner reports are used, expectation effects may affect detection, memory, 

and reporting of behaviors. When more objective measures are used, one cannot rule out 

breed-influenced differences in rearing, training, and husbandry practices that may affect 

behavior. Though breed differences in behavior may be identified, the underlying 

mechanisms for those differences are difficult to pinpoint. 
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Still, estimating measures of heritability is useful for any breeding program to 

quantify the variance in a phenotype that is related to genetic variance. High heritabilities 

indicate that for the phenotype of interest, genetic variation is a primary contributor to the 

phenotype variation, and is therefore ripe for selective breeding (Griffiths, Miller, Suzuki, 

Lewontin, & Gelbart, 2000). However, heritability estimates are not often used in 

behavior research. Such an approach requires a large sample with many generations of 

data. Thus, it is not typically practical for species with longer lifespans. However, an 

inimitable population of dogs exist that may be used for this very approach: retired racing 

Greyhounds.  

Meticulous breeding records have been kept for racing Greyhounds. At birth, the 

dogs are given a unique identification number which is permanently tattooed onto their 

ear. The identification numbers are used to record and trace the animal’s history, 

including parents, offspring, and racing records. These data are publicly available on the 

website www.greyhound-data.com. The international database of the Greyhound racing 

industry has over 4 million race results as well as over 2 million pedigrees (Greyhound 

Data, 2019).  

Greyhounds have been found to differ from other breeds of dogs on certain 

behavioral traits. For example, racing Greyhounds displayed less aversion to novel 

stimuli compared to other breeds (King, Hemsworth, & Coleman, 2003). Greyhounds, 

together with other dolichocephalic breeds, took longer to obtain food by pawing at a 

puzzle toy compared to brachiocephalic breeds (McGreevy, Brueckner, Thomson, & 

Branson, 2010). Duffy, Hsu, and Serpell (2008) found that Greyhounds had one of the 

least incidences of owner-reported aggression compared to other breeds. This finding was 
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corroborated by previous research that found that only 2% of owners of Greyhounds 

reported aggression towards people (Lord, Yaissle, Marin, & Couto, 2007).  

Little information is currently available regarding the heritability of behavioral 

traits of Greyhounds. Prior work has successfully investigated the heritability of racing 

time in Greyhounds (Täubert, Agena, & Simianer, 2007), however, no other studies have 

extended this work to other behavioral trait phenotypes. Previous breed health surveys 

have included some questions on behavior (Lord et al., 2007; Glickman, Glickman, & 

Thorpe, 1999), but have focused on owner-interpretations of categories of problem 

behavior (e.g., “aggression,” “separation anxiety,” etc.) of their dogs rather than assess 

behavioral traits more objectively. Though not without their own limitations, current 

behavioral surveys, such as the Canine Behavioral Assessment and Research 

Questionnaire (C-BARQ; (Hsu & Serpell, 2003) have been used successfully to describe 

temperament and behavioral traits as well as problematic behaviors in a large number of 

dogs. The C-BARQ has also been used successfully with sighthounds and Greyhounds 

(Duffy et al., 2008; Tonoike et al., 2015) as part of a larger study. However, to date, no 

study has used such an instrument to establish the epidemiology of behavioral traits in the 

Greyhound.  

The purpose of this study was to identify the association between genetic 

similarity and phenotypic similarity with respect to sociability in retired racing 

Greyhounds. Using modern social media as well as established databases of Greyhound 

pedigrees, we assessed the correlation between genetic relatedness and sociability as 

reported by Greyhound owners. Using the available Greyhound breeding databases as 
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well as the individual ear tattoos, we connected the owner-reported information with 

breeding lineages, thereby establishing heritability estimates for canine sociability.  

Method 

Participants 

Greyhound owners were recruited to complete our survey using the social media 

websites Facebook and Reddit. The use of social media by the owners of the retired 

racing Greyhounds allowed for sizeable sampling of owners. For example, one group of 

retired Greyhound owners on Facebook has over 10,000 members. In our posting, we 

noted that participants could elect to be entered into a random drawing with a chance to 

win Greyhound-related items. Three winners received a coffee mug with Greyhound 

insignia. Response to the survey was positive and substantial: 595 Greyhound owners 

completed the survey with 35% (n = 207) reporting the necessary ear identification tattoo.  

To protect the rights and privacy of our participants, the study protocol was 

reviewed and approved by the Texas Tech University Institutional Review Board 

(IRB2017-115). 

Materials 

The survey included behavior and sociability scales, including questions from C-

BARQ, which contains approximately 100 questions, takes 15 min to complete, and asks 

the owner to reflect on how their dog reacts to common everyday scenarios. The C-

BARQ assesses propensity for stranger-directed fear, non-social fear, dog-directed fear, 

resource guarding, child- directed aggression, dog-directed aggression, owner-directed 

aggression, stranger-directed aggression, territoriality, prey drive, touch sensitivity, 
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separation-related behavior, excitability, attachment, human attention-seeking, 

trainability, hyperactivity, obsessive-compulsive behaviors, and miscellaneous specific 

problem behaviors. Additional questions pertaining to sociability (Svartberg, 2005) were 

included (see appendix). Though the survey covered a range of behaviors as well as 

questions pertaining to physical health and age-related cognitive decline, in the present 

study we analyzed only the subset of questions relating to play behaviors and sociability.  

Data collection 

As part of the survey, owners were asked to include the identification number of 

their dog’s ear tattoo. Only responses that included the tattoo number were used for data 

analysis. As all dogs who have been bred in the racing industry have these earmarks as 

mandated by each country’s national registry in order to register each pup (National 

Greyhound Association, 2019), non-racers were excluded from the current analysis.  

We collaborated with a computer scientist (PB) who matched the target dogs in 

our sample to data on the Greyhound data website to establish pedigrees within our 

sample. Four generations of pedigree were recorded and mapped to identify any genetic 

relationships between dogs in our sample using regular expressions to uniquely identify 

dogs by their standardized Greyhound data identification number. The entire collection of 

dogs spanning four generations were ordered by age using in-memory linked list hash 

maps, systematically sorted by generational information where children are necessarily 

younger than their parents and lineages that do not share a common ancestor are 

considered of equal age. 

The tabular method of calculating the inbreeding coefficient of each animal and 

the additive relationship between any two animals was used to build additive genetic 
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relationship coefficients, one generation at a time, beginning with the oldest generation of 

dogs. Dynamic programming allowed for the gradual construction of a table a such that 

for every entry 𝑎",$ in the table we were able to determine the additive genetic 

relationship between two individuals X and Y, where X is the oldest and Y is the youngest, 

using the prior generation of data, given by the formula: 

𝑎",$ =
1
2 (𝑎",) + 𝑎",+) 

The special case 𝑎",$ represents a quantity containing inbreeding coefficient 𝐹": 

𝑎"," = (1 + 𝐹") 

The value of 𝐹" is calculated by using the additive genetic relationship of the parents, A 

and B, of x using the formula: 

𝐹" =
1
2 (𝑎),+) 

In the base case of the oldest generation where parental data is unknown for some dog X, 

the value of 𝐹" is assumed to be zero. Functionally, this process resulted in an additive 

genetic relationship coefficient for each pairing of animals. This coefficient is 

characterized by the formula: 

𝑎",$ =./
1
20

(12342)5

678

 

To summarize, there were two coefficients of interest: the inbreeding coefficient 

and the additive genetic relationship coefficient. The inbreeding coefficient is calculated 

for every individual dog, and this number represents the probability of inheriting two 

copies of the same allele from an ancestor that appears on both sides of the animal’s 
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pedigree (instituteofcaninebiology.org). The second coefficient—the additive genetic 

relationship—is calculated for every pair of animals as it represents how biologically 

related two individuals are to each other. Both coefficients can theoretically range from 

0-1 as they are probabilities, with numbers approaching 1 representing the highest 

amount of inbreeding (Wright, 1922). 

Data analysis 

Behavior-related questions had categorical responses (see Figure 1). Because we 

were not interested in any single question in particular, but rather in general trends in 

sociability and attachment behaviors, first we re-coded these responses to be ordinal (e.g., 

Never = 0, Seldom = 1, Sometimes = 2, Usually = 3, Always = 4, NA = 0), then we 

summed scores from related categories to achieve composite scores. Questions were 

grouped based on previous factor analysis (Svartberg, 2005) and CBARQ grouping. Our 

final dependent variables, including possible ranges of composite scores are shown in 

Table 1. We created two major subsets of data to answer two distinct questions. First, 

each subjects’ composite behavior scores were analyzed with respect to their own level of 

inbreeding (inbreeding coefficient). Second, heritability of behavior was analyzed by 

comparing absolute differences in composite scores with the additive genetic relationship 

between two subjects. For heritability measures, every subject was compared to every 

other subject in our dataset with respect to composite score differences and genetic 

relatedness. 
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Figure 39 Example of categorical data for behavior-related questions. 

Inbreeding & Behavior 

For each dependent variable, we conducted a simple linear regression to 

determine whether composite scores could be predicted based on inbreeding coefficients. 

Correlations between dependent variables were examined using Spearman’s rank 

correlation coefficients because these data were not normally distributed.  

Heritability of Behavior 

 There were 92072 < = 21,321 combinations of subjects in our dataset. Absolute 

values of composite score differences were calculated for each combination, and these 

scores were square root transformed to normalize our data. The transformed data were 

then compared to the additive genetic relationship (aX,Y) between each pair. Simple linear 
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regression models were calculated to determine whether genetic relatedness could predict 

behavior similarity as measured by differences in composite scores. 

Table 8 Questions contributing to each DV and composite score. 

Dependent 
Variable  Questions Included 

Possible 
Range 

   
1: Human 
Sociability  (-4, 64) 

 
Shown these signs of attachment or attention-
seeking:  

 
1. Displays a strong attachment for one 
particular member of the household (0, 4) 

 

2. Tends to follow you (or other members of 
the household) about the house, from room to 
room (0, 4) 

 
3. Tends to sit close to, or in contact with you 
(or others) when you are sitting down (0, 4) 

 

4. Tends to nudge, nuzzle, or paw you (or 
others) for attention when you are sitting 
down (0, 4) 

 Indicate how often each is true for your dog:  
 5. Eager to play with family members (0, 4) 
 6. Eager to play with strangers (0, 4) 
 7. Retrieves play objects and initiates play (0, 4) 
 8. Enjoys play-wrestling (0, 4) 
 9. Enjoys tug-of-war with familiar persons (0, 4) 
 10. Eager to run after thrown balls (0, 4) 
 11. Loves being the center of attention (0, 4) 
 12. Greets visiting adults in a friendly manner (0, 4) 

 
13. Greets visiting children in a friendly 
manner (0, 4) 

 
14. Eager to approach adults away from home 
in a friendly manner (0, 4) 

 
15. Eager to approach children away from 
home in a friendly manner (0, 4) 

 16. Enjoys being petted by strangers (0, 4) 

 
17. How often does your dog walk away 
while, or avoid, being petted? (-4, 0) 

   
2: Dog 
Friendliness  (0, 20) 
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 Indicate how often each is true for your dog:  
 1. Eager to play with other male dogs (0, 4) 
 2. Eager to play with other female dogs (0, 4) 

 
3. Quick to respond to other dogs' play 
invitations (0, 4) 

 4. Greets visiting dogs in a friendly manner (0, 4) 

 
5. Eager to approach dogs away from home 
in a friendly manner (0, 4) 

   
3: Stranger Sociability (0, 20) 
 Indicate how often each is true for your dog:  
 1. Greets visiting adults in a friendly manner (0, 4) 

 
2. Greets visiting children in a friendly 
manner (0, 4) 

 
3. Eager to approach adults away from home 
in a friendly manner (0, 4) 

 
4. Eager to approach children away from 
home in a friendly manner (0, 4) 

 5. Enjoys being petted by strangers (0, 4) 
   
4. Family 
Sociability  (-4, 24) 

 
Shown these signs of attachment or attention-
seeking: (0, 4) 

 
1. Displays a strong attachment for one 
particular member of the household (0, 4) 

 

2. Tends to follow you (or other members of 
the household) about the house, from room to 
room (0, 4) 

 
3. Tends to sit close to, or in contact with you 
(or others) when you are sitting down (0, 4) 

 

4. Tends to nudge, nuzzle, or paw you (or 
others) for attention when you are sitting 
down  

 Indicate how often each is true for your dog: (0, 4) 
 5. Eager to play with family members (0, 4) 
 6. Retrieves play objects and initiates play (-4, 0) 

 
7. How often does your dog walk away while, 
or avoid, being petted?  

5. Play Behavior  (0, 36) 
 Indicate how often each is true for your dog: (0, 4) 
 1. Eager to play with family members (0, 4) 
 2. Eager to play with strangers (0, 4) 
 3. Retrieves play objects and initiates play (0, 4) 
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 4. Enjoys play-wrestling (0, 4) 
 5. Enjoys tug-of-war with familiar persons (0, 4) 
 6. Eager to run after thrown balls (0, 4) 
 7. Eager to play with other male dogs (0, 4) 
 8. Eager to play with other female dogs (0, 4) 

 
9. Quick to respond to other dogs' play 
invitations  

   

Results 

Inbreeding & Behavior 

 First, we examined relationships between select dependent variables. Human 

sociability was significantly positively correlated with dog friendliness (r = .37, p < 

.0001) and with stranger sociability (r = .70, p < .0001), and stranger sociability and dog 

friendliness were positively correlated with each other (r = .35, p < .0001). Play behavior 

and dog friendliness were positively correlated (r = .54, p < .0001). Family sociability 

and stranger sociability were weakly positively correlated (r = .14, p = .049) as were 

family sociability and dog friendliness (r = .15, p < .05). These relationships are depicted 

in Figure 3. 

 Inbreeding coefficients were generally low, with a range from 0 to 0.1325 (Mdn = 

.012, IQR = .013). For reference, a “high” inbreeding coefficient is anything above .10, 

but deleterious effects of inbreeding—such as loss of vigor and vitality, decreased 

fertility, recessive mutations—begin to show with inbreeding coefficients as low as .05 

(instituteofcaninebiology.org). Shapiro-Wilkes tests indicated that human sociability 

scores and family sociability scores were normally distributed (W = .99, p = .56 and W = 

.99, p = .37, respectively), but the other DV scores were skewed. Dog friendliness was 

slightly positively skewed (skewness = .23, kurtosis = -.24), play behavior was positively 



Texas Tech University, Kelsea M. Brown, May 2019 

 124 

skewed (skewness = .46, kurtosis = .05) and stranger sociability was negatively skewed 

(skewness = -.87, kurtosis = -.32). The data distributions are depicted in Figure 2. 

However, after calculating our linear models, subsequent analyses showed that the 

residuals for all dependent variables were approximately normally distributed, and 

because our sample size is so large, we are able to accept the accuracy of our linear 

models.   

Simple linear regressions were calculated to predict composite scores based on 

inbreeding coefficient. A statistically significant regression equation was found for 

predicting human sociability based on subjects’ inbreeding coefficient (F(1, 205) = 4.25, 

p < .05) with an R2 of .02. The predicted human sociability score was equal to 32.08 + 

88.39 (inbreeding coefficient). The models for predicting dog friendliness, stranger 

sociability, family sociability, and play behavior composite scores were not statistically 

significant. 
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Figure 40 Histograms of composite scores for each dependent variable. 
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Figure 41 Positive correlations between human sociability & dog friendliness, human soc. & stranger soc., stranger 
soc. & dog friendliness, play behavior & dog friendliness, family & stranger soc., and family soc. & dog friendliness. 

Heritability of Behavior 

 Simple linear regressions were calculated to determine whether composite score 

differences (i.e., similarity of dogs’ behavior) could be predicted by the additive genetic 
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relationship (i.e., how related the dogs are to each other). Statistically significant 

regression equations were found for four of our five dependent variables.  

 A statistically significant regression equation was found for predicting similarity 

in human sociability based on subjects’ additive genetic relationship (F(1, 21319) = 

17.11, p < .0001) with an R2 of .0008. The models were also statistically significant for 

predicting similarity in family sociability (F(1, 21319) = 35.54, p < .0001, R2 = .002), 

play behavior (F(1, 21319) = 14.18, p < .001, R2 = .0007), and stranger sociability (F(1, 

21319) = 15.40, p < .0001, R2 = .0007). Our linear model was not statistically significant 

for predicting similarities in dog friendliness based on genetic relatedness (F(1, 21319) = 

.40, p = .53, R2 = .00001).  

Discussion 

The results from this study pertain to a very specific sample of dogs: retired 

racing greyhounds. We caution against attempts to extrapolate beyond this sample, for 

these dogs have been selectively bred for generations, with prolific linebreeding, and 

rearing conditions that are unlike other dogs. In fact, many animal welfare groups have 

position statements against greyhound racing due to the whelping, weaning, and training 

procedures used in the sport, including continued confinement for 20-23 hours per day 

during their racing careers (The Humane Society of the United States, 2019; National 

Greyhound Adoption Program, 2008). Because these training procedures are so uniform 

from birth through retirement, environmental factors are controlled for in this population. 

Scientifically, a controlled upbringing is excellent for studying heritability within a 

sample, though it severely limits the generalizability of our findings to other populations.  
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Another important caveat exists for these data: when we say “behavior” we really 

mean “owners’ perceptions, memories, and reports of their dog’s behavior.” Though we 

would typically not advocate for using owner’s perceptions of behavior as a stand-in for 

objective behavior measurements, we feel it was justified in this study for several 

reasons. First and foremost, by using a homogenous sample of dogs—retired racing 

greyhounds—we have eliminated many of the shortcomings typically associated with 

owner reports: expectation biases. The human participants in our study were self-selected 

from niche social media groups about greyhounds, and they all own a type of dog that 

they likely had to seek out from a rescue organization. These participants have likely 

been exposed to similar breed biases and were given similar pamphlets of information 

from the adoption agency (in fact, there are several books written specifically about how 

to adopt a retired greyhound). Practically, this means that owner biases—while certainly 

not eliminated—were likely uniform in this sample and can function as a control. 

Conversely, this may also pose a significant limitation in terms of generalizability of the 

data: though the reliability in reporting between participants is likely high, accuracy 

could be low.  

Despite all of the dogs in our sample having uniform backgrounds and having 

recent common ancestry (within the last four generations), there was still a great deal of 

behavioral variability, and sociability composite scores were normally distributed. These 

findings support the increasingly popular maxim among canine professionals, that “all 

dogs are individuals” (Animal Farm Foundation, 2013; Best Friends, 2018). Even though 

genetic relatedness could predict sociability scores, the amount of variance explained was 

incredibly small. Though there is no hard and fast rule for what is deemed a high or low 
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heritability estimate, R2 = .1 has been documented as “low,” (Wray & Visscher, 2008), 

and Visscher, Hill, and Wray (2008) suggested that traits associated with genetic fitness 

tend to range from .1 to .2. In our sample, the highest heritability estimate detected was 

.02. In other words, dogs from the same lineage, reared in extremely controlled 

environments, whose behavior is being reported from a biased sample of individuals 

(people who 1) adopt retired racing greyhounds, 2) engage in social media groups about 

greyhounds, 3) voluntarily fill out a long internet survey, and 4) likely are exposed to the 

same breed biases and expectations)—despite all of these factors, there was still a large 

amount of variation in the sociability scores, and though heritability was a significant 

predictor, it does not come close to fully explaining the behavior. Relatively speaking, 

heritability estimates this low is in line with comparable human studies that have 

calculated the heritability of complex social behaviors (McGue & Gottesman, 2015).  

In addition to the heritability and inbreeding results, our data were interesting in 

unexpected ways. For example, we did not anticipate that dog friendliness would 

positively correlate with human sociability measures. To our knowledge, this is a novel 

finding. Previous studies that have attempted to characterize canine behavior either 

through temperament tests (Mornement, Toukhsati, Coleman, & Bennett, 2009; 

Mornement, Coleman, Toukhsati, & Bennett, 2010), C-BARQ, or other surveys have 

related different aspects of canine-human sociability, such as playfulness and greeting 

behavior (Svartberg & Forkman, 2002), but none have reported on the relationship 

between interspecific sociability and intraspecific friendliness. Surprisingly little research 

has been done on the relationship between dog-dog interactions and the dog-human 

interactions. One study examined play topography and frequency and found that dog-dog 
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play was structurally different and motivationally distinct from dog-human play (Rooney, 

Bradshaw, & Robinson, 2000). The conclusion was that intraspecific play does not 

interfere with interspecific play. If and how these relationships interact would be 

interesting avenues for future research. 

From our results we can conclude that there is indeed an element of heritability in 

the owner-reported sociability of retired racing greyhounds. Whether heritability 

measures—additive genetic relationship between dogs and inbreeding coefficient within 

dogs—will predict other behavior phenotypes in this population is still unknown but is 

currently under investigation by our team. Furthermore, we cannot say whether or not, or 

to what extent, sociability may be heritable in other populations. Nevertheless, we have 

laid the groundwork for exciting new avenues in canine behavior and genetic science. 
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Appendix 
 
Section 1: Training and Obedience  

Some dogs are more obedient and trainable than others. By clicking on the appropriate 
choices, please indicate how trainable or obedient your dog has been in each of the 
following situations in the recent past. 

 (Never, Seldom, Sometimes, Usually, Always, Not Observed/Not Applicable) (Six 
boxes down sliding scale)       

1. When off the leash, returns immediately when called.   
2. Obeys the “sit” command immediately  
3. Obeys the “stay” command immediately  
4. Seems to attend/listen closely to everything you say or do.  
5. Slow to respond to correction or punishment; “thick-skinned”  
6. Slow to learn new tricks or tasks  
7. Easily distracted by interesting sights, sounds, or smells  
8. Will “fetch” or attempt to fetch sticks, balls, or objects  

Section 2: Aggression  

Some dogs display aggressive behavior from time to time. Typical signs of moderate 
aggression in dogs include barking, growling, and baring teeth. More serious aggression 
generally includes snapping, lunging, biting, or attempting to bite. By clicking, on the 
following scales, please indicate your own dog’s recent tendency to display aggressive 
behavior in each of the following contexts: 

 (No Aggression, Moderate Aggression, Serious Aggression) (Six checkboxes down 
sliding scale) 

9. When verbally corrected or punished (scolded, shouted at, etc.) by you or 
a household member  

10. When approached directly by an unfamiliar adult while being 
walked/exercised on a leash  

11. When approached directly by an unfamiliar child while being 
walked/exercised on a leash  

12. Toward unfamiliar persons approaching the dog while s/he is in your car 
(at the gas station, for example)  

13. When toys, bones, or other objects are taken away by a household member  
14. When bathed or groomed by a household member  
15. When an unfamiliar person approaches you or another member of your 

family at home  
16. When unfamiliar persons approach you or another member of your family 

away from your home  
17. When approached directly by a household member while s/he is eating  
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18. When mailmen or other delivery workers approach your home  
19. When his/her food is taken away by a household member  
20. When strangers walk past your home while your dog is outside or in the 

yard  
21. When an unfamiliar person tries to touch or pet the dog  
22. When joggers, cyclists, rollerbladers or skateboarders pass your home 

while your dog is outside or in the yard  
23. When approached directly by an unfamiliar male dog while being 

walked/exercised on a leash  
24. When approached directly by an unfamiliar female dog while being 

walked/exercised on a leash   
25. When stared at directly by a member of the household  
26. Toward unfamiliar dogs visiting your home  
27. Toward cats, squirrels, or other animals entering your yard  
28. Toward unfamiliar persons visiting your home  
29. When barked, growled, or lunged at by another (unfamiliar) dog   
30. When stepped over by a member of the household   
31. When you or a household member retrieves food or objects stolen by the 

dog  
32. Toward another (familiar) dog in your household  
33. When approached at a favorite resting/sleeping place by another (familiar) 

household dog  
34. When approached while eating by another (familiar) household dog  
35. When approached while playing with/chewing a favorite toy, bone, object, 

etc., by another (familiar) household dog  
Are there any other situations in which your dog is sometimes aggressive? If so, 
please describe briefly: 
_________________________________________________________________
_____  

Section 3: Fear and Anxiety 

 Dogs sometimes show signs of anxiety or fear when exposed to particular sounds, 
objects, persons, or situations. Typical signs of mild to moderate fear include: avoiding 
eye contact, avoidance of the feared object, crouching or cringing with tail lowered or 
tucked between the legs, whimpering and whining, freezing, and shaking and trembling. 
Extreme fear is characterized by exaggerated cowering, and/or vigorous attempts to 
escape, retreat or hide from the feared object, person, or situation. By clicking on the 
following scales, please indicate your own dog’s recent tendency to display fearful 
behavior in each of the following contexts: 

(No fear or anxiety, Mild-Moderate Fear or Anxiety, Extreme Fear) (Six boxes down 
sliding scale) 

36. When approached directly by an unfamiliar adult while away from your 
home  
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37. When approached directly by an unfamiliar child while away from your 
home  

38. In response to sudden or loud noises (e.g. vacuum cleaner, car backfire, 
road drills, objecs being dropped, etc.)  

39. When unfamiliar persons visit your home  
40. When an unfamiliar person tries to touch or pet the dog  
41. In heavy traffic  
42. In response to strange or unfamiliar objects on or near the sidewalk ( e.g. 

plastic trash bags, leaves, litter, flags flapping, etc.)  
43. When examined/treated by a veterinarian  
44. During thunderstorms, firework displays, or similar events  
45. When approached directly by an unfamiliar dog of the same or larger size  
46. When approached directly by an unfamiliar of smaller size  
47. When first exposed to unfamiliar situations (e.g. first car trip, first time in 

an elevator, first visit to veterinarian, etc.)  
48. In response to wind or wind blown objects  
49. When having nails clipped by a household member  
50. When groomed or bathed by a household member   
51. When having his/her feet toweled by a member of the household  
52. When unfamiliar dogs visit your home  
53. When barked, growled, or lunged at by an unfamiliar dog  

Section 4: Separation-related behavior  

Some dogs show signs of anxiety or abnormal behavior when left alone, even for 
relatively short periods of time. Thinking back over the recent past, how often has your 
own dog shown each of the following signs of separation-related behavior when left, or 
about to be left, on its own: 

(Never, Seldom, Sometimes, Usually, Always, Not Observed/Not Applicable) (Six boxes 
down sliding scale)   

54. Shaking, shivering, or trembling  
55. Excessive salivation  
56. Restlessness, agitation, or pacing  
57. Whining  
58. Barking  
59. Howling  
60. Chewing or scratching at doors, floors, windows, curtains, etc.  
61. Loss of appetite  

Section 5: Excitability   

Some dogs show relatively little reaction to sudden or potentially exciting events and 
disturbances in their environment, while others become highly excited at the slightest 
novelty. Signs of mild to moderate excitability include increased alertness, movement 
toward the source of novelty, and brief episodes of barking. Extreme excitability is 
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characterized by a general tendency to over-react. The excitable dog barks or yelps 
hysterically at the slightest disturbance, rushes toward and around any source of 
excitement, and is difficult to calm down. By clicking on the following scales, please 
indicate your own dog’s recent tendency to become excitable in each of the following 
contexts: 

(Calm, Mild-Moderate Excitability, Extremely Excitable) (Six boxes down sliding scale) 

62. When you or other members of the household come home after a brief 
absence  

63. When playing with you or other members of your household  
64. When doorbell rings  
65. Just before being taken for a walk  
66. Just before being taken on a car trip  
67. When visitors arrive at your home  
Are there any other situations in which your dog sometimes becomes over-excited? If 
so, please briefly describe: 
_______________________________________________________________  

Section 6: Attachment and Attention Seeking  

Most dogs are strongly attached to their people, and some demand a great deal of 
attention and affection from them. Thinking back over the recent past, how often has your 
dog shown each of the following signs of attachment or attention-seeking: 

(Never, Seldom, Sometimes, Usually, Always, Not Observed/Not Applicable) (Six boxes 
down sliding scale)   

68. Displays a strong attachment for one particular member of the household  
69. Tends to follow you (or other members of the household) about the house, 

from room to room  
70. Tends to sit close to, or in contact with, you (or others) when you are 

sitting down  
71. Tends to nudge, nuzzle, or paw you (or others) for attention when you are 

sitting down  
72. Becomes agitated (whines, jumps up, tries to intervene) when you (or 

others) show affection for another person  
73. Becomes agitated (whines, jumps up, tries to intervene) when you (or 

others) show affection for another dog or animal.  

Section 7: Miscellaneous   

Dogs display a wide range of miscellaneous behavior problems in addition to those 
already covered by this questionnaire. Thinking back over the recent past, please indicate 
how often your dog has shown any of the following behaviors:  

(Never, Seldom, Sometimes, Usually, Always, Not Observed/Not Applicable) (Six boxes 
down sliding scale) 
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74. Chases or would chase cats given the opportunity  
75. Chases or would chase birds given the opportunity   
76. Chases or would chase squirrels, rabbits, and other small animals given the 

opportunity  
77. Escapes or would escape from home or yard given the chance  
78. Rolls in animal droppings or other “smelly” substances  
79. Eats own or others animal’s droppings or feces  
80. Chews inappropriate objects  
81. “Mounts” objects, furniture, or people  
82. Begs persistently for food when people are eating  
83. Steals food  
84. Nervous or frightened on stairs  
85. Pulls excessively hard when on the leash  
86. Urinates against objects/furnishings in your home  
87. Urinates when approached, petted, handled, or picked up  
88. Urinates when left alone at night, or during the daytime  
89. Defecates when left alone at night, or during the daytime  
90. Hyperactive, restless, has trouble settling down  
91. Playful, puppyish, boisterous  
92. Active, energetic, always on the go  
93. Stares intently at nothing visible  
94. Snaps at (invisible) flies  
95. Chases own tail/hind end  
96. Chases/ follows shadows, light spots, etc.  
97. Barks persistently when alarmed or excited  
98. Licks him/herself excessively  
99. Licks people or objects excessively  
100. Displays other bizarre, strange, or repetitive behavior(s). Please briefly 

describe:  
_______________________________________________________________________

_  

 
Dog ADHD (Never, Sometimes, Often, Very Often)  

1. Your dog has a difficult time learning, because it is careless or other things can 
easily attract its attention.  

2. It’s easy to attract its attention, but it loses its interest soon.  

3. It’s difficult for it to concentrate on a task or play.  

4. It leaves from its place when it should stay.  

5. It cannot be quiet, it cannot be easily calmed.  
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6. It fidgets all the time.  

7. It seems that it doesn’t listen even if it knows that someone is speaking to it.  

8. It is excessive, difficult to control, if it lunges it is hard to hold back  

9. It would always play and run  

10. It solves simple tasks easily, but it often has difficulties with complicate tasks, 
even if it knows them and has practiced them often.  

11. It is likely to react hastily and that’s why it is failing tasks.  

12. Its attention can be easily distracted  

13. It cannot wait as in it has no self-control  
Svartberg Questions 
 
Eager to play with family members  
Eager to play with strangers  
Retrieves play objects and initiates play  
Eager to play with other male dogs  
Eager to play with other female dogs  
Enjoys play-wrestling  
Quick to respond to other dogs play invitations  
Enjoys tug-of-war with familiar persons  
Eager to run after thrown balls  
Loves being the center for attention  
Greets visiting adults in a friendly manner  
Greets visiting children in a friendly manner  
Greets visiting dogs in a friendly manner  
Eager to approach adults away from home in a friendly manner  
Eager to approach children away from home in a friendly manner  
Eager to approach dogs away from home in a friendly manner  
Enjoys being petted by strangers 
 
 
Salvin Questions 
*Number in parentheses indicates score assigned , >50 is threshold  
(1)Never (2)Once a Month (3)Once a Week (4)Once a Day (5)>Once a Day  
 
How often does your dog pace up and down, walk in circles and/or wander with no 
direction or 
purpose? 
How often does your dog stare blankly at the walls or floor? 
How often does your dog get stuck behind objects and is unable to get around?  
How often does your dog fail to recognise familiar people or pets?  
How often does your dog walk into walls or doors?  
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How often does your dog walk away while, or avoid, being patted?  
 
(1)Never 1–30% of times (2)31–60% of times(3) 61–99% of times (4)Always 
How often does your dog have difficulty finding food dropped on the floor? 
 
(1)Much less (2)Slightly less (3)The same (4)Slightly more (5)Much more 
 
Compared with 6 months ago, does your dog now pace up and down, walk in circles 
and/or wander with no direction or purpose? 
Compared with 6 months ago, does your dog now stare blankly at the walls or floor  
Compared with 6 months ago, does your dog urinate or defecate in an area it has 
previously kept clean (if your dog has never house-soiled, tick ‘the same’) 
Compared with 6 months ago, does your dog have difficulty finding food dropped on the 
floor? 
Compare with 6 months ago, does your dog fail to recognise familiar people or pets ? 
 
 
 
(1)Much more  (2)Slightly more (3)The same (4)Slightly less (5)Much less 
 
Compared with 6 months ago, is the amount of time your dog spends active 
 
 


