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A B S T R A C T

Two experiments were conducted to assess the influence of human attentional state, population, and human
familiarity on domestic cat sociability. Sociability behaviors included duration of time in proximity and contact
with the human and the frequency of meow vocalizations. Human attentional state influenced cat behavior, with
cats spending significantly more time in proximity with the attentive human in both the pet (U(22)=389, Z =
-2.72, P = 0.007) and shelter groups (F(44)= 15.34, P= 0.0003). Cat population influenced sociability and
shelter cats spent more time in proximity with the inattentive unfamiliar human as compared to pet cats (U(44)
= 91, Z = 3.8, P = 0.0001) Additionally compared to pet cats, more individuals in the shelter cat group
meowed at least once during the unfamiliar human inattentive phase (Fisher’s exact test, P= 0.02). Human
familiarity did not significantly influence pet cat sociability behaviors. Overall, a wide range of sociability scores
was seen, indicating individual variation is an important consideration in cat social behavior. Future research in
this area will predict conditions under which strong cat-human bonds form and establish a more comprehensive
scientific understanding of cat behavior.

1. Introduction

Despite the popularity of the domestic cat, surprisingly little is
known about cat social behavior or factors influencing the human-cat
relationship (Vitale Shreve and Udell, 2015). The lack of research in
this field may be due in part to a common misconception that cats are
not a social species (Spotte, 2014). Although many think of cats as
solitary, domestic cats are facultatively social and can live either so-
cially or solitarily, depending on their environment and upbringing
(Leyhausen, 1988; Bradshaw and Cameron-Beaumont, 2000; Turner,
2014). Domestic cats display a wide array of social behaviors with
conspecifics and interact non-randomly with “preferred associates”
(Wolfe, 2001; Curtis et al., 2003; Crowell-Davis et al., 2004) and with
humans (Edwards et al., 2007; Vitale Shreve and Udell, 2015).

Sociability is often considered an important dimension of an ani-
mal’s personality (Gosling and John, 1999) and can be defined as the
tendency of an individual to interact with others (Capitanio, 2002).
Sociability is characterized by seeking and maintaining proximity and
contact with other individuals (Gosling and John, 1999; Barrera et al.,
2010). Sociability is a trait of extraversion, a larger personality di-
mension described by factors such as sociable and outgoing behavior,
boldness, and high activity levels (Gosling and John, 1999). In domestic
cats, outgoing, sociable, and active personality traits have been

identified (Gosling and John, 1999; Vitale Shreve and Udell, 2015).
Although sociability has been studied in many mammalian species (for
a review see Gosling and John, 1999), the majority of this research has
examined sociability between conspecifics. Interspecies sociability has
been less studied, with most of the research that does exist focusing on
the domestic dog-human relationship (Udell et al., 2010). Research has
examined some aspects of cat behavior that may impact sociability -
including socialization, personality, and sensitivity to cues (for review
see Vitale Shreve and Udell, 2015), however further research on cat
social behavior, specifically cat sociability, may prove to be equally
important to understanding cats’ success in human homes and other
human-controlled environments.

Several factors may be important in shaping animal sociability, or
the creation of a new behavior through gradual reinforcement of be-
haviors under various social contexts (Powell et al., 2012). Lifetime
factors which may be important in shaping cat social behavior include
the attentional state of the individual the cat is interacting with, the
animal’s population, and the cat’s familiarity to the individual. For
example, several species including the domestic dog (Udell et al., 2010;
Barrera et al., 2010), the domestic pig (Nawroth et al., 2013), jackdaws
(von Bayern and Emery, 2009), and several species of nonhuman pri-
mates (Poss et al., 2006; Maille et al., 2012; Defolie et al., 2015) have
been shown to discriminate between human attentional states
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(attentive vs. inattentive) and modify their behavior in response. In
some cases, attentional state has been found to have a direct impact on
sociability. Barrera et al. (2010) found dogs spent significantly more
time in proximity to an attentive human, who actively sought their
attention, over an inactive human. Ito et al. (2016) found that cats
approach and engage in begging behavior significantly more toward an
attentive human that provided both visual and auditory cues. Ad-
ditionally, a study with socially living laboratory colony cats found cats
displayed more social behaviors such as head rubbing and play beha-
vior to the unfamiliar interactive human over an unfamiliar passive
human (Mertens and Turner, 1988).

Individuals in different populations may have distinctive life ex-
periences, which can influence their behavior in sociability tests. For
example, Barrera et al. (2010) conducted sociability tests with pet and
shelter dogs. The researchers found, on average, shelter dogs spent
significantly more time in proximity to an unfamiliar passive human
than did pet dogs, suggesting different social tendencies across these
two populations. This is consistent with other research suggesting that
reduced opportunity to interact with humans, or the absence of a
bonded attachment figure, may result in greater generalized proximity-
seeking or sociability towards humans, including unfamiliar individuals
(Gácsi et al., 2001). Research with cats has found that groups of cats
with varying levels of socialization display different social behavior
toward humans (Collard, 1967). However, to date no research has ex-
amined how human directed sociability differs between cats living in
different populations.

Research with mammals, including cats, has also indicated that fa-
miliarity between conspecifics influences social interactions, with more
familiar individuals typically displaying more affiliative and proximity-
seeking behaviors and less aggressive behaviors towards one another
(Barry and Crowell-Davis, 1999; Curtis et al., 2003; Færevik et al.,
2007; Ancillotto and Russo, 2014). Research exploring interspecies in-
teractions indicates that some mammals (Davis et al., 1997; Boivin
et al., 1998; Győri et al., 2010; Cunningham and Ramos, 2014), in-
cluding cats (Collard, 1967; Edwards et al., 2007; Galvan and Vonk,
2016), can discriminate familiar from unfamiliar humans and often
display a preference for the familiar human, however not all studies
have found evidence of preferential behavior toward a familiar human
(Podberscek et al., 1991; Potter and Mills, 2015). Research has found
that when presented with a stranger’s voice and the owner’s voice, cats
display a significantly higher orienting response (movement of ears and
head) to their owner’s voice (Saito and Shinozuka, 2013). Similar to
humans (Baun et al., 1984) and dogs (Astrup et al., 1979), one study
found the blood pressure of cats increased significantly when presented
with a bonded individual, potentially indicating excitement for inter-
action or expectation for further rewards due to past reinforcement
(Slingerland et al., 2008).

The aims of the present study were to characterize average and
individual patterns of sociability displayed by both pet cats and those
living in an animal shelter, and to evaluate factors (environment,
human attentional state, and familiarity) that might influence social
behavior towards humans. Two experiments were undertaken to eval-
uate three specific factors that were predicted to influence cat socia-
bility. Experiment 1 utilized methodology similar to that of Barrera
et al. (2010) to examine the influence of human attentional state (in-
attentive or attentive) and cat population (pet vs. shelter) on proximity-
seeking and contact behavior as well as meow vocalizations toward an
unfamiliar experimenter. Experiment 2 evaluated the influence of
human familiarity on pet cat sociability by presenting pet cats with a
familiar human in addition to a stranger, as done in Experiment 1.

It was predicted that if cats are sensitive to human cues, cats would
show greater sociability and engage in more meow vocalizations in the
attentive phase as compared with the inattentive phase (Mertens and
Turner, 1988). Additionally, as in research conducted with dogs
(Barrera et al., 2010), shelter cats were expected to display a greater
amount of sociable behaviors towards the unfamiliar human than pet

cats. Finally, consistent with literature indicating familiar individuals
display increased proximity-seeking behavior, pet cats were expected to
display more sociable behaviors (greater proximity-seeking and con-
tact) towards their owner over an unfamiliar individual.

2. Methods

2.1. Subjects

Pet cats included individuals living with a primary caretaker in a
human home. Twenty-three mixed-breed adult pet cats were tested in a
small familiar room of the owner’s home. Pet cats ranged in age from 2
to 16.5 years old (mean=6.2, SD=3.7) and were mixed sex, with 13
males and 10 females all neutered. Pet cats lived both singly and in
multi-cat households. Pet cats were found via recruitment materials
(online, fliers) and via word of mouth. Shelter cats included individuals
that had no primary caregiver (or had recently lost their owner), un-
dergone the shelter’s intake procedure (veterinary assessment), and
were currently living in the shelter environment. Experience in the
shelter environment may include more constant exposure to unfamiliar
stimuli (people, toys, bedding, examination rooms, cages, etc.) com-
pared to pet cats. Twenty-three mixed-breed adult shelter cats were
tested in a small unfamiliar room at the Heartland Humane Society, in
Corvallis, OR. Shelter cats ranged in age from 1 to 12 years old
(mean= 5.6, SD=3.5) and were mixed sex, with 12 males and 11
females all neutered. At the time of testing, the length of stay for shelter
cats ranged from 3 days to 455 days (mean=100.09 days,
SD=109.52). Shelter cats were pseudo-randomly chosen from cages
with only the sex and age of the cat considered for consistency with the
pet population. Shelter cats lived both singly and in multi-cat cages. Of
the shelter cats tested, 34.8% (8/23) were strays, 30.4% (7/23) were
surrendered by their owner to the shelter, 30.4% (7/23) were adopted
from the shelter and returned, and 4.4% (1/23) came from a hoarding
situation.

2.2. Room setup

Each testing room had a 1m radius circle marking of tape with an X
in the center. Although the size of the testing room varied, all rooms
were big enough so the cat had space to explore and sit outside of the
circle away from the human. A video camera (Sony Handycam, HDR-
CX405) was attached to a tripod and set in the corner of the room to
videotape interactions.

2.3. Petting protocol

Two petting protocols were utilized to reflect differing levels of
human attentional state. For the inattentive phase, a limited petting
protocol was utilized (similar to Barrera et al., 2010) and for the at-
tentive phase, a free interaction petting protocol was used to help
match the cat’s normal expectation for attentive interactions (Ellis
et al., 2015). The human was either a stranger to the cat (Experiment 1)
or the familiar owner of the cat (Experiment 2).

2.3.1. Inattentive phase
After the cat was placed in the room, the human entered, sat on the

floor in the center of the circle and remained quiet, ignoring the cat and
looking at the floor. If the cat came within the circle (at least two paws
inside the circle), the person could pet the subject twice but could never
vocalize to the cat and always had to look at the floor. If the cat left the
circle and came back the human could again pet twice, but no other
interaction was allowed.

2.3.2. Attentive phase
The human could now interact freely with the cat by calling the cat

by name and trying to make contact with it (keep cat’s attention and
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keep cat within the circle to be pet without restraining the cat) for as
much of the 2min as possible. If the cat moved out of reach, the person
could continue to attract the cat’s attention but the person could never
get up or leave the middle of the circle.

2.4. Experiment 1 procedure

Cats were transported to the testing room and placed outside of the
circle. Shelter cats were allowed 1-min of habituation time since their
testing room was unfamiliar. All cats were only tested with the proce-
dure once. The sex of the unfamiliar human was held constant and was
always a female aged between 20–30 years old.

2.5. Experiment 2 procedure

Immediately following Experiment 1, pet cats underwent two ad-
ditional phases with their owner. Shelter cats did not participate in
Experiment 2 due to the lack of a primary owner/caretaker.

2.6. Data analysis

Behaviors were coded from video using the program JWatcher, 1.0
(Blumstein et al., 2000). We coded the proportion of time the cat spent
in proximity to the human (inside the circle/within 1m), the proportion
of time the human and cat were in physical contact with one another,
and the frequency of meow vocalizations. Meow vocalizations were
characterized by an initial nasal sound and a long “a” vowel series
(“aou” as in Father, as described by Moelk 1944). To calculate inter-
observer reliability, 85% of videos were double-coded. An 8% range of
tolerance was applied for the time spent in proximity and contact with
the human. An inter-observer reliability score of was 95% was calcu-
lated for time spent in proximity, a score of 89% was calculated for time
spent in human-cat contact, and an agreement score of 89% was cal-
culated for the frequency of meows.

All data were non-normal (Shapiro-Wilk all P < 0.05) except the
shelter cat data on proximity to the unfamiliar human (Shapiro-Wilk P
= 0.11). Normal data were analyzed using a one-way ANOVA in R
(Hartmann, 1977; R Development Core Team, 2013). Non-normal data
were analyzed with a two-tailed Mann-Whitney U test in the Vassar-
Stats program. In addition to looking at average differences with Mann-
Whitney tests, differences between individuals were also examined for
the proximity data and vocalization data using a two-tailed Fisher’s
exact test. For the Fisher’s test, 2× 2 contingency tables were analyzed
by grouping cats by percent of time spent in the circle with the human
(0–49%, 50–100%) for the proximity data and by whether or not the cat
meowed at least once during the 2-min session (0, 1) for the meow data.
All statistical tests had an alpha level of (P<0.05).

3. Results

3.1. Experiment 1: sociability towards an unfamiliar human

3.1.1. Attentional state
The influence of human attentional state in both pet and shelter cats

was examined. For pet cats, attentional state influenced the average
time spent in proximity to the unfamiliar human, as seen in Fig. 1. As
determined by the Mann-Whitney U test, pet cats spent more time in
proximity to the unfamiliar human when they were attentive to the cat,
U(22)= 389, Z = -2.72, P= 0.007. This finding was supported by the
individual data, with more individual pet cats spending at least 50% of
the time in proximity to the attentive unfamiliar human (Fisher’s Exact
Test, P= 0.001) when compared to cats in the inattentive phase. At-
tentional state also influenced the average time spent in contact be-
tween the pet cat and unfamiliar human. Pet cat-human dyads spent
more time in contact in the attentive phase, U(22) = 394, Z = -2.83,
P= 0.005. However, as seen in Fig. 2, human attentional state did not

influence the average frequency of pet cat meow vocalizations to the
unfamiliar human, U(22) = 284, Z = -0.42, P= 0.68. There was also
no influence of attentional state on whether pet cats meowed at least
once during the session to the unfamiliar human (Fisher’s Exact Test, P
= 0.54).

Attentional state also significantly influenced shelter cat behavior.
As determined by one-way ANOVA, shelter cats spent significantly
more time on average in proximity to the attentive unfamiliar human as
compared to the inattentive human, F(44)= 15.34, P = 0.0003. The
same held true for shelter cat-human contact, with dyads in contact
significantly more in the attentive phase, F(44)= 25.18, P= 0.000009.
Similar to pet cats, attentional state did not significantly influence
whether individual shelter cats meowed at least once to the unfamiliar
human (Fisher’s Exact Test, P = 0.24). Additionally, on average shelter
cats displayed a trend toward meowing more to the unfamiliar human
during the inattentive phase as compared to the attentive phase, U

Fig. 1. The proportion of time pet and shelter cats spent in proximity to the
human in the inattentive (white bars) and attentive (gray bars) phases. Each dot
represents an individual cat. * P < 0.05.

Fig. 2. The frequency of meow vocalizations pet and shelter cats produced in
the unfamiliar human inattentive (white bars) and attentive (gray bars) phases.
Each dot represents an individual cat.
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(22)= 176, Z=1.93, P= 0.05.

3.1.2. Population comparison
To explore the influence of lifetime experience, two populations of

cats, pet and shelter cats, were compared to one another in their be-
havior with the unfamiliar human. There were significant differences
between the pet and shelter cats in the time spent in proximity to the
unfamiliar human. Shelter cats spent significantly more time on average
than pet cats in proximity to the inattentive human, U(44)= 91,
Z=3.8, P= 0.0001. However, there was no significant difference in
the average time shelter and pet cats spent in proximity to the un-
familiar attentive human, U(44) = 181, Z = 1.82, P= 0.07. Again,
these findings are mirrored in the individual data. More shelter cats
spent at least 50% of the time in proximity to the inattentive human as
compared to pet cats in this condition (Fisher’s exact test, P= 0.003),
however there was no significant difference between shelter and pet
cats in the attentive phase (Fisher’s exact test, P = 0.1075).

Shelter cats spent significantly more time than pet cats in contact
with the inattentive human, U(44)= 106, Z=3.47, P= 0.0005 but
again there was no difference in the attentive phase, U(44) = 208.5, Z
= 1.22, P= 0.22. Finally, there was no between-subject difference in
average meow frequency between the pet and shelter cats for either the
inattentive, U(44) = 189, Z = 1.65, P= 0.09 or attentive human U
(44) = 268.5, Z = -0.08, P= 0.94. However, compared to pet cats,
more individuals in the shelter cat group meowed at least once during
the inattentive phase (Fisher’s exact test, P= 0.02), however there was
no difference in the attentive phase (Fisher’s exact test, P= 1).

Shelter cat data were also analyzed to examine if length of time
living in the shelter environment was correlated with the proportion of
time spent in proximity to the human or the frequency of meow vo-
calizations produced. Because data were skewed toward shorter lengths
of stay at the shelter, one outlying individual was removed from ana-
lysis (length of stay 455 days) leaving 22 individuals. As seen in
Table 1, there was no strong correlation between length of stay on
proximity-seeking behavior in either phase or vocalization in the at-
tentive phase. However, meow vocalizations in the inattentive phase
were moderately correlated with length of stay (0.52), with more
meows produced the longer a cat has been in the shelter.

3.2. Experiment 2: pet cat sociability towards a familiar human

3.2.1. Attentional state of owner
Similar to the findings with the unfamiliar human and as seen in

Fig. 1, attentional state influenced the average time spent in proximity
to the owner. Pet cats spent more time in proximity to familiar human
when the owner was attentive to the cat, U(22)= 377, Z = -2.46,
P=0.01. This was supported by the individual data, with more in-
dividual cats spending at least 50% of the time in proximity to the at-
tentive owner (Fisher’s Exact Test, P=0.01) when compared to pet cats
in the inattentive phase.

3.2.2. Influence of familiarity
Human familiarity did not significantly influence the proportion of

time pet cats spent in proximity to the human. There were no average
differences between the unfamiliar and familiar groups in either the

inattentive (U(22)= 263, Z=0.02, P= 0.98) or attentive phase (U
(22) = 281, Z = -0.35, P= 0.73). This was mirrored by the individual
data, with no difference in the number of individual cats spending at
least 50% of time in proximity to the unfamiliar or familiar human in
either the inattentive (Fisher’s Exact Test, P= 0.67) or attentive phase
(Fisher’s Exact Test, P= 0.67). There was also no influence of human
familiarity on the proportion of time pet cats and humans spent in
contact with one another. There were no significant average differences
between the unfamiliar and familiar groups in either the inattentive (U
(22) = 284, Z = -0.42, P= 0.68) or attentive phase (U(22) = 276.5, Z
= -0.25, P= 0.80). Finally, human familiarity did not significantly
influence the frequency of meows. There were no average differences
between the frequency of meows for unfamiliar and familiar groups in
either the inattentive (U(22) = 267.5, Z = -0.05, P= 0.96) or atten-
tive phase (U(22) = 256, Z = 0.18, P= 0.86) and no significant dif-
ference between individuals as to whether or not the cat meowed at
least once during the session in the inattentive (Fisher’s Exact Test, P =
1) or attentive phase (Fisher’s Exact Test, P = 0.76).

4. Discussion

4.1. Attentional state

As predicted, attentional state influenced the social behavior of cats.
Pet and shelter cats spent significantly more time in proximity and
contact to the human during the attentive phase. These findings are
aligned with research in other species including pigs, birds, primates
and canines, where social behavior (such as proximity-seeking, ap-
proach behavior, and communicative behaviors) increased in response
to the human’s attentive state (Poss et al., 2006; von Bayern and Emery,
2009; Udell et al., 2010; Barrera et al., 2010; Maille et al., 2012;
Nawroth et al., 2013; Defolie et al., 2015). This finding is also sup-
ported by the work of Ito et al. (2016) that found cats approach and beg
from humans providing attentive visual and auditory cues and that of
Mertens and Turner (1988) who found colony cats exposed to an un-
familiar human, who was either reading a book and ignoring the cat or
interacting freely, displayed more head rubbing and play behavior
during the attentive phase. These findings indicate that like other
species, cats have the ability discriminate human attentional state and
modify their behavior in response.

It is not surprising cats modify their behavior in response to human
attentional state since research indicates cats are sensitive to many
human cues (for a review see Vitale Shreve and Udell, 2015) including
pointing gestures (Miklósi et al., 2005), human emotions (Merola et al.,
2015), human mood (Rieger and Turner, 1999; Turner and Rieger,
2001), and human vocalizations (Saito and Shinozuka, 2013). There
also seems to be an interactive effect on the ability of cats to pick up on
human cues. Galvan and Vonk (2016) found that although cats were
only modestly sensitive to emotional cues, they responded most to their
owner’s happy emotional cues over an unfamiliar human’s happy cues
and cats spent significantly more time in contact with their owner in the
positive condition but not with the unfamiliar human, indicating fa-
miliarity and attentional state may be related. Overall, the ability to
follow human cues has likely contributed to the cat’s success in human
homes, as seen with the domestic dog (Udell et al., 2010). Future re-
search should continue to examine the influence of human attentional
state on other aspects of the human-cat relationship, including engaging
in forbidden behaviors in the presence of an inattentive or attentive
human, as has been conducted with the domestic dog (Udell et al.,
2010).

4.2. Population

As predicted, pet and shelter cats differed in their degree of socia-
bility towards an unfamiliar human. Shelter cats spent more time in
proximity to the unfamiliar human in the inattentive phase as

Table 1
Factor analysis examining correlation of length of time living in shelter with
time spent in proximity to the human and the frequency of meow vocalizations
in each Phase. N= 22.

Behavior Phase Pearson Correlation

Proximity Seeking UI 0.05
UA 0.01

Meow Vocalization UI 0.52
UA −0.11
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compared to pet cats, both on average and at the individual level.
However, a significant difference was not detected during the attentive
phase. These findings match those reported by Barrera et al. (2010)
who found shelter dogs remained near an unfamiliar passive human for
longer periods of time than pet dogs. Just as in the current study, no
difference between shelter and pet dogs were found when the un-
familiar human was attentive. These results may indicate that both
shelter dogs and shelter cats have greater motivation to seek social
proximity with any human, even if the human is inattentive and the
animal does not have an attachment bond with the human. Alter-
natively, shelter animals may be exposed more frequently to unfamiliar
humans than pet animals and may therefore have a richer reinforce-
ment history of interacting with unfamiliar humans, making them more
likely to spend time near novel humans as compared to pet animals.

In an applied sense, the results on population differences are par-
ticularly relevant to animal shelters. Compared to pet cats, more in-
dividuals in the shelter group meowed at least once during the in-
attentive phase and shelter cats also displayed a trend of meowing more
frequently on average when the human was inattentive to them.
Although meows were considered a sociable behavior and were pre-
dicted to increase in the attentive state, meows may actually serve as an
attention-getting behavior. Therefore, meows could serve as a signal to
shelter workers that the cat may be soliciting for human attention.
These data, coupled with prior research that indicated cats surrendered
by owners are more stressed than stray cats (Dybdall et al., 2007),
might be used to inform interaction protocols for shelter cats. For ex-
ample, more opportunities for cat-shelter volunteer interaction could
potentially increase cat sociability and decrease stress (Coppola et al.,
2006). Future research should be conducted to evaluate these factors
and how they might influence adoption success.

It is possible differences in the testing environment itself may have
influenced performance on sociability tests. The two populations of cats
were tested in locations differing in familiarity to each subject. Pet cats
were tested in their home while shelter cats were tested in an unfamiliar
room in the shelter. Because cats living in shelters are often confined to
cages, testing in a familiar room was not possible for this population.
However, these data suggest the habituation time to the unfamiliar
room was sufficient since shelter cats displayed a similar sensitivity to
cues of attention and inattention as pet cats and that shelter cats also
display high levels of sociability. However, future research should
further explore how the testing environment influences sociability be-
haviors in different populations of cats.

4.3. Familiarity

Although we predicted pet cats would display more sociable beha-
viors towards their owner over an unfamiliar individual, pet cats did
not spend significantly more time in proximity to or in contact with
their owners. There was also no difference in the use of meow vocali-
zations when in the presence of the owner vs. stranger. These findings
are aligned with previous research by Ellis et al. (2015) who found no
significant difference in the display of affiliative behaviors by cats to-
ward a familiar or unfamiliar human. Interestingly, Ellis et al. found an
increase in negative behavioral responses toward the familiar handler.
However, unlike the present study, Ellis et al. standardized the petting
protocol in terms of location of petting on the cat’s body, duration of
petting, and petting style. Ellis et al. suggest this standardized petting
may differ from the owner’s typical petting style, which may not match
the cat’s normal expectation for interactions with the owner. This may
have led to an increase in negative behaviors related to frustration to-
wards the owner (Falk, 1971; Heath, 2009; Ellis et al., 2015). Therefore,
the present study allowed both the stranger and owner to freely interact
in the attentive state (petting and vocalizing), thereby meeting the cat’s
expectations for typical interactions with their owner. However, this
methodology also presents a potential issue since the strength or fre-
quency of attentive behaviors may differ between people. For example,

some of the strangers may have called the cat more loudly and more
frequently than the owner, which could have led to individual differ-
ences that were a product of the dyad and not the cat alone. Future
research should consider the potential benefits and disadvantages of
employing different interaction protocols depending on the aim of the
study. Research can also examine if the direction of the behavior in-
fluences the cat’s behavior. For example, employing a condition in
which a human is not attentive to the cat but is still vocalizing (such as
talking on a cell phone) would provide more information on the con-
ditions under which cat social behavior is modified.

On average sociable behaviors displayed by cats did not appear to
significantly differ between the unfamiliar human or owner. On the
surface this finding may appear to suggest cats do not display pre-
ferential behavior toward their owners over strangers. However, a
careful look at the individual data would suggest that it is instead more
likely some cats have a strong preference for their owners (Edwards
et al., 2007), while others display less of a preference or no preference
at all (Potter and Mills, 2015). In other words, as seen in Fig. 1, there is
a significant amount of individual variability in preference for the
stranger or owner among cats. Another important consideration is the
current study only examined one facet of pet cat attachment behavior,
proximity-seeking behavior. It should be noted that, even in humans,
preferential proximity-seeking towards a primary attachment figure
typically does not extend into adulthood. In human children exclusive
preference for a parent typically occurs for a short period of time
sometime prior to 18 months of age, however the formation of ongoing
attachments to new people are common after this time (Schaffer and
Emerson, 1964). Therefore, other behavioral patterns related to cat-
human attachment need further exploration. In fact, pioneers of at-
tachment theory, Ainsworth and Bowlby (1991) state in response to
attachment in human infants, “Indications that an attachment had
clearly been formed were distress and following when separation oc-
curred or threatened, and forms of greeting when mother returned from
an absence”. It appears that distress during separation and the existence
of the secure base effect are clear indicators of attachment alone
(Bowlby, 1973). Future research should examine the existence of secure
base behaviors (balance of proximity-seeking and exploration behaviors
following a potentially distressing experience) and different attachment
styles in response to their owner compared to a stranger (Ainsworth and
Bell, 1970). In all, the observed social diversity in pet cats may be re-
lated to the facultative quality of cats’ social repertoire (Turner, 2014)
or may relate more generally to the malleable nature of attachment
bonds.

Additionally, novel situations or objects can also influence an ani-
mal’s behavior, with some animals being more likely to approach and
investigate novel objects, such as the unfamiliar human (Waiblinger
et al., 2003), as seen in prior research with colony cats (Podberscek
et al., 1991). In the present study, the order of humans (unfamiliar first,
familiar second) was held constant to compare pet and shelter groups to
one another, something that may have also been a factor. Future re-
search should build off these findings and counterbalance the order of
humans to determine if the novelty of presenting the stranger first in-
fluences cat social behavior. Additionally, further research can compare
the sociability of cats toward their owner and a less novel individual,
such as a familiar human that is not their owner. The blood pressure
rates of cats are significantly higher when presented with a bonded
human (Slingerland et al., 2008), as seen with dogs and humans (Astrup
et al., 1979; Baun et al., 1984). Therefore, although there was no ob-
servable difference in the social behaviors displayed to either the un-
familiar or familiar human, a physiological influence may occur, such
changes in cortisol (Coppola et al., 2006; Handlin et al., 2011) or
oxytocin levels (Handlin et al., 2011; Thielke and Udell, 2015). Finally,
as Saito and Shinozuka (2013) found, cats typically respond to their
owner’s voice with an orienting response instead of an approach re-
sponse, therefore behaviors such as movement of the cat’s head or ears
may also be useful measures of the cat-human bond. Future research
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should continue to examine both physiological effects and observable
behaviors to determine the extent to which human familiarity influ-
ences cat behavior. Finally, the fact that cats display a large range of
individual variation in their sociability, as seen in other cat research
(Feaver et al., 1986; Turner et al., 1986), likely indicates that other
factors, such as lifetime experience and individual predispositions or cat
personality, may influence cat sociability. For example, kittens between
2–16 weeks old that have received frequent handling by an unfamiliar
human display a reduction of distress and flight behavior in the pre-
sence of novel humans, indicating socialization to unfamiliar humans is
necessary to shape sociability later on in life (Lowe and Bradshaw,
2002; for review see Vitale Shreve and Udell, 2015). Future research
should investigate the influence of other life experiences, such as so-
cialization or training, on an individual cat’s sociability and preference
for their owner to determine other factors influencing the human-cat
relationship.

5. Conclusion

Together, this body of research indicates domestic cats cat detect
human attentional state and modify their behavior in response, de-
monstrating they are sensitive to human social cues and tend to be more
social when presented with an attentive human. Additionally, the po-
pulation of the cat, either living in a home or shelter environment, can
influence cat sociability, with shelter cats spending more time with
humans despite the human’s inattentive behavior or the cat’s bond to
that human.

Potter and Mills (2015) have suggested cat sociality exists on a
continuum but may perhaps be skewed toward independency. Although
we have found that indeed a wide range of individual variation exists in
domestic cats, we have not necessarily seen this bias toward in-
dependence, especially in the shelter cat data where the mean pro-
portion of time spent in proximity to the unfamiliar human was 0.47 in
the inattentive and 0.75 in the attentive phase. Indeed, recent research
examining individual cat preference for various stimuli found the ma-
jority of cats (50%) most-preferred social interaction with a human,
with the next most-preferred item category being food (37%), followed
by toys (11%), and then scent stimuli (2%) (Vitale Shreve et al., 2017).
Therefore, we suggest that as facultatively social animals cats display
much flexibility in their social behavior, with life experience - such as
their environment and upbringing, playing a large role in shaping their
sociability.

In respect to cat sociability and factors influencing the cat-human
bond, many questions still remain unanswered (Vitale Shreve and
Udell, 2015, 2017). Future research will continue to shed light on our
scientific understanding of the domestic cat and ways to utilize this
knowledge to increase cat welfare and the cat-human bond.
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