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The domestic cat is one of the world’s most popular companion animals. However, to
date much remains to be learned about cat behavior and the cat-human relationship. To examine
the influence of proximate factors on cat behavior and the human-cat bond, three studies were
undertaken. Study 1 directly measured the sociability of pet and shelter cats. Cats were presented
with their owner and a stranger who were either inattentive or attentive to the cat. Results
indicate adult cats can detect human attentional states and modify their behavior in response,
demonstrating they are sensitive to human social cues and tend to be more social when presented
with an attentive human. Additionally, the population of the cat, either living in a home or shelter
environment, can influence cat sociability. Shelter cats spend more time with humans despite
human inattentive behavior or the lack of a preexisting bond. Study 2 examined if participation
in a 6-week kitten training and socialization class influenced kitten behavior, cognition, or the
kitten-owner bond. Five 6-week long classes were offered to a total of 50 kittens, aged 3 – 8
months old. The behavior of the kittens was measured on several cognitive tests prior to and
following involvement in the class. Class kittens were also compared to a group of 50 control
kittens of the same age that did not participate in training classes. Cognitive tests included a
sociability, social referencing, cognitive bias, and secure base test. Owners were provided with
the Lexington Attachment to Pets Scale to examine attachment from the human perspective.
Results indicate that following the training and socialization class, kittens significantly altered
their sociability in response to their owner’s attentional state, spending more time with the

attentive owner. However, control kittens lacking the training and socialization experience, did
not significantly alter their behavior in response to owners’ attentional state. Additionally, class
kittens persisted in completing the cognitive bias test over time while control kittens displayed a
decrease in task persistence at follow-up testing. This may indicate training and socialization
helps maintain motivation and task persistence over time. Attachment results indicate the
existence of secure, insecure-ambivalent, and insecure-avoidant attachment styles in kittens.
Attachment styles were relatively stable for kitten-human dyads, with 87% of kittens having the
same style at both testing sessions. The training course itself was well attended and successful. It
appears to suggest interest from the general public in participating in kitten training and
socialization opportunities when they are made available. The aim of Study 3 was to examine
individual cat preferences within and between items in human social, food, scent, and toy
categories in two populations of cats. Results indicated there was no significant difference
between the preferences of pet and shelter cats. In all, cats displayed a great deal of individuality
in their preference for different stimuli. However, the majority of cats most preferred human
social stimuli, followed next by a preference for food, then toys, and finally scent items. Overall,
the research presented in this project indicates proximate factors such as a human’s attentional
state, kitten training and socialization classes, and the housing environment can significantly
influence cat behavior. However, the individuality of the cat is still one of the most important
factors influencing cat behavior. In all, this research provides additional evidence of the flexible
social relationship between cat and human.

© Copyright by Kristyn R. Vitale
June 4, 2018
All Rights Reserved

Proximate Factors Influencing Cat Behavior, Cognition and The Human-Cat Bond
by
Kristyn R. Vitale

A DISSERTATION
submitted to
Oregon State University

in partial fulfillment of
the requirements for the
degree of
Doctor of Philosophy

Presented June 4, 2018
Commencement June 2019

Doctor of Philosophy dissertation of Kristyn R. Vitale presented on June 4, 2018

APPROVED:

Major Professor representing Animal Science

Head of the Department of Animal and Rangeland Sciences

Dean of the Graduate School

I understand that my dissertation will become part of the permanent collection of Oregon State
University libraries. My signature below authorizes release of my dissertation to any reader
upon request.

Kristyn R. Vitale, Author

ACKNOWLEDGEMENTS
I would like to express my sincerest thanks to my advisor, Monique Udell, who has
guided me for the past 4 years. I have thoroughly enjoyed my time working in the HumanAnimal Interaction Lab and I have learned a great deal from your mentorship. I would also like
to thank my husband and best friend Anthony Vitale who supports me in everything I do. I
would also like to acknowledge our cats, especially Cecilia, Macy and Bo, who have allowed me
to form a deeper understanding of cat behavior and the human-cat bond. Thanks to my entire
family, Justin, Andrea, Jessica, Patrick and the Vitales for supporting me and thank you
especially to my parents, Joan and Greg Shreve, who have always believed in me.
I would especially like to thank all the research assistants in the Human-Animal
Interaction Lab who have made this work possible. This includes Veronica Martin, Kimberly
Halzen, Alexa Myers, Eric Tam, Nancy Peng, Champayne Master, Alex Behnke, Ashley
Carlberg, Stormy Scharzenberger, Deanna Poulous, and many more. Thank you to my lab mates
Lauren Thielke, Lauren Brubaker, and Shelby Wanser who are always been a source of support.
Thank you to the other members of my committee, Dr. Bernieri, Dr. Friedlaender, Dr. Kutzler,
and Dr. Rosenlicht, for their support throughout my dissertation. Thank you to Jacqueline
Munera of Positive Cattitudes, who provided an initial consultation to discuss the kitten training
and socialization program.
I would also like to acknowledge my funding sources. I was supported by the National
Science Foundation Graduate Research Fellowship Program under Grant No. (1314109-DGE).
Any opinions, findings, and conclusions or recommendations expressed in this material are those
of the author(s) and do not necessarily reflect the views of the National Science Foundation. I
also received support from the Oregon State University Provost's Distinguished Graduate
Fellowship. The kitten training and socialization research was supported by a sponsorship from
Nestlé Purina.
Finally, thank you to the Willamette Humane Society, Heartland Humane Society, and
SafeHaven Human Society which graciously participated in our research. Especially thank you
to Catherine Comden and Brittany Gardner for their support. And of course thank you to all of
the owners and kittens and cats who participated in our research and training classes. Without
you, none of this would have been possible!

CONTRIBUTION OF AUTHORS
Monique A.R. Udell acted as an advisor for all three experiments. The kitten training and
socialization course was developed by Kristyn R. Vitale and Monique A.R. Udell. Methodology
in Chapter 4 was modified for use in cats by Kristyn R. Vitale and Monique A.R. Udell.
Experimental design for Chapter 4 was developed by Kristyn R. Vitale, Lindsay R. Mehrkam,
and Monique A.R. Udell.

TABLE OF CONTENTS
Page
Social Cognition Literature Review
Introduction ………………………………………………………………………..…… 2
Social Behavior ………………………………………………..………………………… 2
Sensitivity to Cues …………………………………………..…………………………...5
Vocal Recognition and Communication ………………………..………………………..6
Attachment ……………………………………………………..…………………………8
Personality ……………………………………………………………..………….......…11
Additional Factors Influencing Cognition ………………..……………….………….…15
Conclusion …………………………………………..…...…………………………...…17
Factors Influencing the Sociability of Domestic Cats in Human Homes and Shelters
Introduction ……………………………………………………………………..………18
Materials and Methods …………………...………………………………………..……20
Results ……………………………………...……………………..….………….…...…23
Discussion ……………………………..……….……………….….….….….…..……. 26
Conclusion …………………………………………………….….….….…..……......…31
The Impact of Kitten Training and Socializations Classes on Kitten Cognition and the KittenHuman Bond
Introduction ……………………………………………….….….…...…………………32
Materials and Methods …………………………………...….….….…………………...35
Results ……….…….……………………………..…….….….….………..……..…..…41
Discussion ….………………………………….…….…….……………………….……50

TABLE OF CONTENTS (Continued)
Page
Conclusion …………………….…….…….…..……………………………………...…57
Social Interaction, Food, Scent or Toys? A Formal Assessment of Domestic Pet and Shelter Cat
Preferences
Introduction ……………………………………………………………………….…….59
Materials and Methods …………………………………………………………..……...61
Results …………………………………………………………..…..……….…….……63
Discussion …………………………………….……….……………….…….…………71
Conclusion ……………………………………………………..……….…….…………74
Future Directions in Cat Cognition Research
Introduction …………………………………………………….…….…………………76
Species Appropriate Methodology………………………….…….………..……………76
Lifetime Differences ……………………………………….…….………..…..…..……78
General Conclusion ………………………………………….…….………..…..………79
Bibliography ………………………………………………….…….………………………...…82
Appendices …………………………………………….…….….………………………………92
Appendix 1: Shelter Cat Sociability Analysis ……………….………...………………..96
Appendix 2: Attachment Definitions ……………………...…………..……………..…99
Appendix 3: Study 2 Baseline Data …………………….……………………………..100
Appendix 4: Study 2 Sex Differences …………………….……………..…...……..…103
Appendix 5: ACUP & IRB Statements…………………………………...…...……..…104
Appendix 6: Owner Compensation ……………………...…………..……………..…105

LIST OF FIGURES
Figure

Page

2.1 Proportion of time pet and shelter cats spent in proximity to the human in the inattentive and
attentive phases of the sociability test…………………………………………………...….……26
3.1 Proportion of time class and control kittens spent in proximity to the unfamiliar human and
owner in the inattentive and attentive phases of the sociability test…………………………..…42
3.2 The number of class and control kittens categorized as secure, ambivalent, avoidant, and
disorganized at baseline and follow-up test ………..…………………………...…………….…47
3.3 The number of all kittens categorized as secure, ambivalent, avoidant, and disorganized at
baseline and follow-up test…………………………………………………………...…………….…48
4.1 Set up of the between-category comparison to determine most-preferred stimulus category in
the preference assessment..………………………… …………………………………………...65
4.2 Number of pet and shelter cats preferring each stimulus across the four
categories ………………………………………………………………………………..…...….67
4.3 Number of both pet and shelter cats preferring each stimulus category in the final mostpreferred category comparison …….…………………………………….……..……………….69
4.4 Proportion of time cats in the pet and shelter cats spent interacting with their most-preferred
stimulus in the final between-category comparison.……….…………………..…………..…….70

LIST OF TABLES
Table

Page

3.1 The weekly outline of in-class activities, topics and homework for the 6 week long kitten
training and socialization class..………………… ……………………...…… ………………...37
3.2 Class size, retention, and attendance for the five kitten training and socialization
classes………………………………………………………………………..………...……...…38
3.3 Mann-Whitney test results for the proportion of time kittens spent in proximity to the
unfamiliar human and owner comparing inattentive and attentive phases at follow-up
test. ……………………………………………………………......……………………...…...…43
3.4 Mann-Whitney test results comparing the proportion of time class and control kittens spent
in proximity to the human for each phase at follow-up test…….………………………...……..44
3.5 Mann-Whitney test results examining if the proportion of time spent with the unfamiliar or
familiar human differed within each group for each phase at follow-up
test ………………………………………………………...…………………….……………….44
3.6 The number of kittens in each group passing or failing to meet criteria in the cognitive bias
test at baseline and follow-up test……………………………..…………...…………………….45
3.7 Median and range information for the latency of approach to the ambiguous human in the
cognitive bias test ……………………………………………………………………..…………46
3.8 The number of kittens scored as displaying a secure or insecure attachment style at baseline
and follow-up test…..……………………………………………………………………………48
3.9 Median and range information on Lexington Attachment to Pets scores for owners in the
class and control groups. …..………………………………….…………………………………49
3.10 The average percent distributions of attachment styles in human, dogs, and
kittens.……………………………………..… ………….………………………………………54

1

Excerpted from: WHAT’S INSIDE YOUR CAT’S HEAD? A REVIEW OF CAT (FELIS
SILVESTRIS CATUS) COGNITION RESEARCH PAST, PRESENT AND FUTURE

Kristyn R. Vitale*, Monique A.R. Udell

Animal Cognition
DOI: 10.1007/s10071-015-0897-6
Issue 18(6)
*Name originally published under Vitale Shreve

2

CHAPTER 1
Social Cognition Literature Review
Introduction
At first glance it may seem that any member of the family Felidae would make an
unlikely human companion. Most members of Felidae lead solitary lives and only engage in
social behaviors during mating or kitten rearing (Macdonald et al., 2000). The only members of
Felidae that commonly live in social groups are lions (Panthera leo), cheetahs (Acinonyx
jubatus), and the facultatively social domestic cat (Felis silvestris catus), which can display
varying levels of non-obligatory social behavior depending on environment and upbringing
(Leyhausen, 1988; Bradshaw & Cameron-Beaumont, 2000; Turner, 2014). So, how did the
domestic cat become one of the world’s most popular pets, with over 600 million cats living
among humans worldwide (Driscoll et al., 2009)?
We may have a long way to go before we know. Although research on domestic cat
behavior and cognition is growing, many questions remain unanswered. How the development of
cat behavior and cognition are influenced by factors such as species-specific biological
predispositions, domestication, and proximate factors- or the influence of lifetime experiences,
remains largely unexplored. In general, comparatively little research has been devoted to cat
cognition, especially when compared to our other popular companion, the domestic dog (Udell et
al., 2010; Merola et al., 2015). Nonetheless, research on cat cognition could have important
theoretical value and management and welfare implications, including improved human-cat
interactions (Bernstein, 2014).
Social Behavior
Social interactions are an important aspect of animal behavior. Social behavior involves
the interaction between two or more animals, in which the behavior of one individual is
influenced by the presence and behavior of another individual (Allport, 1985). Throughout
many animal species, social behaviors begin at birth with interactions between mother and
offspring and between littermates. These behaviors are later extended to additional conspecifics
as the individual ages (Rosenblatt, 2013). Domestic cats exhibit social behavior and rely on
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communication within and between species to thrive in a variety of environments. However,
science is only in the beginning stages of understanding cat sociality and social communication
(Bradshaw et al., 2012). In domestic cats, which display plasticity in whether or not they live
socially, the formation of social groups is dependent on the availability of food, shelter and
mates (Liberg et al., 2000; Macdonald et al., 2000; Turner, 2014). Although many think of cats
as solitary, research indicates free-roaming domestic cat social groups are not random
aggregations around a food source (Macdonald et al., 2000; Denny et al., 2002), rather cats come
into proximity and engage in social behaviors with preferred associates non-randomly (Curtis et
al., 2003). During social interactions, cats display a wide array of affiliative, aggressive and
investigatory behaviors towards conspecifics (Bradshaw & Cameron-Beaumont, 2000; Curtis et
al., 2003).
Likewise, cats enter into a range of relationships with humans. Some live as companion
animals in human homes and others live in free-roaming states, often dependent on human
caretakers for resources. Pet cats have countless social encounters with humans (as well as other
companion animal species), with varying levels of complexity and success, making this species
an especially interesting subject for social cognition research. Although more research is needed
to determine if parallels exist between human-cat relationships and cat-cat relationships, further
exploration of cat social structure may be an important starting point.
For example, socialization is the process in which appropriate social behaviors are
developed toward conspecifics (Serpell, 1988; Bradshaw & Hall, 1999; Turner & Bateson,
2000), however this is the same process by which cats may bond with other species, including
humans. This typically first occurs during a sensitive period, which in cats appears to be between
2-7 weeks of life (Karsh & Turner, 1988). Research indicates cats exposed to multiple humans
(Collard, 1967), with early and frequent handling, are friendlier and less fearful of humans than
those that lack this experience (Collard, 1967; McCune, 1995; Turner & Bateson, 2000; Lowe &
Bradshaw, 2002). In fact, kittens handled for 40 min a day were more amicable to later handling
and approached humans more frequently than kittens handled for 15 min a day (Karsh & Turner,
1988; Turner & Bateson, 2000). Furthermore, Casey and Bradshaw (2008) found people who
adopted additionally socialized kittens stated they received significantly more emotional support
from their cats. These cats also displayed less fear towards humans, as supported by previous
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research (Collard, 1967; McCune, 1995). Thus, early experience with humans can influence the
manner in which the human-cat relationship is formed.
Early handling by humans may also have a physiological influence on cats more
generally. Meier (1961) found Siamese kittens handled for 10 minutes, twice a day, matured
earlier than kittens that received no additional handling. Kittens handled by humans opened their
eyes approximately one day earlier, left the nest box approximately three days earlier and
showed more adult-like synchrony in their electroencephalogram patterns earlier than control
kittens. EEG synchrony suggests two waveforms are linked, with a consistent relationship
between wave valleys/ peaks and wave phase (Harris & Gordon, 2015). These results suggest
socialization influences the frequency and waveform of the individual’s brain activity, with
handled kittens displaying the same characteristic adult-like neural activity earlier in their lives.
Further evidence of an epigenetic effect is demonstrated by the finding kittens in the handled and
non-handled groups even exhibited differences in coat coloration patterns, with kittens in the
handled group developing the characteristic Siamese point coloration (color on tail, ears, face)
sooner than control kittens. Seal-point coloration is influenced by body temperature, with the
dark “points” occurring at the extremities, the cooler parts of the body (Imes et al., 2006).
Because the ability to regulate body temperature has also been linked to socialization
experiences, handling may directly influence temperature regulation and therefore indirectly,
coat coloration (Overall & Dyer, 2005), although future research is necessary to fully understand
the mechanisms involved.
In all,, early socialization and human handling can be a mechanism that influences a wide
range of factors related to the early development of kittens, specifically the cat’s social behavior
toward humans later in life. In addition to socialization, other proximate factors such as
demographic characteristics of the owner (Mertens, 1991; Turner, 1991), housing conditions
(Stella et al., 2014), the presence and sex of conspecifics in the home (Hart & Cooper, 1984;
Pryor et al., 2001), and finally the individually of the cat itself can influence the social behavior
of cats toward humans.
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Sensitivity to Cues
Research has begun to explore the human-cat relationship directly, delving into how cats
respond to human interaction and communicate with humans. Sensitivity to human cues, such as
the ability to follow human gestures, and the use of social gazing, are important mechanisms in
human-animal communication. Miklósi et al. (2005) examined if cats were able to follow human
pointing cues that indicated the location of a hidden food reward and the extent to which cats
gazed at humans for help on an unsolvable task. Cats successfully followed human gestures to
obtain a reward. However, when unable to obtain the reward in the unsolvable task, cats
persisted in trying to solve the task and often did not gaze at the human for assistance. The
finding that cats infrequently gazed at humans prompted the researchers to suggest that cats do
not utilize gazing as an attention-getting behavior. However, a recent study further examining
cat-human gazing behavior, suggests cats may engage in human-directed gazing more frequently
than previously assumed (Merola et al., 2015).
Social referencing is the ability of an individual to use the emotional reactions of others
to evaluate unfamiliar or difficult situations and adjust their behavior accordingly (Mumme et al.,
1996). Merola et al. (2015) examined whether cats have the ability to evaluate the emotional
state of humans via social referencing in the presence of an unfamiliar stimulus, a fan with
streamers attached. After the cat investigated the testing room, cat-owner dyads experienced four
test phases in one of two emotional conditions, positive (happy) or negative (fearful): (1) the fan
was turned on and the human looked at the fan with a neutral facial expression, (2) the fan
continued to run and the human talked in a happy or fearful manner, provided the matching
facial expressions, and alternated their gaze between the fan and cat, (3) participants approached
and interacted with the fan, talked in a happy voice or fearful voice, and both groups alternated
their gaze between the fan and cat, (4) and finally the fan was turned off and participants
continued to interact with the fan, talked in a happy or fearful voice, and both groups again
alternated their gaze between the fan and cat. Merola et al. examined whether referential looking
(looking to the owner immediately before or after looking at the fan) and behavioral regulation
existed through five categories of behavior including: (1) gaze orientation (three consecutive
looking behaviors toward owner, fan, etc.), (2) action (static, interaction with owner or fan, etc.),
body posture, stress signals (yawning, head shaking) and (3) vocalizations.
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Merola et al. (2015) found the majority of cats (79%) looked referentially between their
owner and the fan and that many cats (54%) displayed gaze alternation when the owner stayed
silent and still. This indicates that some cats look to their owner when presented with an
unfamiliar stimulus, can discriminate between their owner’s reactions, and adjust their behavior
in response. However, as stated above, Miklósi et al (2005) found cats did not frequently gaze at
humans for assistance on an unsolvable task. Merola and colleagues suggest these conflicting
results may be due to the different incentives and social information gained in each of the
experiments. It is possible cats do not use gazing when engaging in physical problem solving but
reference humans when afraid or uncertain or when attempting to gain attention from humans in
which they seek affiliative contact (Goodwin & Bradshaw, 1998).
Further, research indicates cat behavior is influenced by human mood. Cats, within
periods of interaction, behaved sensitively to human depressive moods and engaged in more
allorubbing of the head and flank (Rieger & Turner, 1999), approached owners who described
themselves as feeling numb less often, and approached owners who felt extroverted or agitated
more frequently (Turner & Rieger, 2001). Future research must build on these findings to gain a
better understanding of factors influencing a cat’s ability to detect human cues such as emotional
states or attentional states. These mechanisms may have facilitated the cat-human relationship
and allowed cats to obtain vital resources from humans- including food, shelter and social
attention. Development of these adaptations has significance in the evolution of interspecies
social behavior and relationships.
Vocal Recognition and Communication
Studies have found evidence that cats can distinguish between individual humans. Saito
and Shinozuka (2013) examined the abilities of pet cats to distinguish the voices of their owners
from strangers. In this experiment, cats were played five human vocalizations, each calling the
subject cat’s name. The owner called the cat using the same inflection they would typically use
when calling their cat. Four same-sex strangers also called the cat’s name in the same style as the
owner to keep phonological components constant between participants. Multiple behavioral
responses were recorded in response to the vocal stimulus, including ear movement, head
movement, pupil dilation, vocalization, tail movement, and displacement. The behavioral
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responses of the cats differed depending on the source of the vocalization (owner or strangers),
with their response magnitude increasing when presented with their owner’s voice. The results of
this study suggest cats are able to recognize the vocalizations of individual humans, and that
human vocalizations can prompt measurable changes in cat behavior. Additionally, Saito and
Shinozuka (2013, p. 689) found cats “responded to human voices mainly through orienting
behavior (ear movement and head movement), but not through communicative behavior
(vocalization and tail movement)”. Further research is needed to determine how cats respond to
different types of human vocalizations in various contexts (novel situations, feeding, play, etc.).
The purr is one of the most recognizable feline vocalizations, yet the biological function
of the purr is still poorly understood (Bradshaw et al., 2012). Purring can occur in a variety of
circumstances including potentially aversive situations such as veterinary exams (Little et al.,
2014) and social situations such as interaction with humans, interaction with conspecifics, and
interaction with kittens (Kiley-Worthington, 1984). Research by McComb and colleagues (2009)
indicates cats are able to subtly alter their purr to change the meaning of the vocalization. In this
study, owners distinguished between purrs produced in food solicitation and non-solicitation
contexts, such as resting, and found purr vocalizations in the food solicitation context to be more
urgent and less pleasant than non-solicitation purrs. McComb et al. also found that when cats
solicited food from their owners “a high frequency voiced component” was embedded within the
typical low-pitched purr (2014, p. 507). The high frequency component of the purr may be akin
to a human infant’s distress call, with the peak of this purr occurring at similar frequencies to that
of an infant’s cry. McComb et al. infer there may be a mammalian propensity towards high
frequency cries to which the food solicitation purr may be appealing and cats are able to use this
purr to seek food from their owners. But, whether this high frequency component is used
specifically for communication with humans or if it is used in other social situations, such as
between mother and offspring, or between conspecifics, is still unknown. Additionally, whether
the alteration of the purr frequently happens in other solicitation contexts, such as solicitation for
affection, is also unknown. Because kittens are attributed with having at least 9 different types of
vocalizations and adult cats at least 16 different types of vocalizations (Moelk, 1944),
vocalization appears to be a key factor in cat communication. Additionally, research has found
differences between vocalizations of socialized and feral cats, indicating human interaction
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influences vocal communication (Yeon et al., 2011). Further research must be conducted to
better understand the vocal communication of cats in general so we can discern the meaning and
development of cat vocalizations for human communication, strengthening the human-cat bond.
Attachment
Attachment is an enduring affiliative social bond formed between an animal and a
specific individual (Ainsworth & Bell, 1970). In attachment, the animal behaves in ways that
promote contact and proximity to the attachment figure (Bowlby, 1958). Attachment is a
biologically relevant phenomenon common in altricial species that increases fitness through the
protection of offspring (Bowlby, 1958). Secure attachments allow individuals, be they humans or
non-human animals, to feel comfortable in novel settings and explore their environment
(Ainsworth & Bell, 1970). Bowlby (1958) was the first to propose the secure base effect in
which the presence of an attachment figure promotes exploration and learning about the
environment while providing a source of comfort to retreat to in a threatening situation. Harlow
(1958) utilized one of the first experimental tests to examine this aspect of the attachment bond.
Harlow was interested in the attachment infant monkeys appeared to form with a surrogate cloth
mother when otherwise isolated from biological attachment figures. In this open-field test,
Harlow placed monkeys in a novel room containing several novel stimuli with either a surrogate
cloth mother present or no surrogate mother present. When the surrogate mother was present the
infant sought contact with her, clinging onto her. After this, the infant monkeys began to explore
the room and various stimuli, periodically returning to the surrogate mother before further
exploration of the novel environment- evidence of the monkeys using the surrogate as a secure
base. The infants behaved very differently in the absence of the surrogate mother by emitting
distress vocalizations, and displaying other stress behaviors such as freezing. This indicates the
presence of the surrogate mother promotes comfort and exploration of the novel environment.
Attachment has also been explored in human infants. Ainsworth and Bell (1970) examined
human infant behavior using a Strange Situation Test (SST), a procedure involving events that
alter the presence and absence of a caretaker and a stranger in the testing room, allowing
attachment behaviors to be measured. Ainsworth considered all infants to be attached to their
caregiver, however infants displayed various styles in how they enacted this bond. Ainsworth
described three main styles of attachment that infants formed with caregivers (Ainsworth et al.,

9

1978). Individuals can be secure, effectively using their caretaker as a secure base, or insecure.
Insecure individuals can further be grouped as insecure-ambivalent and insecure-avoidant,
displaying clinging or avoidance behaviors, respectively.
Edwards et al. (2007) used an adaptation of the Ainsworth SST to examine attachment
behavior between pet cats and their owners (Ainsworth et al., 1978). In this test, the cat was
exposed to seven events that alternated the presence and absence of an owner and stranger in the
testing room: (1) an event between only the owner and cat, (2) an event between stranger, owner
and cat where owner left at end of event, (3) an event with only stranger and cat, (4) an event
when owner and cat are reunited with no stranger present, (5) an event with the cat alone in the
testing room, (6) an event where the stranger re-entered the room and (7) a second reunion event
between the owner and cat. Cats were observed during each event and a number of attachment
behaviors were scored. These attachment behaviors includedindependent behaviors (such as
locomotion/exploration, vigilance, inactivity and approaching the door) and interactive behaviors
(including physical contact, allorubbing, playing and vocalizing with the owner or stranger).
Edwards et al. (2007) found there were significant differences in the behavior when cats
were alone with their owner or with a stranger. Cats spent significantly more time in contact with
and allorubbing their owner compared to the stranger. Additionally, the cats only played with
their owner and never with the stranger. Cats also engaged in more locomotion/exploration
behaviors when their owner was present than when alone or with a stranger and cats followed the
owner but never the stranger. Cats spent the greatest amount of time near the door and displayed
more alert behavior when the stranger was present or the cat was alone than when their owner
was present. Cats were inactive longer and vocalized more when they were alone as compared to
events when another person was in the testing room. Many of the aforementioned behaviors are
considered attachment indicators under the Ainsworth Strange Situation Test (Ainsworth et al.,
1978) indicating cats exhibit attachment behaviors with their owners (Edwards et al., 2007).
Potter and Mills (2015) conducted a second cat attachment study. Similar to Edwards et
al. (2007), Potter and Mills utilized an adaptation of the SST to examine cat attachment behavior
in a novel environment. In this study, the SST was fully counterbalanced. The SST had nine 3
min episodes. Twenty cat-owner dyads participated in the SST, with 10 dyads experiencing the
experimental episodes in one order and 10 dyads experiencing the experimental episodes in the
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reverse order. Although the researchers found the cats displayed distress behavior upon
separation and vocalized more when left alone in the room with the stranger, overall they found
the cats behavior (measured in duration) in the room was not consistent with the counterbalanced
measures and they found none of the other requirements for a secure attachment bond. One
important note is the three criteria set by Potter and Mills for a secure bond. First, the owner
should be the preferred social companion, as displayed by preferential proximity-seeking toward
the owner. Second, the owner should act as a secure base. Finally, distress when separated from
the owner and in the stranger’s presence.
Although Edwards et al. (2007) did find cats engaged preferentially in social behavior
with their owner, Potter and Mills (2015) found no evidence of preferential behavior with the
owner. Potter and Mills came to the conclusion that cats may not form attachment bonds, or that
alternate methods must be developed to measure attachment behaviors in cats. However,
pioneers of attachment theory, Ainsworth and Bowlby (1991) state, “indications that an
attachment had clearly been formed were distress and following when separation occurred or
threatened, and forms of greeting when queen returned from an absence”. Therefore, it appears
that distress when separated and the secure base effect alone are clear indicators of attachment.
Even in humans, preferential proximity-seeking towards a primary attachment figure typically
does not extend into adulthood. Human children will display a strong preference for an
attachment figure, typically during the age of 7 months to about a year of age, but by the age of
18 months the development of multiple attachments is normal (Schaffer & Emerson, 1964). In
all, with only two cat attachment studies published to date, it is evident much remains to be
learned about the cat-human attachment bond.
If cats can form an attachment bond with their owners, it may be expected they can
experience separation anxiety. Separation anxiety is a psychological condition related to
attachment that occurs in many social species in which separation from an attachment figure
initiates a set of emotional, behavioral and physiological responses (Schwartz, 2002). The degree
of distress exhibited by the animal is directly related to how attached the animal is to the
attachment figure. Schwartz (2002) examined 136 cats over a nine-year period to determine if
cats develop the clinical signs of separation anxiety characteristic of separation anxiety syndrome
(SAS), and found that some cats do develop SAS and display clinical signs, such as
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inappropriate urination and defecation, excessive vocalization, destructiveness and psychogenic
grooming. There also exist differences in clinical signs of SAS between sexes of cats. Neutered
females were significantly more likely to engage in psychogenic grooming and inappropriate
defecation than neutered males. However, neutered males were more likely to engage in
destructive behavior, such as inappropriate scratching, than neutered females. However, with so
few studies examining attachment in cats, it is unknown what other factors may influence
attachment and distress behavior in cats.
Personality
Researchers across numerous disciplines have begun to explore individual differences in
animal behavior, using various terms such as personality, individuality, temperament,
distinctiveness, behavioral style or behavioral syndrome, (Gosling, 2001; Gosling, 2008; Raihani
et al., 2014). While researchers have not always agreed on the correct terminology to describe
the occurrence of individual differences within non-human animals, for consistency we will use
the definitions provided by Gosling (2001) when referring to personality and temperament
throughout. According to Gosling (2001) personality can be defined as “those characteristics of
individuals that describe and account for consistent patterns of feeling, thinking and behaving”
(p. 46); in other words, a prolonged state in which behavioral patterns are relatively consistent
over time and various circumstances but can be influenced within the life of the animal. A
closely associated idea is that of temperament, which Gosling describes as “inherited, early
appearing tendencies that continue throughout life and serve as the foundation for personality”
(p. 46). In this case, temperament can be used to describe the biological dispositions of the
animal (Wynne & Udell, 2013).
Cat owners and even researchers working with cats often indicate they feel cats have
definite personalities. For example, Feaver et al. (1986, p. 1016) stated “we felt that each animal
in our laboratory colony had a distinct ‘personality’ in the sense that the sum total of its
behaviour gave it an identifiable style.” However, is this feeling supported by empirical science?
Durr & Smith (1997) examined if stable individual differences in cat temperament (a measure of
personality as defined by Gosling) could be identified in testing situations. Study cats were first
observed in their normal living conditions to provide an initial assessment of their behavior,
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including order of approach, latency, and attention span. Cats then experienced various
conditions, including disruption of their social environment via confinement or overcrowding, to
determine if a stable environment is important in maintaining individual differences in cats. In
additional tests, cats were presented with novel stimuli, including a moving stimulus that emitted
moderate to loud noises (e.g. remote-controlled car with a motor), an unfamiliar animal (e.g. dog,
rabbit), and an intense novel stimulus (e.g. vacuum cleaner that was turned on). Cats were also
deprived of food and then presented with a highly desirable food item. Durr & Smith (1997)
found that the behavioral responses of cats were consistent despite changes in their environment,
indicating the stability of the social environment is not crucial in maintaining the stability of
individual behavioral responses. The authors concluded “individuality is the expression of
inherent temperament and not simply the release of responses created by a certain set of stable
environmental variables” (Durr & Smith 1997, p. 416). Other studies have also found evidence
of stable personalities in cats. For example, Turner et al. (1986) found that the behavioral trait of
“friendliness” was consistent in kittens aged 3-8 months. Lowe & Bradshaw (2001) found that
four distinct personality styles were stable between 4 months to 24 months of age. Additionally,
Durr & Smith (1997) found that cat group structure is reliant on the individual characteristics of
the cats in the group, indicating that individual differences between cats can be influenced by
conspecific social relationships and potentially human relationships as well.
Studies have determined personality styles of cats utilizing various methodologies, such
as human ranking of cat differences through direct observation of their behavior (Feaver et al.,
1986; Turner et al., 1986; Raihani et al., 2014) or exposure to various conditions (novel stimuli,
unfamiliar persons, increased socialization) with the cats’ behavioral responses to these
conditions recorded (Meier & Turner, 1985; Mertens & Turner, 1988; Durr & Smith, 1997).
Combined, these studies have described many personality types within cats. Two traits
commonly found include “boldness”, which describe an individual who has actively approached
novel stimuli in the past and would be expected to do the same in the future, or “shyness”, which
may describe an individual who has reluctantly or not approached novel stimuli in the past and
would be expected to do the same in the future (Mendl & Harcourt, 2000; Gosling, 2001).
Bradshaw et al. (2012) divided cat personality into three types, based on findings from previous
research. The first personality type involves an individual with traits such as “sociable, confident,
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easy-going”, “trusting”, “bold” and initiates “friendly interactions” (Meier & Turner, 1985;
Feaver et al., 1986; Mertens & Turner, 1988; McCune, 1995). The second personality type
involves an individual with traits such as “timid, nervous”, “shy and unfriendly” (Meier &
Turner, 1985; Feaver et al., 1986; Mertens & Turner, 1988) and the final personality type
involves an individual with aggressive traits (Feaver et al., 1986). In addition, Lowe and
Bradshaw (2001) described four distinct behavioral styles (a term they use interchangeably with
personality) that exist in cats. These include the tendency to stay indoors, to rub (people or
objects), to investigate and the tendency to boldness. But, other personality styles have also been
described in cats (Mendl & Harcourt, 1988; Mendl & Harcourt, 2000; Bradshaw et al., 2012).
More research may be needed to establish a consensus about which terminology, personality
styles, or traits have the most predictive value or whether some of these categories might be
combined to establish a concise consistent categorization of feline behavior types.
Researchers have also questioned the point in development when differences in cat
personalities arise. Raihani et al. (2014) found there were intra-litter differences in kitten
behavior at as early as 5-6 days old and kittens at 3-4 weeks old already display relatively stable
behavioral differences. This indicates that differences in personality exist early in development,
maybe even from birth- although this study did not examine kitten behavior prior to day 5, as to
not disturb the early mother–kitten relationship. The researchers also noted they did not initially
expect to find individual differences at such an early age. This finding may suggest there is a
genetic component to personality. This is further supported by studies where fathers described as
“friendly,” typically sired “friendly” offspring, despite the fact the father and offspring never
encountered one another (Turner et al., 1986; Reisner et al., 1994; McCune, 1995) and by
research indicating that littermates tend to behave more similarly than non-littermates (Lowe &
Bradshaw, 2001).
Other genetic factors have been correlated with cat personality traits. For example, cat
breed may be an important factor shaping cat personality (Mendl & Harcourt, 2000; Turner,
2000; Weinstein & Alexander, 2010). Turner (2000) found differences in behavioral traits
between purebred and mixed breed cats. Compared to mixed breed cats, the purebred Siamese
and Persian cats displayed more friendly traits toward humans, including spending more time
interacting with people and vocalizing more frequently. However, very few studies have actually
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conducted behavioral studies comparing the personality of pedigree and mixed breed cats
(Turner 2017). With researchers finding a significant link between breed and how humans
perceive the cat’s behavioral traits (Takeuchi & Mori, 2009; Weinstein & Alexander, 2010),
future research in this area is greatly needed to examine how breed influences cat individuality.
Coat color has also been found to influence behavioral traits (Pontier et al., 1995; Ledger &
O’Farrell, 1996; Delgado et al., 2012; Stelow et al., 2016). For example, Stelow et al., (2016)
found that traits of increased aggression appeared to be linked to several coat colorations
including gray and white, tortoiseshell, calico, and torbie colorations. However, similar to studies
on breed difference, research examining links between coat coloration and personality traits are
mainly conducted using questionnaires, and are therefore a reflection of human perception.
Future researchers should further examine genetic factors such as breed and coat coloration using
observational methods to support previous research examining human perception (Turner 2017).
Finally, as mentioned previously, sex appears to influence some aspects of cat attachment
behavior (Schwartz 2002) and may also have an impact on personality traits (Takeuchi & Mori,
2009). Based on questionnaires provided to veterinarians in Japan, male cats were rated as
having more traits of activity, excitability, and novelty-seeking behaviors and females were rated
as having more traits of nervousness. However, again with a lack of observation studies in this
area, further research should be undertaken to see how cat sex influences personality traits and
cat social behavior in general.
In addition to the genetic component of personality, proximate mechanisms appear to
have an important influence as well. As mentioned previously, factors such as human interaction,
owner characteristics, housing conditions, and the presence and sex of conspecifics in the home
also influence the individuality of the cat. For example, Lowe & Bradshaw (2001) examined the
personality of the cat after the socialization period. As discussed previously, early socialization
to humans can influence the friendliness of cats (Collard, 1967; Lowe & Bradshaw, 2002;
McCune, 1995; Turner & Bateson, 2000) and Lowe & Bradshaw found additional support that
early experiences, such as handling, also influenced the behavioral styles, or personality, of cats.
Another proximate factor which can influence cat personality is the sexual status of the cat or the
age gonadectomy occured. For example, Spain et al. (2004) found that male and female cats
which underwent early age gonadectomy (prior to 5.5 months of age) displayed fewer traits of
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hyperactivity and more traits of shyness, as compared to cats that underwent surgery at an older
age. Therefore undergoing gonadectomy may have a direct impact on cat personality traits.
Finally, social experience with conspecifics, either living solitary or socially, and environmental
complexity, such as the distribution of resources, also influence the formation of personality in
cats, with cats displaying more sociable behavior in areas of clumped resources (Mendl &
Harcourt, 2000).
There are multiple benefits to studying cat personality. By gaining a better understanding
of the mechanisms underlying cat behavior, we can make more informed decisions about ways to
improve the welfare of pet and shelter cats. As Gartner & Weiss (2013) point out, reliable
measurements of personality can lead to an increase in cat welfare, health and well-being. For
example, if we can evaluate the personality of cats using reliable methods (Feaver et al., 1986;
Turner et al., 1986; Raihani et al., 2014), we can make better decisions about housing situations
for shelter cats by matching up suitable personality types of cats to appropriate personality,
lifestyle, and environmental factors of owners. This has been seen in an applied setting with the
use of the ASPCA’s Feline-ality and Meet Your Match assessments, where personality scores of
adopters and cats are evaluated and matched. Shelters implementing the program have seen
increased adoption rates, decreased return rates and decreased euthanasia rates of cats as a result
(Weiss, 2007). Therefore understanding cat personality may lead to healthier human-cat
relationships.
Additional Factors Influencing Cognition
Research has demonstrated how early sensory experiences influence brain development
and perception (Blakemore & Cooper, 1970; Blake & Hirsch, 1975; Blakemore & Van Sluyters,
1975; Burnat et al., 2005; Korte & Rauschecker, 1993). One such classic experiment on vision
by Blakemore and Cooper (1970) found kittens selectively reared in an apparatus covered with
either vertical or horizontal lines could not detect the opposite line orientation to the one in
which they were reared under, providing evidence for environment-dependent neural plasticity.
Additionally, Blake and Hirsch (1975) found that monocularly deprived kittens had a reduced
proportion of binocular cortical cells and impaired binocular depth perception, providing
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evidence that early experience is critical in developing cells used for binocular depth and
stereopsis.
Rearing environment also influences cognition. Lab-reared cats have demonstrated an
impairment in response and discrimination learning to visual stimuli (Żernicki, 1993), an
impairment of visual associative learning (Żernicki, 1999), and delayed response to auditory cues
(Wikmark & Warren, 1972) as compared to free-roaming cats, indicating that poor rearing
environment can influence perceptual ability later in life. This indicates that different populations
of cats (free-roaming, pet, shelter) may exhibit differences in cognition and behavior.
Additionally, animals that have received training may also differ in cognitive abilities. Training
has also been found to improve performance on visual perceptual tasks (Sasaki et al., 2010),
such as an increased contrast sensitivity to specific frequencies of gratings accompanied by
changes in the primary visual cortex (Hua et al., 2010).
Finally, human expectations for cats may also shape cat cognition and behavior.
Expectancy bias is when beliefs about an individual can unintentionally shape that individual’s
behavior. Although the body of research discussed in this Chapter suggests domestic cats have
developed a range of mechanisms that facilitate their interaction with humans (Rieger & Turner,
1999; Turner & Rieger, 2001; Schwartz, 2002; Miklósi et al., 2005; Edwards et al., 2007;
McComb et al., 2009; Saito & Shinozuka, 2013; Merola et al., 2015), popular articles have often
presented current cat cognition research with a negative spin. For example, one popular article
stated cats are “selfish” and “unfeeling” citing Saito and Shinozuka (2013) to support the idea
cats “can hear you calling their name, but just don't really care” because they do not approach
people in the same manner as dogs when called (Stromberg, 2014). Another presented the
McComb et al. (2009) research as cats “manipulating” their owners (Young, 2009). These biases
may influence the behavior of people toward cats, thereby influencing cat behavior. This may
also reveal societal biases about cat behavior that have contributed to the paucity of scientific
research on feline social cognition in the past. However such interpretations demonstrate the
importance of, and critical need for, more research investigating the human-cat relationship.
Such biases not only shape our intellectual knowledge about cats but may also guide the
behavior of cat owners, as well as others responsible for the care and welfare of millions of pet,
stray or feral domestic cats.
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Conclusion
Cat cognition research may lead to improved human-cat relationships by providing a
better understanding of cat behavior, including insights into more beneficial ways for humans to
engage with cats. Increased knowledge has the potential for improving cat welfare, and may help
reduce the rates of abandonment, surrender, and euthanasia of cats in shelters. This body of
research indicates several factors influence cat social behavior. Genetic factors such as the cat’s
breed, sex, and even coat color, may influence individual social behavioral patterns. Experiential
factors such as early socialization, owner and housing characteristics, sexual status, and style of
human interaction also influence cat behavior. Although much remains to be done to further
examine how genetics and life experience influence cat behavior, the present research has
provided a foundation for future research. The following Chapters present research examining
several proximate factors that could potentially influence the behavior and cognition of cats.
Study 1 (Chapter 2) will examine cat sociability to investigate if human attentional state, housing
experience (pet or shelter cat), and the familiarity of the human will influence proximity-seeking
and vocalization behavior in cats. Study 2 (Chapter 3) will examine if the experience of
participating in a 6-week kitten training and socialization class will influence kitten behavior and
cognition or the bond of the owner to the kitten. Study 3 (Chapter 4) will involve conducting a
free-operant preference assessment with pet and shelter cats. Finally, Chapter 5 will present
future directions in cat cognition research based on the experience of collecting data for the
research projects described in this thesis.

18

CHAPTER 2
Factors Influencing the Sociability of Domestic Cats in Human Homes and Shelters
Introduction
Sociability is often considered an important dimension of an animal’s personality
(Gosling & John, 1999) and can be defined as the tendency of an individual to interact with
others (Capitanio, 2002). Sociability is a trait of extraversion, a larger personality dimension
characterized by seeking and maintaining proximity and contact with other individuals (Gosling
& John, 1999; Barrera et al., 2010). Although sociability has been studied in many mammalian
species (for a review see Gosling & 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 & Udell 2015).
However further research on cat social cognition, 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 cat sociability, including 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 (Barrera et al., 2010;
Udell et al., 2010), the domestic pig (Nawroth et al., 2013), jackdaws (von Bayern & Emery,
2009), and several species of nonhuman primates (Poss et al., 2006; Maille et al., 2012; Defolie
et al., 2015) have been shown to discriminate between human attentional states (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 and colleagues (2010) found dogs spent
significantly more time in proximity to an attentive human, who actively sought their attention,
over an inactive human. In cats, Ito et al. (2016) found cats approach and beg (measured as
stepping on the human’s lap, allorubbing, pawing, or vocalizing to the human) from an attentive
human that provided both visual and auditory cues significantly more than an inattentive human.
Additionally, a study with socially living laboratory colony cats found cats displayed more social
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behaviors such as head rubbing and play behavior to the unfamiliar interactive human over an
unfamiliar passive human (Mertens & Turner, 1988).
Individuals in different populations may have distinctive life experiences, 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). Although research with cats has
found that cats in different populations (pet vs. free-roaming) may display differences in food
preference (Church et al., 1996; Bradshaw et al., 2000) and that groups of cats with varying
levels of socialization display different social behavior toward humans (Collard, 1967) to date no
research has examined how human directed sociability differs between cats living in different
populations.
Research with mammals, including cats, has also indicated that familiarity 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 & Crowell-Davis, 1999; Curtis et al., 2003; Færevik et al., 2007; Ancillotto &
Russo, 2014). Research exploring interspecies interactions indicates that some mammals,
including cats, can discriminate familiar from unfamiliar humans and often display a preference
for the familiar human (Collard, 1967; Davis et al., 1997; Boivin et al., 1998; Győri et al., 2010;
Cunningham & Ramos, 2014; Galvan & Vonk, 2016). For example, when presented with a
stranger’s voice and the owner’s voice, cats were found to display a significantly higher
orienting response (movement of ears and head) to their owner’s voice (Saito & Shinozuka,
2013). Additionally, one study found the blood pressure of cats increased significantly when
presented with a bonded individual, potentially indicating excitement for interaction or
expectation for further rewards due to past reinforcement (Slingerland et al., 2008), similar to
findings in humans (Baun et al., 1984) and dogs (Astrup et al., 1979). However, a study
examining colony cat social behavior toward unfamiliar and familiar humans found that although
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there was individual variation between colony cats, on average cats were in contact with the
unfamiliar human more frequently than the familiar human (Podberscek et al., 1991). Therefore
human familiarity may be an important factor influencing cat sociability towards specific
individuals, although more research must be conducted in order to understand the influence.
The aim of Study 1 was to directly measure sociability in domestic cats. Two
experiments were undertaken to evaluate three specific factors that were predicted to influence
cat sociability. Experiment 1 utilized methodology similar to that of Barrera and colleagues
(2010) to examine the influence of human attentional state (inattentive 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 the
unfamiliar human from Experiment 1.
It was predicted that if cats are sensitive to human cues, cats would show greater
sociability in the attentive phase as compared with the inattentive phase (Mertens & 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, pet cats were expected to display more sociable behaviors (greater proximityseeking and contact) towards a familiar individual, their owner, over an unfamiliar individual
(Davis et al., 1997; Færevik et al., 2007; Ancillotto & Russo, 2014).
Materials and Methods
Subjects
Pet cats included individuals living with a primary caretaker in a human home. Pet cats
were obtained by owners from various sources including as strays, from shelters, or from
friends/family. Twenty-three mixed-breed adult pet cats were tested in a small familiar room of
the owner’s home. Pet cats were mixed sex, with 13 males and 10 females all neutered, and
ranged in age from 2 – 16.5 years old (mean = 6.2, SD ± 3.7). However, exact ages of both pet
and shelter cats are only estimates due to difficulty in aging adult cats. Pet cats lived both singly
and in multi-cat households. Pet cats were found via recruitment materials (online, fliers) and via
word of mouth. Twenty-three mixed-breed adult shelter cats were tested in a small room at the
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Heartland Humane Society, in Corvallis, OR. Shelter cats included individuals that had no
primary caregiver (or had recently lost their owner), undergone the shelter’s intake procedure
(veterinary assessment), and were currently living in the shelter environment. Shelter cats were
mixed sex, with 12 males and 11 females all neutered and ranged in age from 1 – 12 years old
(mean = 5.6, SD ± 3.5). 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.
Room Setup
Each testing room had a 1 meter 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 was attached to a
tripod and set in the corner of the room to videotape interactions.
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 procedure once. The sex of the unfamiliar human was held constant and was
always a female aged between 20-30 years old.
Inattentive Phase
After the cat was placed in the room, the unfamiliar person 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, 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.
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Attentive Phase
The unfamiliar person 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 keep cat within the circle to be pet
without restraining the cat) for as much of the 2 min 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.
Experiment 2 Procedure
Immediately following Experiment 1, pet cats underwent two additional phases with their
owner. Shelter cats did not participate in Experiment 2 due to the lack of a primary
owner/caretaker.
Inattentive Phase
The owner entered and 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, 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.
Attentive Phase
The owner 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 keep cat within the circle to be pet without
restraining the cat) for as much of the 2 minutes 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.
Data Analysis
Behaviors were coded from video using the program JWatcher, 1.0 (Blumstein et al.,
2000). The primary rater coded all videos for: (1) the proportion of time the cat spent in
proximity to the human (inside the circle/within 1 m), (2) the proportion of time the human and
cat were in physical contact with one another, and (3) the frequency of meow vocalizations. To
calculate inter-observer reliability, 85% of videos were double-coded by a second rater, applying
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an 8% range of tolerance for time spent in proximity and contact with the human. Videos that
were within the 8% range were considered within agreement and videos outside of that range
were in disagreement. An inter-observer reliability agreement score of was 95% was calculated
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 calculated for the frequency of meows. Data from the
primary rater were used for analysis.
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 an
one-way ANOVA in R (Hartmann, 1977; R Development Core Team, 2013). Non-normal data
were analyzed with a two-tailed Mann-Whitney test in the VassarStats program. In addition to
looking at average differences with the 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, 2x2 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).
Results
Experiment 1: Sociability towards an unfamiliar human
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.
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. As for contact, attentional state also influenced the average time spent in contact between
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, human attentional state did not
influence the average frequency of pet cat meow vocalizations to the unfamiliar human, U(22) =
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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 influenced shelter cat behavior. Shelter cats spent significantly
more time on average in proximity to the attentive unfamiliar human as compared to the
inattentive (also unfamiliar) human (ANOVA, p< 0.001). The same held true for shelter cathuman contact, with dyads in contact significantly more in the attentive phase (ANOVA, p <
0.001). 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).
However, shelter cats meowed significantly more on average to the unfamiliar human during the
inattentive phase as compared to the attentive phase U(22) = 176, Z = 1.93, p = 0.05.
Population Comparison
To explore the influence of lifetime experience, two populations of cats, pet and shelter
cats, were compared to one another in their behavior 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 unfamiliar
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).
As for contact, shelter cats and pet cats significantly differed in their time spent in contact
with the unfamiliar human. 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, although we found withinsubject differences in shelter cats above, 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
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(Fisher’s exact test, p = 0.02), however there was no difference in the attentive phase (Fisher’s
exact test, p = 1).
Data were also compared to examine if a relationship existed between the length of time
cats lived in the shelter and their proximity-seeking and vocalization behavior. Data are
presented in Appendix 1. No significant correlation was found between length of stay and
behavior in any of the phases except for meow vocalizations in the inattentive state (Appendix
Table A1.1). As seen in Appendix Figure A1.3, cats that were in the shelter for longer tended to
meow more frequently in the inattentive human phase.
Experiment 2: Pet cat sociability towards a familiar human
Attentional State of Owner
Similar to the findings with the unfamiliar human, attentional state influenced the average
time spent in proximity to the owner. Pet cats spent more time in proximity to the owner when
the owner was attentive, U(22) = 377, Z = -2.46, p = 0.01. This was supported by the individual
data, with more individual cats spending at least 50% of the time in proximity to the attentive
owner (Fisher’s Exact Test, p = 0.01) when compared to pet cats in the inattentive phase.
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 attentive phase, U(22) = 256, Z = 0.18, p = 0.86, and no significant
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difference 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 =
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Figure 2.1. Proportion of time pet and shelter cats spent in proximity to the human in the
inattentive and attentive phases of the sociability test. Each dot represents an individual cat. * p
< 0.05.
Discussion
Attentional State
As predicted, attentional state influenced the social behavior of cats. Pet and shelter cats
spent significantly more time in proximity to the human during the attentive phase. Additionally,
the cat-human dyad spent in more time in contact with one another during the attentive phase,
however this finding is to be expected, as humans were told to interact freely during the attentive
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phase which allowed the human to engage in physical contact more frequently than in the
inattentive phase. Shelter cats meowed significantly more to the inattentive human as compared
to the attentive human, however attentional state did not influence use of meows in pet cats.
These findings are aligned with research in other species including pigs, birds, primates
and canines, where behavior was modified in response to the attentional state of the human (Poss
et al., 2006; von Bayern & Emery, 2009; Barrera et al., 2010; Udell et al., 2010; Maille et al.,
2012; Defolie et al., 2015). This finding is also supported 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 unfamiliar 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
because, as outlined in Chapter 1, cats are sensitive to many human cues including pointing
gestures (Miklósi et al., 2005), human emotions (Merola et al., 2015), human mood (Rieger &
Turner, 1999; Turner & Rieger, 2001), and human vocalizations (Saito & 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 familiarity and attentional state may be
correlated to an extent. 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 research
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).
In an applied sense, the results on human attentional state are particularly relevant to
animal shelters. Shelter cats meowed more frequently on average when the human was
inattentive to them. Although meows were considered a sociable behavior and were predicted to
increase in the attentive state, these results indicate meows may actual serve as an attention-
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getting behavior when the human is inattentive, although further research must be undertaken to
examine conditions under which meow vocalizations are produced. If shelter cats are using
vocalizations to seek attention, meows could serve as a signal to shelter workers the cat may be
soliciting attention from a human. 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 example, 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.
Population
As predicted, pet and shelter cats differed in their degree of sociability towards an
unfamiliar human. Shelter cats spent more time on average in proximity to the unfamiliar human
in the inattentive phase as compared to pet cats. The same was found on an individual level, with
significantly more shelter cats spending at least half the testing session with the unfamiliar
inattentive human. However a significant difference was not detected during the attentive phase.
These findings match those reported by Barrera et al. (2010) who found that 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 unfamiliar
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. Alternatively, shelter animals may
be exposed more frequently to unfamiliar humans than pet animals and may therefore have a
richer reinforcement history of interacting with unfamiliar humans, making them more likely to
spend time near novel humans as compared to pet animals. Additionally, more individuals in the
shelter cat group meowed at least once to the unfamiliar human during the inattentive phase as
compared to the pet cats. No significant difference was found for the attentive phase. This
supports the idea that shelter cats may be more likely to use meow vocalizations. Although the
true function of the meow vocalization in this case needs further investigation, it may serve as a
signal to solicit interaction with an inattentive human when compared with pet cats.
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Finally, although we examined only affiliative behaviors in this study, notes on
aggression were taken. None of the pet cats in the study displayed aggression toward either the
unfamiliar or familiar human. Only one male shelter cat displayed aggressive behavior. This
individual displayed normal proximity-seeking behavior and exploration of the room during the
inattentive phase, but near the end of the attentive phase the cat hissed, cuffed that the
experimenter, and moved out of proximity. It was later learned this cat was known for engaging
in aggressive behavior toward shelter workers. The overall low rate of aggression may be due to
the fact that cats were not forced to interact in any of the conditions. Cats only received
interaction from the human if they entered the 1 meter circle, cats could stay outside of the circle
and avoid interaction. Therefore, it is possible we would have seen an increase in aggression if
human interaction were forced upon the cat, rather than cats having the choice to avoid proximity
to the human. Indeed, there were several pet cats that avoided proximity with the unfamiliar
human in both the inattentive and attentive phase and a shelter cat, which avoided proximity in
the inattentive phase (Figure 2.1).
Familiarity
Although we predicted pet cats would display more sociable behaviors 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 vocalizations
when in the presence of the owner vs. stranger. On the surface this finding may appear to suggest
cats do not have a preference for their owners. However, a careful look at the individual data
would suggest that it is instead more likely that some cats have a strong preference for their
owners, while others show less of a preference. In other words, as seen in Figure 2.1, there is a
significant amount of individual variability in sociability and owner preference among cats. It
should also be noted that even in humans, preferential sociability towards a primary attachment
figure typically does not extend into adulthood. As mentioned in Chapter 1, exclusive preference
for a parent typically occurs for a short period of time sometime prior to 18 months of age in
humans, however the formation of ongoing attachments to new people are common after this
time, even though a secure attachment to parent figures may still exist (Schaffer & Emerson,
1964). Therefore the observed social diversity in pet cats may be related to the facultative quality
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of cats’ social repertoire (Turner, 2014).
Ellis and colleagues (2015) also found there was no difference in the display of affiliative
behaviors by cats toward 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 towards the owner (Falk, 1971; Heath, 2009; Ellis et al., 2015). As mentioned, in this
Chapter, no aggressive behaviors were displayed by pet cats toward either the unfamiliar or
familiar human, which may also stem from the fact that both the unfamiliar and owner were told
to interact with the cat freely during the attentive phase, thereby meeting the cat’s expectations
for typical interactions with their owner. However, there were still no significant differences in
the sociable behaviors displayed by cats toward the unfamiliar human or owner. Novel
situations or objects can also influence an animal’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 this Chapter, 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. However, sociability testing
conducted in Chapter 3 did counterbalance the order of presentation for owner and stranger.
Although there was no observable difference in the social behaviors displayed to either
the owner or unfamiliar human, a physiological influence may occur. As mentioned, research
indicates blood pressure rates of cats are significantly higher when presented with a bonded
human, potentially indicating excitement for interaction or expectation for further rewards due to
past reinforcement (Slingerland et al., 2008). Therefore, changes in other measures such as
cortisol (Coppola et al., 2006; Handlin et al., 2011) or oxytocin levels (Handlin et al., 2011;
Thielke & Udell, 2015) may also occur. Finally, as Saito and Shinozuka (2013) found, cats
typically respond to their owner’s voice with an orienting response instead of an approach
response, therefore behaviors such as movement of the cat’s head or ears may also be useful
measures of the human-cat bond. Future research should continue to examine both physiological
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effects and observable behaviors to determine the extent to which human familiarity influences
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, 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 presence of novel humans, indicating socialization to unfamiliar humans is necessary to
shape sociability later on in life (Lowe & Bradshaw, 2002; for review see Vitale Shreve & Udell,
2015).
Conclusion
Together, this body of research indicates domestic cats cat detect human attentional state
and modify their behavior in response, demonstrating they are sensitive to human social cues and
tend to be more social when presented with an attentive human. Additionally, the population of
the cat, either living in a home or shelter environment, can influence cat sociability as measured
by proximity-seeking behavior, 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 independence. Although we have found that indeed a wide range of
individual variation exists in domestic cats, we have not necessarily seen this bias toward
independence, especially in the shelter cat data where the mean proportion of time spent in
proximity to the unfamiliar human was 0.47 in the inattentive and 0.75 in the attentive phase.
Therefore, we suggest that as facultative 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. Research in the following Chapter investigates this topic by
examining how participation in a socialization and training class influences an individual kitten’s
sociability and preference for their owner.
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CHAPTER 3
The Impact of Kitten Training and Socializations Classes on Kitten Cognition and the
Kitten-Human Bond
Introduction
With cats outnumbering dogs in United States households (APPA, 2018) it is surprising
that so few training and socialization opportunities exist for cats. As seen in Chapter 2, there is
evidence of significant individual variation in personality, behavior, and social inclination among
cats. This could suggest that differing opportunities for social engagement play an important role
in determining whether an individual cat will reach its full social potential. Such experiences
may also predict the kind of social relationship individual cats come to share with humans. Given
that organized opportunities for socialization and training of cats are currently scarce, especially
compared with the wealth of such opportunities available to dogs and dog owners (Howell et al.,
2015), this research was designed to assess the potential benefits of this practice in terms of cat
cognition and the cat-human bond.
One important aspect of cat cognition that may be influenced by the training and
socialization experience is the individual’s affective state, or their emotional well-being.
Individuals may display an outlook bias, in which an individual’s expectation may or may not
match the outcome that follows (Sharot, 2011). For example, individuals may display an
optimistic bias, in which the likelihood of a positive event is overestimated and the likelihood of
a negative event is underestimated (Sharot, 2011). On the other hand, humans with high anxiety
tend to interpret ambiguous stimuli negatively and have the expectation that negative events will
continue to occur in the future (Bethell et al., 2012). The cognitive bias test has been used as a
measure of emotional well-being and optimism in both dogs and humans. This test examines the
underlying affective state of the animal, or the ‘pessimistic’ or ‘optimistic’ outlook of the
individual (Mendl et al., 2010).
Theoretical and empirical research indicates an animal’s affective state can influence
their decision-making (Mendl et al., 2010). Individuals with a negative outlook tend to interpret
ambiguous stimuli unfavorably (Harding et al., 2004). In the cognitive bias test, shorter latencies
to approach an ambiguous stimulus are attributed to an optimistic outlook and longer latencies
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are attributed to a pessimistic outlook (Mendl et al., 2010). Although no test has yet examined
the influence of training and socialization on cognitive bias scores, research has indicated that
individuals are more likely to engage with ambiguous stimuli following a period of
environmental enrichment (Bethell et al., 2012) and less likely to engage with stimuli following
the removal of environmental enrichment (Bateson & Matheson, 2007). Therefore, enrichment
via the form of socialization and training may have an impact on the individual’s behavior and
outlook toward ambiguous stimuli. Additionally, research indicates training improves cat
performance on visual perceptual tasks (Sasaki et al., 2010). Additionally, researchers presented
dogs with a puzzle task and found that trained dogs were more likely to succeed in test trials than
dogs that did not have training experience (Marshall-Pescini et al., 2016). Therefore, training and
socialization may also influence behavioral momentum, or the success of an individual to persist
at and complete a behavioral task, such as the cognitive bias test.
Attachment is an important component of bond formation between animal and owner.
Bowlby (1958) proposed that attachment behaviors are relatively stable but flexible to change in
response to life experience, therefore attachment could be influenced by the training and
socialization experience. As stated in Chapter 1, three main attachment styles have been
described in humans: (1) secure, (2) insecure-ambivalent, and (3) insecure-avoidant (Ainsworth
et al., 1978). The same main attachment styles have since been described in dogs (Schöberl et al.,
2016; Thielke et al., 2017). Attachment styles can be categorized when attachment behaviors are
heightened after a period of brief separation from the attachment figure. In secure attachment, the
individual uses their caretaker as a “secure base” to explore from in a novel environment
(Bowlby, 1958). Secure attachments allow individuals to feel comfortable in new settings and
explore their environment (Ainsworth & Bell, 1970). In insecure attachment, the individual does
not use their caretaker as a “secure base”, either being ambivalent or avoidant. Although most
bonds fall into the secure, ambivalent, and avoidant categories, an insecure-disorganized
attachment style can be identified when the individual displays lack of a coherent attachment
pattern (Ainsworth et al., 1978; Main & Solomon, 1990). As discussed in Chapter 1, attachment
tests have been run with adult cats, finding mixed results (Edwards et al., 2007; Potter & Mills,
2015), however none to date have examined the kitten-human attachment bond or grouped cats
into distinct attachment styles.
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Another important component of the cat-human bond is the sociability of the cat toward
humans. As discussed in Chapter 2, an animal’s sociability is characterized by seeking and
maintaining proximity and contact with other individuals (Gosling & John, 1999; Barrera et al.,
2010). Research with dogs has found that following a training experience, dogs display more
positive social responses toward strangers than dogs that lacked the training experience (Kutsumi
et al., 2013). This may indicate training experiences have a positive influence on sociability,
increasing proximity-seeking behavior toward humans.
Finally, animals that have undergone a training experience may also be more responsive
to human body language. For companion animals living in close proximity to humans, it may be
expected cats have the ability to pick up on emotional cues of their owner. Social referencing is
the ability of an individual to pick up on the emotional cues of another individual and adjust their
behavior in response. Research with dogs (Merola et al., 2012) and adult cats (Merola et al.,
2015) has found individuals in both species pick up on the emotional signal of their owner and
adjust their behavior in response. Both species display similar rates of gazing at their owner’s
face when faced with a novel stimulus, which may indicate both dogs and cats look to their
owner when faced with a strange situation. Although studies with dogs have not looked at the
influence of training on social referencing specifically, trained dogs engage in more frequent
human directed communication- such as gazing at the owner’s face, and an increased ability to
follow human cues, such as pointing or following head orientation (Marshall-Pescini et al.,
2009).
In Study 2, kitten-owner dyads that participated in a six-week kitten training and
socialization class were compared with control kitten-owner dyads to assess the influence of this
experience on cat well-being, social behavior, and human-cat attachment. This research
examined three primary hypotheses. The first hypothesis was that kitten socialization and
training would result in cats that are more responsive to human cues. The sensitivity to cues was
measured using a sociability test and a social referencing test, to examine if cats can detect cues
given by the owner when presented with an unfamiliar stimulus. Kittens in the class group may
be more responsive to human cues, and therefore display more behavioral regulation and alter
their behavior in response to the cues given by the human.
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The second hypothesis was that socialization and training would have a positive impact
on cat emotional well-being and outlook measured in terms of sociability and cognitive bias. It
was predicted kittens in the training and socialization group would spend a greater proportion of
time in close proximity to humans after participation in the class, as compared to cats in the
control group. It was also predicted that testing success on the cognitive bias test would differ
between groups and that cognitive bias latencies from the class group would show behavioral
patterns consistent with an optimistic outlook (shorter approach latencies) following the class.
The final hypothesis was that the socialization and training class would have a positive
impact on the kitten’s attachment to their owner. This will be measured in terms the sociability
and attachment tests. It was predicted that after participation in the program, kittens in the
socialization and training group would be more likely have a secure attachment and seek
proximity with their owners than kitten in the control group. It was also predicted that
participation in the six-week training class would influence the attachment of the owner toward
the kitten as determined from the LAPS Attachment survey, with owners having higher
attachment scores following the class.
Materials and Methods
Subjects
Kittens and owners were recruited via flyers, online postings (Craigslist, Reddit, etc.),
and word of mouth. One hundred pet kittens aged 3 – 8 months were recruited to participate in
the research. Fifty of the kittens participated in the class group and 50 of the kittens participated
in the control group. Of the 50 kittens in the class group, kittens ranged from 12 – 32 weeks old
at baseline test (mean = 20 weeks, SD ± 5.6 weeks). Thirty males and twenty female kittens
participated in the class group and all kittens were mixed breed except for 1 Bengal and 3
Siamese kittens. Of the 50 kittens in the control group, kittens ranged from 11 – 32 weeks old at
baseline test (mean = 20.46, SD ± 7.5 weeks). Thirty males and twenty female kittens also
participated in the control group and all kittens were mixed breed except for 1 Bengal and 1
Siamese in the control group.
Owners were asked to participate in behavioral and survey testing twice with their kitten,
approximately 2 months apart. During this time kittens in the class group underwent 6 weeks of a
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training and socialization course and the control group did not undergo any additional
socialization or training opportunity outside of the home. Interactions occurring inside of the
home were not analysed, however owners of class kittens were expected to work with their
kittens at home between classes. Class owners were asked to provide video of them training their
kittens at home to examine progress. However, owners of control kittens did not report providing
regular training sessions at home. Of the 100 kittens, 42 class kittens and 41 control kittens
participated in both baseline and follow-up testing to some extent. Only kittens that participated
in both the baseline and follow-up on the same test are included in the data analysis. Therefore,
the sample size varies by test as stated in each subsection.
Kitten Training and Socialization Class
The kitten training and socialization class was offered once a week for 6 weeks on
Oregon State University campus. Each class session was 45 minutes and included a 15 minutes
lecture and then 30 minutes of socialization/training time. Owners were also expected to work
with cats outside of class time, in their own home. The class outline for the 6 weeks is displayed
in Table 3.1. Each week a variety of topics were covered including basic principles of learning
theory, how to train basic behaviors, and how to address problem behaviors. In-class activities
included socialization between kittens and unfamiliar humans and between kittens and
unfamiliar kittens as well as exploring the novel environment, playing with toys, and sitting on
cat towers. Owners also practiced training during class to ensure they understood training
principles before returning home to work with their kittens. In addition to the homework owners
were expected to work on each week, owners were also provided with the book Don't Shoot the
Dog! by Karen Pryor with optional chapters to read each week.
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Table 3.1. The weekly outline of in-class activities, topics and homework for the 6 week long
kitten training and socialization class.
Week
In-Class Activities
1
• Scent swapping
• Human-kitten
socialization

•
•
•

Topics
Loading the clicker
Positive reinforcement
Training “Sit”

•

•
•
2

•

•
•
3

•

•
•
4

•

•
•
5

•

•
•
6

•
•
•

Work on targeting
while in
harness/leash
Kitten-kitten
socialization
Human-kitten
socialization
Begin using
shaping to teach
“go to mat & stay”
Kitten-kitten
socialization
Human-kitten
socialization
Work on training a
trick of your
choice.
Kitten-kitten
socialization
Human-kitten
socialization

•
•

Work on trick
behavior and
strengthening old
behaviors
Kitten-kitten
socialization
Human-kitten
socialization
Kitten-kitten
socialization
Human-kitten
socialization
Final party!

•

Untraining: Getting rid
of behaviors you don’t
want (Punishment &
Reinforcement)

•
•

Wrap-up
Show final trick videos

•

•

Targeting
Adding a cue to a
behavior
Walking on
harness/leash

•
•

Add cue to “Sit”
Train walking in
harness/leash

Shaping

•

Finish teaching “go to
mat & stay” using
shaping
Keep working on “sit”
and walk on
harness/leash

•

•
•

Homework
Create positive
associations with
unfamiliar scent
Load clicker
Train “Sit”

Continuous vs. variable
reward schedule
Advanced shaping

•

•

•

Pick a behavior to work
on this week (stand up,
come when called, high
jump)
Place learned behaviors
on a variable reward
schedule
Take a video of you
training your chosen
trick behavior to show
at our final class.
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The five classes were offered between Winter 2016 and Fall 2017. Fifty kittens
participated in the classes over the five session offerings. The class retention was highest for the
Fall 2016 group, with all kittens and owners staying the course and was lowest in the Summer
2016 group, with only 56% of owners staying the course till the end. For those kittens and
owners that were retained in the class for the full 6 weeks, the class attendance ranged from 77%
- 96% attendance rate, again with the highest attendance rate occurring in the Fall 2016 group.
Table 3.2. Class size, retention, and attendance for the five kitten training and socialization
classes. Only kittens that were retained in the class for the full 6 weeks were included in the class
attendance score.
Class

Class Size

Class Retention

Class Attendance

Winter 2016

10

0.90

0.94

Spring 2016

7

0.86

0.92

Summer 2016

9

0.56

0.77

Fall 2016

12

1

0.96

Fall 2017

12

0.92

0.88

Social Referencing Test
This test took place in the Human-Animal Interaction Lab at Oregon State University.
Interactions were taped for analysis at a later time. The test utilized the same four phases as
conducted by Merola et al. (2015) with adult cats. The location of the cat in the room (in the fan
zone, near the human, or behind the human) was coded for each phase.
Phase 1
The owner, while standing behind a line that is 1.6 meters from the fan, called the cat
behind the line. The fan (50 cm tall x 34 cm wide) was turned on by the experimenter and the
experimenter left the room. The owner released the cat and kneeled/sat at the line facing the fan
while the cat is free to move around the room. The owner remained silent looking at the fan with
a neutral facial expression for 25 seconds.
Phase 2
The owner kneeled/sat behind the line and talked throughout the whole phase using the

39

script: “What a nice fan. This is a good fan. Don’t you want to see the fan? This is such a pretty
fan, I like it. The owner provided happy facial and vocal expressions to indicate the cat could
safely approach the fan. The owner continued talking throughout the entire phase using the same
script. The owner altered their gaze between the cat and the fan continuously. The phase lasted
25 seconds.
Phase 3
The owner approached the fan and crouched down to face the fan and touch it, whilst still
talking in a happy voice (using the same script) and expressing a positive emotion and gaze
alternating between the cat and the fan continuously. The phase lasted 25 seconds.
Phase 4
This phase lasted 50 seconds. The owner, who was sill crouching in front of the fan,
turned the fan off and kept talking in a positive manner and gaze alternating between the cat and
the fan continuously as in Phase 3.
Sociability Test
Kittens were tested in their owner’s homes to ensure the social environment was as
natural as possible. The sociability test was run using the same methods as described in Chapter
2, Experiments 1 and 2. The only difference is the order of human presentation
(unfamiliar/familiar) was counterbalanced across subjects. The proportion of time seeking
proximity with each human was coded from video.
Cognitive Bias Test
The test took place in the Human-Animal Interaction Lab at Oregon State University. A
start line for the kitten was indicated by tape on the ground. Located 4 meters from this line were
three locations, S+, S-, Sn. At the location S+, the kitten received a reward (praise, petting,
playing, or treats) from an unfamiliar human. At the location S-, another unfamiliar human
ignored the kitten. The location of the side for S+ and S- was counterbalanced between subjects.
The kittens were held behind the start line by the experimenter until the trial began.
During the conditioning phase the kitten experienced 2 S+ trials followed by 2 S- trials.
At the start of each trial, the unfamilair human called the cat's name twice to gain its attention
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and then remained quiet, sitting neutrally until the cat crossed a line or made physical contact, at
which time the S+ can pet, praise or give food and the S- cannot. As long as the kitten
approached the S+ and S- location at least once the kitten continued on.
Trials continued pseudorandomly with the condition that more than 2 trials of the same
type do not occur in a row. On each of these trials, the kittens had 35 seconds to approach the
human and if they did not the trial was ended and “no choice” is written. If the kitten makes 4
“no choices” in a row (did not approach the human) the trial was ended. “No choice” kittens did
not pass criteria for the congitive bias test and were not presented with the ambiguous human.
After experiencing 6 trials we determined if the kitten had met criteria and learned the
association between human location/person and reward. The criteria was met if the longest
latency of the S+ approaches were shorter than any of the latencies to approach S-. If criteria
was not met, trials continued until association was made. Testing stopped when a kitten made 4
“no choices” in a row or kitten displyed another problematic behavior, such as increased
aggression.
After the critera was passed indicating the association between human location and
reward was learned, the 3rd unfamiliar human (Sn) sits in an ambiguous position (middle of the
room), again 4 meters from the subject and call the cat’s name twice. The latency to approach Sn
was recorded in one trial. Shorter latencies indicated anticipation of a reward and were aligned
with an ‘optimistic’ judgment while longer latencies were aligned with a ‘pessimistic’ judgment.
For kittens that were presented with Sn but did not approach a score of 35 seconds was written.
Secure Base Test
This test took place in the Human-Animal Interaction Lab at Oregon State University. A
1m radius circle of tape with an X in the center was placed on the lab floor and three toys were
spread on the floor outside of the circle. The test consisted of 3 phases, each lasting 2 minutes for
a total of 6 minutes per subject. Interactions were taped for analysis at a later time.
Baseline
The owner and kitten entered the testing room. The owner sat on the X marked in the
center of the circle. Owners could interact (talk, touch, play) if the kitten entered the circle. If the
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kitten was outside of the circle, the owner stayed inattentive to the kitten (silent, passive, no
talking or movement).
Separation/Alone
Experimenter opened the door and asked owner to exit the room. Owner could say
“goodbye” to the kitten and the kitten was left alone in the room.
Return
Owner again entered the testing room and sat on the X marked in the center of the circle.
The owners followed the same instructions from the baseline condition (interaction only if kitten
is in circle).
The attachment style of each kitten was determined using the holistic analysis method
(Ainsworth & Bell, 1970; Schöberl et al., 2016; Thielke et al., 2017) of the alone and return
phases. Coders were blind to the condition of each video. Two coders used attachment
definitions (see Appendix 1) to classify attachment styles in each kitten. In cases where there was
disagreement about the style between the two coders, a discussion occurred between coders to
see if a style could be agreed upon. If the video could not be agreed upon the kitten was assigned
as “unclassifiable”. Coders had an initial agreement of 84%. Five kittens were unclassifiable at
baseline and 5 kittens were unclassifiable at follow-up.
Owner Survey
The Lexington Attachment to Pets Scale (LAPS) (Templer et al., 1981) was used to
survey owners about their perceived attachment to their kitten. Owners were provided with the
23-question survey. LAPS were scored using the conventional scoring system, 0 Refuse, -2
disagree strongly, -1 disagree somewhat, +1 agree somewhat, +2 agree strongly.
Results
Normality
Shapiro-Wilk tests were run to determine normality for all data comparisons. All data
collected were non-normal (all p < 0.05) and non-parametric statistics were used. Baseline data
is presented in Appendix 2. To examine data on an individual level, data were analyzed using a
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two-tailed Fisher’s exact test. Data were also examined using Mann-Whitney U tests. All
statistical tests had an alpha level of (p < 0.05).
Sociability Test
Only kittens that participated in both the baseline and follow-up sociability testing were
included in data analyses. The sociability data included 35 kittens in the class group and 35
kittens in the control group. The proportion of time class and control kittens spent in proximity to
the unfamiliar human and owner in the inattentive and attentive phases of the sociability test at
follow-up is displayed in Figure 3.1.
Human State
Inattentive
Attentive

1.0
0.8
0.0

0.2

0.4

0.6

0.8
0.6
0.4
0.2
0.0

Proportion of Time in Proximity to Human at Follow-up

1.0

*

Class

Control

Unfamiliar Human

Class

Control
Owner

Figure 3.1. Proportion of time class and control kittens spent in proximity to the unfamiliar
human and owner in the inattentive and attentive phases of the sociability test. Each dot
represents an individual cat. * p < 0.05.
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In order to examine if kittens altered their behavior within the groups in response to the
attentional state of the human in the sociability test, Mann-Whitney tests were run examining the
proportion of time each group spent with both humans in the inattentive and attentive condition.
As seen in Table 3.3, at follow-up kittens in the class group did not display a significant
difference in proximity seeking behavior to the unfamiliar human in the inattentive compared to
attentive state. The same was seen for the control group, which also did not display a significant
difference in proximity seeking behavior to the unfamiliar human in the two attentional states.
However, when looking at time spent with the owner, class kittens displayed significantly more
proximity seeking toward the owner in the attentive state compared to the inattentive state, while
control kittens displayed no significant difference.
Table 3.3. Mann-Whitney test results for the proportion of time kittens spent in proximity to the
unfamiliar human and owner comparing inattentive (I) and attentive (A) phases at follow-up test.
Df = 34.
Group

Condition

U

Z

p-value

Class

Unfamiliar I v A

610

-0.023

0.98

Owner I v A

429.5 -2.14

0.032*

Unfamiliar I v A

557

0.52

Owner I v A

490.5 1.43

Control

-0.65

0.152

In order to examine if class kittens spent more time with people than control kittens, class
kittens were compared to control kittens in each phase of the sociability test (Table 3.4). There
was no significant difference between the class and control groups in the proportion of time
spent with people in each phase.
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Table 3.4. Mann-Whitney test results comparing the proportion of time class and control kittens
spent in proximity to the human for each phase at follow-up test. Df = 68.
Phase

U

Z

p-value

Unfamiliar Inattentive

607

0.06

0.95

Unfamiliar Attentive

580

-0.38

0.70

Familiar Inattentive

576.5 0.42

0.68

Familiar Attentive

522.5 1.05

0.29

In order to examine preferential proximity-seeking occurred toward the familiar human,
Mann-Whitney tests were run examining if the proportion of time spent with each human
differed within groups. As seen in Table 3.5, there was no significant difference in the proportion
of time spent with the unfamiliar or familiar human in either the inattentive or attentive condition
or either the class or control group.
Table 3.5. Mann-Whitney test results examining if the proportion of time spent with the
unfamiliar or familiar human differed within each group for each phase at follow-up test. Df =34.
Group

Condition

U

Z

p-value

Class

Inattentive U v. F

541

0.83

0.41

Attentive U v. F

517.5 -1.1

0.27

Inattentive U v. F

483.5 1.2

0.25

Attentive U v. F

543

0.67

Control

0.42

Social Referencing
Social referencing data was collected from 38 class kittens and 32 control kittens. Only
kittens that participated in the social referencing test at both baseline and follow-up were
included in analysis. Data for the second phase of the social referencing test were examined to
see if kittens in the class group were more responsive to human cues. The proportion of time
each group spent in the fan zone in Phase 2, when the human began to present positive cues, was
compared. The median proportion of time spent in the fan zone for both the class and control
group was 0. A Mann-Whitney test was run and results indicate there was no significant
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difference in the proportion of time spent in the fan zone between class and control groups at
follow-up test, U(68) = 519.5, Z = 1.04, p = 0.30.
Cognitive Bias
Testing Success
Kittens in the class group were compared to control kittens to determine if the training
experience influenced the number of kittens that met criteria for the cognitive test. The criteria
was met if the kitten continued to approach and the longest latency of S+ approaches were
shorter than any of the latencies to approach S-. In cases where criteria were met, the cat was
presented with the final ambiguous human, Sn. All kittens that participated in both baseline and
follow-up testing were included in the analysis, even those not passing criteria to finish the test.
Thirty-nine class kittens and 36 control kittens were included in analysis.
Data were analyzed using a two-tailed Fisher’s exact test. For the Fisher’s test, 2x2
contingency tables were analyzed by grouping kittens by if they “passed” and met criteria or
“failed” and did not meet criteria to complete the cognitive bias test (Table 3.6). There were no
significant differences between the groups in the number of class and control cats passing/failing
to meet criteria at follow-up testing (p = 0.82). Data were also analyzed within groups to
examine if kittens in each group became more successful from the baseline to follow-up testing.
There was no significant change in the number of kittens to pass/fail criteria in the baseline
versus follow-up sessions for the class group (p = 0.64). However, when comparing the number
of control kittens to pass/fail criteria in the baseline and follow-up sessions, significantly fewer
control kittens completed the discrimination training portion of the test in follow-up compared to
baseline (p = 0.0086).
Table 3.6. The number of kittens in each group passing or failing to meet criteria in the cognitive
bias test at baseline and follow-up test.
Group

Test Success

Baseline

Follow-up

Class (N = 39)

Pass

26

23

Fail

13

16

Pass

31

20

Fail

5

16

Control (N = 36)
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Latency Score
To examine if cognitive bias latency differed between class and control groups at followup, analyses were run on the latency to approach data for the ambiguous condition (Sn). Only
subjects that received a final latency score in both the baseline and follow-up tests (that had
passed the discrimination training criterion and been presented with Sn) were included in the
analyses. The criteria was met if the longest latency of the S+ approaches were shorter than any
of the latencies to approach S-. Nineteen class kittens and 20 control kittens passed criteria on
both the baseline and follow-up test and were included in the latency analysis.
In order to examine changes in cognitive bias score pre and post training period, the
follow-up latency score was subtracted from the baseline latency score. Here, a negative number
indicates a decrease in latency to approach the ambiguous human (optimistic trend) and a
positive number indicates an increase in the latency to approach the ambiguous human
(pessimistic trend). All latency values at follow-up are reported in Table 3.7. Data were
examined using a Mann-Whitney test and the class and control groups did not differ significantly
in latency change, U(37) = 141, Z = -1.36, p = 0.17.
Table 3.7. Median and range information for the latency of approach to the ambiguous human in
the cognitive bias test. All latencies are reported in sec.
Group

Median Latency

Median Latency

Range Latency

Follow-Up

Change

Change

Class (N=19)

3

-1

(-32, +3)

Control (N=20)

3

-3.5

(-33, +25)

Secure Base Test
Kittens were assigned to one of the attachment style groups “Secure”, “Insecure”
(Avoidant/Ambivalent), or “Unclassifiable”. Sessions where kittens were “Unclassifiable” were
excluded from analysis. Only kittens that participated on both the baseline and follow-up test and
received an assignment of “Secure” or “Insecure” were included in analysis. Thirty-nine class
kittens and 31 control kittens were included in data analysis.
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As seen in Figure 3.2, the secure base status of kittens stayed relatively stable from the
baseline to follow-up test. Of the 39 class kittens, only 5 kittens changed secure base status from
baseline to follow up, with 4 kittens becoming secure and 1 kitten becoming insecure. Of the 31
control kittens, only 4 kittens changed secure base status with 3 kittens becoming insecure and 1
kitten becoming secure over the time period. When taking the class and control data together,
only 9 kittens changed secure base status and overall the attachment styles had a stability rate of
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87% (61/70).
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Figure 3.2. The number of class and control kittens categorized as secure, ambivalent, avoidant,
and disorganized at baseline and follow-up test.
Fisher’s exact tests were run to compare the number of individuals in the class and
control groups categorized as secure or insecure at follow-up (Table 3.8). The number of
secure/insecure kittens did not significantly differ between the class and control groups at
follow-up (p = 1.0).
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Table 3.8. The number of kittens scored as displaying a secure or insecure attachment style at
baseline and follow-up test.
Baseline
Group

Follow-up

Secure

Insecure

Secure

Insecure

Class (N = 39)

22

17

26

13

Control (N = 31)

23

8

21

10

Kittens in the class and control group were combined to examine the proportion of all
kittens classified as each attachment style is shown in Figure 3.3. At baseline 65% of all kittens
displayed a secure attachment and 36% of all kittens displayed an insecure attachment. Of the
36% that displayed insecure attachment, 30% were ambivalent, 4% were avoidant, and 1% were
disorganized. At follow-up 69% of kitten displayed a secure attachment and 31% displayed
insecure attachment. Of the 31% that displayed insecure attachment, 23% were ambivalent and
70

8% were avoidant, and no individuals were disorganized.
Session

40
30
0
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20

Number of Kittens
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60
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Follow-Up
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Avoidant

Disorganized

Attachment Style

Figure 3.3. The number of all kittens categorized as secure, ambivalent, avoidant, and
disorganized at baseline and follow-up test.
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Owner Survey
Surveys were collected from owners participating in our kitten classes and for owners of
kittens participating in the control group. Only owners that completed surveys both at baseline
and follow-up were included in the analysis. Data were analyzed for 41 class owners and 37
control owners. To determine if the training experience influenced score on the attachment
survey LAPS scores from the follow-up test were subtracted from LAPS scores from baseline. A
positive value indicates the LAPS score increased from baseline to follow-up and a negative
value indicates the LAPS score decreased from baseline to follow-up. Information is displayed in
Table 3.9. A Mann-Whitney test was run to compare LAPS score changes between class and
control groups. Although a trend toward significance was seen, there was no significant
difference between the change in LAPS scores of the class compared to control group, U(76) =
578, Z = 1.8, p = 0.072.
Table 3.9. Median and range information on Lexington Attachment to Pets scores for owners in
the class and control groups.
Group

Median LAPS

Median LAPS

Range LAPS

Follow-Up

Change

Change

Class

29

1

(-10, +12)

Control

27

0

(-33, +25)

LAPS survey scores were also examined individually for change over time using a
Fisher’s Exact Test. At the follow-up for the class group, LAPS scores increased for 27 owners
and the scores for 14 owners had no change or decreased. At the follow-up for the control group
LAPS scores increased for 16 owners and scores for 21 owners had no change or decreased.
There was also no significant influence in LAPS score change between groups on an individual
basis p = 0.068.
The attachment style of each cat at follow-up was also linked with the LAPS owner score
to examine if there was a connection between attachment style and attachment score. Kittens in
the class and control groups were combined since no significant difference was found at followup for either measure. Sixty-three kittens were included in the analysis, those that had a final
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attachment style and those that had an owner LAPS score at follow-up. Forty-six kittens were
secure and 17 kittens were insecure. There was no significant difference between the median
LAPS score of owners with secure kittens as compared to the LAPS score of owners with
insecure kittens, U(61) = 370.5, Z = -0.31, p = 0.76.
Discussion
Sensitivity to Cues
These findings indicate the training and socialization experience resulted in cats that were
more responsive to human attentional states. Class kittens altered their social behavior in
response to their owner’s attentional state, spending significantly more time with the owner when
they were attentive to the cat compared to when the owner ignored the cat. Interestingly, the
control kittens did not alter their behavior in response to the attentional state of their owner and
neither group altered their behavior in response to the stranger’s attentional state. These results
indicate that development, experience, or an interaction of both- influence a cat’s sensitivity to
human cues. Developmentally, research presented in Chapter 2 indicates adults, at least 1 year
old, modified their social response to the attentional state of both the owner and stranger. In this
Chapter, neither group of kittens significantly altered their social behavior in response to the
attentional state of either human at baseline, when kittens were an average of 20 weeks old, or
about 5 months old. However, following experience with the 6-week training and socialization
class, kittens did significantly alter their social behavior in response to their owner’s attentional
state. Kittens without the enriched experience do not alter their social behavior in response to the
owner’s attentional state by this time. However, the trend to seeking more proximity with the
owner in the attentive state appears to be forming for the control kittens (Figure 3.1). Future
research should explore at what age kittens develop the ability to respond to human attentional
states, however it could occur somewhere around 25 weeks old (mean age at follow-up).
An experiential influence on cue sensitivity is supported by research with dogs. Research
indicates pet dogs perform better at estimating human attentional state than shelter dogs
(Duranton & Gaunet, 2016) indicating life experiences, such as housing conditions or
interactions with humans, can influence an animal’s ability to detect human attentional states. As
discussed in Chapter 2, familiarity can influence interactions, with more familiar individuals
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typically displaying more proximity-seeking toward one another (Barry & Crowell-Davis, 1999;
Curtis et al., 2003; Færevik et al., 2007; Ancillotto & Russo, 2014). As stated in the methods of
Chapter 2, both the owner and unfamiliar human were instructed to “interact freely” with the cat
in the sociability test. This was done to meet the expectations for interaction the cat may
naturally have with their owner (Ellis et al., 2015). Similar to the findings of Galvan and Vonk
(2016) who found there was an interactive effect between familiarity and the ability of cats to
pick up on human cues, kittens that underwent the additional training and socialization
experience with their owner were better able to pick up on the attentive cues of their owners.
Additionally, neither group of cats significantly altered their behavior in response to the
unfamiliar human’s attentional state at follow-up. This may indicate that sensitivity to human
attentional states develops over time, as interactions between the kitten and owner increase. This
response may then be generalized to strangers by the time cat is an adult (Chapter 2). The
additional time spent socializing and working with the owner in class and during at-home
homework activities (See Subjects, Chapter 3) may have led to cats that were better at detecting
their owner’s behavior. Indeed, research with dogs has found that trained dogs engage in an
increased ability to follow human cues, such as pointing or following head orientation (MarshallPescini et al., 2009).
Although we did find that class kittens altered behavior in response to their owner’s
behavior in the sociability testing, we did not find a significant difference in response to human
emotional state in the social referencing test. There was no significant difference between class
and control kittens in the time spent in then fan zone, near the novel stimulus, in the second
phase of the social referencing test, when the human began to present positive social cues toward
the novel stimulus. It was predicted that class kittens would pick up on the emotional cues of
their owner and adjust their behavior to the novel stimulus appropriately by approaching the fan
(Merola et al., 2015). However, one potential factor influencing behavior on the social
referencing test is the perception of the test, and therefore the behavior, of the owner. Owners in
both the class and control groups frequently commented that they did not care for the social
referencing test. This was because the owner had to read a script and provide happy cues toward
a fan, a task many owners felt silly engaging in. Although owners did read the script, alter their
gaze between fan and cat, and attempt to display positive cues, it is possible that the owner’s
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distaste for this test impacted the results. If owners are faking their enthusiasm toward the
stimulus, it is possible kittens picked up on this emotional state rather than the positive emotional
state intended by the test. Future research should find a way to make the task more engaging for
the owner, so the owner is displaying truly positive cues and not being forced to “fake”
emotions. Additionally, the significant finding of class kitten attending to the attentional state of
their owner, who was told to interact freely with the cat, may indicate that when interactions are
natural the kitten is more responsive to the owner’s state. Finally, although research indicates
trained dogs engage in an increased ability to follow human cues, not all findings have indicated
a significant impact of training classes on cue sensitivity (Howell et al., 2015). For example,
Seksel (1999) found dog training and socialization did not significantly impact dog behavior on
novel, social, or handling tests. Therefore, future research should explore how proximate factors
influence the ability of cats to respond to human cues.
Outlook
These results indicate the kitten training and socialization experience had a positive
impact on cat testing success, as measured by the number of kittens that passed or failed to meet
the initial discrimination training criteria in the cognitive bias test. Kittens lacking the
socialization and training experience displayed a decrease in task persistence over time while
there was no change in task persistence for the class group. Significantly fewer control kittens
completed the discrimination training portion of the cognitive bias test in follow-up compared to
baseline. These findings may suggest that without training experiences there is a decrease in task
persistence as kittens age. The lack of change in task persistence over time in the class group
could indicate that training helps maintain motivation and task persistence over time. This
finding is supported by research with trained and untrained dogs. Researchers found that dogs
which received training were faster at obtaining the reward in a spatial task, approached a puzzle
box sooner, and were more likely to succeed in test trials than dogs that did not have training
experience (Marshall-Pescini et al., 2016). Therefore, factors of training and cognitive task
success may be linked, with training positively influencing the persistence or success of animals
to engage in cognitive tasks.
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In terms behavior toward unfamiliar and familiar stimuli, it was predicted kittens would
spend more time near humans following the training and socialization experience. However,
there was no significant difference between class and control kittens in the time spent with
humans overall in the sociability test. It was also predicted kittens from the class group would
show behavioral patterns consistent with a more optimistic outlook on the cognitive bias test
following the class. However, no significant difference was found between the cognitive bias
latencies to approach the novel human between the class and control group. Although research
has demonstrated that a more positive bias is often induced in the presence of an enriched
environment (Bethell et al., 2012) and a negative shift in bias can occur when animals are moved
from enriched to standard cages (Bateson & Matheson, 2007) research linking cognitive bias
scores to experience and enrichment has been mixed. For example, although Bateson and
Matheson (2007) found a negative shift in bias when starlings were moved from enriched to
standard cages, they found no positive shift when moving birds to enriched cages. Additionally,
Doyle et al. (2010) found that cognitive bias in sheep actually improved following a stressor of
restraint and isolation as compared to a control group. Cortisol levels were also higher in the
restraint and isolation group indicating that, despite being more stressed, they approached the
ambiguous stimuli more frequently. Bethell et al. (2012) proposed that these disparities in
findings may be due to differences in the sensitivity of emotional responses to the experimental
test between species or that there may be a limited window of time to detect the shift from the
period of manipulation.
Another interesting note is that although there was no difference between groups,
the cognitive bias latencies were shorter at the follow-up tests for both the class and control
kittens. The median for the class group decreased by 1 second and the median for the control
group decreased by 3.5 seconds. This may indicate kittens in both groups developed a more
optimistic outlook over time. Even though kittens in the class group received more socialization
and training experiences, both the class and control kittens underwent experiential enrichment to
some extent. Both groups of kittens participated in baseline and follow-up testing at the lab and
in the home. It is possible that the experience of undergoing cognitive testing in general may
impact the outlook of kittens, with kittens undergoing testing sessions displaying a bias to
approach novel stimuli faster. Another possibility may be that kittens became more coordinated
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and faster as they aged. The approach to the ambiguous human became quicker for 64% (25/39)
of the kittens at follow-up test. However, this is most likely not due to differences in motor
coordination over testing sessions. Kittens display adult-like locomotion at 6 – 7 weeks old and
have fully developed motor coordination at 10 – 11 weeks old (Martin & Bateson, 1986).
Because we recruited kittens 3 – 8 months old, all kittens in our sample are expected to have
developed full motor coordination. Therefore, future research should explore the cognitive bias
scores of adult cats to examine if the shift toward an optimistic bias is also detected in adult cats.
Attachment
Kittens displayed secure, insecure ambivalent, insecure avoidant, and insecure
disorganized attachment styles with their owner. The majority of kittens displayed patterns of
behavior consistent with having a secure bond to their owner. At follow-up 69% of kittens
displayed a secure attachment and 31% displayed an insecure attachment with their owner. The
distribution of kitten attachment styles is consistent with the distribution of attachment styles in
both humans (Ainsworth et al., 1978; Waters, 1978; Waters et al., 2000) and dogs (Schöberl et
al., 2016; Thielke et al., 2017). Table 3.10 shows averages for the distribution of attachment
styles in research studies conducted with humans and dogs. Kitten data presents the average
distribution of styles seen at baseline and follow-up. Similarities in the percentage of attachment
styles across species also support the idea that attachment is a biologically relevant behavior
common to several species (Gubernick, 1981), with secure attachments the most commonly
displayed attachment style.
Table 3.10. The average percent distributions of attachment styles in human, dogs, and kittens.
Attachment Style

Humans

Dogs

Kittens

(Ainsworth et al., 1978; Main & Solomon,

(Schöberl et al., 2016;

(Baseline &

1990; Waters et al., 2000; Waters, 1978)

Thielke et al., 2017)

Follow-Up)

Secure

64%

73.5%

67%

Insecure Ambivalent

14%

10%

26.5%

Insecure Avoidant

21%

5%

6%

Insecure Disorganized

13.5%

11.5%

0.5%
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It was predicted that kittens in the class group would spend greater proportion of time in
close proximity to their owner. No significant difference was found with the proportion of time
spent near the unfamiliar or familiar human in both conditions for either group. In attachment, an
individual often displays proximity and contact seeking behavior toward their attachment figure,
wishing to remain close to their caregiver (Ainsworth, 1989). As discussed in Chapter 1, some
attachment studies use preferential proximity-seeking behavior with their caregiver over a
stranger as criteria for an attachment bond to exist (Potter & Mills, 2015). However, preferential
proximity-seeking may not be a criteria for the existence of a secure bond (Ainsworth & Bowlby,
1991) and even in humans, preferential behavior towards a primary attachment figure does not
usually extend into adulthood (Schaffer & Emerson, 1964). Therefore it is possible, that kittens
may not consistently display preferential-proximity seeking towards their attachment figure past
their sensitive period of social development. In cats, this window is estimated to end around 7
weeks of age (Karsh & Turner, 1988). Additionally, a close look at individual scores at followup demonstrates that some kittens do display a preference for the owner over the stranger. For
example, a kitten named Pocket spent no time with the attentive stranger, but 90% of the session
with the attentive owner. On the other hand, a kitten named Tregan spent 99% of the session
with the attentive stranger, but spent no time with the attentive owner. As seen in Chapter 2,
although we found no significant difference in sociability scores overall, there is a large amount
of individual variation in the data which again may relate to the facultative social nature of
domestic cats.
It was also predicted that after participation in the program, kittens in the socialization
and training group would be more likely have a secure attachment to their owners than kittens in
the control group. There was no significant difference between the number of kittens ranked as
secure or insecure at follow-up testing. However, the secure base style of kittens was relatively
stable over time, with 87% of kittens being categorized as the same attachment style at both
testing sessions. These results indicate that attachment style may be relatively stable for cathuman dyads once the initial bond has been established. This finding is consistent with at least
some research on attachment style in human infant-caregiver relationships. Relatively stable
rates in attachment styles have been found in several studies (McConnell & Moss, 2011). One
study found a stability rate of 96% for infants 12 – 18 months old (Waters, 1978), and another
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study finding a stability rate of 84% for children 6 years old (Main & Cassidy, 1988).
Attachment classifications for adult humans have also been found to be relatively stable over
both short and long term periods (Waters et al., 2003), including one study finding 72% stability
after 20 years (Waters et al., 2000). However, not all studies have found this high rate of stability
over time with two studies again examining children at 12 and 18 months old finding stability
scores of 46% and 50% (Belsky et al., 1996). Therefore, the stability of the attachment
relationship may be influenced to some degree by experiential factors.
Research has examined how life experience influences human attachment relationships.
Negative life experiences are the strongest predictor influencing change to insecurity in
attachment relationships over time while factors that maintain stability or influence the change to
a secure bond over time are less clear (McConnell & Moss, 2011). Therefore, negative
experiences, and the receptivity of the attachment figure to attend to the child or animal during
these averse experiences, may be more influential in shaping attachment behavior (Waters et al.,
2003; McConnell & Moss, 2011) than undergoing potentially positive experiences, such as a
training and socialization class. Future research should examine if a stressor impacts attachment
styles. A potential stressor commonly experienced by companion animals is an owner’s
prolonged absence. Recent research indicates that an owner’s absence from the home for 4 hrs
can cause cats to display significantly increased contact-seeking behavior with the owner when
they return (Eriksson et al., 2017). Therefore, if an owner is absent for a prolonged period of
time, other changes in social behavior may occur. Future research could examine cats at baseline
and then following the owner’s prolonged absence to examine how this potential stressor may
impact the cat-owner attachment bond.
It was also predicted that participation in the class would influence the attachment of the
owner toward the kitten, with owners having higher LAPS attachment scores following the class.
There was also no correlation between LAPS survey score and the attachment style of the cat,
indicating there is no significant difference between the owner’s attachment to their cat and
whether their kitten is securely or insecurely attached to their owner. Although no significant
difference was found in LAPS scores, there may be other impacts on human perception that was
not measured in the present study. For example, research by Duxbury et al. (2003) found that
puppies that attended socialization classes were less likely to be surrendered to a shelter as
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adults. Therefore, future research could examine retention of cats that underwent training and
socialization classes to see if there is a long-term impact on the human-cat bond.
Conclusion
These findings indicate the training and socialization experience resulted in cats that were
more responsive to their owner’s attentional states. Following the training and socialization class,
kittens altered their social behavior in response to their owner’s attentional state, spending
significantly more time with their owner when the owner was attentive. Kittens lacking the
training and socialization experience did not significantly alter their response to the owner’s
attentional state. Additionally, class kittens persisted in completing the cognitive bias test over
time while control kittens displayed a decrease in task persistence at follow-up. This may
indicate that training and socialization helps maintain motivation and task persistence over time.
Attachment results indicate the same styles of attachment bond exist in kittens as do dogs and
humans, with all species having similar distributions of secure and insecure attachment styles.
Attachment styles were also relatively stable for kitten-human dyads, with 87% of kittens having
the same style at both testing sessions. Although we saw no significant change in owner LAPS
attachment score following the class experience, both the kitten training and socialization
program and kitten research program drew much interest from owners and we had no trouble
recruiting a hundred kittens and owners for the study. For those participating in the class
program, 85% of owners stayed in the class fully until the end and of those owners retained for
the full 6 weeks, the rate of attendance was 89%. Therefore, it appears the public displays an
interest in participating in kitten socialization and training classes. Future research should
continue to examine the influence of these opportunities on the cat-human bond.
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CHAPTER 4
Social Interaction, Food, Scent or Toys? A Formal Assessment of Domestic Pet and Shelter
Cat Preferences
Introduction
With over 94 million domestic cats living in U.S. homes (APPA, 2018), over 3.4 million
cats entering U.S. shelters each year (ASPCA, 2016), and an unknown number of free-roaming
cats sharing human spaces (Miller et al., 2014) the domestic cat has displayed amazing flexibility
in social living. Despite this adaptable nature cats are still often thought to be more independent
than social (Potter & Mills, 2015; Spotte, 2014). Additionally, many still perceive the domestic
cat as difficult to train, and as mentioned in Chapter 3, cat training classes are rare compared to
the variety of these classes offered to dogs (Seksel, 2008). However, cats have been successfully
trained on a variety of auditory (Witte & Kipke, 2005), visual (Wilkinson & Dodwell, 1980; Pisa
& Agrillo, 2009; Sasaki et al., 2010), and olfactory (Mayes et al., 2015) discrimination tasks in
scientific settings and are also regularly trained for entertainment outlets worldwide. Significant
species continuity has also been demonstrated with respect to Pavlovian and operant
conditioning (Skinner, 1938). Therefore the cat’s untrainable reputation may have more to do
with lack of knowledge of which stimuli individual cats most prefer and what items those cats
may be most motivated to work for, an important aspect of operant conditioning (Powell et al.,
2012).
Identifying stimulus preference is an important and common challenge associated with
assessing the behavior or cognition of both non-verbal humans and non-human animals. Several
forms of preference assessment have been developed to meet this need. For example, an
individual’s preference can be assessed using a paired-stimulus test in which two items are
concurrently presented and the stimuli which produces the highest percentage of approach
behavior recorded (Fisher et al., 1992; DeLeon & Iwata, 1996). In multiple-stimulus preference
assessments, an individual is able to choose from an array of several items that are presented
simultaneously. Two versions of the multiple stimulus test exist, including the replacement of the
chosen stimulus back into the array, making the preferred item available for selection during the
next trial, and without replacement of the chosen stimulus, comparing only previously not
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selected stimuli during the next trial (DeLeon & Iwata, 1996). Finally, in free operant preference
assessments, an individual has noncontingent access to an array of stimuli for a set period of
time, allowing free interaction with all items (Roane et al., 1998). Rather than measuring discrete
trials, the free operant method assesses preference based on duration of interaction with various
stimuli. The free operant method provides a potential advantage in applied settings and with
certain human and non-human animal populations; as the length of the assessment is often
shorter than methods requiring discrete trials, allowing for preference testing to be used with
individuals where brief assessments with less repetition may improve efficacy (Rush et al.,
2010).
Several prior studies have examined cat preference for various types of food. Church and
colleagues (1996) examined cat food preference by concurrently presenting hard dry foods in
varying ratios to two populations of domestic cats; a farm and rescue cat population that had a
history of scavenging on a variety of foods and a population of indoor-only pet cats that were
provided diets by their owners. Cats in the farm and rescue population showed a stronger
individual preference for the novel food while the indoor pet cats only showed a weak individual
preference (Church et al., 1996). Additionally, Bradshaw et al. (2000) found housecats, which
were fed raw meat less often in their diet, preferred raw beef less than free-roaming cats, which
most likely often eat raw meat as part of their diet. The preferences of young kittens are also
known to be heavily influenced by experience with their mother (Bradshaw, 2006) as kittens
tend to imitate their mother’s food preferences, even if the mother’s food is atypical for their
species (e.g. mother has been trained to eat bananas or potatoes) (Wyrwicka, 1978).
Finally, although not a formal preference assessment, Ellis & Wells conducted studies
into attention and behavioral response to visual stimuli (2008) and olfactory stimuli (2010) as
enrichment for shelter cats. They found that although shelter cats spent relatively low amounts of
time looking at the visual conditions presented on the television screen, they spent more time
directing their gaze at the screen and less resting behaviors during the conditions with animate
movement. This indicates the use of video images with live prey species may serve as an
effective form of enrichment, although there is habituation to this stimulus over time (Ellis &
Wells, 2008). Additionally, the researchers found that although shelter cats spent relatively little
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time with the scent stimuli overall, catnip elicited the most interest indicating this scent could
also be a useful form of enrichment, especially in captive settings (Ellis & Wells, 2010).
Although previous studies provide a foundation in understanding some cat preferences,
no study has yet conducted formal cat preference assessments for triads of stimuli across human
social, food, scent, and toy categories. There is also a great need to consider a wider range of
stimuli in general, especially biologically relevant stimuli and other stimuli that are common in
domestic cat environments and that might be used in enrichment, training or behavior
modification settings. Therefore, the aim of Study 3 was to examine individual cat preferences
within and between items in human social, food, scent, and toy categories in two populations
(shelter and pet) of domestic cats.
Material and Methods
Subjects
Twenty-five adult (>1 year-old) pet cats and twenty-five adult (>1 year-old) shelter cats
were selected for this study. The criteria to be in the pet or shelter cat group were the same as in
Chapter 2. Pet cats were mixed breed and neutered and had a sex distribution of 13 males and 12
females. Cats ranged in estimated age from 1 – 16 years old with an average age of 5.5 (SD ±
3.8), however ages of both pet and shelter cats are only estimates. Shelter cats were tested from 3
shelters, 9 cats from Willamette Humane Society in Salem, OR, 9 cats from Heartland Humane
Society in Corvallis, OR, and 7 cats from SafeHaven Humane Society in Tangent, OR. Shelter
cat were mixed breed and neutered and had a sex distribution of 12 males and 13 females.
Shelter cats were estimated to range in age from 1 – 20 years old, with and average age of 6.3
years old (SD ±5.4). Shelter cats had been residing in the shelters for an average of 46.5 days,
with stays ranging from 1 day to 163 days prior to the date of testing.
Of these fifty cats, 5 (2 pet, 3 shelter) did not undergo the full assessment due to nervous
behavior (hiding, shaking, dilated pupils) and 6 other cats (4 pet, 2 shelter) underwent the full
assessment but did not interact with any of the items, often sitting away from the stimuli.
Nineteen pet cats interacted with stimuli during the assessment and were included in the full
dataset. Twenty shelter cats interacted with stimuli during the assessment and were included in
the within-category comparisons (N = 39). However 1 cat did not interact with any stimuli
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during the between-category (most-preferred) comparison and so 19 shelter cats were included in
the full dataset (N = 38). Of the 19 pet cats included in the full dataset, 9 were female and 10
were male and they were estimated to range in age from 1 – 16 years old with an average age of
5.7 (SD ± 4.2). Of the 19 shelter cats included in data analysis, there were 11 females and 8
males which were estimated to range in age from 1 – 20 years old, with and average age of 7.3
years old (SD ±5.9). Shelter cats included in analysis had been residing in the shelters for an
average of 47 days, with stays ranging from 2 days to 163 days prior to the date of testing.
General Procedure
In order to control for motivational state, food and social attention were withheld from
subjects for 2.5 hrs prior to testing. The other specific stimuli used for this study were novel to
the cats at the time of testing, although cats may have had prior experience with similar stimuli in
each category (e.g. the scent of other unfamiliar cats, or exposure to a variety of toys). For pet
cats, testing occurred in a room in the owner’s home. Shelter cats were tested in a room within
the shelter. A free-operant preference assessment was conducted with human social, food, toy,
and biologically relevant scent categories. Preference sessions for all stimulus categories were
conducted in a randomized order on the same day, with the final most-preferred comparison
occurring after a most-preferred item had been selected from each category.
Stimulus Categories
In the within-category social condition, preference for (1) human vocalization, (2) petting
and (3) playing with feather toy was compared serially so that the human’s identity could be held
consistent. Each human interaction type was presented for one minute and associated with an
identifiable cue. Before the petting condition, the human would pet the cat then showed the cat a
closed fist and sat on an X on the testing floor, still presenting the closed fist as a cue for petting.
If the cat approached, the human could freely pet the cat. After each 1 minute session, the human
got up and moved to a different X (i.e. once the 1 minute of play is over, the human gets up and
moves to another X before beginning the 1 minute of vocalizing). Vocalizing served as its own
discriminative stimulus, and the presence of the toy indicated the availability of play. The feather
toy used in this condition utilized the same brand of feathers from the toy condition, GoCat Da
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Bird Feather Toy, however this feather was attached to a rod. In total, the within category social
condition lasted three minutes to match the other within-category assessments.
For the food condition, (1) chicken, (2) tuna, and (3) chicken flavored meat soft cat treats
were compared simultaneously for three minutes. Approximately a tablespoon of each food item
was placed in three locations: in front of, on top of, and inside of an unsolvable task previously
used with cats (Miklósi et al., 2005). The food task is a small stool (9.5 cm in height, 25.5 cm in
length, 12.5 cm in width) with a plastic see-through cup connected via a string (50 cm long),
which can be wrapped around the stool so the cat cannot access the food inside the dish. Because
some of the cats broke open the unsolvable version as described by Miklósi et al. (2005) we
added a second string that could be tied to the first string in order to more securely fasten the cup
to the top of the food task. This insured that the cats could taste a chosen food, but not consume
all of it within the three-minute period, which otherwise could remove the motivation to stay in a
particular testing quadrant past initial consumption.
For the biologically relevant scent category, the scents of a (1) gerbil (potential prey
item), (2) catnip, and (3) unfamiliar conspecific were compared simultaneously for three
minutes. Each scent stimuli was impregnated into a square cotton cloth (15 cm x 15 cm) for at
least 24 hrs prior to the assessment (Ellis & Wells, 2010). The conspecific cloth was rubbed onto
the scent glands of an unfamiliar cat and left in the unfamiliar cat’s resting area. The gerbil cloth
was left inside the cage with the experimenter’s gerbils. Experimenters wore gloves when
placing the cloths to avoid scent contamination.
The toy condition compared a (1) movement toy, (2) mouse toy, and (3) feather toy
simultaneously for three minutes. The movement toy was a wire feather toy with erratic
movement that was moved by the experimenter while outside of the room (the experimenter was
out of view of the cat). To make this toy the Cat Dancer 101 Cat Dancer Interactive Cat Toy™
was attached to a 2x4 wooden board so the wire would stand up on its own. A feather was
attached to the top of the toy and clear fishing line attached to the wire so the toy could be moved
by the experimenter. Both feathers used in the toy condition were the same brand as used in the
social play condition, GoCat Da Bird Feather Toy™. The mouse toy was small and fuzzy with a
short tail and a shaker inside.
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Stimulus Presentation and Behavior Assessment
In food, toy, and scent categories, the cat had free access to all available stimuli in the
category during the 3 minute session (Hagopian, 2004). The order of stimuli presentation and the
location of stimuli in the testing room were randomly arranged (Roane et al., 1998) in a square
with the center of each stimulus 1.5 meter from the center of the other stimulus around the square
(Feuerbacher & Wynne, 2015), as seen in Figure 4.1. The experimenter presented each stimulus
to the cat briefly before it was placed in the testing area. For the social interaction category, the
owner (for pet cats) or experimenter (for shelter cats) provided each type of interaction
(vocalizing, petting, playing) one at a time for a period of 1 minute each (Hagopian, 2004). This
was done in order to hold the ‘individual human’ constant and still maintain a total of 3 minutes
of testing within the social interaction category. Because preference for an item can be measured
by an individual’s approach to and maintenance of proximity with a stimulus (Zajonc & Markus,
1982), stimuli in each within-category comparison with the highest proportion of interaction
were compared in a final between-category comparison to determine each cat’s most-preferred
stimulus category.
In each of the 4 within-stimuli categories, the proportion of time spent in physical
interaction, defined as a cat making contact with any part of the stimulus (touching, eating,
sniffing, playing, licking, etc.), was live coded by experimenters using the application Countee.
Once the cat completed the within-stimuli categories, a final comparison was made between the
items from each of the 4 categories with the highest proportion of interaction. If there was a tie
within a category (i.e. playing and petting were equally preferred in the human interaction
category) a coin was flipped to decide which item was presented in the final between-category
comparison.
In a final phase to determine most-preferred category, four stimuli (the individual’s most
preferred item from each category as determined by the within-category assessment) were
presented simultaneously for 3 minutes in the same manner as previously described (this time
social interaction was presented concurrently with the other stimuli, not singly as before). Figure
4.1 shows the set-up of the final most-preferred stimulus comparison phase, with the mostpreferred stimulus from each category presented simultaneously (the within-category comparison
would look similar, with the exception only 3 of the quadrants would hold stimuli, and all stimuli
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would be from the same category). If a cat showed no interaction with any stimulus in a withinstimulus category, a stimulus from that category was not included in the final comparison (e.g. if
cat never investigated any of the scent cloths, no scent item would be in final comparison).

Figure 4.1. Set up of the between-category comparison to determine most-preferred stimulus
category in the preference assessment.
Results
Overview
Shapiro-Wilk normality tests were run and data did not follow a normal distribution (all p
> 0.05) therefore non-parametric statistics were used to analyze study data. Two-tailed Fisher’s
Exact Tests were run to compare the number of pet and shelter cats preferring stimuli in each
within-stimulus category comparison and the most preferred category comparison. A Bonferroni
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Corrected alpha of 0.008 was used to account for multiple pairwise comparisons. There were no
significant differences between pet and shelter populations in terms of the number of individuals
preferring stimuli within each category and in the number of individuals preferring each stimulus
category in the final comparison (all p > 0.06; corrected Alpha). A primary rater watched all
session videos and coded the time each cat spent interacting with stimuli in each category using
Countee. To calculate inter-observer reliability, 30% of videos were double coded by other
coders, applying an 8% range of tolerance for proportion of time interacting with each stimuli.
Scores within the range of tolerance were considered in agreement. An inter-observer reliability
agreement score of 88% was calculated. Because of strong agreement, data coded by the primary
rater were used in analysis. All tests were two-tailed and used an alpha of 0.05 unless otherwise
noted.
Within-Category Most Preferred Comparison
Two-tailed Fisher’s Exact tests were run to compare the number of cats that preferred
items within each category type (e.g. number of individuals that preferred vocalization vs.
playing vs. petting). A Bonferroni-corrected alpha of 0.008 was used to account for pairwise
comparisons. The preferred item was the stimulus with the highest proportion of interaction
during the session. If a cat showed equal preference for multiple stimuli within the category (e.g.
spent 100% of time with the human in all 3 human interaction conditions) each of those
conditions were considered most-preferred for that cat. Therefore, in some cases, the number of
preferred stimuli recorded for within-category testing was greater than the number of cats tested.
As seen in Figure 4.2, in the human interaction category significantly more cats preferred playing
to vocalization (p = 0.0002) however there was no significant difference in cat preference
between petting and vocalization (p = 0.05) or playing and petting (p = 0.10). In the food
category, significantly more cats preferred tuna to the chicken meat soft treat (p = 0.0001)
however there was no significant difference in cat preference between tuna and chicken (p =
0.02) or chicken and meat soft treat (p = 0.08). In the toy condition, significantly more cats
preferred interacting with the movement toy over both the mouse (p = 0.0001) and the feather (p
= 0.0001), however there was no significant difference in preference between the mouse and
feather toy. Finally, in the scent category, significantly more cats preferred the catnip scent to the
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gerbil scent (p = 0.0003) and conspecific scent (p = 0.0003), however there was no difference in
preference between the gerbil and conspecific scent (p = 1.00).
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Figure 4.2. Number of pet and shelter cats preferring each stimulus across the four categories.
* p > 0.001. N=38.
Between-Category Final Most-Preferred Comparison
Data for the most-preferred stimuli comparison (final comparison in which the stimulus
with the highest proportion of interaction from the within-category comparison were compared
against one another) were analyzed using two-tailed Fisher’s Exact tests. A Bonferroni
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correction of p = 0.008 was calculated. The stimulus category receiving the highest proportion of
interaction in this final comparison was categorized as the most-preferred category. As seen in
Figure 4.3, 50% of cats most preferred social interaction, 37% most preferred food, 11% most
preferred toys, and 2% most preferred scent. Significantly more individuals preferred social
interaction to toys (p = 0.0003) and scent (p = 0.0001), however there was no significant
difference between individuals preferring social interaction and food (p = 0.35). In addition,
significantly more individuals preferred food to scent (p = 0.0003) but there was no difference
between individuals preferring food and toys (p = 0.014) or toys and scent (p = 0.36). In terms
of time interacting in each stimulus category, 19 cats spent on average of 65% of the time
interacting in the social category, 14 cats spent an average of 69% of the time interacting in the
food category, 4 cats spent on average 50% of the time interacting with toy stimuli, and 1 cat
spent 52% of the three minute session interacting with the scent stimuli. The majority (70%) of
cats engaged with the most-preferred stimuli for at least half the session time. Additionally,
individual cats also showed substantial variability in preference (Figure 4.4), suggesting that use
of a preference assessment to identify individually preferred items or motivational state in
research or training contexts could be beneficial.
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Discussion
The results of the preference assessment indicate that although there is individual
variation in cat preference for the various items, certain stimuli were preferred significantly more
both within and between categories. Social interaction was the most-preferred stimulus category
overall for the majority of cats (Figure 4.3). While it has been suggested that cat sociality exists
on a continuum, perhaps skewed toward independency (Potter & Mills, 2015), we have found
that 50% of all cats preferred interaction with the social stimulus even though they had a direct
choice between social interaction with a human and their other most preferred stimuli from the
three other stimulus categories. Therefore, the idea brought forth by Potter & Mills (2015) that
cats have not been domesticated long enough to show preference toward human interaction is not
supported by these data. However, cat sociality may instead be influenced by a combination of
factors including biological predispositions and lifetime experiences (Vitale Shreve & Udell,
2015) resulting in the individual variation seen within and between studies on cat social
behavior. It is therefore possible that some populations of cats may display greater preference for
social interaction than others.
These findings are also important to the study of operant conditioning in cats, as knowing
what stimuli individual cats most prefer and are most motivated to work is a necessary
prerequisite to effectively shaping behavior (Powell et al., 2012). Although study cats interacted
with all 12 stimuli to some extent, our results indicate that certain stimuli were preferred
significantly more within their categories than the other stimuli presented (Figure 4.2). In the
social interaction category, significantly more cats preferred to interact in the play condition than
the human vocalization condition. In the food category, significantly more cats preferred tuna to
the meat soft treat. In the toy category, significantly more cats preferred to interact with the
movement toy over both the mouse and feather toys. Finally, in the scent category significantly
more cats interacted with the catnip cloth over either the gerbil or conspecific scent cloths.
Additionally, with 50% of cats most preferring the social stimulus and 37% of cats most
preferring food, these data may be useful for cat trainers or behaviorists as a starting point when
considering which items to use as reinforcers during behavior modification or cognitive testing.
Future research should build on the current findings by pairing a free-operant preference test
with an operant conditioning procedure (e.g. training a cat to touch an object and observing the
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change in behavior frequency in response to the most-preferred stimulus) to directly assess the
strength of the cat’s motivation to work for access to that item (Tobie et al., 2015), informing
further applied uses of these stimuli in training situations.
Given that human play and the movement toy were preferred by many cats, with both
stimuli being preferred by the majority within each category (Figure 4.2), this may indicate cats
prefer to engage with toy stimuli with erratic movement. When comparing between the feather
toys used in the toy condition, one of the feathers was stationary and one of the feathers moved
erratically (as controlled by the experimenter from outside the room). Only 2 cats preferred to
interact with the stationary feather toy in the within-toy category as compared to the 23 cats that
preferred the movement feather toy. Only 3 cats preferred to interact with the mouse toy, which
similar to the feather toy, was presented on the ground and had no movement (unless engaged in
by the cat). Hall and colleagues (2002) suggest that adult cat object play is derived from
predatory behavior, indicating that a prey-like stimulus (appropriate size, shape, sound,
furry/feather texture) that mimics a prey’s erratic movement would be expected to produce the
most interaction from cats. This is further supported by the finding that shelter cats spend more
time looking at a screen playing images of animate movement, such as movement of prey (Ellis
& Wells, 2008). Future research should build upon this finding to examine what characteristics
of toy stimuli are most enriching for cats and potentially pair these toys with scent enrichment
(catnip or prey scent) to examine factors influencing preference to interact with toys.
Factors influencing the formation of individual preferences in cats are not well studied
but may be explained by a combination of several possible mechanisms. As discussed in Chapter
1, genetics, as well as life experience, are known to influence a cat’s personality and personality
may influence a cat’s behavior toward stimuli (Gosling, 2001). Reinforcement history may also
influence an individual organism’s behavior toward a stimulus (Freeman & Lattal, 1992).
Bradshaw and colleagues (2000) found that previous experience with a food item influenced the
cat’s preference for that food; housecats, which were fed raw meat less often in their diet,
preferred raw beef less than free-roaming cats, which most likely eat raw meat as part of their
diet. Therefore, cat preference for a stimulus or stimulus category may in part be due to the
individuality of the cat, their previous experience with the stimuli, and their motivation state (e.g.
more/less hungry).
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As stated, an individual’s preference for a stimulus can be influenced by their
motivational state (deprived/satiated) (Van den Bos et al., 2000). In this Chapter we tried to
account for motivational state to some extent by withholding food and social attention from
subjects for 2.5 hours prior to testing. Although all of the specific stimuli used in testing (except
interactions with the pet cat’s owner) were brought by the experimenter ensuring some degree of
novelty, we could not control for all variables that may have contributed to motivational state.
For example, the cats’ exposure other toy and scent stimuli in the home environment were not
controlled for prior to testing which could have influenced the lower preference for these
stimulus categories, even though they would not have had prior access to the exact scents or toys
used in testing. However, lack of access to specific stimuli within these categories (e.g. gerbil
scent) did not systematically result in higher preference for these items, therefore recent exposure
to similar stimuli may be an important factor to explore further in the future, but is likely only
one factor of many. Given our results are consistent with that of Ellis and Wells (2010), who also
found cats spent relatively little time with scent stimuli, this could indicate that for many cats
scent is simply a less preferred stimulus when other options are available- except in the case of
catnip which significantly more preferred than gerbil or conspecific scent within-category
(Figure 4.2) and also produced the highest amounts of interaction for Ellis and Wells. Future
studies could further control for or manipulate motivational states across stimuli, or the
individual’s expectation for rewards (optimism/pessimism or reinforcement history), to better
understand what proximate factors most readily influence cat motivation and preference in
different settings.
It is interesting to note that although previous research has found differences in food
preferences of dogs in different populations (dogs housed in kennels compared to homes, two
groups that may differ in life experience) (Griffin et al., 1984), the present study did not find any
significant difference between the preferences of pet and shelter cats. This may be partially due
to the relatively short stay of the shelter cats participating in the study, with cats being at the
shelter for an average of 46.5 days, or a little over 1 month, prior to testing. It may be this is not a
sufficient amount of time to develop differences between the two populations. However similar
levels of preference in the social interaction category are especially interesting given the
relationship with the human providing social interaction differed between the pet and shelter
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populations. Owners provided social interaction for pet cats whereas an unfamiliar human
(experimenters) provided social interaction for shelter cats (given the lack of an owner). Similar
findings have been found in dogs, for example dogs living in a shelter have been found to form
attachment like behavior towards previously unfamiliar individuals very quickly (Gácsi et al.,
2001). Therefore it may be shelter cats spend more time interacting with an unfamiliar human
than pet cats would, as found in research comparing pet and shelter dogs (Barrera et al., 2010).
Future research should therefore also explore the use of an unfamiliar human in preference
assessments conducted with pet populations to determine if shelter and pet cats significantly
differ in their preference for a novel human versus a familiar one.
Our findings are also interesting from an enrichment perspective. Although prior studies
have investigated cat preferences for different scents and visual stimuli for use as enrichment
(e.g. Ellis & Wells, 2008; Ellis & Wells, 2010), to our knowledge interactions with humans has
never formally been included in a cat enrichment study. However, the current data suggests that
interaction with humans may serve as a highly preferred stimulus with enrichment potential.
Future studies could assess whether interaction with humans increases domestic cat welfare
and/or species typical behaviors. Finally, even though all stimuli had already been presented to
the cat prior to the final most-preferred comparison (in the within-category comparisons) most
cats still spent a high proportion of the time interacting with their most-preferred item, with 70%
spending at least half the final session interacting with their most-preferred stimulus. This may
further support the idea of using these stimuli for enrichment purposes, as interaction with
stimuli that retain salience and interest over multiple presentations may further reduce
stereotypic behaviors. However habituation to these stimuli over time, and factors influencing
the salience of these stimuli over time, must still be considered and measured (Ellis & Wells,
2010; Hall et al., 2002).
Conclusion
The results of the preference assessment indicate cat preferences are highly individual,
spanning across all four stimuli categories. However cats display significant preference for
certain stimuli, both within categories and in the most-preferred test. These results expand upon
the findings of prior research assessing cat preference, including Bradshaw et al. (2000) who
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found that cats (both pet and free-roaming) display a spectrum of individual, but relatively stable,
food preferences. The finding that most cats in both pet and shelter populations prefer social
interactions with humans, followed by food, may indicate that these stimuli may be a useful
starting point when considering potential reinforcers (for cognitive/behavior testing or for
training) or enrichment items for cats. Free operant preference assessments represent a reliable
way of identifying individual preferences within and between these categories. Factors
influencing the formation of these individual preferences in cats are not well researched but
could be explained by a combination of genetic, experiential, and motivational mechanisms.
Although it is often thought that cats prefer solitude to social interaction, the data of this study
indicate otherwise. In the sessions comparing types of social interaction, cats displayed a
preference for all three types of human interaction and the majority of cats most preferred human
interaction in the final session comparing preferred stimuli in all four categories. Much work
remains to be done in this area. However consideration of the most-preferred stimulus in each
category and implementation of human petting protocols may inform the use of these items as
enrichment, especially for shelter cats. Finally, a future study pairing the free-operant preference
test with an operant conditioning procedure would further assess the strength of the cat’s
motivation to work for access to that item and its effectiveness as a reinforcer.
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CHAPTER 5
Future Directions in Cat Cognition Research
Introduction
The scientific community still has much to learn about cat cognition, specifically the
bond between cats and humans. Cat sensation and perception have historically received more
attention than other areas of cat cognition with cats serving as a model for human sensory
systems (Vitale Shreve & Udell, 2015). Researchers have also examined the biology of cat
behavior investigating behavioral development, the mother-kitten relationship, cat hunting
behavior, cat predation, and factors influencing group formation in free-roaming cats (Turner &
Bateson, 2000). However, more observation research into the biology of cat behavior is needed
to be able to better examine factors such as sex (see Appendix 4), breed, and sexual status. The
interest in cat cognition and behavior is growing and already researchers are exploring topics
including physical causality, object permanence, social referencing, and cat welfare (Udell &
Vitale Shreve, 2017). This chapter presents considerations for future directions in cat cognition
research and the overall significant findings of the previous Chapters.
Species Appropriate Methodology
One important consideration when conducting cat cognition research is the use of
species appropriate methodology. For example, previous research has indicated that cats were
unable to represent invisible displacement of an object (Dore, 1986; Dore, 1990; Goulet et al.,
1994). Researchers were examining if cats have the concept of object permanence, or if they
understand that when an object disappears from sight it continues to exist (Piaget, 1936; Piaget,
1937). With invisible displacement tests, the object that disappears does so “invisibly” without
the subject’s knowledge. A typical methodology to study invisible displacement involved placing
a reward in a container and then moving it behind an obstacle, removing the reward, and then representing the empty container to the cat. If cats can solve the invisible displacement task they
should identify the object was removed behind the obstacle and search for it there (Miller et al.,
2009). It would be expected that a predator like a cat would display the ability to search for a
prey animal at the location where it was last seen, before it disappeared behind cover (Goulet et
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al., 1994). However, cats routinely failed to pass invisible displacement tests (Dore, 1986; Dore,
1990; Goulet et al., 1994). Another study was conducted using a variation on the invisible
displacement test, in which food was attached to a string and moved behind a screen where it
then disappeared. In this version of the task, cats performed significantly above chance. The
string-pulling task was more ecologically relevant since the cat must predict the new position of
the food and it utilized a movement component more similar to the movement of natural prey
(Dumas, 1992; Vitale Shreve & Udell, 2015).
Adaption of cognitive tests for cat-appropriate methods was also found during
modification of several cognitive tests for use in cats in Chapters 2, 3, and 4. For example, in
Chapter 4, the preference test utilized a different methodology than typically used to measure
preference with other species. As mentioned, preference can be measured with a paired-stimulus
test, multiple-stimulus test, or a free operant test. The free operant preference assessment
provides an advantage for some species because preference can be based on duration of
interaction rather than discrete trials, where the subject is required to approach several times in a
row. Additionally, the length of the assessment is often shorter than discrete trail methods
allowing testing to be briefer and less repetitive (Rush et al., 2010). In all three of the studies
presented in the previous chapters, the testing sessions were kept brief, with kitten testing
sessions in the laboratory under 30 min and in at the owner’s home under 15 min. For adult cats
we kept sessions in the home under 20 min. Keeping testing brief allowed for the inclusion of
more cats that might otherwise drop-out of testing with longer methodology.
If discrete approach methodology is required, such as with the cognitive bias test used in
Chapter 3, methods could utilize a social component as a reinforcer during conditioning
procedures. In cognitive bias tests with dogs, pigs, and primates, food is typically used to
reinforce a positive condition (Mendl et al., 2010; Bethell et al., 2012; Douglas et al., 2012;
Scollo et al., 2014). However, for the conditioning methods used in the cognitive bias test, we
used human attention- providing social interaction or food and lack of attention. As found in
Chapter 4, the majority (50%) of cats tend to prefer social interaction followed next by
preference for food (37%) therefore, having the human provide the reward, either with
interaction or food, allowed us to use stimuli preferred by the majority of cats. After piloting
cognitive bias methods, we found increased approach behavior to the “positive” human
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following the switch from food only. Future cognitive experiments could also consider providing
a casual preference test prior to the conditioning procedure, with stimuli known to be highly
preferred by cats (Figure 4.2) to determine each subject’s preferences.
Lifetime Differences
It is important to consider that many of the differences popularly thought to be species
differences could instead be experiential differences. For example, many people have
commented that cats as a species are particularly hard to study. In an interview one scientist
described how researchers that have worked with cats found that “they were a pain to work
with”, partially because cats “freaked out” when brought into the lab (Grayson, 2014). However,
it is important to consider that all too often cats lack positive experiences outside of the home
and may only experience potentially aversive events, such as medical examinations. The whitecoat effect is the idea that the novel setting of the veterinary clinic and the act of the medical
examination can cause stress for an animal, impacting blood pressure, heart rate and behavior
(Belew et al., 1999). In a study examining the white-coat effect in cats, researchers found that
blood pressure measurements during examinations exceeded the 24-hour average of systolic
blood pressure and the magnitude of the response did not diminish in the group as a whole over 5
repeat office visits (Belew et al., 1999). Over time cats may learn to associate leaving the home
with stressful experiences through Pavolvian principles (Pavlov, 1927) and develop avoidance or
stress behavior when the owner attempts to take the cat out of the house. In addition to this, there
is often a lack of kitten and cat socialization opportunities in public spaces. Puppies and dogs are
often exposed to positive experiences outside of the home- in training and socialization classes,
going for walks, at dog parks, car rides, etc. Although more people are beginning to engage in
these activities with their cats, as seen in the growing number of cats exploring public spaces
(“The Adventure Cats,” 2018), opportunities for cats to receive socialization outside of the home
are especially scarce for cats. It is possible cats tend to become anxious in novel situations, such
as a laboratory, because they lack positive experiences leaving the home and may expect an
aversive experience to occur, and not because cats as a species are intrinsically “a pain to work
with”.
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Future research comparing cats to dogs should consider these differences in experience
between the two companion animal species. For example, researchers found cats typically
display orientating behavior in response to their owner’s voice while dogs typically approach the
speaker where the owner’s voice is coming from (Saito & Shinozuka, 2013). Although this
behavior could be attributed to species differences between cats and dogs, it could also be
attributed to proximate factors such as different training experiences between the two species.
Dogs may be more often trained to come when called, and therefore to approach their owners
voices. On the other hand, cat owners may less frequently train their cat to come to their voice,
and therefore cats may be less likely to approach their owner’s voices. Future research could
further examine this by recruiting dogs and cats with equivalent training experience (i.e. both
trained to come when called).
General Conclusion
Overall, the research presented in the previous Chapters indicates proximate factors such
as a human’s attentional state, kitten training and socialization classes, and the housing
environment can significantly influence cat behavior. Results indicate adult cats can detect
human attentional state and modify their behavior in response (Figure 2.1), demonstrating they
are sensitive to human social cues and tend to be more social when presented with an attentive
human. Similarly, kittens that participated in the training and socialization class significantly
altered their sociability in response to their owner’s attentional state, spending more time with
the attentive owner (Figure 3.1). However, control kittens that lacked the training and
socialization experience did not alter their behavior in response to their owner’s attentional state.
Additionally, neither group of kittens altered their behavior in response to the attentional state of
the stranger. This, along with the findings of Chapter 2, may indicate that kittens develop the
ability to attend to human attentional states as they get older, through social experience mainly
with their owner, and the ability may then be generalized to unfamiliar humans (Powell et al.,
2012).
The experience of participating in a training and socialization class also produced kittens
that persisted in completing the cognitive bias test over time. Control kittens, which lacked the
training and socialization experience, displayed a decrease in task persistence at follow-up test.
This may indicate training and socialization helps maintain motivation and task persistence over
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time. However, the training and socialization class did not significantly influence attachment
behavior, cognitive bias latency, social referencing ability, and owner attachment to the kitten.
Although several studies have indicated puppy training and socialization have a positive
influence on dog behavior, the results have been mixed (Howell et al., 2015). For example,
Seksel et al. (1999) found that although dogs underdoing a socialization and training displayed a
significantly higher rating on their ability to respond to commands, there was no significant
impact on any other measures, including a puppy’s response to novel, social, and handling tests.
Future research should further investigate how these experiences influence companion animal
behavior.
The population that the cat lives with also influenced cat behavior to some extent. Living
in a home or shelter environment influenced cat sociability. Shelter cats spent more time with
humans despite the human’s inattentive behavior and the lack of bond to that human (Figure
2.1). Additionally, shelter cats meow significantly more to the inattentive unfamiliar human
(Chapter 2). This supports the idea that shelter cats may be more likely to use meow
vocalizations as a signal to solicit interaction with an inattentive human when compared with pet
cats. However, this population factor did not influence the distribution of preferences in Chapter
4. Shelter cats and pet cats display no significant difference in their preference for social, food,
scent, and toy stimuli. This may indicate that some aspects of cat behavior, such as preference,
may be associated to the individuality of the cat, which may be relatively stable across different
contexts (Chapter 1). Indeed, relatively stable attachment styles were also found in kitten-human
dyads with 87% of kittens having the same style at both testing sessions (Figure 3.2). Together,
this indicates that while proximate factors can significantly influence cat behavior, the
individuality of the cat is still one of the most important factors influence cat behavior (Mertens
& Turner, 1988). The individuality of cat behavior is evident in tests of sociability where scores
range from cats seeking no proximity with humans to seeking proximity for the entire testing
session, and everything in between (Figures 2.1 and 3.1)
In all, the experiments in the previous Chapters are evidence of a growing interest in the
public to participate in research and socialization experiences with their cat. Taken together, 148
cat owners participated in the present research project along with collaboration with three local
humane societies with 196 pet and shelter cats tested overall. There is also growing interest in cat
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training and socialization opportunities. This is highlighted by our finding that for all five of the
free kitten training and socialization classes we offered, 85% of fifty owners stayed in the class
fully until the end and of those owners retained for the full 6 weeks, the rate of attendance was
89%. In addition, due to continued socialization and training requests from owners following the
completion of the kitten classes, the Cat Club was formed to allow socialization for cats of all
ages. To date, Cat Club has only involved kittens and cats that have participated in the research
program, however Cat Club is open to the public and interested participants should contact the
Human-Animal Interaction Lab (www.thehumananimalbond.com). With growing interest in the
scientific community and general public, much more remains to be learned about cat behavior,
cognition, and the human-cat bond.
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Appendix 1
Shelter Cat Sociability Analysis
The shelter cat data for Chapter 2 were analyzed to examine if length of time living in the
shelter environment was correlated with time spent in proximity to the human or the frequency
of meow vocalizations. Because data were skewed toward shorter lengths of stay at the shelter,
one outlying individual was removed from analysis (length of stay 455 days) leaving 22
individuals. As seen in Appendix Table A1.1, there was no strong correlation between length of
stay on proximity-seeking behavior in either phase or vocalization in the attentive phase.
However, meow vocalizations in the inattentive phase were moderately correlated with length of
stay (0.52).
Appendix Table A1.1. 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
Proximity Seeking
Meow Vocalization

Phase

Pearson Correlation

UI

0.05

UA

0.01

UI

0.52

UA

-0.11

Linear regression analysis was run to examine if the number of days living in the shelter
environment influenced cat behavior. Appendix Figure A1.1 displays the proportion of time
spent in proximity to the unfamiliar inattentive human and Appendix Figure A1.2 displays the
time spent with the unfamiliar attentive human. The low R2 values indicate length of stay does
not predict proximity-seeking behavior. The same was found examining the frequency of meows
in the attentive state (Appendix Figure A1.4). However, as seen in Appendix Figure A1.3, the
length of time in the shelter moderately predicted the frequency of meow vocalizations.
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Appendix Figure A1.1. Linear regression comparing the number of days living in the shelter
environment to the proportion of time spent in proximity to the unfamiliar inattentive human.

1.2

R² = 0.0001

Proprtion of Time Near UA

1

0.8

0.6

0.4

0.2

0
0

50

100

150

200

250

300

Days in Shelter

Appendix Figure A1.2. Linear regression comparing the number of days living in the shelter
environment to the proportion of time spent in proximity to the unfamiliar attentive human.
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Appendix Figure A1.3. Linear regression comparing the number of days living in the shelter
environment to the frequency of meow vocalizations in the unfamiliar inattentive human phase.
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Appendix Figure A1.4. Linear regression comparing the number of days living in the shelter
environment to the frequency of meow vocalizations in the unfamiliar attentive human phase.
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Appendix 2
Attachment Definitions
The attachment style of each kitten was determined using the holistic analysis method of
the alone and return phases. Coders were blind to the condition of each video. Two coders used
attachment definitions to classify attachment styles in each kitten. One coder was responsible for
classifying styles in all testing videos and a second coder, which was one of three people, double
coded the videos. See Schöberl et al., 2016; Thielke et al., 2017, for more details on attachment
style definitions.
Secure: Little or no resistance to contact or interaction. Greeting behavior is active, open and
positive. Seeks proximity and is comforted upon reunion, returning to exploration or play.
Ambivalent: Shows exaggerated proximity-seeking and clinging behavior, but may struggle if
held by owner. Mixed persistent distress with efforts to maintain physical contact and/or
physically intrusive behavior directed toward the owner. (Cats who the judges agreed seemed
essentially secure but with ambivalent tendencies, were included in the secure group).
Avoidant: May show little/no distress on departure. Little/no visible response to return,
ignores/turns away but may not resist interaction altogether (e.g. rests or stands without bodily
contact, out of reach or at a distance).
Disorganized: Evidence of strong approach avoidance conflict or fear on reunion, for example,
circling owner, hiding from sight, rapidly dashing away on reunion, “aimless” wandering around
the room. May show stereotypies on return (e.g. freezing or compulsive grooming). Lack of
coherent strategy shown by contradictory behavior. “Dissociation” may be observed, that is,
staring into space without apparent cause; still or frozen posture for at least 20 seconds (in the
nonresting, nonsleeping cat).
Unclassifiable: Classifiers were unable to reach consensus on group placement for cats from this
classification category. Unclassifiable cats were excluded from further analysis on cat
attachment.
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Appendix 3
Study 2 Baseline Data
The data from class and control kittens were compared for each test to examine if there
were any differences between experimental groups at baseline testing. No significant differences
were found at baseline between the class and control group for any of the cognitive tests.
Sociability
To determine if a significant difference existed between class and control groups in
sociability data at baseline, the proportion of time spent with humans in each phase were
compared between groups. No significant difference was found between sociability scores of
kittens at baseline. See Appendix Table A3.1 for results of this test for each phase.
Appendix Table A3.1. Results from Mann-Whitney test examining sociability scores between
class and control kittens at each phase for baseline data. DF = 68
Phase

U

Z

p-value

Unfamiliar Inattentive

542

0.82 0.41

Unfamiliar Attentive

449

1.9

Familiar Inattentive

559

0.62 0.54

Familiar Attentive

603.5

0.1

0.056
0.92

To determine if kittens within each group were adjusting their sociability in response to
the human’s attentional state, data for the inattentive and attentive condition were compared for
each human in both groups. As seen in Appendix Table A3.2, no significant difference was
found in proportion of time spent with either human in the inattentive and attentive states.
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Appendix Table A3.2. Results from Mann-Whitney test examining the influence of human
attentional state on cat proximity-seeking behavior at baseline test. DF = 34
Group

Condition

U

Z

p-value

Class

Unfamiliar I v A

516

-1.1

0.26

Owner I v A

529.5 -0.97

0.33

Unfamiliar I v A

605.5 0.08

0.94

Owner I v A

452.5 -1.9

0.06

Control
Social Referencing

The time spent in the fan zone in the second phase, when the human begins to give
positive cues, was compared at baseline. The average proportion of time spent in the fan zone for
the 25 second phase was 0.32 (SD ± 0.39) with a median of 0.16 and for the control group was
0.30 (SD ± 0.38) with a median of 0.06. Results from a Mann-Whitney test indicate there was no
significant difference in the proportion of time spent in the fan zone between class and control
groups at baseline, U(68) = 583, Z = 0.29, p = 0.77.
Cognitive Bias
The number of kittens in each group either passing or failing to meet criteria were
compared at baseline using a Fisher’s Exact test. There was a trend toward significance in the
number of individual cats meeting criterion when experimental cats were compared to control
cats at baseline (p = 0.061). Additionally, the mean latency to approach the ambiguous stimulus
at baseline for the class group was 10 seconds (SD ± 10.6) with a median of 5 sec. For the
control group the mean at baseline was 15.25 seconds (SD ± 14) and the median was 7.5
seconds.
A Mann-Whitney test was run to examine if there was a significant difference in
cognitive bias latencies between class and control groups at baseline. No significant difference in
latency to approach was found between the class and control group, U(37) = 170.5, Z = 0.53, p =
0.60.
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Attachment
The number of secure and insecure kittens between the class and control group were
compared at baseline using a Fisher’s Exact Test. The number of secure and insecure kittens did
not significantly differ between the class and control groups at baseline (p = 0.22).
Owner Survey
The mean LAPS score at baseline for the class group was 26.4 (SD ± 10.7) and the
median score was 27. For the control group the average score was 25.3 (SD +- 12.1) and the
median score was 28. At baseline, the LAPS scores of owners in the class group did not differ
significantly from the LAPS scores of the control group owners, U(76) = 731, Z = 0.27, p = 0.79.
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Appendix 4
Study 2 Sex Differences
30

Sex differences between male and female kittens on the sociability test were examined at
follow-up using a Mann-Whitney test. As seen in Figure A4.1, there was no significant
Session

25

30

difference between male and female kittens in time spentPost-Class
in proximity to the attentive owner,
Post-Control
U(70) = 543, Z = 0.67, p = 0.50 or with the attentive unfamiliar
human, U(70) = 596, Z = 0.31, p Session
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Appendix Figure A4.1. Proportion of time all male and female kittens spent in proximity to the
owner and unfamiliar human in the attentive phase of the sociability test at follow-up. Each dot
represents an individual cat.
Although no sex differences were found in terms of sociability in the attentive human
phase, the datasets collected in the proceeding chapters provides one of the largest behavioral
data sources on cat and kitten behavior to date. Because the influence of sex on cat behavior is
still poorly understood (Turner & Bateson, 2000) future analysis of this data will add to our body
of knowledge on this subject and may display similarities or differences in terms of attachment,
sensitivity to cues, optimism, and preferences.
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Appendix 5
ACUP & IRB Statements
Chapter 2
The pet and shelter cat sociability research complies with the Oregon State University
Institutional Animal Care and Use Committee policies, ACUP #4444.
Chapter 3
The kitten training and socialization research complies with the Oregon State University
Institutional Animal Care and Use Committee policies, ACUP #4674.
The owner surveys were exempt from full IRB review, Study ID #7192.
Chapter 4
The pet and shelter cat preference research complies with the Oregon State University
Institutional Animal Care and Use Committee policies, ACUP #4767.
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Appendix 6
Owner Compensation
Chapter 2
Participating pet owners and animal shelters did not receive any compensation for
participation in the research.
Chapter 3
Participating owners in both the class and control groups received PetCo gift cards for
participation in baseline and follow-up research sessions. Owners had the opportunity to receive
up to $75 in PetCo gift cards for participating in all the research sessions. Owners received 2,
$25 PetCo gift cards for participating in the laboratory testing (1 at baseline and 1 at follow-up)
and received 1, $25 gift card for participating in the at-home testing (1 for both baseline and
follow-up). Owners that participated in the class also received free kitten training materials
including a clicker, harness and leash, targeting stick, and the animal training book Don’t Shoot
the Dog by Karen Pryor. At the end of class, owners were also placed in a drawing for an
additional $25 PetCo gift card or another cat enrichment item (toy, food ball, treats) if they
submitted a video of working at home with their kitten.
Chapter 4
Participating pet owners and animal shelters did not receive any compensation for
participation in the research.

