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ABSTRACT

TECHNOLOGY FOR BETTER ANIMAL CARE:
IDENTIFYING THE DIMENSIONS FOR INCREASING THE
CARETAKERSO AWARENESS THROUGH DOG ACT
MONITORING SYSTEMS

TokatAs | eéhan
Doctor of Philosophylindustrial Design
SupervisorAssist.Prof. Dr.G¢ | K ey aT YrEa
Co-SupervisorProf.Dr.Yasemi n Sal gér | & Demirba

May 2023 288 pages

Wearable technologies for animals are becoming increasingly popular, promising to
enhance the lives of both companion animals and humans through smart experiences.
In the lest ten years, wearable technologies for animals have become increasingly
popular, and activity monitoring systems are one of the most commonly used types
of technology. However, there is a limited amount of research on dog activity
monitoring systems andhéir impact on the lives of caretakers and their awareness,
despite the growing number of studies on wearable technologies for hurhans.
thesisaims to fill this gap by conducting a longitudinal study with 30 participants,
exploring the dimensions of teraction with dog activity monitoring systems,
caretaker personas related to the use of these systems, and their potential to
contribute to the caregiving of dogs. The study involves participants using a specific
dog activity monitoring device for six wkg along with irdepth interviews,
experience sampling method, and complementary questionnBiredindings are

used to develophe DAMSmediated stagbased awareness modbht explains

how dog activity systems can mediate the huahagrelationship and support the

caregiving of dogs.



Keywords: Animal-computer interaction, dog, animal welfare, dog activity

monitoring systems
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CHAPTER 1

INTRODUCTION

1.1  Problem Background

Interactive technologies have long been in the daily lives of both humans and
animals. They increasingly become more embedded in every aspect of life, changing
the way how human and ndruman animals live. Today, animals come into contact
with technologizd environments, systems, and products on atalaiay basis.

While there have been interactive technologies formaman animals like robotic
milking systems and biotelemetry devices for quite some time, they have typically
been designed without takingtdn consideration animal factors such as their
cognitive, physiological, and behavioral characteristics, as well as their needs and
preferences, as noted by Mancini (2014evertheless, the lack of an animal
centered approach during the design and devetapof such technologies is likely

to affect animal sdé welfare adversely as
often not considered. While ubiquitous computing technologies continue to become
an integral part of human life increasingly, concewsr the underrepresentation of
animals and the prevalence of anthropocentric approaches in the design of animal

technologies have increased (Mancini, Lawson & Juhlin, 2017).

Along with the increasing concerns over this issue, Animal Computer Interaction
(ACI) has emerged as a research area expanding the boundaries of a relatively mature
field, HumanComputer Interaction (HCI), to include ntwuman animals as users

for the design and development of technology (Mancini, Juhlin, Cheock, van der
Linden & Lawsn, 2014). The development of ACI studies is essemtigractive
technologies have the potential to ensure animals' welfare in an economically
sustainable wayJukan, Bruin & Amla, 1994)These technologies can improve

animals' welbeing by providing \ays to fulfill their needs, support them in their



assigned functions, and promote the relationship between humans and animals by

enabling communication through various me@viancini, 2011).

Within the ACI field, dogs hold a unique position as they are firmly ensconced in
human society as companiofXgs are the oldest domesticated animal, and they
have been living with humans for approximately 30,000 yé@mnpper, 2014).

Dogs have been paof humans' daily lives and our evolutionary path. They possess

a unique ability to comprehend human social and gestural cues, which sets them
apart from all other neghuman mammals, likely due to their-egolution with
humangHare & Tomasello, 2005). bteover, due to both their social proximity to
humans and their unique capabilities, they are assigned a variety of roles in human
society, including search and rescue (SAR), bomb and drug detection, assistance,
hearing assistance, guide dogs, medicat,aRfSD/emotional support dogs, and
pets (companion animals) (Freil et al., 2017). Especially in homes, dogs find
themselves in increasingly technologized environments. As tha&vaaotion with
humans continues, it is for sure that they will be more gegyan interactive
technologies in the upcoming years. Considering that HCI has provided multiple
benefits for humans working with technology by increasing their efficiency,
effectiveness, and productivity; similarly, the development of ACI can offerasimil
benefits to dogs interacting with technology (Freil et al., 2017). Besides, dogs'
special social skills make them suitable candidates for ACI studies, probably more

than any other species, because they are easier to work with.

Dogs are the most widelyekt pet animal globally, with increasing adoption rates

and spending on related products and services (Grand View Research, 2019).
However, research suggests that the inadequate knowledge of dog owners about their
pets' health and behavior can have negathpacts on dog welfar@s an example,
according to a survey conducted by Rohlf and colleagues (2010), even dog owners
who are considered to be committed fail to follow responsible dog ownership
practices, including confinement, registration, microchigpi desexing,

participation in formal obedience training, and regular socialization practices. The



survey also found that certain aspects of dog welfare have worsened instead of
improved in recent years. As cited in Philpotts, Dillon, and Rooney (20E3)opth

five welfare concerns related to caretaker practices are as follows;

1 pedigree or poor breeding practices (Rooney & Sargan, 2010; Packer,
Murphy and Farnworth, 2017),
obesity (Degeling, Kerridge and Rock, 2013; Luno et al., 2018),
dog behavior andraining (Blackwell, Bradshaw, and Casey, 2013; Todd,
2018),

1 dog purchasing and relinquishing behaviors (PDSA, 2017; Packer, Murphy
and Farnworth, 2017; Summerton, 2015; Sandoe et al., 2017),

1 dog companionship or being left alone for extended periodB(RS2018;
PDSA, 2017; Norling & Keeling, 2010).

Although caretakers have access to a wealth of information through various
sources such as online resources, volunteer organizations, and veterinarians, it is
surprising that dog welfare continues to declifiee ways in which people care

for their dogs have changed over the years due to changes in human lifestyles.
McGreevy and Bennett (2010) explain that this shift is reflected in what humans
currently expect from their pets and our ability to meet theddseFor instance,
caretakers now spend a lot of money on grooming and dog clothing with the goal
of making their pets happieg@ver the past few years, the prevalence of obesity
and obesityrelated health issues in dogs has increased significantly, ¢etadan
decline in their quality of life (Degeling, Kerridge, and Rock, 2013; Luno et al.,
2018; Greenebaum, 2010). Moreover, research indicates that there is a lack of
understanding among dog caretakers about certain aspects of their dogs'
behavior, suchsatrainability (Mirko, Doka & Miklosi, 2013), play signals (Tami

& Gallagher, 2009), emotional arousal (Kerswell, Butler, Bennett & Hemsworth,
2010), and acute stress (Mariti et al., 2012). Furtherneotbporough survey
conducted on dog owners has revddleat many of them overestimate their

dogs' cognitive abilitiegHowell, Toukhsati, Conduit & Bennett, 2013).



Moreover, caretakersd6 attribution of anthr
associating certain dog behaviors with their feeling and expressi guilt,

without any sound scientific evidence, might lead to unrealistic expectations

from companion dogs, which in turn might bring about potential relationship

breakdowns (Horowitz, 2009\dditionally, they often fail to recognize severe

signs of ommon diseases in older dogs, indicating a lack of understanding of

critical issues related to dog health and behavior (Davies, 2011). While

caretakers may not intend to cause any harm or suffering to their dogs, this lack

of awareness can result in varsgquroblems, including dysfunctional hurmdog

relationships, behavioral issues in dogs, and reduced quality of life for both

parties (Salgléet al., 2012).

Research indicates that human behavior and the quality of care provided to dogs

can impact theirmotional and physical healtkRor example, human behaviors

such as positive reinforcement (Deldalle & Gaunetand, 2014), affiliation

(Horvath, Doka & Miklosi, 2008), human attention (Schwab & Huber, 2006),

and safety (Gacsi et al., 2013) are known to cbute to positive emotional

states in dogs, which are likely to produce positive behavioral ougadsto

positive emotional states in dogs, which can result in positive behavioral

outcomes Dogs alsodemonstrateattachment behaviors toward humahst

resemble the bond observed between infants and their care@eep=ll, 1996),

as defined i n Bowl by dlissantlatitaichighlightett t heor y (
by their tendency to engage in proximggeking behaviors when the attachment

figure is absentywhich serves as a coping mechanism for dealing with stress, as

evidenced by studies such as Schoeberl et al. (2BERtedly,Dogs who are
considered by t heneaningfllaoemmpahkhéeonoasd oorbefidioc
partnerso tend t oisolingheiesalivapwhietrisahiedicadr s of cor
of reduced stres§Scloeberl et al.,, 2012p.199. Likewise, clinical studies

demonstrated that interacting with dogs provides several psychological health

benefits for humans (Barker & Wolen, 2008; Schneidex.e2014). Based on

this information, it can be concluded that human attitude is an essential factor in



moderating the humadiog relationshipTherefore, promoting positive human
behavior can enhance the relationship between humans and dogs, resulting in

mutual advantages.

Despite current access to the vast amount of data sources online, finding the most
accurate information on animal health and vibeing can be challenging for
caretakers. Especially on welfardated critical issues, the data must be
appropriately presented to the caretakers to ensure proper guidance (Davies,
2011). It is also of particular significance that the provided information is
accurate, informative, and specific to the individual and species to avoid
unwanted consequences. listeensethe technologies that utilize smart sensors

to monitor the behavior and health of animals appear to be a promising way for

informing dog owners about their companion animals' behavior and health.

As the Internet of Things (loT) becomes more widespread, wearable
technologies for animals are also becoming more popsiladh wearables can
enhance the lives of both humans and animals by offering smart features and
experiencesWearable technologies avae of the most commonly used types of

loT devices availableThese devices provide caretakessential healthelated

data about their companion animagsich as daily activity and sleep levels,
energy expenditure, and rest tiride pet wearables matkestimated will grow

at a 14.3% CAGR until 2030 (Grand View Research, 2023). These products on
the market are primarily targeted toward dogs, most probably because the dog
segment accounted for the biggest share of the pet products market by %39 in
2021 ad is expected texpandn thenear futurGrand View Research Report,
2022).1t is evident that the quantity of wearable gadgets designed for dogs and
their human users has increased in the past decade and is predicted to continue

to grow in the upcomipyears.

However,although there has been a significant amount of research on wearable
technologies for humans, there is limited number of studies examining the effects

of pet activity monitoring devices on the lifestyles of caregivers and the well



being d animals. As an example of the studies on wearables for animals,

Alcaidinho et al. (2015) examined whether using dog activity monitors can

reduce the return rate of nevdglopted dogs from a shelter. Twelve participants

were provided information about theewly adopted dogs' daily activity and rest

|l evel s via a commercially available dog ac
and synched with the mobile application for eight wedkse study involved

conducting surveys with adopters, at -emeek andonemonth intervals post

adoption, to investigate their experience of the technology and its impact on their
relationship with their dog3.he study showed that providing health and activity

related data to adopters through a mobile application has esuléedecrease

i n d crglisgdishment rates. The findings also showed a reported change in

both dogsd and adoptersd habits regarding
together based on the information provided via the trackers. Thus, thes result

supported the hypothesis that framing dog monitoring data leads to behavior

change in humans, similar to how framing personal tracking information affects

peopl ebs behavior and health.

In another study, it was found that even a simple-@Rabled collacan improve

humandog relationships by opening up new forms of interaction (Weilenmann

& Juhl i n, 2011) . Al s o, Vaataja et al . (
motivation to use dog activity monitoring devices. In the study, researchers

conducted servstructured interviews with seven Finnish dog activity tracker

users combined with an international online survey. The -s&ntured

interviews aimed to identify how dog ctakersuse dog activity monitors in

everyday life, theirmotivations,and goals touse such devices, their user

experiences, and the overall impact of device use on lifestyles. The findings and

insights gained through the interviews were confirmed and supported by an

international online survey. The study revealed that these devicepnveagily

utilized to monitor d o g srélated issads taid, behavi
balance daily activity levels and rest. The insights gained via the device served

as a motivational factor for behavior change in @kersto better respond to



doge@ds. Zamansky et al . (2019) , on tt
perceptions of dog activity tracker use and their experiences with these devices.

In the study, eightypne users of particulardog activity tracker were recruited

through social mediana participated in a questionnaire. The study revealed that

the device use resulted in an improvement in the quality of caregiving and
increased awareness of daker® r esponsi bil i t3peindg.or t he
Moreover, these devices interestingly led &n increase in caeker® o wn

activity levels and encouragdtiem to be more active together with their

companion dogs during the day.

As can be seen, there are few qualitative studies that examine dog activity
monitoring devices from a variety of peespives.However, these studies have
limitations as they do not thoroughly examine how dog technologies affect
human behavior changeAlthough there are a few longitudinal studies
(Alcaidinho et al., 2015; Zamansky et al., 2019), and some use a largessampl
(Zamansky et al., 2019), they do not examine how caretakers interpret dog
tracking data and do not provide andepth understanding of data use of
caretakers.Current research mainly concentrates on how dog monitoring
technologies influence the relatsiip between humans and their dogsus,

how these technologies affect human behavior, how caretakers make sense of
dog tracking data, and their impact on the quality of care is not studied as

holistically as they are with humans.

In recent years;ompute technologies have become more ubiquitous, and they
have had a significant impact on human behavior. The relationship between
technology and human behavior is symbiotic: technology affects human
behavior, while human behavior affects the usage of tecyyndiBlob &
Verbeek, 2006)While the original purpose of computer technology was not to
promote behavior change, in recent years, researchers have become interested in
using these technologies to promote positive changes in behavior. This area of
study isknown as persuasive technology, which refers to interactive computing

systems designed to modify people's attitudes, behaviors, o(Famlh, 2003).



To better understand technologybés persuas.]i

mention the different roles that computer technologies play in human life.

On the functional triad framework, Fogg (2003) proposes that computing
technologies havy t hr ee essenti al functions from t
mediums, and social actors. In their role as tools, computer technologies aim to

equip users with new capabilities, allowing them to do activities more easily and

effectively. Computer technolgi es as tools can influence
behaviors in specific ways, such as by making the predetermined goals easier to

achieve, guiding people through a process or experience, or performing
calculations or measurements that motivate them. Cwnpechnologies also

function as mediumslhese technologies have the ability to influence people's

attitudes and behaviors by simulating experiences and enabling them to explore
causeandeffect relationships within those experiencéss social actors,

computer technologies can reward people with positive feedback, model a target

behavior or attitude, and provide social support to shape their behavior or

attitudes. According to Fogg (2003), the information and feedback provided via

interactive technologge are essential motivators for people to perform a

behavior.

One example of persuasive technologies is personal health informatics systems.
These systems allow individuals to modify their behavior by monitoring
themselves and analyzing data, all with tbalgf reaching a specific target. By
collecting and examining data, these systems help users attain their objectives by
presenting the data clearly and providing feedback when necéBsggy 2003).

Along with providing seHmonitoring data, persuasiveechnologies utilize
different strategies to encourage behavior change in individeatg (2003)
describes seven types of behavior change techniques included in persuasive
technologies: tunneling, tailoring, suggestion,-sedinitoring, surveillance, and
conditioning.Proper use of persuasive technologies has the potential to enhance
people's awareness and motivation to perform desired behalimgious

studies have explored wearable fitness trackers for humans, which are a form of



health informatics sysm andhavefound thatproviding personal heaktelated

insights by such devicesanresult in longterm behavior change in usé@hoe,

Lee, Munson, Pratt & Kientz, 2013). Another study examining the effects of
using a fitness fttylevelskrevealedtimat thee edevicd used s
resulted in a significant i nc-Betmme i n
et al., 2015). Moreovefurtherstudies indicate that activity monitoring devices

help users gain a more comprehensive understgrafirtheir behaviors and
activities within the context of the data provided by these dekcég, Murphy

& Zimmermann, 2014).

Along with technology's persuasive role, it is also crucial to consider how
individuals change their behaviofhe Transtheot&al Model (Figure 11),
developedby Prochaska and Velicer (1997)he Transtheoretical Model,
developed by Prochaska and Velicer in 1997, outlines five stages: pre
contemplation, contemplation, preparation, action, and maintendieese
stages are cat the stages of change. According to Prochaska and Velicer
(1997), these stages are referred to as the stages of change, and the primary
strategy for promoting positive behavior change is to create awareness related to
the issues associated with curreaeh&vior to move from the pr@ntemplation

to the contemplation stagépeople are not aware of their problematic behaviors

or the need for a behavior change, it is unlikely that any change will occur,
whether it is adapting current behaviors to becoeathier or adopting new
desired behaviors, awareness is necessary for change. The model suggests that
awareness can be achieved through knowledge. This includes informing people
about their current problematic behaviors, the potential outcomes, andtalern
behavior patterngProchaska & Velicer, 1997).

ac
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Pre-contemplation

Contemplation Preparation

Termination Action

Maintenance

Figure 1.1. Transtheoretical model of change (Adapted from Prochaska &
Diclemente, 1986).

As discussed earlier, the lack of knowledge about dogs' health, behavior, and
responsible owner practices among caretakers has negative effects on dog welfare.
Although caretakers do not intentionally cause harm to their dogs, the reported
deterioration oflog welfare in homes is primarily related to this lack of awareness.
Therefore, activity and behavior monitoring systems designed for dogs can promote
positive behavior change in humans, similar to personal health informatics systems'
effects on human bekior. As these devices provide feedback to caretakers, they
can improve dog welfare by increasing their awareness of their dogs' needs. Dog
activity monitoring devices are similato human fithess trackers, using
accelerometers to measure physiologicahpeeters such as activity levels, walking
distance, energy expenditure, and sleep quality. These devices can also connect to
computing applications to track dogs' health and behavior over time, motivating
caretakers to keep track of their dogs' progredsaajust their behavior to improve

the quality of their careStudies show that using seifonitoring techniques either

by technological interventions or by diary methods is found to be motivating for
people to change their behaviors to be more activéogedveight in their daily lives
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(Munson & Consolvo, 2012; Wang et al., 2014; Fritz, Murphy & Zimmermann,
2014; Normand, 2008; Burke, Wang & Sewick, 2011). Moreover,-diatan
feedback and information provided by these devices can also encourage people t
change their behavior, as exemplified in studies with human activity trackers
(Collins, Cox, Birds & Harrison, 2014; Consolvo et al., 2008; Cuttone et al., 2013;
Fritz et al., 2014; Hori et al.; 2013; Kay et al., 2012; Li et al., 2011).

Using stateof-the-art technology to increase human awareness to support dog
welfare has a twdold effect. Evidence suggests that supporting dog welfare through
improved caregiving can also benefit humans, as studies show that-daogan
interactions affect human psychologl and physiological health (Beck & Katcher,
2003). Thus, pet activity monitors can make a significant contribution to the well
being of both humans and dogs not only by improving physical activity but also by

i ncreasing car et ak gsrandenhangiagrthe meaktysof thefr t h e i
caregiving. In this lineit is important to examine how systems for monitoring dog
activity can mediate the relationship between humans and degs may reveal

many intervention areas to support caretakers inateitg on the tracking data and
guide their behavior to make watiformed/datadriven decisions regarding dog
care, and thus, indirectly support dog welfare.

To sum up, as can be implied from this chapter, caretakers lack a thorough
understanding of or misinterpret- the health and behavior of their pet dogs, with
potential implications for dog welfare. Therefore, to contribute to dog welfare in
domestic settings, there appears to be a need to inform caretakers about their
compani on dogs Gor. Faay] with theaimciekasitgepbpalarity of
animal technology (Grand View Research, 2020), various commercially available
devices for dogs are increasingly being used by consumers. These devices are
growingly using smart sensing technologies that cotiéterent types of data and
enable different forms of humamimal communication that were not possible
before. While these technologies have the potential to assist human users in a variety
of ways, they also introduce extra complexity in two wayst,Fasanimals become

targets of such technologies, they are no longer passively exposed to the technology

11



but turn into stakeholders in the interaction processes (Westerlaken & Gualeni,
2016). Animals and humans alike are involved in complex interactietvgebn
humans, animals, and technology. Second, humans have to deal with increasing
amounts of data on a daily basis due to their daily interactions withddaga
technologies. However, how caretakers interpret the tracking data collected and
provided ly these devices and how this data affects their caregiving practices
remains unknown. Moreover, little design knowledge has been formalized on how
to design dog activity monitoring systems to provide monitoring data in a meaningful
way to guide human behiav and improve the quality of dog care. Therefore, there

is a growing need for research on how such technology is actually used and what
effects it has on dogs and caretakers. Thus, the primary work of this thesis is
concerned with exploring how to impmuhe quality of human care of dogs by
increasing their awareness through dog activity monifidre.summary of problem

background can be seen on Figure 1.2.
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Exploring the Potentials of Dog Activity Monitoring Systems for
Improving the Human Caregiving of Dogs through Increasing Awareness

Need for informing dog carers about the
health & behavior of their companion
dogs through activity monitoring systems
to support their caregiving

Lack of a thorough understanding of
caretakers about the health & behavior of their
companion dogs - or misinterpretation of
these - and its implications on dog welfare

There are smart sensing technologies and research A few studies exist investigating

studies in the field of AC| aiming to increase and how dog activity and behavior

human-animal communication and for tracking, monitoring systems affect human-

behavior and health monitoring of animals dog relationship (i.e. adoption rate)
B CELERECEEErS However ----------coomeeenn- '

There is limited research on the effect of these systems on human behavior, and their caregiving

A theoretical model on how activity monitoring systems developed for
companion dogs can mediate the human-dog relationship to support
human caregiving of dogs through examining the potentials and
possibilities of these technologies

Figurel.2. Summary of the mblembackground.
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1.2  Aim of the Study and Research Questions

This thesis aims to develop a theoretical model on how dog activity monitoring
systemgDAMS) for companion dogs can mediate the hurdag relationship to
improve humans' caregiving by examining the pt#&tmand possibilities of these

technologiesTo achieve this aim, the major question the study targets to answer is:

MQ: How can we improve humans' awareness of dogs to enhance their quality of
caregiving through the use of DAMS?

To answer these questitite sub questions are as follows
Research Questions:

Ql: Wh a't are humansoé different concerns and

caretaking fashion towards their dogs?

Q2: How do these concerns and behaviors vary among caretakers? What are the
implications of this user diversity on the design of DAMS in terms of increasing

human awareness?

Q3: How do dog caretakers make sense of and reflect on the data collected via
DAMS?

Q4: What are the dimensions to increase humans' awareness through DAMS to

improwve their quality of caregiving (of their dogs)?

Q5:What are the design strategies to increas

via DAMS to support their caregiving?

14



1.3 Structure of the Thesis

Figure 1.3 outlines the structure of the thedhile literaure reviewis covered in
Chapters 2 and 3 constitug the background of the study, Chapters 5, 6 and 7
answers the research questidfinally, the Conclusion Chaptesvisits theresearch

guestionsand discussehe contributions and thiemitations of thestudy.
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CHAPTER 2

ANIMAL WELFARE AND ANIMAL -COMPUTER INTERACTION

This chapter provides an overview of the existing literatréhe field of animal
computer interaction (ACI) to serve as a basis for the thesis, which aims to develop
a theoretical model of how dog activity monitoring systems for companion dogs can
improve humans' caregiving by examining the potential and potisthitf these

technologies.

In this chapter, firstly, different views regarding the definition of animal welfare and
assessment of animal welfare are discussed. Then, key terms and concepts related to
animatcomputer interaction (ACI), includingsercentered design and animal
centered design, are defined. Also, the history and the current state of the ACI field
are discussed. Then, existing methodological approaches, theories, frameworks, and
applications in the field of ACI are reviewed. Follogithis, a brief overview of the
current ethical procedures in animal research is presented, followed by a review of
the recent research and practice regarding dog tracking and monitoring technologies
in ACI.

2.1 Animal Welfare

The design of interactive technology with an anicetered perspective requires a

clear understanding of animal welfaide idea of animal welfare can be compared

to concepts like quality of life and wedleing (Webber, Cobb & Coe, 2022Jhe

state of a animal's welfare can vary from very poor to very good, and this depends

on various factors that impact the animal's(Beoom, 1996). According to the OIE

Worl d Organization for Ani mal Heal th (20

physical and metal state concerning the environment where it lives and wohks.
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reasoning for animal welfare is based on the idea that animals are sentient beings
that have the capacity to feel both positive and negativations andhave a desire

for positive experieces(Boissy et al., 2007). Turner (2006, p.6) states that an animal

is sentient iffit is capable of being aware of its surroundings, its relationships with
other animals and humans, and of sensations in its own body, including pain, hunger,
heat or coldd Therefore, the welbeing of animals is essential not just because it is

of instrumental value that humans confer on the animal as a means to achieve a
particular goal, but it is intrinsically valuable as an end in itself and worthy of moral
consideratn (Rollin, 1992). That is, animals have value in their own right, and
because of that, it is the moral obligation of humans to ensure their quality of life.
However, this understanding that animals are senltiemmgs,and it is our moral
responsibility © provide a good life for them requires us to identify their needs first.

It is especially crucial for animals under human care (whether in domestic settings
as pets, captive animals in zoos, or test animals) where their environmental, social,
and behavial options are often restricted within their living contexts (Coleman,
2018; Perdue, Sherwen & Maple, 2020). Yet, although animal welfare science and
animal ethics have a shared moral foundation, they should not be confused with one
another. Animal welfarescience does not deal with how humans need to treat
animals; instead, iacts asa connectingconceptbetweenscientific researcland
ethicalconsiderationgFraser et al., 1997).

Deciding on the state of an ahgsameveros wel f ar
changing state, depending on various internal and external factors. The Five
Freedoms identified by the Farm Animal Council (1979) outline the minimum

requirements for animal welfare as follows:

1 Freedom from hunger or thirst and malnutrititwy giving access to fresh
water and a balanced diet to maintain gbedlth
1 Freedom from discomfarby providing a suitable environment that offers

shelter and rest
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1 Freedom from pain, injury, or diseasy providing preventative healthcare
or prompt treatment

1 Freedom to expressatural behavior by offering enough space, proper
resources, and social interaction with other animals of their species

1 Freedom from fear and distreby ensuring that the animal's conditions and

treatment do not ecse mental suffering.

The Five Freedoms principles were used as a guideline to determine the baseline of
an acceptable level of welfare that should be taken into account for the management
of settings intended for animals. These principles focus on mimigszffering and
freedom from negative conditions with little or no consideration for the promotion

of positive welfare states. However, there are different views on these criteria as
contemporary approaches to animal welfare science underline the ateahad

positive states (Fraser, 2008). Besides, Dawkins (1990) states that when assessing
ani mal wel fare, not just the risks to an
the situation from its point of view should be considered. This part, theaani s
viewpoint, is integral to animal welfare science as understanding the subjective
experience of animals is the primary concern of the studies in this domain (Dawkins,
1990). How an animalperceivesa situation is an entirely subjective experience
affeded by how the environment it inhabits impacts its affective states (Broom,
1996; Mellor et al., 2020). Therefore, this subjective experience can only be assessed
and not measured (Rault, Webber & Carter, 2015).

There are different concepts regarding tesegsment of animal welfare. The first

view is a functioningbased approach, considering the level of reproduction, physical

health, growth, and injury as indicative of animal welfare (McGlone, 1993). This

view suggests thdian animal is in a poor staté welfare only when physiological
systems are disturbed to the point t hat
(McGlone, 1993). The second approambncentrateon the affective statesf

animals emphasizing thatheir feelings directly impact their vfare without

requiring that they necessarily affect their physical health (Dawkins, 1990). Thus,
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evaluating animal welfare based on physical health or fitness alone is inadequate as

the concept of welfare also depends on the animal's emotional and statetalFor

instance, animals may experience psychological stress or anxiety that can negatively

impact their welfare, even if there are no obvious physical sympRaudt, Webber

& Carter, 2015).Therefore, considering the animal's subjective experieace i

important when evaluating their welfar®n the other handhé natural living
approachadvocates that the extent to which animals can behave naturally is a
determining factor for animal wel fare becau
for the aninal to perform all the behaviors in its repertoire because it is all functional,

ot her wi se, it wo uWodhingtant1989,e. 383 kis gropased( Ki | ey
that animals have a nature or O0telosdé that
desiresand behaviors, and acting according to their telos is integral to good welfare

(Rollin, 1993). Dawkins (2021, p.1) providexantemporary andnimatcentered

perspective on animal welfare by defining positive welfare as "a combination of

good health antlaving access to what the animals themselves want".

Needing to address these different views regarding the assessment of animal welfare
and to extend the scope of conceptual frameworks identifying only negative welfare
states to include positive states wsll (Farm Animal Welfare Council, 2009;
Webster, 2011; Edgar et al., 2013), the Five Domains of Animal Welfare Model was
devisedto assess the welfare stategiéntient animals used in research, teaching,
and testing (RTT19 (Mellor & Reid, 1994 p.241). It provides a structured approach

to evaluate signs of both internal and external physical and functional conditions and
environmental factors, which then have an impact on the psychological experiences
of animals. The model comprises five domains, idicig four related to functional
variables: nutrition, environment, health, and behavior, and mental state (Table 2.1).
The first three domains mainjoncentraten the presence or absence of internal
physiological and survivalelated factors such as nititn, environment, and heath
related problems. The factors grouped under these three domains are crucial for the
functioning of ani mal sé genetically encode
Duncan, 1998; Panksepp, 2005; Denton et al., 2009). On thehatherthe fourth
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domain includes situatierelated factors linked with environmental conditions that
may restrict animals from performing their natural behaviors to the extent that would
potentially pose a challenge to their survival (Mellor et al., 200%ce all the
internal and external factors in the first four domains of the model are systematically
evaluated, the emotional states resulting from these factors are accumulated in the
fifth "mental state” domain. The emotional experience of the aninzsisssed in

this domain, which would determine the animal's overall welfare stistelor et

al., 2009).

The Five Domains Model, in contrast to the Five Freedaorssiders both positive

and negative mental states of animals. As a result, it is anieffeoethod of
assessing animal welfar€he negative aspects stated in the Five Domains model
include fAbreathl essness, thirst, pai n,
and sickness, which are mainly associated with sensory inputs generateallinter

and anxiety, fear, frustration, anger, helplessness, loneliness and boredom, which are
associated mai nl vy wi t h t he ani mal 6s
circumstances. 0 ( Mel 249.rin agiditidhet@all aspecte i | ,
concerninganimal welfare discussed in this chapter so far, play is also found to be
related to animal welfare from four points onwards. Fitss seen as a possible
indicator of welfare, as it suggests an absence of threats to the animal'{Fitasss

& Duncan, 1998). Second, it is also associated with positive emotions in animals
(Fraser & Duncan, 1998). Moreover, it is also regarded eethodto improve
welfare because it provides lotgrm and shosterm physiological and
psychological health benefitsahhmay enhance animal welfare (Held & Spinka,
2011). Lastly, it holds the potential to contribute to vibeing in animal groups as it

is socially contagious (Held & Spinka, 2011).
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Table2.1. Five Domains model (Adapted from Mellor & Beausoleil, 2015).
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2.2 Animal-Computer Interaction (ACI)

Although animal welfare, animal ethology, and physiology have long been studied,

design for animals has traditionally been driven by econamécestsand human

preferences rather than by an understanding of their evolutionary nature and their
welfare (Webber, Cobb & Coe, 2022). In line with this conventional view, up until

the turn of the century, animal s0 requir
design and dealopment of animal technology as they were seen more as the subject

rather than system users (Hirslpuglas & Read, 2014). However, with the

increasing integration of technology into human lives, it has been realized that
humans are not the only spedieat come into contact with interactive technologies.

Thus, it has become of interest how these systems affect animal behavior and the

humananimal relationship.

In line with the growing interest in this area, Animal Computer Interaction (ACI) has
emergeds aconsiderablynew researchield that was coined with the ACI manifesto

in 2011 (Mancini, 2011) . |t mai nly studi
computing technology within the contexts in which animals habitually live, are
active, and socializ&i t h members of the same or othe
(Mancini, 2011, p.1). It i s a vast area
substantially based on the context, environment, species, the category into which the
animal fits, including wd, domestic, working, farm, or laboratory animals, as well

as their individual differences (Mancini, 201 Btronglyinfluenced by the well

established field of Huma@omputer Interaction (HCI) in terms of methodological
approaches (Mancini et al., 20Resner, 2001; Westerlaken & Gualeni, 2014), ACI
focuses on the wusability of technol ogy
experience of animals (Lee et al., 2006). Today, it has been seen that technology can
benefit both humans and animals in varieas/s, such as enabling humanimal

communication, monitoring animal health and behavior, supporting service and
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working animals, and also for environmental monitoring and control in places where

animals live (Jukan, MasiBruin, & Amla,1994).

Along with the developmenbf computerized technology, tteelvancemenof the
ACI field could provide further advantages. As Mancini (2011) stated in the ACI

manifesto, the advancement of the field can;

1 Improve the humaanimal relationship by enhancing interspecies
communication, which would lead to an increased understanding between
them.

T Help to comprehend animalsd6 <cognitive p
behavior and usability studies with the help of animal technologies.

1 Increase the efficiency @nimal conservation studies by guiding the design
of tracking and monitoring technologies to minimize their impact on animals
and maximize the reliability of the gathered data.

1 Contribute to the economic and ethical sustainability of the farming industry
and food production bgiving animalsgreatercontrol over their environment
or providing them witlrenvironmental enrichment to reduce their stress levels
and susceptibility tdlness.

1 Be beneficial tespecifichuman usegroups as well, by exploring new ways
for eliciting requirements from newverbal users or users with limited

cognitive abilities, by expanding the boundaries of HCI research.

Moreover, as ACl is naturally aligd with animal welfare (Rault, Webber, & Carter,
2015), the welbeing of animals is one of the primary concerns for the studies in this

area.

It is essential to clarify how an animal is defined to identify the scope of ACI better

and differentiate it frmn HCI. The Oxford Dictionary (2019) offers two definitions.

I n the first one, an ani mal refers to fia |i
typically having specialized sense organs and nervous system and able to respond

rapi dly t o sthisdefinifion, humnanB aresatsalincloded in the category

of animals. On the other hand, according to a second definition, which reflects a
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more ordinary usage and the standard ant
opposed to a hurgiad Dictioraryn 2089). Follolwiag these
definitions, it is possible to look at ACI from two perspectives 1) as a subfield of

HCI focusing on nothuman animals or 2) as an inclusive term covering, l4@dl

Child Computer InteractiorQCI), considering humanas animals (Hirskypouglas

et al., 2018).

Nevertheless, with an emphasis on the differences between human amahmem
animals, ACl is generallfocused orthe study of nothuman animals regarding the

lack of research in this area. Focusing on-homan animals as their primary users,

ACI also seeks tadopta usefcentic approach talesigninganimal technologies.
Usercentered design is a broad term meaning that the design process is shaped
around its intended users to meet their needs and prefel@dres et al., 2004).

Thus, the key principle within useentered design is the involvement of end users

in the design process to influence the dedigs.thus essential to prioritize animal
centeredness in ACI to ensure that design decisions arenigdoby the needs of
animals as its endsers, with the ultimate aim to provide technology that truly

benefits them.

Il n ACI , both terms O0interactiond and O6us
whether the user interacts with the system activeadyimentionally (Robinson et al.,

2014), actively and unintentionally (Mancini et al., 2015), passively and deliberately
(Cheok et al., 2011) or passively and unintentionally (Mancini et al., 2012). In
interaction design, it is given high priority that theeds angreference®f users

should beconsiderediuring the development of technology to enable the creation of
more usable systems and better user experience (Preece et al., 2015). To achieve this,
it is essential first to identify the requirementspobspective users tquide the

design and development of interactive technology. However, one of the most crucial
challenges within ACI research is eliciting requirements frommanan animals

who are norverbal users (Hirskypouglas et al., 2016). THmological differences

between humans and animals and the established anthropocentric approaches within
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interaction design and HCI make it hard to understand what animals actually need or

prefer and make the right design decisions accordingly.

2.2.1 Animal-Centered Design and Its Challenges

One of the main challenges faced in ACI is to achieve anteraleredness in the
design of animal technology, that is, identifying and prioritizing animal needs and
preferences at the center of the design. Adopting an asenédred approach to the
design of animal technologies should be the main focus to ensure that technological
interventions result in lonterm mental and physical benefits for animals (Webber,
Cobb & Coe, 2022). Thield of AnimalComputer Interaction (ACI) suggests that

the interaction design methods employed in hugemtered design projects can be
modified and applied to identify new possibilities for technology to enhance the
welfare of animalg§Mancini, 2011; FrenchMancini & Sharp, 2017). A challenge
exists, however, in determining what ani mal
2016).

ACI, being a nascent field, shares close ties with HCI in terms of theoretical models
and research approachdsowever, eliciting rquirements from/identifying the
needs of animals is a significant challenge due to interspecies differences and
communication barriers (Zamansky et al., 2017), as most methods employed in HCI
are based on written or verbal communication. To overcome ligitlenge and
establishanimalcentric approachesesearchers have investigated how various
methodologies from fields such as husamputer interaction (HCI) and child
computer interaction (CCIl) can be modified for use in ARl this section, the
methodsused in ACI research have been reviewed by providing examples from the

literature.
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2.2.2 Research Methods in ACI for the Identification of Animal Needs

Observation or ethnography is a widely used tool in animal science that has been
employed for a long time tanderstand animal behavior, particularly in natural
settings (Vicedo-Castello, 2017). As animals communicate with other animals
through behaviors, including gestures, postures, and sounds (Broom & Fraser, 2015),
these behaviors convey lots of information fesearchers. Therefore, it is one of the
widely adopted requirement elicitation methods in ACI research. Ethnography is a
qualitative researcimethodbased on the observation of people to gain insights into
how they interact with the things in their nel environment (Hammersley, 2007).
Observation is also one of the most widespread ethnographic methods in HCI, in
which a researcher observes the actual behavior of users without directly interfering
with them. What makes observational techniques saufgefanimal studies is that

they allow researchers to collect data directly from animals through the observation
of exhibited behaviors in their natural environment (Vic&bstello, 2017).
Therefore, analysis of animal behavior through observationyisck@Cl research

to understand animal sd perceptions of
eliciting ethnographic data from animals have been previously applied in ACI

studies, as exemplified by Mancini et al. (2014).

Meyer, Forkman, and Paul (20149ve noted that animal behavior assessment has
been traditionally ethogratfibased (a description of typical behaviors performed by

a species), as outlined by Martin and Bateson (1993). Ethograms have been used in
some ACI studiesFor example, Baskin and Zamsky (2015) used ethograms in
their studyto investigatelog user experienaith interactive technologyr he study
explored dogs' interactions with two digital games presented on a halbes. study,

the authors evaluated the behaviors of their gipethts with reference to a dog
ethogram. Moreover, observation of animal behavior is often combined with
physiological measurements for further interpretation and improved reliability

(North & Mancini, 2016). However, qualitativevaluation methodeecenly have
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become more commonplace in animal research (Wemelsfelder, 2007; Uher &
Asendorpf, 2008; Meagher, 2009; Walker et al., 2010).

Observational methods have also been utilized for usability testing studies in ACI,
during which the researchers observed-human users as they interacted with the
proposed systems (Ritvo & Allison, 2014; Westerlaken & Gualeni, 2014). However,
with concerns over the human exceptionalism inherent in ethnographic research
(Kirksey & Helmreich, 2010), the emergence of multispecethnography has
underlined that ethnographic studies should not be confined to humans as human
lives are entangled with the lives of other species. In the context of ACI, Mancini,
van der Linden, Bryan, and Stuart (2012) and Mancini, Harris, Aengésheiad

Guest (2015) usednultispecies ethnographin which observations of animal
behavior were combined with expert advice and invobareétakerss mediators to
investigate technologgnediated humandog relationships. Similarly, North (2016)
suggestsmitigating human supremacy in ethnography by combining it with
guantitative ethologypased approaches to analyze animal interactions and
behavi or s, proposi ng aethageaphologped hddwew @rh, t he
although there is extensive literature omvho observe dogs' behaviors in laboratory
settings(Hasen, 2003; Quinn et al., 20003ingtechnology (Zeagler et al., 2016;
Gergely et al., 2014}here is currently no widely accepted approach in ACI for
studying dogs' behaviors within their natural dmtic environments using

observational methods.

In ACI studies, it is often required to gather observational data from caretakers as

they are familiar with their dogs6é routine:
guestionnaires used #foal Waotgisdn pshyawomédt i
subjective assessments of their dogsd behav]
Brown & Serpell, 2018). Thus, considering this issue, Hirgkouglas (2017)

presented the dog information sheet (DISH) to informtelaeesobservers regarding

typical behaviors that dogs exhibit when interacting with techiyoldge tool is

developed based on the RSPCA (20d8y behavioguidelines and a veterinary
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consultant elaborating on this information. It is aimed with DISH torawg the

accuracy of human obser vHirskg-Douglag,201T).at i on

Another methodological approach in ACI is employing conversational/interview
techniques applied to collect data from experts ortakeesto identify animal
requirements. For example, in their study, Mancini et al. (2014) employed semi
structured interviews with human caretakers by asking them questions about the
well-being and behavior of their companion dogs, their daily routines, and the
perceived benefits of technology for both humans and dogs. On the other hand,
Zeagler et al. (2016) conducted sestructured interviews with experts to develop a
wearable interface for search and rescue (SAR) dogs to allow remote communication
with theirhandlers via a mobile application.

In addition to the methoda animal researcmentioned so far, there are alsdew

design methods adapted from the HCI field to understand the needs of aGineals.

of the most promising techniques used to investigatei mal s6 desi gn pr e
ACI research is physical prototyping. Providing animals with prototypes of a
proposed system is found to be an effective way to allow them to express their
preferences directly and to gather feedback on possible desigrossluRhysical
prototyping for requirement elicitation from ndwuman users through adopting a
researckthroughdesign approach has been exemplified in several studies with
diabetes alert dogs (Robinson et al., 2014), with cancer detection dogs (Mancini,
Harris, Aengenheister & Guest, 2015), and with captive elephants (French, Mancini
& Sharp, 2015). Moreover, physical prototyping may allow the execution of
participatory design methods, such asdesign, byinvolving animal stakeholders

in the design process Taking its roots in userentered design and participatory
design, cedesignrefers to the collaborative participation of both trained designers
and nondesigners in the design proce&sanders & Stappers, 2008). In their study

on two design projectdVesterlaken and Gualeni (2016) suggest involving animals
and humans in the design process as actors through multiple prototype iterations
(Westerlaken & Gualeni, 2016).
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Another method that is transferred from the HCI methodology to ACI is pergonas.

perisona is a representation of a hypothetical user created based on either data or
assumptions considering the characteristics of the targefNisésen, 2017) used to
represent actual or potenti al userso6 behav
needs Blomkvist, 2002). The goal of using personas is to better inform the design

process about potential users (Pruitt & Adlin, 2006) to create more usable products

or systems. It is particularly a useful tool for the design and development of

interactive systms targeted towards animals, as their physiological and

psychological characteristics and requirements may be overlooked due to
interspecies differences, which could result in them being unable to perform the

desired task.

In ACI studies, Robinson et gR014) explored the use of dog personas to aid in

designing an emergency alarm system for diabetic assistance dogs to call for help in

case of an emergency. The dog personas in the studygeeeeatedased on the

resear cher so o0bs epotential usevspnasgroapfof molility sesviges t e mo s
dogs, and medical detection dogs. The personas included aspects related to the
systembébs desi gn, such as dogsé si ze, age,
behaviors. Additionally, concerning the dog smas, researchers also created
cardakerpersonas to present the hurdiog relationship and the specific domestic

context. Building on this study, Hirskfjouglas, Read, and Horton (2017)

developed a set of dog personas to be used as a tool to repmEseati@irements

for the design of screen systems. The personas created in the study are based on the

data gathered from dog ctakersthrough questionnaires. It is intended to present

different dog personalities with the related aspects that could dueddesign of

screen systems for dogs, such as their general temperament, preferences, and

attention to technology and demographic information (Figure 2.
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Max - Border Collie Persona
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Figure2.1. Border Collie dog persona (Hirskijouglas, Read, and HortoR017,

p.7).

User involvement is aressentialpart of HumarComputer Interaction (HCI)
practices, as it provides essential guidance for designers and developers in the
creation of computer interfaces and interactions. However, since existing practices
are hadequate in obtaining guidance from flmmman users, as they are mostly
based on verbal methods, Farrell, McCarthy, and Chua (2018) propose ways for
adapting expert techniques and processes from HCI to the field of AGionaputer
Interaction (ACI). Thesenethods includdicontrolled testing, direct observation,
heuristic evaluations, user profiling, interviews, focus groups, PICTIVE prototyping,
and cogni t i v,eartiwdallykfdr the design larsl @evelopment of dog
training technologies (FarreNcCarthy, and Chua, 2018.9).

In addition to the abovenentioned methods and approaches in ACI practices, the
assessment of usability in animal technology is another challenge that needs further
consideration. As usability is a key measure of user expas, usability assessment
should be an indispensable part of the development of animal technology. Usability
evaluation with dog users has been exemplified in many studies so far in ACI
(Mancini et al., 2016; 2015; Zeagler et al., 2014; Jackson et04dhk; Bryne et al.,
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2017).In their work, Ruge and Mancini (2019) highlight two primary difficulties
that arise when assessing usability for animals. The first challenge concerns the
variations in cognitive, physical, and sensory abilities between humhratra and
animal users. The second challenge relates to the focus of most usability evaluation
techniques, which are primarily designed for human use and are therefore human
centeredTo address these issues, they propose the Method for Evaluating Animal
Usability (MEAU), in their study applied to evaluating the usability of different
access controls for Mobility Assistance Dogs (MADs) as usdEsAU aims to
create a framework to assess the usability of interactive technology for animal users,
consideringtheir unique characteristics. It also aims to reinterpret established
interaction design principles to cater to anioahtric needs and requirements.
Additionally, MEAU seeks to establish a process for evaluating animal usability that
recognizes the dispity between human evaluators and animal u$Rige &
Mancini, 2019). The model involves seven distinct stages, as shown in Figure 2.

and includesreatinguse cases for the interaction to be evaluated.

Stage 1 Stage 2 Stage 3
Understand Users Understand Activity Understand Interaction

Who and what is being evaluated

Stage 4 Stage 5
Interpreting Interaction Design Identifying Relevant Usability Goals
Principles

How to evaluate
Stage & Stage 7
Behavioural Measures Improving Canine (Animal) UX

of Canine (Animal) Usability Evaluation & analysis
uati

Figure2.2. MEAU stages and key ainfRuge & Mancini, 2019, p.3).

Additionally, Freil et al. (2017) propose a degecific framework for analyzing
technol ogi cal syst ems -dtagesnmeodel (Monrmam) 2043), Nor man 6 s
a welkknown and largely applied model to evaluate computer itesfan HCI. By

adapting the framework for dogsdéd interactio
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for the design and development of aniroahtered technology (Figure 2.3). In the

model, interaction is separated into two phases: execution and evaluagouati&n

refers to the stage that the user decides on which action to perform on an interactive
system. Any failure here | eads to the 0g
the userbd6s goal and the means tgalaadcc ompl i
planning a sequence of actions to achieve it. Then, in the evaluation phase, the user
assesses the outcome of each action. Failure to understand the result of an action can
lead to the gulf of evaluation. When a user completes an action, thess dbe

current state of the system, interpret the results, and compare them to their intended
objective. The framework is flexible enough to apply to different contexts, whether

a user is a dog or human, based on the assumption that every user shdenbetw
execution and evaluation phases during their interactions with a computerized

system (Freil et al., 2017).

_Canine-Computer Interaction __________________________________ Human-Computer Interaction

'
; : :
interpret : nterpret
s ' “Dper e ARATR
compare perceive ¥ perceive compare
1
1
1
'

) gulf of evaluation teChn_OIOQY' gulf of evaluation
i canine »  mediated i< human(s)
i gulf of execution environment ; gulf of execution

|

i

I

|

|

+_ perform plan
i

specif

! Specify
|

|

'

Figure2.3. Caninecentered framework (Freil et al., 2017, p.105).
2.2.3 Theories, Models, and Frameworks within ACI

This section briefly reviews the existing theoretical frameworks and models that
illustrate how animatenteredness in technology design and development can be

achieved by placing animal welfare at the heart of these processes.
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2.2.3.1 Actor-Network Theory

Actor-Netwolk Theory (ANT) is a theoretical and methodological approach that

views both human and nenuman actorsas equal stakeholders in a constantly
shifting network of rel ationships. I n ANT,
composed of objects, actors, aralationships between human and +imman

agents that mediate one another, shaping the resulting actions and experiences

(Latour, 2007). Based on the theory of Latour, Verbeek (2011) suggests that humans

are not passively exposed to technology. Still, bethnological artifacts and their

users could mutually shape their role in a technologically mediated interaction. It is

argued that this is also relevant in the case of animals that are involved in such
interactions. Depending on the context or netwonkauifact is first interpreted by

a human or animal, and then it is utilized in one way or another (Verbeek, 2011). In

other words, by acknowledging both human and-lm@man stakeholders as

individuals and actors, Latour proposes a different view fromamuoanteredness

and argues that actorsdé actions are not sin
they are mediated by other interrelated factors, such as sociocultural and material
environments (Latour & Venn, 2002). Similarly, Haraway (2008) takes a

multispecies perspective and argues thahans and animals are interconnected by

the mere fact of existing together in the same wortmphasizing the
interconnectedness of the living world, she asserts that it is wrong to regard humans

as separate front.iShe states thafi | f we appreciate the fooli
exceptionalism, then we know that becoming is always becoming with, in a contact

zone where the outcome, where who is in the
p. 244).

Building on theperspective that ANT provideslesign space has shifted its focus
from anthropocentric perspectiveger the past decag#acing humans at the center
and expanded to include approaches and methodologies ctmaoreuman design

( MTHD) ( Co kK k un Praducts aquipped wihO rBo2lern sensing and

processing capabilities have the ability to affect not just how other products react but
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also how humans interact with them and with one another (Cila et al., 2017). This

shift has necessitated that designeis @searchers to broaden their attention from

the traditional connection between users and products to encompass a variety of
products, services, and agents that have unique functions and interconnections with

one another. Furthermore, it has raised issegarding the effectiveness of human

centered design within this changing perspective (Coulton & Lindley, 2019;
Frauenberger, 2019; Giaccardi & Redstr°m

Both ANT and MTHD areessentialto mentionin this context as thewffer
alternative perspectives to the common anthropocentric approaches in HCI and
design research. In particular, ANT serves as a theoretical foundation for this study
by focusng on understanding the complex interactions and relationships between
human ad norhuman actors within a network. emphasizes the idea that both
human and nohuman actors have agency and can shape social interactions and

relationships.

In the studywithin this thesisvarious actors, such aaretakersdogs,andthe dog
monitaring systemsareinvolved ina network.Aligning with the study's objective

it is importantto explore the ways in which these actors interact, influence each
other, and shape the caregiving practices of humans towards their companion dogs
These systemswvhich monitor and track a dog's activity and behavior, have the
potential to mediate and influence the hurdaxg relationshipHavingan ANT lens

can help exploréaow the introduction and use of dog activity monitoring systems
mediatehumandog relationkips, influencehumanbehavior, and shape the overall
caregiving dynamics.This perspective alsaids in exploing the complex
interactions and influences between human anehuoman actors, shedding light on
how these technologies can potentially improve humans' caregiving practices and
enhance the overall relationship with their companion dogs.
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2.2.3.2 AWAX Model

Linden, Zamansky, and Hadar (2017) emphasize the importance of creating non
verbal methods for understanding the needs ofmonan users. To this end, they
proposefthe Agility, Welfare as value and Animal eXpert involvement model
(AWAX) 0, which integrates iteratie prototyping, prioritizing animal welfare, and
direct involvement of animal experts in the development pr¢testen, Zamansky

& Hadar, 2017 p.429. The model (Figure 2.4) entails collaboration among animal
experts, designers, and developers througaowgile development process this
processanimal expertguide the design process dafte an active role throughout
al |l stages of design, testing, and review,
animal to ensure themeedsare represented.inden, Zamansky & Hadar, 2017,
p.53).

By incorporating animal experts into the agile development of animal technologies,
welfare concerns are addressstly in theprocess. ThAWAX modelillustrates

how the inclusion of animal experts guarantees theesentation of animal needs
and the maintenance of animal welfare throughout iterative stages. Current
approaches to working with animals in technology development rely on physical
prototyping and obtaining feedback from the animals to iterate on thgndesi
However, the absence of explicit models for eliciting requirements from animals
during technology development can jeopardize animal welfare by potentially causing
harm or inducing stress. Therefore, developers can utilize this model as a guiding
framework in the development of animal technology, ensuring theavesf animals

is upheld(Linden, Zamansky & Hadar, 2017)
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Figure 2.4. The AWAX iterative development model for the development of
interactive animal technology (Lindeiamansky & Hadar, 2017, p.425).

2.2.3.3 Welfare Through Competence Framework

To prioritize animals as key stakeholders in technology design, Webber, Cobb, and
Coe (2022) propose the Welfare through Competence framework. This framework
integrates the "Five Domairtd Animal Welfare" model with the "Coe Individual
Competence" model (Figure 2.5), offering a structured approach to defining

objectives that center on animals' needs. Its purpose is to guide interdisciplinary
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teams in placing animals' interests at temer of animal technology design and

development.

The Coe Individual Competence Model highlights the importance of providing
animals with opportunities for choice, control, and variety, which contribute to their
development of competenc€de, 201Y. This approach is grounded in creating an
enabling environment that supports animals in attaining the necessary levels of
competence and agenchhe Welfare through Competence framework provides a
systematic approach for assessing and identifying oppoetsibit enhance animals’
quality of life. Its application is particularly relevant in managed environments such
as farms and zoos, where promoting positive animal welfafaitsnost importance
Designers can systematically explore design possibiliti@sigfir an animatentric

lens by analyzing how each competence principle from the Coe Individual
Competence model, as represented in the matrix, can positively impact the Five
Domains of animal welfare (Webber, Cobb & Coe, 2022).

Animal Species

MENTAL WELLBEING

Nutrition Environment  Health Behaviour

Choice
Control

Variety

COMPETENCE

Complexity

Figure 2.5. The welfare through competence animal objectives matrix (Webber,
Cobb & Coe, 2022, p.8).
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2.2.3.4 Animal Ethics

When applying theoretical and methodological frameworks in resedttthnimals
researchers have an ethical obligatomprioritize animal wetbeing and treat them
as sentient beings. Therefore, it is crucial to mention the current ethical frameworks

in animal research.

Currently,animals' involvement in research projects focused on developing animal
technology is regalted by existing ethical frameworks that abide by international

laws because there is not a formally established ethical protocol that focuses on the
animals as endsers in ACI researciThe ethical concerns about animals started

originally with their usdn laboratory experiments in the 1950s (Russel, Burch &
Hume, 1959). The 063Rs6 (Replacement, Red
of guidelines for animal ase in testingrocessepresented by Russel and Burch

(1959), has become an internationadigtablished principle. One of the most

extensive animal ethics legislation to date is the European Directive 2010/63/EU

the protection ofanimals used for scientific purposes(EC, 2010) It applies to
scientificactiviteswh i ch 1 ncl ude A an3ynvasivwefamanimal nv asi \
for experimental or other scientific purposes, with a known or unknown outcome, or
educational purposes, which may cause the animal a level of pain, suffering, distress

or lasting harm equivaht to, or higher than, that caused by the introduction of a
needle in accordance with good veterinar
recogni zes ani mal wel fare as fAa value uni
the Functioningofthe Earpean Uni on ( TEFU)heledisRtoom t 2) .
gives special attention to animals that are more closely related to humans from an
evolutionary standpoint, like némuman primates (especially great apes), or animals

that have a social connectiontvhumans, such as companion animals like cats and

dogs (Parts 18, 21, 33). In the ACI manifesto, Mancini (2011, p.2) defined the
following ethical principles that researchers should be responsible for:

1 Recognize and appreciate the characteristics ofpaltiss involved in the

study without any discrimination.
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1 Treat both humans and nbmman participants with respect, consideration,
and care, based on their individual needs.

1 Conduct research with a specific species only if it aims to develop knowledge
or technology that benefits that species.

1 Protect both human and nbmman participants from any physical or mental
harm by using noinvasive, noroppressive, and netepriving research
methods.

1 Allow both human and nehuman participants to withdraw frorthe
interaction at any time, either temporarily or permanently.

1 Obtain informed consent from participants or their legally responsible

guardians before their involvement in the research.

Building on this initial consideration of animal ethics in ACl,eashers have
presented different ethical approaches for conducting animal studies. Vaataja and
Pesonen (2013) proposed design guidelines derived from the existing
frameworks in the literature by taking the 3Rs approach as their defining criteria.
Mancini(2016), on the other hand, suggested a welfardric ethics framework
recognizing consent asvéal requirement of participation. In this framework,
ani mal sé consent for engaging in research
mediated and contingeabnsentMediated consent means obtaining consent for
animal participation in research from individuals who can understand the
potential impact of the research on the animal's-bathg and have the legal
authority to give consent on their beh&®in theother hand, contingent consent

is based on the following criteria) allowing the animal to adequately evaluate

the circumstance by providing them with ample opportunities to explore the
environment and research equipment before proceeding with the precaj

giving the animal the chance to make appropriate choices between different types
of interaction, such as choosing between reward systems based on food or play,
and 3) providing the animal with the opportunity to withdraw or withhold
engagement, shas having multiple escape routes and comfortable resting areas

(Mancini, 2016). However, the current ethical frameworks for animal use in
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research mainly focus on the minimization of any negative impact of the research
on t he i ndi vi du a linvohed igenerdllys dhroughe thd ar e,

implementation of the 3Rs principles (Mancini, 2016).

Mancini and Nannoni (2022) suggest that while the 3Rs principles aim to protect
animals, they are rooted in a procesented ethical perspective that views
animals asdols in scientific processes. Therefore, they prop@sednimal
centered ethical approach that recognizes animals as independent and important
participants in the research process, with their own interests and the capacity to
give or refuse conseritheysuggest four ethical principles, namely relevance,
impartiality, welfare, and consent, and a scoring system to evaluate the degree of
alignment between a research procedure and these principles. The aim is to assist
researchers and relevant authoritiesvaluating how well a research procedure
adheres to these principldsis system is suggested to be used as a complement
to the 3Rs, assisting researchers in determining the circumstances in which
animal research is in the best interest of the animatdvied, identifying ways

in which experimental procedures can be modified to improve their ethical
standards, and to recognize situations whereammal methods should be
prioritized (Mancini & Nannoni, 2022). Moreover, in another study, Ruge and
Mancini (2022) developed an ethics toolkit to help researchers make ethically
sound decisions when working with animals and supporting afterdéred
research and desighhe toolkit is made up of three templates, and each template
contains a series of questidngletermine the ethical perspectives of the research
team and their project. Its use in animal research is designed to provide
researchers with a structured approach to defining the project's values and
understanding the ethical viewpoint that guides tdem's interactions with
participant animals, handlers, and other stakeholders involved in theRuugly

& Mancini, 2022).

In this section, the existing ethical principles anddglines for animal studies
have been reviewed. Consideration of these pies is essential in the design
and development of animal technologies to ensure that the studies conducted are
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ethically appropriate. In addition, existing ethical frameworks for animal
research should be reviewed and adapted for the development ofl anima
technologies to be consistent with the advancement of animal technology. The
next section provides an overview of existing technological applications for

tracking and monitoring dogs.

224 The Review of the Existing Technological Applications for Tracking

and Monitoring of Dogs Concerning ACI

Numerous studies in ACI can be grouped under five categories: haptic interfaces,
screen interfaces, tracking and monitoring technologies, direct interaction sensors,
and auditory interfaces (FigurerZ.However, as thegdy within this thesis focuses

on monitoring technologies, only studies in this domain are reviewed in this section.

In ACI, monitoring technologies were explored in many ways, including motion and
posture detection and activity and behavior monitorindiss. For example, Mealin

et al. (2016) used threttmensional sensing hardware, Microsoft Kinect, for posture
and behavior detection and classification in dogs. The system was able to identify
the static postures of dogs, including standing, sittinglyand, which can also be

used to observe stress behaviors. Pons et al. (2015) also used Microsoft Kinect for
cats to detect their location, body postures, and field of view. Microsoft Kinect was
also used in environmental enrichment studies, includingveapnimals such as
orangutans at the zoo (Scheel, 2018). Besides, Majikes et al. (2016) developed a
harness system composed of wearable sensors and devices to detect postures such as
sitting, standing, and eating. The study concluded that combining autem
assisted training system based on algorithmic interpretation with professional
training by humans would overcome problems related to ineffective timing during

dog training, thus increasing the success rate in training.
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Figure2.6. Categories of existing technological applications in ACI studies.
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Also, in an attempt to create a lower cost and less subjective training method,
Brugarolas et al. (2013) developed a system that uses machine learniripralgori

for behavior recognition in dogs by using the data collected via an accelerometer and
gyroscope deployed on a vest. Extending on the behavior recognition research,
Valentin et al. (2015) created a collar system equipped with motion sensors to detect
the head gestures of working dogs. Each detected gesture by the system was paired
with a prerecorded message that was delivered to humans via a smartphone. They
emphasized that working dogs have limited options for communicating large
amounts of stimuli tht they perceive to humans, which results in a large information
gap between dogs and humans. Moreover, Ladha et al. (2013) developed-a collar
based system to record and analyze a set of
being, such as eating an@aping patterns in their natural environments. Tracking
technologies seem to be a promising area for further research as they provide means
for understanding and measuring the behavior ofgpmken animals, which is

fundamental for the development of A@kthodologies.

In addition to the tracking technologies for animals mentioned above, fithess and
health trackers, which are one of the most popular devices for humans in the
wearables market, have taken their place in the pet industry asnweltent years,

pet wearales have grown in popularity among pet owners. These gadgets are created
to keep an eye on the pet's location, monitor their fitness and activity levels, and give
insights into their healthSimilar to human wearables, these devices consist of
hardware egpped with sensors that the pet wears and accompanying software that
the caretaker can access via a mobile &ugp. location tracking, pet wearables
usually use GPS or Rifased solutions, whereas activity trackers use accelerometers
and Bluetooth or WFi to send dat&-or instance, FitBark is an activity tracker worn

by dogs that measures their activity levels in a way similar to human fitness trackers.
The device captures raw accelerometer data, which is then converted into an
understandable format for man users, providing suggestions for interactions, such
as taking the dog out for more walk$hese devices mainly provide heatdlated

data to pet owners about their petsd daily
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sleep patterns, along withlaéed suggestions. In dog monitoring technologies, the
primary user is humans. Eason (1988) outlined three different user types: the primary
user, the secondary user, and the tertiary user. The primary user is the individual that
will actively engage witlthe system, while the secondary and tertiary userghare
oneswho may use the system occasionally or are impacted by its implementation
(Eason, 1988). Today, there are several health and activity trackers for pet dogs on
the market, such as FitBark, Wities Garmin, and PetPace, in addition to various
other commercial pet products, including pet cameaatomatic feeders, and

interactivetoys.

In ACI research, a few studies have been conducted on pet wearables so far. As an
example of the studies on wahles for animals, Alcaidinho et al. (2015) examined

whether using pet activity trackers can reduce the return rate of newly adopted dogs

from a shelter. The study showed that providing health and aeteldted data to

adopters through a mobile applica o n resul ted I n -a decr
relinquishment rates (Figure&. Also, the participants stated that the information

provided by the application helped them bond with their newly adopted dogs.

>

Animal Details Back ta Search esults | Rofios Search

Whistle

§?ﬁ\ A

Figure2.7. A dog wearing a pedctivity tracker (on the left), the activity tracker
widget (on the right) (Alcaidinho et al., 2015, p.463).

Nelson and Shih (2017) studied how technology, data collection, and visualization
influence the way dog owners perceive and interact with themadsi They

presented the CompanionViz system, a prototype that procaetakerswith
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details on their dogs' calorie intake, and activity. Twelve participants were surveyed

to assess their initial interest in the system, and then three users weretohesen

it out in a field study. The feedback from these users suggested that the system led

to higher awareness, motivation, and curiosity about their pet's needs. Another study
found that evena simple collar equipped with GPS can imprdwemandog
relaionships by opening up new forms of interaction (Weilenmann & Juhlin, 2011).
Also, Vaataja et al. (2018) investigated thetzdter® mot i vati on t o
activity trackers through interviews. The study revealed thatat@esuse these
devices prinarily to monitor health, behavior, and learnimegpted issues, balance
daily activity levels, and rest in dogs. However, the insights gained during device
use served as a motivational factor for behavior change itakaeto spend more
time with theirdogs. In addition to the use of commercial wearable devices for health
and activity tracking in dogs, Kumpulainen et al. (2018) aimed to classify seven
activities of dogs by using a threémensional movement sensor placed on a collar.
They argued that oegnizing dog behavior would provide more information to pet
owners about their pets than just monitoring their vital signs via health and activity

trackers.

Additionally, Zamansky et al. (2019) conducted an empirical study to explore pet
owners' perceptits of a commercial dog activity tracker. Their research focused on
how and why commercial dog activity trackers were used by dog owners, the
influence of their use on pet and owner lifestyle, and the features of the trackers
perceived as significant by theet owners. The findings revealed that the activity
trackers wereperceived as factoncreasingc a r e t mdtivatiors t0 engage in
physical activity with their dogs, strengthening the huwaamal bond, and
heightening caregivers' awareness of theis'peteds and resulting in a perceived
improvement in the quality of caréA number of participants reported an
improvement in their quality of caregiving and a greater understanding of their
animals' physical activity needs and overall wding. Studiesare conducted to

explore what motivates consumers to purchase companion animal technology as well

as any obstacles that may prevent them from doing so (Ramokapane, van der Linden
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& Zamansky, 2019). The results of the study indicated that the primaryrbaoie
the adoption of pet wear abl es were thei

concerns related to the animal's welfare, perceived lack of usefulness, and accuracy.

This section has provided an overview of current technologies and research studies
related to tracking and monitoring dogs. The following section focuses specifically
on the concept of dog monitoring technologies as a type of interspecies information
system, which involves exploring the ways in which these technologies can facilitate

communication and exchange of information between humans and dogs

2.3  Dog Activity Monitors as Interspecies Information Systems

Animals have traditionally been seen as either unintentional stakeholders or
resources in information systems. However, the developofeméw technology,

such as pet wearables, is allowing people to understand animals better and open up
new forms of communication between species that were otherwise left implicit or
misunderstood (Tami & Gallagher, 2009). Van der Linden (2021) propogehitha
creates an interspecies information system (11S) where humans and animals are both
actors and stakeholderBhe flow of data between participants of different species

in an IIS is demonstrated in Figureé92with technology capturing data from one

species and using it to inform another spe¢ies der Linden, 2021).

According to Van der Linden (2021), an IIS enables the exchange of data between
humans and animals, allowing humans to gain insights into the physical or
behavioral condition of animals. This knowledge can be used to intervene and affect
animals in positie or negative ways. However, some information systems, such as
pet wearables, exhibit a omeay flow of information. For example, in these systems,
the dog is monitored, and the software advises the owner on how to interact with the
animal. Meanwhile, thelog is not aware that it is part of this information system
(van der Linden, 2021).
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Figure2.8. Data flow in an IIS consisting of stakeholders of different species (van
der Linden, 2021, p.5).

Interventions from one species to another are infortnedhe information flow
within an [1IS.Van der Linden (2021) suggests that in order to perform interspecies
interventions, it is important to understand the relationships between the various
components in an IIS, such as the actors of different speaikethartechnology
involved. However, the impact of these interventions can be complex, affecting both
human and animal actors, as well as their surrounding social and organizational
environments. It is essential to consider the potential impact of theseeintions

on each othefvan der Linden, 2021).

The model in Figur@.10illustratesthe flow of data and interactions between the
components of an IIS, enabling interspecies interventions that can affect processes
outside the IIS. For example, dogs caovide input to monitoring technologies like
activity trackers and vital sign sensors, which are then processed by information
technology, often in the form of software on a human's smartphone or computer. It
is important to be aware of the complexitiesraérspecies relationships and their
potential outcomes when considering the impact of intervenfidresresults of this
processing suggest interspecies interventions, which a human actor may enact, or

which may inform policy decisions outside the 1I®ie§e interventions impact both
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external processes, such as pet caregiving, and the human and animal actors
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Figure2.9. Key elements of interactions within #S (van der Linden, 2021, p.10).

2.4  Conclusions Regarding the Chapter

In conclusion, this chapter has presented a comprehensive overview of the key topics
and theoretical foundations that underpin this doctoral studyndgyring into the
domains of animal welfare, animal computer interaction, and aruemdéred
design, asolid understanding of the importance of considering animals as central
stakeholders in technology development has been established.

The discussion on research methods for identifying animal needs has shed light on
existing methodologies used tovestigae the experiences and requirements of
companion dogs. By incorporating various theories, models, and frameworks such
as the AWAX model, the Welfare through Competence framework, and-Actor
Network Theory, a theoretical foundation has beevealedto achiee animal
centeredness in technology design. These frameworks offer valuable perspectives
and methodologies for designing technology that prioritizes animal welfare and

acknowledges the intricate interactions between humans and dogs.
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The inclusion of the animal ethics section has provided an overview of existing
ethical frameworks in animal research, emphasizing the importance of ethical
considerations and responsible research practices to minimize harm to animals. This
shed light intothe responsible and ethical anir@a@ntered desigmand research
practicego be followed in animal studies

Furthermore, the review of existing technological applications for tracking and
monitoring dogs has offered valuable insights into the current landscape of dog
activity monitoring systems. Thi®view sets the stage for exploring the potential
and possibities of these technologies in enhancing humans' caregiving practices

through increasing their awareness of their dogs

Overall, this chapter serves as a foundatidneisfor the study within this thesis,
integrating knowledge from diverse disciplinesthieal considerations, and
technological advancements. It establishes a solid groundwork for develping
theoretical model on how dog activity monitoring systems (DAMS) for companion
dogs can mediate the humdog relationship to improve humans' caregivin

practices.
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CHAPTER 3

BEHAVIOR CHANGE AND SENSEMAKING

Caretakersodo |l ack of a thorough wunderstanit
and needs can lead to unfavorable results regarding companion dog welfare.
Moreover, the currdrdecline in the welfare of companion dogs in domestic settings

is directly linked to the caretakerso6 un
monitoring systems designed for dogs may be able to promote behavior change in
humans, similar to how pemsal health informatics systems influence behavior.

Given that the main users of these systems are humans, they can contribute to dog
welfare by encouraging positive behavior change in caretakers and raising their
awareness about their dogs. Therefores, thiapter aims to provide an overview of

the existing behavior models, theories,
role in behavior change to understand the cognitive mechanisms behind human

behavior and behavior change.

3.1 Persuasive Role of Technogy

The integration of computing technologies into human life has resulted in various
influences on our behavior. However, this relationship between humans and
technology is not onsided. The technology can shape how people behave, but

human behavior alsmnpacts how technology is utilized (Slob & Verbeek, 2006).

While computers were not initially designed for persuasive purposes, researchers

have recently become interested in using them to change human behavior and raise
awareness. These interactive commmy systems are known as persuasive
technol ogy and are intended to modify pe
2003).In other words, persuasive technology is intentionally designed to influence

people's behaviors, and it has now taken on the role of persuasion in human life.
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However, Fogg clearly distinguishes persuasion from compelling or deceiving

people and defines miasion as &voluntary change in attitude or behawi¢2003,

p.15). To better understand technologyds pe
mention the different roles that computer technologies play in human life.

On the functional triad framewk (Figure 3.1), Fogg (2003) proposes that
computing technologies have three essential
tools, mediums, and social actors. In their role as tools, computer technologies aim
to equip users with new capabilities, allogithem to complete actions more
efficiently and effectivelyComputer technologies can have an impact on people's
attitudes and behaviors in several ways. Firstly, as tools, they can facilitate the
attainment of predetermined goals, assist people in aeggoor experience, or
provide motivation through calculations and measurements. Secondly, as mediums,
they can shape attitudes and behaviors by offering simulated experiences and
allowing people to explore causadeffect relationships. Finally, as socadtors,
computer technologies can offer positive feedback, model desired attitudes and

behaviors, and provide social suppoméwmple tashapedheirattitudes and behaviors.

Tool o
Increases capability 3 S Social actor
" ? Creates relationship
A tool can be persuasive by Y < o
m Making target behavior A social actor can be persuasive by
easier to do m Rewarding people with positive
m Leading people through feedback
a process m  Modeling a target behavior or
m Performing calculations or ] attitude
measurements that motivate Medium m Providing social support

Provides experience

A medium can be persuasive by
m Allowing people to explore cause-and-effect relationships
m Providing people with vicarious experiences that motivate
m Helping people rehearse a behavior

Figure3.1. The Functional Triad: Roles Computers Play (Fogg, 2008).p.2

The main concern of behavior change through technology is motivating people to
perform a target behavior. According to Fogg (2003), technology can persuade

individuals to modify their behavior by motivating, guiding, and providing positive
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feedback toachieve the desired behavior. Also, Fogg (2003) states that the
information and feedback provided via interactive technologies are essential
motivators for people to perform a behavior. Thus, people's decisions to engage in
an activity are influenced mawnlby the information and feedback provided by
technology. Similarly, Lilley (2009) posits thchnology has three main ways of
influencing behavior. First, it can provide feedback on the results of a particular
behavior, which can help guide future an8o Second, it can encourage people to
behave in certain ways by designing technology with specific affordances and
constraints. Finally, technology can sustain a certain behavior by using persuasive
methods to change people's thinking and actiblasvever although information

and feedback offered by technology are crucial to motivate users, motivation by itself
is often not enough for a behavior to be performed. Thus, several behavior change

strategies are also applied in the design of persuasive teghawlo

One example of persuasive technology is personal health informatics systems, which
allow individuals to modify their behavior by analyzing s@lbnitoring data to
accomplish a specific goal. These systems analyze the user's data, present it in an
understandable way, and offer feedback to assist users in achieving their desired
behavior (Fogg, 2003). Furthermore, persuasive technologies use different methods
to influence people's behavior change, in addition to offeringnsetfitoring data.

Fogg (2003 describes seven types of behavior change strategies included in

persuasive technologies. These include;

1 Reduction: Technology should make it easier to achieve the target behaviors
by reducing the required effort to perform them. The less perceivedteffort
achieve the desired behavior would presumably result in increased
motivation to be engaged in it.

1 Tunneling: Technology should guide users within an experience through a
sequence of prdefined actions/steps. This guidance can also increase the

chanceof providing further opportunities for persuasion along the way.
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1 Tailoring: Technology should provide users with information tailored to their
individual needs.
1 Suggestion: Technology should offer suggestions to users atighie
moment.
1 Selmonitoring: Technology should allow users to satfnitor to adjust
their behaviors or attitudes to achieve the desired outcomem8glforing
aims to reduce the effoerqui red t o track oneds perforn
for users to know their status while performing a specific behavior, and give
feedback.
T Surveillance: Technol ogy should enabl e wu
to increase the likelihood of achieving the desired outcome.
1 Conditioning: Technology should support users in changing behaviors or

turning them into habits using positive reinfarent.

Building on Foggo0s per s-Kuakenervand Hhgusndagn pr i nci
(2008) propose the following strategies for designing computer systems to improve

the computehuman dialogue;

1 Praise: A system/technology should use praise for providingtiy®
feedback to the users.

1 Rewards: Technology should reward users to encourage them to perform the
desired behavior.
Reminders: Technology should remind users of the target behavior.
Suggestion: Technology should provide users with suggestions, i.e.,
suggestonsto choosehealthier food instead of others to promote healthy
eating habits.

1 Similarity: Technology should imitate users in specific ways, i.e., using a
particular language familiar to a target user group.

1 Liking: Technology should appeal its target users regarding its look and
feel.

1 Social role: Technology should take on a social role.
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OinasKukkonen and Harjumaa (2008) expand these strategies by suggesting other
design techniques for technology to motivate users with a particular focaiaih

support;

1 Social learning: Technology should enable users to observe others who
perform a target behavior to promote social learning.
Social comparison: Technology should enable comparison between users.
Normative influence: Technology should enabsers with similar goals to
come together.

1 Social facilitation: Technology should allow users to find others performing
the target behavior/have similar goals.
Cooperation: Technology should enable cooperation among users.
Competition: Technology shoulhable competition between users.
Recognition: Technology should allow users performing a target behavior to
be recognized.

Moreover, there are other behavior change techniques used in activity tracking
systems such as giving credit, social influenceviping personal awareness
(Consolvo et al., 2006), goal setting (Consolvo et al., 2009; Munson & Consolvo,
2012), (Consolvo et al., 2006), and visual displays of personal data (Consolvo et al.,
2008a; Consolvo et al., 2008b).

Fogg (2009b) also categorizése havi or change types I n
framework. Considering that there are various types of human behavior, strategies
for the design interventions should also vary depending on these behavioral
differences.Fogg (2009b) proposes a Behavior Gridtthategorizes 35 different

types of behavior based on behavior change type and scheduling/timing. According
to Fogg, new behaviors are approached differently than familiar ones, so different
strategies should be employed to motivate new behaviors. Tadudicig/timing of

a behavior can range from a eti@e action to a habitual behavior. This difference

is crucial for persuasion because people are more likely to perform a behavior once

rather than committing to future tasks, which can be more challerigngistance,
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playing with a dog once is entirely different from adopting a dog. In other words,
many aspects come into play when designing for persuasion. Thus, the persuasion

strategies should differ considering this variation in behavior types.

In addtion to the strategies for the design of persuasive technology, Fogg (2003)

al so underlines the I mportance of timing anc
behaviors. He statefinew computing capabilities, most notably networking, and

mobile techntogies, create additional potential for persuading people at the optimal

time and place(p. 184). In other words, increased connectivity and mobility enable

products to intervene at the right time and place, thus, enhancing their abilities to

motivate angpersuade users.

As can be seen, the design of persuasive technologies involves various factors to

consider. If the strategies mentioned above are applied correctly, these technologies

have the potential tocreasgeople's awareness and motivation towarerforming

desired behaviors. For instance, a study on wearable fitness trackers, which are a

form of health informatics system, demonstrated that offéréadthrelatedpersonal

insights through these devices can lead to-kemg behaviorchangegChce, Lee,

Munson, Pratt & Kientz, 2013). Another study examining the effects of using a
fitness tracker on peoplebds activity | evels
significant i ncrease | n pBarramietcal., 2@t sd acti v
Additionally, additional research suggests that actmitnitoring devices assist

users in acquiring a deeper understanding of their actions and conduct within the

context of the data provided by these dev{€esz, Murphy & Zimmermann, 2014).

Understading the persuasive role that technology can play in people’s lives through
the proper application of various persuasive design principles and behavior change
strategies is essential to understanding the potential impact of technology on
behavior. Howevettechnology is not the only determinant of human behavior. To
fully grasp the impact of technology on behavior, it is also necessary to understand
the psychological mechanisms underlying human behavior. The next section
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provides an overview of behavioraiige models, theories, and frameworks in the

psychological literature.

3.2  Behavior Change Models, Theories, and Frameworks

There is a considerable amount of research in the field of HCI focusing on behavior
change through technology, particularly viersonal informatics systems, to
promote positive behavior change. It is important to understand first the
psychological mechanisms behind human behavior and behavior change to
comprehend the potential and use of persuasive technologies. Several models and
theories related to behavior change in the psychology literature explain the
determinants of human behavior. The following sections present an overview of the
existing behavior change models, theories, and frameworks within the psychology
literature to h us understand human behavior and how interactive technologies

can be utilized to encourage behavior change.

As suggested by Kuru (2013he four most prominent theories adopted in the
personal informatics and health behavior domain, especially irhtysgal activity
context, are the Transtheoretical Model B#havior Change (TTM) (Prochaska,
Johnson, and Lee, 1998), The Theory of PlanBebavior (Ajzen, 1991),The
Theory of Reasoned Action (Ajzen & Fishbein, 19&0)d Social Cognitive Theory
(Bandug, 2001) (Buchan et al., 202Buchan et al. (2012) distinguish two kinds of
physical activity interventions in their reviewstagebased models and social
cognitive models. While stagesed models suggest that people go through stages
when adopting a me behavior, social cognitive models assume that behavior is

mainly controlled by cognitive processes.

The most popular stagemsed model within the personal informatics domain, the
Transtheoretical Model of Behavior Change (FigB&® devised by Prochaska and
Velicer (1997),proposesthat a behavioral change process occurs in six distinct

stages: preonemplation, contemplation, preparation, action, maintenance, and
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termination (Prochaska & Velicer, 1997). These are called the stages of change. In
the precontemplation stage, people do not intend to perform a target behavior,
mainly because they have lgtor no awareness of its outcomes. The contemplation
stage is where people start to intend for change, and they are more aware of the pros
and cons of the target behavior. In the following preparation stage, people prepare to
perform the target behavioery soon. In the action stage, people integrate the target
behavior into their lifestyles. Following this phase, during the maintenance stage,
people continue to perform the desired behavior to prevent relapse. Lastly, the
termination stage is the final agfe of behavior change, where people have

permanently adopted the target behavior for the rest of their lives.

Prochaska and Velicer (1997) suggest that the initial step to encourage positive
behavioral change is to promote awareness about issues relatecenht behavioral
patterns, to help individuals progress from the -quetemplation to the
contemplation stage. Without awareness, any behavioral change is unlikely to
happen, regardless of whether it involves altering an unhealthy behavior, making a
curent behavior healthier, or adopting a new desired behavior. The model
recommends that awareness can be created by educating people about their existing
problematic behavior, its possible consequences, and alternative behavior patterns
(Prochaska & Velice 1997).
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Figure 3.2. Transtheoretical model of change (Transtheoretical model of change
(Adapted from Prochaska & Diclemente, 1986).

Similarly, Social Cognitive Theory (SCT) (Bandura, 2001, 2012) also attempts to
describe how people acquire and maintain behavior. It particularly emphasizes the
importance of social influence in performing a behav®ECT theory posits that
human behaviors shaped not only by personal factors, such aseffetcy and
outcome expectations, but also by environmental factors, such as social norms, and
behavioral factors, such as skills. The theory emphasizes that people learn through
observation of otheras well as through their own experiences. These three main
constructs interact with each other dynamically to influence human behawiois
dynamic model, motivational processes play an essential role in the sense that they
affect human behaviors andwronments and are constantly influenced by them.
Social Cognitive Theory identifies human behavior's major determinants as self
efficacy, social support, and outcome expectations. According to the model,
behavior change is likely to be initiated when geothink they are capable of
performing a target behavior (selfficacy) and expect that the behavior will result

in the desired outcome (outcome expectat
agency or the belief that they can exert control overknite the events or their lives

to a certain extent plays a key role. People achieve this sense of agency through their
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selfregulation capabilities, such as by setting goals and following strategies to
achieve them. Moreover, they monitor their progresstd a goal and adjust their
strategies if needed. In this process,-séitacy, or the confidence/belief of a person

in her/his ability to perform a behavior, is a key variable significantly influencing
human behavior and critical for motivation (Baralut977a; Bandura, 1997). Also,
self-efficacy results from the seteflection process in which people examine their

behaviors, reflect on them and try to make adjustments if necessary.

On the other hand, in the Theory of Planned Behavior (TPB), Ajzel®)588gests

t hat a personbés behavior i's determined by
behavior. According to the theory, three key constructs determine the likelihood of

executing a behavior; behavioral beliefs (attitude toward a behavior), normative

beliefs (subjective norms), and control beliefs (perceived behavioral control).

attitude toward behavior relates to how favorably or unfavorably a person views a

particular behavior, while subjective norms refer to the perceived influence of social

presswes on whether a person will choose to engage in that behavior ®hadast

construct, perceived behavioral control, is the ease or difficulty with which the
individual believes they can control the be
attitudetoward a target behavior is positive, the subjective norm favors the behavior,

and if they think they have a certain degree of control over the behavior, this results

in a higher intention (motivation), and they are more likely to perform the behavior.

TPB extends the Theory of Reasoned Action (TRA) by adding a third construct of
O6perceived behavioral control 6 to include
control that may affect oneds motivation t
emphasize that indidual motivational factors determine the likelihood of

performing a target behavior. Motivation is a prominent factor in behavior. When

people have the motivation and favor the outcome of behavior, behavior change is

likely to occur.

Lastly, Fogg BehavioModel (FBM) (Fogg, 2009a) proposes that behavior occurs
as a result of three key factors that must be present at the same instance; motivation,

ability, and triggers. A target behavior is achieved only if a person is motivated
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enough, has the ability, ansltriggered to perform the behavior. Thus, technology
should be designed to increase usersodo mot

behavior to be persuasive (Fogg, 2009a).

In addition to the models and theories mentioned absesgral behaviochange
frameworks exist. These frameworks are usually based on systematic reviews of
theories and models related to behavior change. One such popular framework is the
Behavior Change WhedFigure 3.3) which can be useful when considering
technologies tat aim to encourage physical activiiichie, van Stralen, and West,
2011). Based on the evaluation of nineteen existing behavior change frameworks and
theories, Michie et al. (2011) developed the GBIVa framework for understanding
human behavior. In th behavior system, capability, opportunity, and motivation
interact to guide behaviavlichie et al. (2011) developed the behavior change wheel
based on the COMB model, expanding it with nine intervention functions and seven
policies. The infographic carsts of three componertsCapability, Opportunity,

and Motivation- as in the COMB model. The nine intervention functions are
depicted in the middle ring and refer to behavior change techniques that can be used
in interventions. The seven policy cateigsr around the outside ring represent

external factors that can facilitate these interventions.
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Figure3.3. The Behavior Change Wheel (Michie, van Stralen, and West, 2011, p.7).

Definitions ofthe nineinterventionfunctionson the behavior change wheel,

=

= =2 A

Education: Increasing knowledge or understanding.

Persuasion: Using communication to induce positive or negative feelings or
stimulate action.

Incentivization: Creating an expectation of reward.

Coercion: Creating expectati®of punishment or cost.

Training: Imparting skills.

Restriction: Using rules to reduce the opportunity to engage in the target
behavior (or to increase the target behavior by reducing the opportunity to
engage in competing behaviors).

Environmental Resticturing: Changing the physical or social context.
Modeling: Providing an example for people to aspire to or imitate.
Enablement: Increasing means or reducing barriers to increase capability,
beyond education or training, or opportunity, beyond environamhent

restructuring.
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Although the theories mentioned earlier and models attempt to explain human
behavior from different perspectives, they all share common characteristics
regarding the determinants of human behavior or drivers of behavior change.
Providinginformation/feedback to increase awareness, creating social connections

for soci al acceptance (normative belief
capability to perform the desired behavior (control beliefs;eféilfacy, ability) are

all key determinats of behavior shared in the mentioned theories. Also, in all of the
theories, motivation is regarded as important for changing attitudes and behaviors

as an indispensable factor for behavior change.

In Chapter 1, it was noted that caretakers often kackvledge about dog health,
behavior, needs, and responsible practices, which can have a negative impact on dog
welfare. This lack of awareness is the main cause of reported deterioration of dog
welfare in domestic settings, even though caretakers doteatl to cause any harm

or suffering to their dogs. Activity monitoring systems designed for dogs have the
potential to promote positive behavior change in humans through the information,
feedback, and motivation they provide, similar to how personatthadibrmatics
systems affect behavior. As these devices are primarily used by humans and not
dogs, they can help promote positive behavior change in caretakers and increase their
awareness about their dogs, thereby contributing to dog welfare. Like liamess
trackers, dog activity monitoring devices use accelerometers to measure
physiological aspects such as activity levels, walking distance, energy expenditure,
and sleep quality. They can also connect to computing applications to help users
track ther dogs' health and behavior over time, which can motivate caretakers to
monitor their dogs' progress and adjust their behavior to improve dog welfare in the

long run.

Studies show that using setfonitoring techniques either by technological
interventionsor by diary methods is found to be motivating for people to change
their behaviors to be more active and lose weight in their daily lives (Munson &
Consolvo, 2012; Wang et al., 2014; Fritz, Murphy & Zimmermann, 2014; Normand,
2008; Burke, Wang & Sewick, 2Q). Moreover, datariven feedback and
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information provided by these devices can also encourage people to change their
behavior, as exemplified in studies with human activity trackers (Collins, Cox, Birds
& Harrison, 2014; Consolvo et al., 2008; Cuttohale 2013; Fritz et al., 2014; Hori

et al.; 2013; Kay et al., 2012; Li et al., 2011).

The use of statef-the-art technology to support animal welfare has a dual effect.
Evidence suggests that supporting dog welfare can also benefit humans, as studies
slcow that the iIinteraction between humans
and physiological health (Beck & Katcher, 2003). Thus, animal activity monitors can
contribute signif i canbeihgthrough indreasedactviy an d
and time pent together and enhancing caregiving quality. In this line, investigating

how monitoring technologies affect human behavior and awareness is essential, as it
may reveal many intervention areas for i

favor dog weHbeing.

3.3 Information Processing

Defining the relationship between technology and the desired human behavior/the
role of technology in persuading behavior change is just one part of the equation and
not enough to understand comprehensively how hubsdravior occurs. On the
users' side, the information provided by technology first needs to be processed in
human cognition. In his information processing model (Figure 3.4), Heijs (2006)
posits that sensation is the starting point of #ieehnology interetion, in which

users process the information with their sensory organs. As users are generally
loaded with huge amounts of sensory information, they need to filter and synthesize
it into a mental image for further mental processing, called perception, ifhihe
cognitive interpretation or affective evaluation phase, this mental image is
interpreted and related to emotion to initiate the actual behavior. However, between
these stages, various factors, such as attitudes, habits, and intentions, may operat

and influence the whole process (Heijs, 2006).
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Although the behaviesteering role of technology should be taken into account
during the design for behavior change, it is apparent that the internal
cognitive/sensemaking processes happening on an individuel also affect
behavior and decisiemaking processes. Thus, how people make sense of the
information provided by technology should be examined to grasp technology's

potential for behavior change better.

environment ¢ » interaction ¢ > users
technology (individuals
(man-made) groups)
visibility
................................................................... B Sensation U U ———
affordances
gestalt laws f i
................................................................... B perception £
feedforward ma@ing
and feedback . cognitive interpretation mental model
aesthetics affective evaluation schemata
lenslmodel script

attitude, habit
"""""""""""""""""""" 4 perceived control, subjective norms
intention, planning

P-lzlﬁt .
constraints and rebound

behavior ¢

Figure3.4. General model ahformation processing (Heijs, 2006, p.45).

Information processing is particularly crucial in personal informatics systems, which
provide people with their setfacking data. These systems are tools that allow
individuals to track and monitor various asfs of their daily lives, such as physical
activity, sleep, and nutrition, often through the use of wearable devices or mobile
applications. The data provided by these systems can be extensive and complex, and

the way in which users process this informatis crucial in determining its impact
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on their behavior and lifestyle choices. Therefore, understanding the user experience
with personal informatics systems is essential in designing systems that are effective
in motivating behavior change. Inthenexe ct i on, an overview of us
with personal informatics systems and the models illustrating this experience are

presented.

3.3.1 Reflecting on SelfTracking Data

In the past decade, there has been growing interest in personal informatics/self
tracking systems, such as personal fithess trackers and weight and diet monitoring
applications. These systems collect different kinds of personal data via their
embedded sensors, such as step count, heart rate, and blood glucose levels, and
provide people with éalthrelated information of various complexity. As noted by

Li et al. (2010 p.558, personal informatics systems are also known by other names;
Aiquantified self, selBurveillance, selfracking, and personal analyticgWolf,

2009; Yau & Schenide, 2009)he information gathered by personal informatics
systems can be utilized for seéfflection, enabling individuals to gain a better
understanding of their behavior (Carver & Scheier, 2001), make informed choices
about their health and overall wéleing(Endsley, 1997), and encourdgehavioral
changesn various areas such as health and energy conseryBiidlemente et al.,

2000; Seligman & Delay, 1977). Similar to personal informatics systems for humans,
dog activity monitors quantify dog behavior aprbvide caretakers with various
health metrics of their companion animals, such as daily activity and sleep levels,
energy expenditure, and rest time. However, in such systems, users are often faced

with a great deal of raw data and need to procesdakeaction.

Personal informatics systems fhelp people c
for the purpose of seleflection and gainingsek nowl edgeodo (Li, Dey & F
2010, p.558). Li et al . (2010, typwher2) defi ne
people collect and reflect on personal dat a

Selfreflection on the other hands described as a dynamic process where people's
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tracking experiences constantly adapt to their-elanging needs baseddifferent
contexts (Bentvelzen, Niess & Wozniak, 2029wever, the definition of reflection
within the HCI field lacks consensus. Mols et al. (2020) define reflection as "the
consideration and analysis of past, present, and future experiences to reassess
thoughts, beliefs, feelings, and actions related to everyday life" (p.68). In their
comprehensive review, Bentvelzen et al. (2022) compile diverse descriptions of
reflection from the available corpud/hile the concept of reflection varies across
definitions, it involves a dynamic and introspective process that allows individuals
to reassess their experiences and make informed adjustments in their thoughts,

beliefs, feelings, and actions.

Cox, Bird, and Fleck (2013, p.1) suggest that using pergdoamatics systems that

collectselft racking data can result in Adigital
their behaviors, which can lead to positive behavior or attitude changes. Personal
informatics systems can facilitate accurate-ssfiection byproviding knowledge

about behavior which might change how people perceive it, thus leading to the way

to make a conscious decision to behave differently (Cox et al., 2013).

However, the reflection process on the $edtking data does not necessarilyuwrcc

the same way for everyone. Research shows that users have discrepancies in
interpreting, understanding, and sedflecting on their tracking data based on their
individual differences and personalities (Bentvelzen, Niess & Wozniak, 2021).
Moreover, howpeople make sense of this data is also influenced by various inter
connected,data el at ed, and | ifestyle factors (Co
collecting and making sense of data, the ultimate aim is to get meaningful insights

and reflectondatat make positive changes in oneds
al., 2014). In other words, the focus is on deriving insights from data rather than
simply quantifying behavior during making sense of data. Therefore, it is crucial to
understand how usersake sense of information to support their seffection

processes better and assist them in transforming personal data into useful insights for

their | ives (Cokkun, Karahanojlu, 2022).
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The visualization of the setfacking data also plays an essentialerin the
sensemaking process as it directly affects how data is communicated to users.
Therefore, it may impact how users interpret their tracking data. For instance, when
people encounter the visualizations of their data on a tracking device, thegainder

a complex process of sensemaking (Lupton, 2017). In this process, they need to
interpret this data concerning other information, such as their past experiences,
sensory information during the particular event (i.e., feelings, bodily sensations), and
cortextual information (i.e., their judgments about weather and environment). In
these cases, people are challenged to combine different sources of information to
make sense of the data and construe associations between this data and their lived
experiencedJsers are presented with the difficult task of interpreting visualizations

of their personal data in relation to other information pertaining to their bodies and
selves, which is acquired through their embodied sensations. Furthermore, they must
also engagin complex data senseaking processes, which involve drawing on their
prior tracking experiences, their bodily sensations at the time of the activity, and their
sensory judgments of the environment (weather, traffic, etc.). In these cases, people
must determine if they can trust the data produced by digital sensors associated with
their bodily senses and incorporate them into their lives. This situation necessitates
people to engage in ongoing conversations with the data they see on personal
visualizatioms and the knowledge available to them through their bodies. In other
words, seHltracking data requires people to go through a sensemaking process for
meaningful reflection on the data (Lupton, 2017). Baumer et al. (2014) state that it
is often assumed #h just showing users visualizations of their tracking data for
reflection via personal informatics systems will result in the reflection. However, it
usually does not occur automatically, so fostering reflection on such systems is

important.

Bentvelzen, Niess & Wozniak (2021) suggest that reflection is a crucial element in
the use of personal informatics systems. It enables users to have positive experiences
in their personal informatics journey. Users are able to adjust their tracking

experigce to meet their changing neelgess and Wozniak (2018) found that when
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using personal informatics systems, users often desire to achieve their qualitative
goals by reaching their quantitative goals. Thus, they interpret quantitative data

provided by tacking systems as highkavel notions that fit their personal goals.

Trope and Liberman (2010) proposed the Construal Level Theory (CLT), which
suggests that there are two types of mental representations, namely, high construal

and low construal. Accordg to this theory, people tend to think about a situation in

a more abstract way (high construal) when it is psychologically distant, and in a more
concrete way (low construal) when it is closer to théwor example, one can

consider walking as spendingni in nature, which is more construal and abstract.

On the other hand, the other can regard the same situation as walking one thousand
steps, which is low construal and more concrete (Bentvelzen, Niess & Wozniak,
2021) . Therefore, a sycholatjicah djstarice det€rinifies p e 0O
how they make sense of different aspects of their lives, such as situations,

environments, objects, and people.

Two models have been extensively discussed in the realm of personal informatics
research: L stagebasedarmiodeltosPergopd Ihf@matics Systems and
Epstein et al.ods (2015) wupdate of this,
Stage Based Model of Personal Informatics Systems (Figure 3.5) represents the
experience of selfrackers with sé-tracking devices, and it includes preparation,

collection, integration, reflection, and action stages. According to Li et al. (2010),

the two crucial components of every personal informatics system are data collection

and reflection.
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PREPARATION = COLLECTION | INTEGRATION = REFLECTION = ACTION

Figure3.5. The StageBased Model of Personal Informatics Systems (Li et al., 2010,
p.561).

Moreover, effective personal informatics systems support users in collecting the
necessary personal information for insightful reflectibine Stage Based Model of
Personal nformatics Systems includes five stages: Preparation, Collection,
Integration, Reflection, and Action. The Preparation stage comes first and involves
motivating people to track personal information and deciding what to track and how
to record it. The Colleion stage starts when people begin gathering data about
themselves, and they may encounter various obstacles at this stage. The Integration
stage lies between the Collection and Reflection stages and involves preparing,
combining, and transforming thetddor reflection. Reflection is when users explore

and understand the data, and the Action stage involves choosing what to do with that
understanding. Difficulties in these stages may arise due to a lack of time or difficulty

retrieving, exploring, and werstanding the collected informati@n et al., 2010).

However, the fact that most systems do not provide specific suggestions about the
next step in such systems is a barrier to insightful reflection on data (Li et al., 2010).
The Stage Based Model saggs that all these stages are interrelated. In other words,
the extent to which people can reflect on their personal data and the
effectivity/quality of selfreflection are affected by how and what data is collected
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(Li et al., 2011). Focusing on the mftion stage on the Stage Based Model, in a
study, Li et al. (2011) explored what kinds of questions users ofraekers ask

about their data with an aim to support the design oftsaiking tools that assist
reflection. Although it is often considef¢hat users are exposed to data offered by
personal informatics systems without much questioning, it has been seen that users
ask six types of questions about their personal tracking data; Status, History, Goals,

Discrepancies, Context, and Factors.

Usersare interested in data that reveals their current Status. They are also curious
about viewing their data History, i.e., data over a range of time, rather than looking
at a piece of data. Viewing lortgrm data allows them to see the patterns in the data
and compare it from one time range with another. It is also found that patterns are
especially useful for users in understanding their progress toward a goal. Users
sometimes start tracking without a particular Goal. They usdraeling to define

the acions they should take tmvercomean existing problem or to check whether
they have a problem. Once they define their goals, they also compare their status
with their goals to check for any Discrepancies. They are curious about the Context
and events happeng around them at the present moment to help them make sense
of the changes in the sdtfacking data. Users of personal informatics systems are
also interested in the Factors affecting behawmothe long run i.e., checking

multiple types of data torwlerstand their influence on behavior.

Moreover Li et al. (2011) suggest that people's information needs change over time,
and they distinguish two phases of reflection: discovery and maintenance. Users of
selftracking devices do not remain in one phase; they move between the two phases.
In the discovey phase, users try to understand their objectives and the factors
influencing their behavior. In contrast, during the maintenance phase, users use their
collected data to stay aware of their progress towards their goals and to maintain
their behavior. Uss usually track only a few types of data during this phase and
have already defined their objectives. They collect only enough information to assess

whether they are achieving their goals. However, users may find it challenging to
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transition from the disavery phase to the maintenance phase when they cannot

identify any actionable goa(ki et al., 2011).
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a defined behavior change goal, and tracking for a reward like earning discounts or
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cdlecting, integrating, and reflecting on personal tracking data (Epstein et al., 2015).

DeCiding

5e|ecting

collectiop,

6\)«\'\"\9
<
<& 7
[}
4
@Q‘ .
Io',

Tracking
&
Acting

A\\\

Qt,-o h

R4
4’9

Figure3.6. Lived Informatics Model (Epstein et al., 2015, p.5).
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Epstein et al. (2015) assert that the use oftemtking devices depends on the type

of domain being tracked, such as physical activity, finances, or locd®ieople's
motivations for tracking data in each area are different, with behavior change
trackers tracking data and being discouraged by inaccuracies, instrumental trackers
only tracking @ta if the benefits outweigh the effort, and curiositiven trackers

being intrigued by the data they find/hile the stages in the Lived Informatics
Model may happen concurrently and depend on data, they are included in the same
stage of the model. Nextbeless, the lapsing stage begins when users cease using
selftracking tools activelyLapsing can be caused by problems with data collection,

as well as barriers to integration or reflection. Stemtn lapses can be followed by

a quick resumption of tcking, known as the resuming stage. In such cases, users
may not reconsider their decision to track or the tool selection. However, after a long
lapse, users may not necessarily resume collecting more data. Instead, they may
continue integrating or refldog on previously collected data and later decide
whether more data is needethe Lived Informatics Model implies that users'
objectives for using selfacking tools impact how they use and interact with these

devices throughout their selfacking jourreys(Epstein et al., 2015).
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Figure 3.7. The Technologyvediated Reflection Model (Bentvelzen, Niess &
Wozniak, 2021, p.6).

Bentvel zen, Niess & Wozniakbés (2021) Techn
( TMRM) descri bes us ees s bhe tefiedtiean\phaserofthem nd pr act
experience with personal informatics systems (how users enter, exit, and stay in the

reflection phase) (Figure 3.7). It also illustrates the conditions and barriers to

reflection on personal datéhe process of refleicin in personal informatics systems

is not a fixed one but rather a constantly evolving process where users adapt their

tracking experience to their changing needs. This adaptation happens in a context

and often requires reframing one's needs, resultitigeimeed to adapt the tracking

experience repeatedly. The TMRM model explains how users require different

perspectives on their data, which may change over time. The model divides the

reflection experience into two cyclesemporal and conceptuéfigure 3.7). The

temporal and conceptual cycles in the modemonstrate how users' needs and

perspectives change as they engage with the trackers. The temporal cycle highlights

how users' perception of time changes in their personal informatics experienee, whil
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the conceptual cycle focuses on the levels of abstraction users use to interpret their
tracking data. In this cycle, users constantly interpret data in a reflection process by

relating the feedback they get from their trackers to theiflifeadxperierce.

Bentvelzen, Niess & Wozniak (2021) exemplifies the model with an amateur athlete
using a fitness tracker. The athlete selects an activity tracker matching his needs,
indicating a partial conceptual match between his data needs and the device's
trackingcapabilities. However, in time, the user needs to track tgpes ofmetrics

than provided by his tracker, resulting in a conceptual mismatch. Additionally, he
desires to review the personal data in a wider range of time periods than available on
the traker - temporal mismatch. Because of these mismatches, the user decides to
create an Excel spreadsheet to manually enter and track additional metrics of his
preference and check different periods. By doing so, he overcomes the temporal and
conceptual misntahes faced during the process with the help of an additional tool
(a spreadsheet). This tool allows him teerger the conceptual alignment phase and

to stay in the facilitated reflection cycle.

Although many studies touch upon the sensemaking prastibesnan seltracking
systemsthe literature lacks such studies for dog activity monitoring systems. As an
example of the studies with location tracking systems for dogs, Mancini et al. (2012)

investigated how these devices influence human behaviorrarye humailog

rel ationships within domestic settings.

sensemaking of data is mediated by locatraeking technology. The study
involved home visits and idepth interviews with seventeen households in the UK

where one omore people utilized locatiemmacking devices for their dogs. The

results revealed that the participants interpreted the motion patterns depicted on the
digital map by combining this information with their existing knowledge of their

dogs and the territgr. This all owed them to make I
position and activities in a particular context. Thus, it was seen that the use of the
tracking device resulted in a change in

by enabling a more effage understanding between them.
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Similarly, in their qualitative study, Weilenmann and Juhlin (2011) investigated how

the | ocation tracking technology all owed hu
during the hunt and influence their interaction. Thedgtshowed that hunters

construe the dogso6 actions based on the posi
tracking devices. This supported hunters in getting a better understanding of the

current situation during the hunt and taking action based onititeipretations of

tracking data, affecting the overall hunting experience.

Zamansky et al. (2019), on the other hand,
a dog activity monitor through a questionnaire with eightg caretakers. It was

seenthatte device i mproved caretakersd motivat.i
levels by gaining insights into their everyday activity and allowing them to make

judgments about their caregiving quality. With the use of the device, they were able

to make inferaces about what their dogs do when left alone at home, tailor the food

amount based on the burned calories information, be more aware of their activity

levels and make judgments about it and take action regarding their caregiving

practices accordingly.

As shown by previous studies with GfeéBabled collars and dog activity trackers,

the data provided by these systems and how humans make sense of this data
transform how they relate to their dogs and the interactions between them. Therefore,
understanding hunma u s e r-makingpctice®in using dog activity monitoring
systems and supporting them in making more informed caregiving decisions are
crucial as it directly impacts humatog relationships and, relatedly, dog welfare. To

do so, we first need to clfy what are data, information, and knowledge and how

these are processed in human cognition.

3.3.2 Data, Information, and Knowledge

Data refer to symbols that are often useless without context (Ackoff, 1989).

According to the datmformationknowledgewisdom (DIKW) pyramid, data is
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pl aced at the bottom of 88).dtgdekthraughlae dge h
transformation in humans®é cognitive proc
into information (through answering who, what, when, and how maegtmpns),

then into knowledge (answering how questions), and lastly into wisdom (answering

why questions) (Ackoff, 1989). In information systems such as activity monitoring
devices, people are faced with vast amounts of raw data and need to process it in

their cognition to infer meaning.

Knowledge

Information

Figure3.8. The DIKW hierarchy (Rowley, 2007, p.164).

3.3.3 Sensemaking Models and Theories

In an attempt to explain why people seek information and how they process it,
various models and approaches have beenlase@ From an HCI perspective,
Russell et al . (1993, the pr@céss ¢ggeatlentyfomae s s en
representation and encoding data in that representation to answapdagic

guestion Thomas et al. (1993, p. 24®n the other hangrovides a broadetiew

and describeit as At he reciprocal interaction of
ascription and actiono. 't includes col I
organize it into representations to achieve understanding {RirBlussell, 2011).

According to Russell (2003), when confronted with complex information, people

first create representations in their minds to make sense of it. In order to "make
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sense" of certain content, people gather various bitéaimation and create one or

more representations of it that help in organizing the content (Russell, 2003). In other
words, sensemaking is the active processing of information and the creation of
mental representations for comprehension. Klein et al072@. 114) define
sensemaking as Athe deliberate effort to u
people are confronted with new challenges in unfamiliar contexts and their expertise
is inadequate (Zhang et al., 2008). There are different perspectidetheories

related to sensemaking in various domains in the literature; in H@uoamputer
Interaction (Russell, Stefik, Pirolli, & Card, 1993), the macro cognition approach of
psychology (Klein et al., 2006a, 2006b), information and library science (Dervin
2003; Savolainen, 2006), and organizational science (Weick, 1995). Although these
approaches consider sensemaking processes in diverse fields, their common focus is

to explain how people infer meaning from the data.

In the macro cognitiorapproach of psychology, sensemaking is defined as the

process of achieving a state of knowledge (Klein, Moon & Hoffman, 2006b). It is

different from situation awareness, which refers to being in a state of knowledge

about the environmental elements or iefeces from them. According to Klein et

al .6s (2006Db) data/frame model of sensemak
process of framing and#feaming based on the acquired data. People make sense of
events/situations through meaningful representationsead A f r ame s 0. They
chunks of knowledge simplified and used to perceive things in cognitive processes.

When a person encounters a new sd,tuiagion, a
formed as an interpretation of the situation. In other words J@eopstruct raw data

as frames to prepare it for mental processing. Frames can be in various forms, such

as stories, maps, diagrams, or scripts.
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Figure3.9. The Data/Frame Theory of Sensemaking (Klein et al., 2006, p.89).

Moreover, they go thrabth a change as more data i
data/frame model posits that sensemaking involves elaborating on a frame,
questioning, and reframing it if the initial frame is rejected in the cycle. During this
process, more supporting informationcisllected to add details to a frame and to
guestion it by exposing any inconsistencies in the data. Frames in the sensemaking
process reduce the amount of data required for comprehension, but they can also call
for more data for further questioning. A francan guide information seeking and
reveal further data that might change the initial frame. In other words, a frame may
operate as an information filter, influencing which details will be noticed in a
situation and what information will be sought aftettfigld & Attfield, 2010).

Furthermore, according to the data/frame theory, during the sensemaking process,
mental models are generated to explain past events. A mental model refers to the
memory representations of past experiences and is often referpeddiot how

future events will unfold. Thus, the formation of mental models also affects how a
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person will deal with new events or information. Similar to frames, these mental

models also change as more data is acquired (Klein, Moon & Hoffman, 2006a).

In Weick's organizational sensemaking approach, data and frame interact similarly
to Klein et al.ds model (1995) . He asserts
new events, they go through a process in which they categorize information, filter it
throughretrospective attention, mental models, and narration, assign meanings to it

and use it as a guide for further interpretation (Weick, Sutcliffe & Obstfeld, 2005).

On the other hand, Pirol i and Cardoés con
describes techmogy-mediated sensemakindhow people make sense of the huge
amounts of data provided by computerized systems. The model shows that the
overall sensemaking process that users go through consists of two major loops;
foraging and sensemaking loops. The @umng loop involves seeking, filtering,
reading, extracting, and placing information into a schema. On the other hand, the
sensemaking loop can be explained as the iterative development of mental
representations from the initially formed schema, providingbasis for
understanding. In this model, raw data is first processed into representations;
however, this process does not occur in a single direction. Instead, there is always an
interplay between both loops. Starting from the beginning of the foragipg tle
incoming raw data is collected for later processing. Then, based on the gathered data,
schematic representations are created to support interpretation. In the sensemaking
loop, on the other hand, hypotheses are formed, and the schemes shaped in the
previous step are reconsidered in light of the collected information. At this step, new
data is extracted from the previously stored information or new data is sought if
necessary. The flow in this model represents the transformation of data from its raw
form into another state which enables taking action. As can be seen, the focus of
sensemaking studies/models within HCI is on technelogdiated sensemaking
(Russell et al., 1993; Pirolli & Card, 2005).
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Figure 3.10. A conceptual model afensemaking in intelligence analysis (Pirolli
&Card, 2005, p.3).

On

with individual sensemaking, underlying the cognitive gap individuals experience

when attempting to makersge of the newly observed data. According to the model,

t he

ot her

hand,

Der vi

ndéds model
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when a new situation is encountered, it results in a cognitive gap. Moving from the

situation to the outcome requires a bridge to be formed to fill in this gap. In other
words, the gap compels the gen to find a way to bridge the gap and reach an

outcome. The building blocks are used to build the bridge, such as individual

mi

ndset

, t he

personods

attitudes,

bel

her decisions. The outcome depends on hos ghp is bridged, so potential
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ef s

outcomes are not obvious initially. Once the bridge is built, the person can reach the

outcome (Dervin, 2003).
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Der v i-Ndkiag TBeerg (Reinhard & Dervin, 2012, p.33).

Although all of the abowenertioned sensemaking models originated from different

fields, they all aim to develop an understanding of how sensemaking occurs in the

human mind so that better systems can be designed to support sensemaking. Thus, it

can be concluded that there are martyenr connect ed

sensemaking. Using activity monitoring systems and making sense of the data

provided via these systems is a cognitively demanding task, requiring users to deal

with too much information.

3.4  ConclusionsRegardingthe Chapter

In conclusion, this chapter has provided a comprehensive overview of existing
behavior models, theories, and frameworks, along with the role of technology in

behavior change. By exploring the persuasive role of technology, behavior change
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models theories, and frameworks, reflemtion selftracking data and sensemaking
models and theories, a deeper understanding of the cognitive mechanisms underlying
human behavior and behavior change has been establbesbver, ithas shed

light on the complexity of human behavior change amdemaking processes.

The examination of the persuasive role of technology highlights the potential for
technology to influence and motivate behavior change. By drawing upon various
behavior change models, theories, and frameworks, this chapter demserisieate
multidimensional nature of behavior change and the diverse factors that can shape
human behaviorAdditionally, thereview ofthe reflectioron self-tracking data and
sensemaking models and theories emphasizes the importance of individual
interpretaibn and understanding of data in the behavior change process.

By understanding the cognitive mechanisms behind human behavior and behavior
change, we can better comprehend how DAMS can be utilized to support humans'
caregiving of dogs. The models, frameat& and theories covered in this chapter
provides guidance to assist in identifying ways to increase human awareness and
promote positive behavior change via animal technologies. Having a clear
understanding of these concepts is critical to exploring pitential of these
technologies in promoting animal welfare through positive behavior change among

caretakers.

Overall, this chapter serves as a critical foundation for the subsequent stages of the
doctoral study, providing a comprehensive understandirgelbavior changand
sensemakingnechanisms and the persuasive role of technologynstitutes the
basisfor the development of a theoretical model that contributes to our understanding
of how dog activity monitoring systems can mediate the hudoegnelationship and

improve humans' caregiving practices.
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CHAPTER 4

METHODOLOGY

The preceding chapters have underpinned the literature gap regarding the effect of
dog activity monitoring technologies on human awareness and belhEwoefore,

there is a necessity for a moredapth understanding of these technologies to ensure
both dog and human webeing. The study within the context of this thesis aims to
develop a theoretical model on how dog activity monitoring systems forazoomp

dogs can mediate the humdag relationship to improve humans' caregiving by
examining the potential and possibilities of these technologies. For this purpose, a 6
weeklong field study was conducted with 30 caretakers and their dogs, in which
their experience with a particular dog activity monitoring device was investigated.
This chapter explains the methodology of the study. The strategy for selecting the
methods and the procedure of the study is described in detail.

4.1  Methodology Selection

4.1.1 Understanding Longitudinal User Experience

It is crucial to understand caaier® experiences wi t h t he
technology and the underlying thoughts, feelings, and behaviors to identify the
factors that would potentially cause any
and the humaxog relationship. However, studying a dexghomentary experience

is generally not enough to gain insights regarding how the overall user experience is
affected by using a particular design solution. Thus, gathering information about how

a user interacts with a product or system changes ovelidiofegreat importance
(Karapanos, Zimmerman, Forlizzi, & Martens, 2009). Therefares crucial to

examine the longitudinal user experience of caretakers to comprehend how dog
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activity monitoring technology affects their behavior, habits, and relatipsshith
theirdogsAs outl i ned bhe m@&ipromigentmatlods7for studying

long-term user experience from the UX literature are explained below.

One of the mo$y adopted methods for studying longitudinal user experience is in
the UX literatire is cultural probes. These are qualitative research tools to gather
inspirational data from people about their experiences, feelings, and ideas. Probes
can include various tools such as postcards, maps, cameras, photo and media diaries,
pens, stickersand different kinds of tasks to provoke inspirational responses from
the participants. They are designed specifically for certain groups of people,
contexts, and environments and provided to them tedselfiment. This method

aims to gather inspirationahsights from the participants by enabling them to be
actively involved in a usetentered design process. It is also a useful and effective
method for overcoming specific geographic and cultural differences (Gaver et al.,
1999). Cultural probes are flex#btools to elicit rich user insights that can be
especially useful in remote user research. However, the assignments might be

overwhelming for some participants.

Diaries are another method used to gather information from the users by having them
recordtheir thoughts and feelings related to a specific activity or experience to
understand longerm user behavior. In this method, users are asked to either write
down their experiences or rate them based on a given scale. There are three types of
time-basedeporting styles used in diaries: tirhased, fixed schedules, and variable
schedules. In timbased diaries, participants are asked to report their experiences at
random or fixed times or a combination of these (Bolger, Angelina & Eshkol, 2003).
However,in the diary method, the time interval between each report should be
carefully considered, as filling out too many reports during the research process
might be overwhelming for the participants. Especially having to report at random
times during the day ithe variable schedule method might increase the load as the

reporting time is unpredictable for participants (Bolger et al., 2003).
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The Day Reconstruction Method (DRM) inve:
at various moments throughout their evesytiges (Kahneman et al., 2004). In this

method, participants are asked to recall their previous day and reconstruct it
sequentially as episodes. Then, they are asked structured questions about each
episode to elicit information about their daily experesmcWith participants
remembering the previous day, it is intended to avoid memory bias as much as
possible by evoking their recent memories without disrupting their daily activities or

creating a burden. Moreover, instead of the methods used for samytiagences

in reakttime, this method provides a complete picture of the day rather than capturing

its random parts (Kahneman et al., 2004).

UX curve, on the other hand, is a retrospective method for evaluatingdongiser

experience. It helps users afictheir memories and report how and why their
experience with a product has changed over time. It is employed to identify the
reasons why user experience improves or worsens in the long run. In this method,

users are given a template, including an enpty-dimensional graph with the
horizont al axis representing the time an
experience. They are asked to draw a curve on the graph describing how their
experiences with a specific product or activity have evolvedtist) from the first

use until the current day. They are then asked to mark the reasons for change at their
approxi mate |l ocations on the curve (Kuj a
effectiveness might be limited by memory bias as it is based oospettive

recalling of previous experiences.

Experience Sampling Method (ESM), also known as Ecological Momentary
Assessment (EMA), is another longitudinal method for retrieving information about
peopl ebs dai |l vy experiencesors (Larboo &g ht s,
Csikszentmihalyi, 2014). In this method, participants are repeatedly asked the same
questions at a frequency varying from several times a day to once every two weeks.
By asking the same questions, it is aimed to identify how and based dnfadtiars

user experience varies. In ESM, participants are sent a stimulus to complete a brief

report on specific questions asking about their experiences as they occur in daily life
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(Csikszentmihalyi, 2014). ESM provides several advantages over othéutbhngl
methods mentioned above, such as DRM. Firstly, as participants are asked questions
about the activities as they happen, it can be more effective in eliminating memory
bias. Moreover, since ESM is based on collecting-tiged, in-situ information
related to participantsd experiences and e
understanding of the underlying factors related to specific actions or behaviors that
cannot be identified through retrospective methods (Csikszentmihalyi & Larson,
2014).

As Blomberg, Burrell, and Guest (2002) suggest, holism is essential in understanding

the different aspects of a particular activity within a larger context. It is argued that

investigating an activity or experience in isolation from its context and othezdela

activities and behaviors provides only a limited and potentially misleading
understanding regarding that specific activity (Blomberg, Burrell & Guest, 2002).

The study within this thesis aims to ident.
awarenessf their dogs vidDAMS, understand how caretakers make sense of and

reflect on the monitoring data provided via these devices, and ultimately reveal the

potential intervention areas for the design of these technologies to increase

car et aker s dgheiradogs to suppois their oafegiving. This particular aim

necessitates gaining a thorough understanding ofater® acti ons and behayv
in their daily lives and all aspects of user experience with the used technology in the

actual context. Therefer it is decided to employ ESM as part of the methodology

in the study, considering its advantages in yielding holistic, conédxtant, and

reattime data related to user experience. One of the most important reasons why the

ESM was selected was thatallowed studying user experiences in their natural

settingsinreat i me and fr om t Iitwasalspseenshéstugiesmspecti ve.
the field of humarcomputer interaction (HCI) commonly use the experience

sampling method (ESM) to collect in sittformation over an extended period when

investigating the user experience of personal informatics sygWnifovich et al.,

2019).
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As explained in Chapter 1, research studresiuman wearable activity trackene

generally longitudinal, as these teclowes have to be used for a certain period to

be able to understand their user experieara temporal aspectisoroughly. Thus,

as covered i n Shi imeragews, questiobrsmires, ebgarvations,( 2 0 1 9
and combinations of some of these commoappear as the most employed
methodologies in these studi®esideswhile setting up the methodology of the

studyt he UXMx tool developed by Yargén, S¢n

as a guide to help with method selection.

It might also be h@lful to mention here the methodology employed in the prominent
examples of user research studies on personal informatics systems within the field

of HCI. Considering that the primary users of dog activity monitoring technologies

are humans, the studies dhese technologies in ACI mostly adapt their
methodologies from the UX literature. In this research study, the methodology will

be set up to gain insights from human us
devices and the companion mobile applicgai@re mainly used by them, not by

dogs. Moreover, animal welfare is a mutmensional notion, including various

aspects such as nutrition, environment, health, behavior, and mental state, as
identified in the Five Domains Model (Mellor & Reid, 1994).uBhit is not easy to
assess and observe human behaviords i mpl |
which is a limitation of this study. Therefore, within the context of this thesis, the

focus is not on measuring dog welfare directly but on guidimgamubehavior in a

way to improve the caregiving quality of dogs.

In the review of Kerstewan Dijk, Westerink, and ljsselsteijn (2016), among 6,568
studies on human personal informatics systems, 24 studies are identified, meeting
the selection criteriaf being a peereviewed empirical study reporting on the
insights based on monitoring data from personal informatics systems on a non
clinical population. Among these studies, seven of them fall under the category of
evaluating the user experience on Brgspersonal informatics systems. In contrast,
others focus on either the assessment of a new or a current personal informatics

system. As our study focuses mainly on user experience, the methodological
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approach of the studies, in the category of theuatmin of personal informatics
systemso6 user experience in this review, wi
is seen that they are generally longitudinal, with durations ranging from ten days to
fifty -four months (Fritz, Murphy & Zimmermann, 201Choe, Lee & Scharaefel,
2015; Choe et al., 2014; Epstein et al., 2015; Li et al., 2011; Li et al., 2010; Rooksby
et al., 2014). The onesxamining the user experience of personal informatics
systems adopted voluntarily by users tend to have a longedpmdrusage prior to

the evaluatiorge.g., between three months and fifityir months of device use in the
study by Fritz, Murphy & Zimmermann, 2014). The most commonly used evaluation
method in these studies is interviews (Fritz, Murphy & Zimmermanm4;20hoe,

Lee & Scharaefel, 2015; Choe et al., 2014; Epstein et al., 2015; Li et al., 2011;
Rooksby et al., 2014), complemented by surveys (Fritz, Murphy & Zimmermann,
Choe et al., 2014; Epstein et al., 2015; Li et al., 2011, Li et al., 2010). Some included
video recordings of selfacking experience (Choe et al., 2014), behavioral
observations, and log data tracking (Choe, Lee & Scharaefel, 2015). While most of
these studies are qualitative, some reported quantitative behavioral changes (e.g.,
Choe, Lee &Scharaefel, 2015). Diary methods are also employed in some studies to
eval uat e -tainsexpersedce With pegsonal informatics systems (Choe, Lee

& Scharaefel, 2015).

As exemplified in the studies, one single method is generally insufficient to
investigate the overalllonger m user e x p é/anioceMattizet §.V2 2 n2 nen
2008). As Blomberg, Burrell, and Guest (2002) suggest, triangulating different data

types is required to gain a holistic understanding in ethnographic studies.
Triangulation of data refers to using qualitative and quantitative methods in
combination to gain deeper insights and enable better interpretation of the relations

on the findings (Blomberg, Burrell & Guest, 2002). Rossman and Wilson (1994)

suggest three reasons for usingngulation of data: to confirm and corroborate each

data type, to elaborate and develop analysis, and to uncover unexpected or
paradoxical results. Denzin (2009) further argues that combining multiple methods

IS necessary to obtain a more accurate amdpéete picture of a phenomenon, as
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each method reveals different angles of empirical reality. Additionally, no single
method is free of rival causal factors and may not lead to completely sound outcomes.
For instance, complementing demographic surveywlakaqualitative research can

help researchers explain why specific patterns exist within a studied population
(Blomberg, Burrell & Guest, 2002). Therefore, different methods should be utilized

in combination to gather rich user insights in user resesuches.

Denzin and Lincoln (2000) add that Atria
way of obtaining a 6trued reading but O0i ¢
breadt h, compl exi ty, richness, veemargq dept h
2015, p. 292). Miles and Huberman (19%d@ntify three levels of integration for

combining qualitative data with quantitative data. The first level is referred to as the
"quantizing level," where qualitative data is transformed into numerical iata

counting instances of certain words or by converting qualitative evaluations into

scales or rankings. The second level is the "linkage between distinct data types,"
where qualitative data is compared and connected to quantitative findings. For
examplethis may involve comparing opeanded responses to survey questions with

the numerical evaluations provided by the same respondents. The third level of
integration is the "multimethod design,” which involves combining different
methods, both qualitativend quantitative, to explore a phenomenon in depth. This
approach allows for a more comprehensive understanding of the phenomenon being
studied, as the strengths and limitations of each method can be used to complement

one another. In this study, the muléthod design approach is adopted for the in

depth investigation of caretakersd exper
The findings from the qualitative interviewsypothesistesting based on the-C

BARQ results interviews,and comparison with MDORS resultgetst to see the

i mplications of deviaccasedincomphination. ci pant soé |

Since the goal of the study in the context of this thesis is to develop a theoretical
model of how Dog Activity Monitoring Sstems for Companion Dogs can mediate
the humardog relationship to improve human caregiving, it is important to

investigate caretaker diversity in relation to the use of DAMS, in order to identify
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the potential intervention areas for design. To this drenéxt section will explain

the use of user personas as a technique for representing user diversity, as well as the
methods for defining and creating these personas. User personas can provide a useful
tool for designing technology that takes into accdhet needs, preferences, and

behaviors of different users, allowing for more tailored and effective interventions.

4.1.2 User Diversity and Personas

Since the primary users of dog activity trackers are humans, they are now in the
position to make caregiving deitas based on the monitoring data collected and
provided by these devices. Thus, how humans reflect on the tracking data directly
impacts the overall welbeing of another agent, this time, companion dogs. As
explained in Chapter 3, how people make sefskeoselftracking data and turn it

into useful insights differs based on their distinct characteristics. Therefore, different
user types regarding pet activity trackers should be considered while designing such
systems t o as srefledtion processes and nelp dhens raakef more

i nformed decisions about their companion an

One techniqgue commonly used for the design of interactive systems to represent

different user types is personas. Personas are hypothetical archetypes ofrseal use

representing them in the design process (Cooper, 2004). It is-eaumgered design

method (UCD) that has long been used across different domains, such as software
development, healthcare, and higher education (Salminen et al., 2022). Personas
combinefiar chet ypal descriptions of user behav
profiles to humanize design focus, test sce
(Martin & Hanington, 2012, p.132). They can be particularly beneficial for guiding

design decisions bgroviding designers with a persuasive human focus throughout

the design process (Martin & Hanington, 2012). Researchers and designers have

utilized this method for various purposes, such as in software development to elicit

user preferences and requirensamécessary for designing key software components

(Adlin, Jamesen & Krebs, 2001; Antle, 2006; Blomquist & Arvola, 2002) or in
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healthcare to address better the needs individuals or groups of people in medical care
(Hendriks, Truyen & Erik Duval, 2013; HendgeSchinkinger et al., 2015).
Moreover, a study by Orji et al . (2018)
determinants of the perceived persuasiveness of different motivational strategies for
behavior change. Furthermore, personas have been palyiculseful for
representing diverse user groups in the design process. For example, they are used

for obtaining and understanding the needs of special user groups, such as the elderly
with varying | evels of mobi |l itisny(MileM® gber g
Cobb & Patel, 2011), and narerbal agents such as animals (Hirskguglas, Read

& Horton, 2017).

To sum up, in this study, | aim to investigate diverse user behaviors and types through
interviews with dog caretakers and represent themrer@®pas to be considered while
designing dog activity monitoring systems to provide meaningful data for these user
types. Apart from investigating the user diversity and user experiei2AMS, it

is also crucial to measure huradog relationships for teistudy to have an-depth
understanding how these systems mediate relationships between caretakers and their
companion dogs. These measures can be used to explore how the use of DAMS may
impact the humaiog relationship, and to identify potential aréasintervention.

In addition, using standardized measures can increase the comparability of findings
across different studies, and contribute to the development of a more comprehensive
understanding of the humalog relationship in relation to the uselAMS.

4.1.3 Measuring Human-Dog Relationship

There are several methods to assess the hamaral relationship in the literature,
including questionnairbased scales, physiological measures, and behavioral
observation. Although there is no generally acceptelfto measuring humadog
relationships, in this study, | focus on questionnbmsed measurement tools for
their practicality in terms of investigating the existing relationship between humans

and companion dogs. Methods that require obtaining phystalageasures of dogs
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are beyond the scope of this study. In addition, techniques based on behavioral
observation are also not included within the study methodology, as the interpretation
of observational data requires prolonged involvement of the anighalvior expert

within the study as well as the time constraints of the thesis.

Questionnairéased scales are mainly used to collect information about companion
animals from humans interacting with them. Monash Dog Owner Relationship Scale
(MDORS) is one of the most popular tools ¢valuatec ar et aker sd6 percei
relationship with tkir dogs. It is a 28em five-point Likert scalejncluding three
subscales: De@wner Interaction, Perceived Emotional Closeness, and Perceived
Costs. There is no data to determine the relationship quality (such as high, medium,

or low) according to MDOR scores (Calvo et al., 2016). Therefore, only scores

from a particular group of humatog pairs or scores from different time periods for

the same group can be compared. High scores on any of the three MDORS subscales
are likely to indicate a favorable iojon/perception of that particular subscale,
regardless of whether the subscale is about the perceived costs. A high score on the
Interaction Level subscale shows a higher degree of interaction, a high score on the
Perceived Emotional Closeness subscalaahstrates a greater sense of emotional
closeness, and a high score on the Perceived Costs subscale represents a decreased

level of cost for the caretaker (Calvo et al., 2016).

The MDORS was developed based on the social exchange thduoch, suggests

that a relationship continues as long as the benefits of the interaction outweigh the
costs(Blau, 1964; Netting, Wilsen & New, 1987)herefore, the scale's purpose is

to measure both the positive and negative aspects of owning a dog by assessing the
perceved costs of the relationship and the emotional connection. It also includes a
third subscale to identify factors that affect dhgman interactions, covering
important and varied aspects of the relationship between a person and their dog
(Dwyer, Bennet& Coleman, 2006).
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Table4.1. Humandog relationship measurement tools.

Human-Animal Relationship Scale Reference

Monash Dog Owner Relationship Scale (MDORS) (Dwyer, Bennett & Coleman, 2006)
Pet Attachment and Life Scale (PALS) (Cromer & Barlow, 2013)
Lexington Attachment to Pets Scale (LAPS) (Johnson et al., 1992)

Companion Animal Bonding Scale (CABS) (Poresky et al., 1987)

Pet Attitude Scale - Modified (PAS-M) (Munsell et al., 2004)

There are also other assessment tools utilized to evaluate the -bampanion
animal relationship (Table 4.1). Pet Attachment and Life Scale (PALS), for example,
was developed to assess the attachment to companion animals, the positive and
negative aspects of relationships with companion animals, and the impact of
companion animals on their ctakers It consists of four factors, which measure
love, regulation of emains, personal growth, and negative implications (Cromer &
Barlow, 2013). Statements are rated on a-figet Likert scale. Lexington
Attachment to Pets Scale (LAPS) (Johnson et al., 1992) is another tool to measure
the attachment to canines and catlalt three subscales: general attachment, people
substitution, and animal rights and welfare. On the other hand, the companion
Animal Bonding Scale (CABS) (Poresky, Hendrix, Mosier & Samuelson, 1987) is
explicitly devel oped t bthemeomganionanintals.iitl dr e n ¢
aims to assess chifget activities, such as the frequency of caring for and sleeping

in the same room with a pet. Responses are rated on-pdiivescale on CABS.
Lastly, Pet Attitude ScaleModified (PASM) (Munsell et al, 2004), adapted from
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Templer et al. (1981), the original PAS, is a seffort scale measuring general
attitudes towards companion animals. It comprises three factors: love and

interaction, pets in the home, and joy of pet ownership.

However, among allfahe humarcompanion animal relationship assessment tools

mentioned above, such as the Pet Attachment and Life Scale (PALS), Lexington

Attachment to Pets Scale (LAPS), and Companion Animal Bonding Scale (CABS),

MDORS is the only scale that has been testedsalidity and reliability (Dwyer,

Bennett & Coleman, 2006). Moreover, it has been tested using an extensive and
heterogeneous sample of participants for the generalizability of the results among

dog carers. Furthermore, some scales, such as PALS amdjiom Attachment to

Pets Scale (LAPS), claim to measure attachment to companion animals. However,

Dwyer, Bennett & Coleman (2006) argue that
psychological literature (Ainsworth, 1989) is evaluated only from the human

perspective on these tools. If the dugman attachment is to be thoroughly

investigated, a measure of dog attachment from the dog perspective should also be

included in these assessment tools. There are several methods to measure the dog
humanrelatonshp from t he viewpoint of dog att achme
Strange Situation Test (SST) (Ainsworth, 19
attachment to their mothers, is adapted to explore hutogrrelationships. This

procedure has revealdtht dogs exhibit several distinct attachment patterns towards

humans, such as proximity seeking and the selcase effect, similar to those seen

in infants (Top8l et al., 1998).

Another critical limitation with most of the existing scales is that thesngt to

measure the humaompanion animal relationship regardless of the companion

ani mal speci es. However, the studies reveal
species, humaanimal relationships show different characteristics, which affect the

reliability of the results obtained by these scales (Dwyer, Bennett & Coleman, 2006).

Although MDORS is considered the most reliable method to assess tihe tag

relationship, it has received criticism for being excessively focused on the human

component ofthe relationship. Consequently, it may neglect essential factors
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pertinent to the emotional welfare of the d@yvyer, Bennett & Coleman, 2006).

Moreover, although questionnaires are useful andeftesttive tools to assess the
humananimal relationshipmd ani mal s6 health or behavio
limitations. The fact that information about an animal is obtained indirectly through

a humandés reporting in these questionnali
perceptions may biasthetoke ct ed dat a. Thus, some tool

psychological measurement to avoid this subjective bias as much as possible.

The Canine Behavioral Assessment and Research Questionnd#®R@) was
designed for the psychometric evaluation of dogsu(l& Serpell, 2003). It is a
widely used tool for measuring various aspects of canine behavior (McGreevy et al.,
2013; Duffy, Hsu, and Serpell, 2008). It consists of 100 questions that ask caretakers
to report on their dog's response to different typestiofuli by indicating the
frequency or severity of certain behaviors. The questionnaire usespintescale

to measure the frequency or severity of specific behaviors, with responses ranging
from "never" (scored as zero) to "always" (scored as four)remuencybased
guestions and "none" (scored as zero) to "serious"” (scored as four) for skaseitly
questions. It consists of seven sections which are comprised of foo#tegories.
These categories include various behaviors, such as aggresspmses to
strangers, owners or other dogs, fesdated behaviors towards strangers or other
dogs, separatiorelated behaviors, attentim@eking behaviors, trainability, chasing
behaviors, excitability, touch sensitivity, and energy level. The survegsss the

dog's behavior in each of these categories, providing a numerical score for each,

based on the caretaker or handler's observations.

To calculate subscale scores rfBBRQ, the average score of all questions within

the subscale is calculated, watpossible range of0. For all subscales except for
trainability, a higher score is indicative of more desirable behavior. It is important to
note that if a dog owner has not observed their dog in the described scenario for a
particular question, theyra instructed to mark the question as N/A rather than
guessing or making assumptions about their dog's behavior.-BARQ has been

shown consi stent with veterinarianso cl i
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good reliability and validity in multile studies (Hsu & Serpell, 2003), making it a

useful tool for assessing and comparing different aspects of canine behavior.

4.2 Device Selection

As this study focuses on the exploration of the potential and possibilities of dog

activity monitoring technologiesvith an aim to develop a model of how such

systems mediate humaho g relationships, it i s essent i
experiences with these devices. Although several commercial activity and behavior

monitoring devices targeted toward dogs currentigteon the market, within the

time frame of the study, these devices were mostly not available in Turkey, where

the research study was conducted. However, it was required to provide participants

with these devices to investigate their leéegn user expé&nce. Therefore, the

device used in the study has been selected based on the criteria mentioned below and

distributed to the participants in the study.

As explained in detail in Chapter 2, the activity and behavior monitoring devices

mentioned belowuil ze accel erometers to obtain dogsb®o
such as activity levels, walking distance, energy expenditure, and sleep quality.

These are paired with a companion mobile application that can be downloaded on a
smartphone. The most promineexamples of statef-the-art dog activity and

behavior monitors are listed in Figuéel. These are reviewed and compared based

on their features, availability, suitability to varying dog sizes and breeds, and
compatibility with different mobile operatingystems.
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Image

1
| Attachment Type
1

Features

Compatibility

Mobile App

Availabil

Fitbark 2

Animo

Whistle Fit

PetPace

Link

PetKit Fit

Voyce

Heyrex

Garmin Dog

Tracking
Products

Collar

Collar

Collar

Collar

Collar

Collar

Collar

Collar

Collar

Activity, rest, distance,
calorie burn, sleep and
health index
monitoring

Activity, calorie burn,
sleep quality, and
behavior monitoring
(barking, scratching,
shaking)

Activity, rest, sleep and
behavior (licking,

scratching) monitoring,
food portion calculator

Temperature, activity,
pulse, respiration,
positions, calories
consumed and burned,
and heart-rate
variations monitoring
Include monitoring
service and requires
subscription

Activity monitoring and
location tracking
Include service
subscription for GPS/
cellular network

Movements, emotions,
health conditions, short
and deep sleep
intervals, calorie burn

Heart rhythm,
Respiration, Voice, Rest
quality, Distance,
Calories expended,
Activity and activity
intensity, Light

Activity level
Scratching,
Sleep quality

GPS tracker and
training collar

(10 levels of instant and
continuous stimulus or
tone and vibration
sending)

Suitable for
canines of all sizes
and breeds

Suitable for
canines +3.6 kg

Suitable for
canines of all sizes
and breeds

Versions suitable
for canines and
cats +3.6 kg

Suitable for
canines of all sizes
and breeds

Information not
available

Information not
available

Suitable for
canines of all sizes
and breeds

Suitable for dogs
of all breeds and
sizes

loS &
Android

loS

loS &
Android

loS &
Android

loS &
Android

oS &
Android

loS &
Android

loS &
Android &
Desktop

Handheld
and Dog
Device

Worldwide

Worldwide

US only

Not available
in Turkey

US only

Worldwide

Worldwide

Not available
in Turkey

Worldwide
(bx

Figure4.l. List of available dog activity and behavior monitoring devices.
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was not compatible with Android devices, which would ébéimitation for the

participant selection. Also, Whistle, PetPace, and Link smart collars were not
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shipped to Turkey in the study period. Thus, when the remaining two products,

Fitbark 2 and PetKit Fit, were compared, it was seen that Fitbark 2 had more
extensive features and fitted dogs of any si
website, there was no information found related to the breed compatibility of the

device. Fitbark had another version, Fitbark GPS, offering a GPS tracking feature;

howe\er, it was only available in the US as GPS tracking technology functions based

on the cellular network provider. For this reason, it did not function in any other

country than the US. Thus, Fitbark 2 was ultimately selected to be used in the study

among tle existing available dog activity and behavior monitoring devices.

The Fitbark activity tracker device provides ¢akerswi t h i nf or mat i on abou:
physiological states by monitoring their daily activity and sleep patterns. The tracker
isplacedonthd o g6s col |l ar and then synchronized wi
mobile devices with Android and i OS operat.
and resting durations via a thraris accelerometer. Connecting the app via

Bluetooth orWi-Fi, the dewte provides catekerswith realtime activity reports

related to their dogs via the mobile applic:
the mobile app are connected to the Internet, the tracking data is updated hourly and

allows careakersto reach his information without having the need to be physically

close to the dog. Moreover, the health informatics data collected via the device can

be shared with veterinarians or trainers to
insights and findings gaend t h r o u g Hernuexpeniescés withadogactivity

monitors ar e used t o i nvestigatdegy t hese t €

relationships and caregiving quality.

4.3  Participant Selection

The participants in the study were recruited according to thgopive sampling
strategy, which is based on selecting informatich cases considering specific
criteria and restricted resources fordepth studying (Patton, 1990). Moreover,

maximum variation sampling was employed in participant selection among the
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different purposive sampling methods. As Patton (1990) suggests, maximum
variation sampling represents recruiting sample individuals with quite different
experiences. This strategy aims to identify the variation in the sample group and
investigate any coman patterns that would be of central importance for the study.

In maximum variation sampling, the aim is not to make generalizations from a
sample to a larger group but to identify common patterns in a varied sample (Patton,
1990). In Kerstervan Dijk, Wes er i nk, and | jsselsteijnbs
informatics systems within the field of HCI, it is seen that an average of tfreaty
participants was recruited in these studies. Most of the studies began with a larger
sample for a preliminary reviewollowed by a further selection within the initial

sample for the actual researtinthis research, thirty dog caretakers were enlisted as
participants to ensure diversity in terms of dog age, size, breed, and length of
ownership. Other demographic \ables like the presence of children, marital status,

age, education, and income were also considered as they have been linked to various
dimensions of dog companionship by Dotson and Hyatt (2008). The purpose of this
study is to identify dimensions to ilcm s e car et akerso6é awar ence
through activity monitoring systems. Therefore, a diverse group of caretakers was
included in the sample for this exploratory study.

Soci al media posts were shared on resea
participants, including a contact form/s
i nformation and <check their dogds el i gi

announcement was also sent to a private group that was known to include many dog
cardakers Participants were required to own a smartphone with either Android or
IOS operating systems for using the activity tracking device and its companion
mobile application. Also, adequate English knowledge to interact with the device
and companion mobile ajigation was another criterion for the participant selection,

as the mobile applicationés user interf ai

However, the form did not include questions related to these two criteria to prevent
any misunderstandings. Instead, aitiah screening was run on the collected

information, and the volunteers who did not comply with the sampling criteria were
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eliminated. Besides, considering the high engagement rate of the study call, it was
decided to recruit dog caretakers based in Amkahere the researcher was located,

to ease the return process of the activity monitoring devices. Based on all these
criteria, the remaining volunteers were contacted vimaé and informed that
owning a smartphone and having enough English knowledggdwact with the
device app was required for the study. As the field study started during the €EOVID
19 pandemic, it had to be conducted remotely. The study started on 17th April 2021
and was completed with the participation of 32 caretakers in totathoAwWgjust

2022. Two participants could not complete the research process. One of them had a
poor internet connection due to his location at the time, which was crucial to conduct
the study remotely, and the other faced unexpected health issues durihgdthe s
period. To compensate for the drofis, two more caretakers were recruited to reach

up to 30 participantsSample distributios for caretakers and dogeeshown in the

Table 4.2and Table 4.3

Table4.2. Caretaker sample distribution.

Variable Characteristic Total Number
Sex Female 20
Male 10
Age 1825 3
26-35 20
36-45 5
46-55
> 55 1
Household type Living with a partner 17
Living with family 1
Living with parents 4
Living with ahousemate 1
Living alone 7
Education Doctorate / Ph.D. 4
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Masters 9

Bachelors 14

High School 2

Having children Yes 1
No 29

Other dogs Yes 8
No 22

Table4.3. Dog samplelistribution.

Variable Characteristic Total Number
Sex Female 20
Male 10
Age 1-2 3
3-4 20
5-6 5
7-8 1
Breed Unknown / Mix 9
Golden Retriever 3
German Shepherd 2

Other breeds 14

Figure 4.2 illustrates the structure of tmethodology and how different stages of
the study, including research steps for data collection, data analysis, and findings

relate to each other.
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Figure4.2. Structure of the methodology.

104



4.4 Research Materials

The research study explainedims paper has been approved by the Applied Ethics
Research Center (protocol number: ZJD T -2019). The study is funded by
Scientific Research Projects (BAP) with the project ID TE203-2020:10260. The
research materials described in this sectiociuding the participant consent form,
study procedure, and study cardan be found inAppendix A, Appendix D,
AppendixG respectively

As the study could not be conducted fhadace due to the ongoing COVALO
restrictions, all research materials, inchglprinted out study cards, and FitBark dog
activity monitors were packed and shipped to the participants as a research kit
(Figure 4.4). The study cards include an instruction card, a wish card, a video task
card, and a process card (Figure 4she Appadix G). The instruction card is
designed to briefly introduce participants to the monitoring device, the features of
the companion mobile application, and how to use them. The wish card includes the

following questions for participants to answer and &taking area;

1 What would you most like to know about your dog? Why?
1 If your dog could talk, what would you ask her? (i.e., her feelings, thoughts,
needs and preferences) Why?

These questions are intended to provoke ideas in participants and encourage them
think about their relationship with their dogs from a different perspective. In the
video task, participants are asked to record a short video of their dogs at a moment
when they think their dog is happy, sad, angry, or frustrated and share it via
WhatApp or Email. This task is designed to see how participants interpreted their
dogsd6 emotions or behaviors. Lastly, a
participants about the study procedure with a brief explanation and the duration of

each phas of the study.
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Figure4.4. Research kit.

4.5  Procedure of the Study

As explained irBection 4.11, measurindong-termuser experience is important for
holistically comprehending the actual user experience. Therefore, to understand the
user experience thoroughly, the field study is designed kasgitudinal study

consisting of three main stages: jusage, usage, and pasage.

In the study, irdepth semstructured interviews are complemented with the
experience sampling method (ESM), online questionnaires, and measurement tools
to retrieve deeper information from the participants. Before starting the study, a pilot
study was conducted to test the proposed research methodology and see whether the
collected data answered the research questions. Based on the results of the pilot
study, the study setup was finalized. The content ofMEEORS and CBARQ

questionnairesan befound inAppendixF, and interview questions lppendixD.
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The field study, which started on 17th April 2021, was completed with the
participation of 32 caretakers in total on 8th August 202#0 participants were
unable to complete the research proc&se had poor internet connection due to
living in a rural area, and the other experienced unexpected health issues.
Consequently, two additional caretakers were recruited, bringing the total number of
participants to 30. All interview sessions were carted online due to the ongoing
COVID-19 restrictions.

45.1 Pre-Usage Stage

At the beginning of the study, participants are informed about the aim and the
procedure of the study. They are asked to read and check an online consent form to
confirm their participabn in the study. Then, they were asked to fill in an online
participant information questionnaire to collect the initial information about them
and their dogs. The participant information questionnaire consisted of three parts.
The first part was forratrevi ng partici pantsdo demographic
contact info, age, occupation, academic degree, and number in household. The
second part included questions related to dogs, such as name, age, sex, breed, health
issues, and catiakerbehavior regardinglay, exercise, feeding, and veterinary care.

The last part included pictorial questions to understand whether or not a dog shows
severe signs of stress. This questionnaire was provided to the participants before the
first interview so that the promineahswers could be questioned in the latter stage

(seeAppendix B)

Following gathering responses to the participant information questionnaire, |
conducted irdepth semstructured interviews to understand the relationship
between caretakers and their compa dogs, their lifestyles, and their caregiving
habits. In this interview, | asked participants questions about their motivation for dog
adoption, daily routines, primary care and grooming practices, activity and feeding
habits, and current concerns amekds related to dog care. The interview provided

rich data for the formation of caretaker personas. It revealed a pattern regarding
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caretakerso existing habits, behaviors,
caregiving practices. Before identifying théactors affecting humadog

relationships through the use of the dog activity monitor, it was essential to
understand this relationshipds current s
relationship between dogs and carers was evaluated usingoth@sMdogowner

relationship scale (MDORS). Participants are also asked to fill in an online version

of the GBARQ questionnaire to gain insights regarding the behavior of the dogs

from their perspective. Since the study was conducted with participante whtive

language was Turkish, the questionnaires used in the study were originally in English

and translated into Turkish. -Afaepsl ahi enj
or Areverse transl ationo (Boj komducteHB:ut t i me
the questionnaires in Turkish were translated back into English by another
independent translator, and the b#a@anslation was compared with the original
questionnaire to maintain accuracy. At the end of theupagie stage, participants

were aked to use the FitBark dog activity monitor for six weeks.

4.5.2 Usage Stage

In the usage stage, participants were asked to use the device for six weeks so that the
effects of device takerde lord esdbgk és ,andxicsatri
practices, and howarers make sense of the tracking data could be identifi¢tuis

phase, the experience sampling method (ESM) was used to collect data about
participants' experiences in reahe during the studgsee Appendix C)Participants

were asked the same quess through an online form twice a week for six weeks.

The form is sent once on a weekday and once on the weekend, considering that
participantsé daily routines might <chang
survey mainly consisted of questions inigesting the most used features of the
mobile app and whether there are any cha
based on the information provided by the app. They are reminded periodically via a

selected medium, such as WhatsApp, to fill inghert survey and to use the device.
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The objective was to identify the factors that influenced changes in the fdogan

relationship and daily habits by analyzing the responses collected.

During this period, participants were also reminded to completeidiee task and
fill in the wish cards. Lastly, since the questions on the wish cards were asked to the
participants in the first interview to provoke ideas, filling in wish cards was not

obligatory. However, they were encouraged to note down their thoughts

4.5.3 PostUsage Stage

After the usage stage, a sestiuctured interview was carried out to assess the entire
user experience with the device and mobile app, and examine the findings obtained
through the ESM forms for six weeks. In this intervigarticipants were asked-in

depth questions about their overall experience with the device and its impact on their
daily life with their dogs. Lastly, to gain more insight into the effects of using the
activity tracker and the companion mobile app on thmdmdog relationship,

participants completed the MDORS dogner relationship questionnaire again
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Figure4.5. Research outcomes.
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4.6 Data Analysis

This section presents the procedure followed for the data analysis process in the

study. Figure 4.5 shows the key findings of the study and the data that constitute the

basis of the findings. The first interview, together with MDORS arBARQ

results, hated to the formation of caretaker personas, while the data from the second

interview and the ESM formed the basis for the identification of dimensions to

i ncrease caretakers6 awareness Vvia DAMS. I n
process and ththeoretical background for qualitative data analysis is explained.

Then, the data analysis process followed for the creation of caretaker personas and

the dimensions to increasearetaker8 awar eness Vi a DAMS are

separately.

4.6.1 Data Preparation andthe Theoretical Background for Qualitative
Data Analysis

Before starting the analysis process, the interview data were transcribed verbatim,
and transferred to the Airtable platform. This data is then analyzed to identify
caretaker personas and thedimensis t o i ncrease caretakerso6 a\
Content analysis and the Grounded Theory approaches were adopted for the
qualitative data analysis. Grounded Theory, developed by Glaser and Strauss (1967),
is a qualitative research methodology that is usegenerate theory from data. It is
based on the systematic collection and analysis of data, with the aim of generating a
theory that explains the phenomenon under study. In other words, rather than starting
with an existing theoretical framework or cont@pior to the study to see how it
applies to the collected data, Grounded Theory begins with the collection of data. It
involves an iterative process of coding, categorizing, and theorizing data to uncover
the underlying structure of a phenomenon. In thisecess, specific codes are

assigned to the repeating statements within the data.
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Then these codes are reviewed several times to identify the emerging categories
(Glaser & Strauss 1967). In other words, in Grounded Theory, data itself guides the
analysisleading to the discovery of codes during the process, rather than starting
with a set of predefined codes, hypotheses, or preconceptions. Grounded Theory is
used to create hypotheses and to develop theories that explain observed phenomena.
After collecting data and rexamining it multiple times, codes are grouped into
concepts and categories, providing the foundation for a new theory. This theory is
based on the gathered data (Glaser & Strauss, 1967; Corbin & Strauss, 2015).

Content analysis is also a rhetl used to systematically analyze large volumes of
qualitative data and achieve valid and replicable interpretations of it (Krippendorff,

2004). Krippendoiff( 2 0 0 4 , p.18) defines content ans
for making replicable and valid fierences from texts (or other meaningful matter)

to the contexts of their useo. It is a s
qualitative data by systematically coding and categorizing it in order to draw
inferences about the meanings conveyethendata. The approach adopted during

the content analysis can be either deductive or inductive (Kuckartz, 2002). In the
deductive approach, predetermined categories are used to code and analyze data.

This approach relies on existing categories and teedo make sense of the data.

Whereas the inductive approach does not rely on predetermined categories but
instead allows for the identification of patterns and categories through the analysis

of the data, allowing for the emergence of new categorie®oras that may not be

obvious in the first place (Kuckartz, 2002).

The transcribed raw qualitative data from both interviews were analyzed using
grounded theory and content analysis with an inductive approach. The raw data were
first read through and divedi into smaller and more meaningful chunks. They were
then assigned initial codes based on emerging patterns in the data. Following this
preliminary coding process, highlewvel codes or themes were assigned to the codes
by identifying the recurring pattes. Lastly, participants' statements were assigned
the final codes and stidndes, and a codebook was created to ensure consistency and

reliability in the analysis. These themes revealed the impact of dog activity monitor
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use on lifestyle, awareness, anchsEmaking/reflectiomelated dimensions along

with related system qualities. The coding process was iterative and cyclical, and the

codes identified were reviewed several times by revisiting the research questions.

The coding structure on Airtable was atseated with these research questions in

mind, including the columns of themes, ghlbmes, product/part features, product

specifications, and insightdble 4.4). At the end of the content analysis 703

statements from the first interview and 1016 staietsi and 31 themes from the

second interview were retrieved in total.

Table4.4. Coding example from the second interview.

ID 11/ # Statements Theme Sub-theme Product  Senti
12 part / ment
feature
P4 12 1 It wasnice thathe phone doesn't Data history / Usefulness of storing Data +
have tabe near my dogll the time.  Tracking the data history to Storage
After coming home, the phone can trendsinthe track progress
connect and synchronizéth the data
device. It keeps track of how fae
run. | especially liked that, | mean, |
don't have to go on every walk with
my phoneand still track our progres:
and compare it to previous days
was good in that respect.
P4 12 2 When | walk about seven kilometer Sensemaking Making sense of the  Distance ~
my dogruns twenty kilometers. | through dog's tracking activity
have understood this. | have set comparison data through
something like that in mgnind for comparing it to one's
the future. own
P4 12 3 Calories, | guess | didn't understanc Guidance for  Neel for guidance Sleep ~
calories very well. | mean, it says  reflection about the average quality
how many calories it burns, but | levels / normals of Calories
don't know how many calories my similar dogs burned
dog should burn. | mean, since his
goal was not there, it was not very
useful for me. You know, how long
should an aimal that scores eleven
thousand points a day sleep? | mee
how many calories does this anima
need to take in a day? How much it
needs to sleep and how much it
needs to eat, so it would be good tc
give us this information.
P4 12 4 Whatldon'tlike about it is that, Comprehensi Difficulty in Sleep -
whenit says thatyour dogseventy bility of understanding what  quality
nine percent slept or eightyne information the data indicates

percent slept today, what does that
show us? | mean, what percentage
does that thing need to

be? Itd o e s n Otle dwatiavhe
needs to sleep or the calories he
needs.
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Analyst triangulation was used to ensure the trustworthiness of the analysis. The goal
of analyst triangulation is to reduce bias by using several analysts as opposed to only
one (Patta, 2014; Denzin, 1978). For doing so, two researchers independently

analyzed the %10 of the data of both interviews. Analysis was repeated by discussing
and resolving any disagreement on the codes. The coding procedure was completed

by one researcher based the agreed codes.

4.6.2 Data Analysis to Identify Caretaker Personas

This section explains the qualitative and qualitative analysis processes used for the
identification of caretaker personas. First, the qualitative data analysis for the first
interview andchow personas are created based on this analysis is described. Then, the
guantitative analysis process for the MDORS arBIARQ results is presented.

4.6.2.1 Qualitative Analysis

The data gathered through the first interview has primarily led téotheation of
caretaker personas. Interview data has also been supported by the data from the

participant information questionnaire.

A taskbased user segmentation approach was adopted for the creation of personas.
In this approach, behaviors are categorized based on the tasks performed by the users,
as opposed to classical user segmentation techniques such as demographic
segmentationf{oung, 2008). This approach aims not to represent the target audience

as an individual person but to identify essential user segments based on the common

tasksthey carry out to reach a particular goal.

By adopting Grounded Theory and content analysisagmbes, the important
behaviors and concerns of participants identified in the data were highlighted and

nested under related groups: hygiene habits, time limitation, tracking, feeding habits,
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social life, information seeking, monitoring habits, activigbits, healthcare habits,

play habits, and daily schedule. Then, these groups of behaviors and concerns were
repeatedly reviewed and reorganized to
practices better. After a few times of reviewing and regray@mmatrix was created

to find and highlight the patterns of codes for each participant. Following this step,
eight personas were identified based on the emerging patterns. Lastly, these codes
were grouped under the related personas, and the weight sufnperfor each
participant was based on the percentage of these codes to pinpoint the persona they

belonged to. By doing so, each participant was assigned to their persona.

Analyst triangulation is used to ensure the trustworthiness of the analysis.alhe go

of analyst triangulation is to reduce bias by using several analysts as opposed to only
one (Patton, 2014; Denzin, 1978). To do so, | and the thesis supervisor independently
analyzed the %210 of the data. Analysis was repeated by discussing and resojving
disagreement on the codes. The coding procedure was completed by me based on the

agreed codes.

4.6.3 Quantitative Analysis

4.6.3.1.1 MDORS Score Calculation & T-Test

The scores of MDORS questionnaires, which were applied prior to and after the
usage period, were callated as the total score and for all three stddes separately.

A paired samples-test was applied to compare the -pgst and postest scores
(questionnaires applied at the beginning and the end of the study) to see whether
there was any statisticglkignificant difference in the perceived state of the-dog
caretaker relationship within the study period (Figure). The output shows that the
pretest mean is (M=93.76), and the ptedt mean is (M=93.73). The average
difference between the paired fiest and postest scores is (t8.03). Since thep

value of 0.971 for the paired samplegst is greater than the standard significance

level of 0.05, the mean of the paired differences in the population is zero. The data

116

den



support the notion that there ig statistically significant difference between the

means of the preest and postest scoresthe mean of the paired differences is zero.

4.6.3.1.2 C-BARQ Score Calculation

The GBARQ questionnaire included 100 questions in seven secaosfourteen
subsalesrated on a fivgpoint Likert scale (81). The average of section scores and
all questions were calculated. The ssmithesectionsandsubscalesrelated to the

hypotheses were included in the analysis {@ag ANOVA tests).

Following the identiftation of eight caretaker personas through the qualitative data
analysis, the relation between personas, MDORS results, and its subscale results
have been analyzed on SPSS by using-®ag BetweerSubjects ANOVA. Only

the pretest MDORS scores were inclutlen the persona analysis. The main
dependent variable of the study was MDORS, based on the idea that the persona

types created may directly affect the emgner relationship.

In addition, it was also investigated whether there was any relationship hetveee
C-BARQ results and the personas. For doing so, theupervisor of the thesis study

and a dog behavior expert (Assoc. Prof.
a number of hypotheses based on the persona types and the potentially retated sub
sections of GBARQ. Then, the eBARQ scores of participant dogs for each related
subsection were gathered and tested all for these hypotheses by uskwayne
BetweenSubjects ANOVA on SPSS to see whether there was any statistically

significant relationsip between the results.

4632 Data Analysis to I dentify the Di me
Awareness via DAMS

The data from the second interview was analyzed to identify the dimensions to

increase caregivers' awareness of dog activity monitoring systems to érpsiv
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caregiving. The analysis began with the verbatim transcription of the second
interview data, which was videotaped. As there were 32 participants, a total of 30
interviews were transcribed and transferred to the Airtable platform for analysis,
taking into account that 2 participants dropped out during the process. Grounded

Theory and content analysis underpinned the qualitative analysis of this raw data.
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CHAPTER 5

CARETAKER PERSONAS RELATED TO THE USE OF DAMS

This chapter presents the key findings of thelg regarding the caretaker personas
related to the use of dog activity monitoring systems identified based on the analyses
conducted. First, the caretaker personas and their characteristics are identified and
explained in detail. Then, the relationshiptween the personas;BARQ, and
MDORS scores is revealed through quantitative analysis. Finally, the implications

of the findings for the design of dog activity monitoring systems are discussed.

5.1 Exploring User Diversity

As discussed in detail in Chapteksand 2, dog welfare and human behavior are
closely related. Given the potential of technology to promote positive behavior
change through the information and feedback it provides, dog activity monitoring
systems appear to be a promising way to increasah awareness of the health and
behavior of companion dogs. However, when designing interventions to improve the
quality of human care for companion dogs through technology targeted at them, it is
important to understand the characteristics of the tagges clearly and to consider

their diversity.

As the primary users of dog activity trackers are humans, their caregiving decisions
are based on the monitoring data collected and provided by these devices. Thus, how
humans reflect on this data directly iagbs the overall webeing of their
companion dogs. In Chapter 3, how people make sense of theénasklhg data and

turn it into useful insights is explained. This process differs depending on various
factors, including users' personalities, individddferences, and datelated and

lifestyle factors. Moreover, it is proven that users have differences in interpreting
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and reflecting on their personal tracking data. The main goal of collecting and
interpreting data is to reflect upon it, extract magful insights, and make positive

changes. Therefore, different user types regarding pet activity trackers should be
considered while designing s ureflctiosyst ems
processes and help them make more informed decisions abautdhganion

ani mal sé6 wel far e.

A study by Orji et al. (2018) shows that user types are strong determinants of the
perceived persuasiveness of different motivational strategies for human behavior
change. Personas are commonly applied tools by designers and researchers to
represent the @mnacteristics of these distinct user types in the design process. They
are detailed and captivating depictions of hypothetical users that represent diverse
segments of actual users (Adlin & Pruitt, 2010). In other words, personas combine

iar c het yppoad of wher bahavior patterns into representative profiles to

t

humani ze design focus, test scenari os, and

Hanington, 2012, p.132). They can be particularly beneficial for guiding design
decisions by providing designevath a persuasive human focus throughout the
design process (Jansen et al., 2017). Therefore, it is critical to identify user personas
in relation to the use of dog activity monitoring systems to develop better systems
that cater to diverse user needsimeately supporting the users in their caregiving of
dogs. The literature lacks studies investigating user types and characteristics
concerning dog activity monitoring systems. Thus, this section describes the
development of personas for dog caretakerardigg the use of dog activity
monitoring systems. It identifies eight user types to be considered when designing

such systems.

The following section explains diverse user behaviors and types investigated through
interviews with dog caretakers ohetail. Then, the caretaker personas generated
based on the study findings to be considered while designing dog activity monitoring
systems and how to provide meaningful data for these user tyjpes presented.
Lastly, the implications of these findiagon the design of dog activity tracking

technologies are discussed.

120

(



5.2

Caretaker Personas

The formation of caretaker personas was primarily led by the data gathered through

the first interview, as shown in Figude3 in Chapted. The participant infornteon

guestionnaire data also supported the interview data.

As explained in detail in Chapter 4, content analysis and-baskd user

segmentation approaches were adopted for qualitative data analysis. The following

steps were taken during this process;

1.

Initially, important behaviors and concerns of participants were identified in
the data.

These were then organized into related groups: hygiene habits, time
limitation, tracking, feeding habits, social life, information seeking,
monitoring habits, activityjhabits, healthcare habits, play habits, and daily
schedule.

These groups were repeatedly reviewed and reorganized better to understand
the caregiving habits and practices of the participants.

The data was iteratively coded based on the patterns of carékthkaviors

and concerns identified in the first step.

During this process, the codes were refined.

6. Based on the emerging patterns within the codes, personas were created.

After several rounds of reviewing and regrouping, the identified codes and
persona were placed on a matrix, and the repetition of codes was marked for
each participant.

Following this step, eight personas were identified based on emerging
patterns, namely, attentive health guards, compassionate parents,
complainers, indifferents, infogeeks, physical activity supporters,

responsible caretakerandsocial butterflies

Table 5.1 shows the matrix in which code frequencies were marked for each

participant. To calculate the weight of personas for each participant, | divided the
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number of odes marked for them by the total number of codes under a persona type.
It is important to note that some caretakers exhibit characteristics of more than one
persona type, and in some cases, the code frequencies determining their eventual
persona are quitelose to each other, as seen in the persona distribution table.
However, | used these weights to determine each participant's persona based on the
maximum value within the range of personas (as shown in the BableThus, |
assigned each participant tbeir respective persona using this method (also
indicated in the Tablb.2).
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Table5.1. An example section from the tablksed user segmentation matrix.
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Table5.2. Participant persona distribution based on the cepgetition

=
£ o o) _ _ Z_ _ 3
2y fe 5 o s g 22 3z
2o St = 5} o g8 Ss = ?
g8 g5 g 5 2 £ 2 % g i
a <0 Oa O £ c an @ o a o
P1 0,00 0,11 0,17 0,00 0,10 0,11 0,11 0,00 3
P2 0,18 0,11 0,00 0,00 0,10 0,00 0,11 0,00 1
P3 0,09 0,11 0,00 0,00 0,30 0,00 0,11 0,00 5
P4 0,00 0,00 0,33 0,00 0,10 0,22 0,11 0,00 3
P5 0,09 0,00 0,17 0,20 0,00 0,00 0,11 0,09 4
P6 0,27 0,00 0,00 0,00 0,00 0,00 0,22 0,00 1
P7 0,00 0,00 0,00 0,00 0,10 0,00 0,11 0,00 7
P8 0,00 0,00 0,00 0,00 0,10 0,00 0,33 0,09 7
P9 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,18 8
P10 | 0,00 0,00 0,00 0,30 0,00 0,00 0,00 0,00 4
P11 | 0,00 0,11 0,00 0,10 0,00 0,00 0,00 0,00 2
P12 | 0,00 0,00 0,17 0,00 0,00 0,22 0,11 0,00 6
P13 | 0,00 0,00 0,00 0,00 0,00 0,11 0,11 0,00 6
P14 | 027 0,11 0,00 0,00 0,10 0,11 011 0,00 1
P15 | 0,09 0,00 0,17 0,00 0,10 0,11 0,11 0,36 8
P16 | 0,00 0,00 0,00 0,30 0,00 0,00 011 0,00 4
P17 | 0,09 0,00 0,00 0,00 0,00 0,00 0,22 0,00 7
P18 | 0,09 0,00 0,00 0,00 0,30 0,00 0,00 0,00 5
P19 | 0,09 0,22 0,33 0,00 0,00 0,00 0,11 0,09 3
P20 | 0,18 0,11 0,00 0,00 0,50 0,22 0,44 0,00 5
P21 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,18 8
P22 | 0,00 0,00 0,00 0,00 0,00 0,22 0,11 0,09 6
P23 | 0,00 0,00 0,00 0,00 0,20 0,00 0,22 0,09 7
P24 | 0,00 0,00 0,00 0,00 0,00 0,33 0,11 0,00 6
P25 | 0,09 0,22 0,00 0,00 0,00 0,00 0,00 0,00 2
P26 | 0,00 0,00 0,00 0,00 0,10 0,00 0,11 0,09 7
P27 | 0,00 0,00 0,00 0,40 0,00 0,11 0,11 0,00 4
P28 | 0,09 0,00 0,00 0,00 0,00 0,00 0,22 0,45 8
P29 | 0,00 0,11 0,00 0,00 0,00 0,11 0,00 0,00 2
P30 | 0,00 0,00 0,00 0,00 0,00 0,00 0,11 0,00 7
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5.2.1 Findings

The analysis of the initial interview has led to the identification of eight user
segmentsattentive health guards, compassionate parents, complainers, responsible
caretakers, info geeks, indifferents, social butterfliesad physical activity
supportersTable 5.3 shows the characteristics and typical behaviors of personas.

Table5.3. Persona characteristics and typical behaviors and participants showing the
characteristics of each persona.

Persona Persona characteristics and typical behaviors Participants

Attentive Health
Guards

9 Trying out alternative treatment methods in case of health ic P2, P6, P14
as complementary to medical treatment
1 Observing the dog's health and behaviors closely in case
health problem
9 Need to monitor the changes in dog's digestive issues to pin
the affecting factors
1 (A constant) effort to make the dog lose weight due to conc
over any potential health problem / to prevent any he
problems in the future

9 Decreasing the amount of food to prevent the dog gaining we
9 Increased concerns over the dog's health duemédlical
history/past trauma
 Being concerned about meeting the dog's activity needs d
him having low energy levels
T Adapting certain daily / household practices acc to dog's alle
reaction to chemicals
T Need to learn about the dog's calorie intake activity needs as
to being inclined to gain weight
9 Difficulty in determining the right amount of feeding acc
variables such as activity level, climatespecially not to trigge!
dog's digestive issues
9 Concerns over the dog's habit of eating unwatttedys outside
Compassionate 9 Taking the dog to work not to leave her alone P11, P25,
Parents f Need to understand the dog's affective states du P29
behavioral/health issues to better help him
I Concerns regarding meeting the dog's activity needs dt

lifestyle affected by cultural habits spending time mostly a
home

I Feeding the dog everything s/heants out of compassion
Dealing with skin problems on the dog due to not being
according to food allergies#nsitivities

9 Being concerned about meeting the dog's activity needs
change in lifestyle

 Leaving dog to dog kindergarten especially dgritimes of
illness not to leave him alone

I Overfeeding the dog out of compassion
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Complainers

Indifferents

Info Geeks

=A =/ =24 =4 =4 -4 =4

= =4 =4 = =9 = = = =4 =

=

=

= E ] = = =

Avoiding to reflect negative emotions to the dog due to conc
over it might negatively impact him
Going everywhere and traveling with the dog

Cleaning certain parts of the dog after returning home fi
outdoors

Caretaker taking parasite medication herself due to the incre
concern related to the dog's contagious parasite condition
Being concerned about hygiene due to dog defecating at ho

Requiring to limit the dog's access to certain rooms at home
to concerns over hygiene/cleanliness

Covering the sofas with sheets and buying vacuum cleaner
to concerns over cleanliness of the home

Being worried about leaving the dog alone due taceons over
barking

Being less concerned on dog's health due to being a veterir
- unwillingness to adopting any product for monitoring/trackii
Having difficulty taking the dog out due to busy daily schedu
Fulfilling activity needs mostly through play due to limitatio
regarding busy lifestyle

Walking the dog once every two (or more) days due to 1
limitation

Concerns over the consistency of activity habits in busy
schedule

Not having many concernsgarding the dog's health

Setting a time limit for play/activity duration based on the car
tight schedule

Not visiting the vet regularly
Having a fixed daily routine and no intention to change it

Intending to relinquish the dog due to the belieft he is not &
good fit as a working dog

Need of verifying the assumptions about dog's activity leve
the factual data

Reading academic articles on dog welfare and consulting wit
veterinarian

Taking notes when obséng the dog's behaviors and hea
condition - Need to have a tool easing the process of logt
observational information about the dog

Seeking professional help for dog training to understand c
behaviors / to handle behavior problems

Accessing the awoect information about dog behavior throu
consulting to a veterinary/expert

Searching for info about dog nutrition on the Internet
preparing homemade dog treats

Tracking the nutrition values / calorie intake via an Excel she
Having courses and gditg certificated on dog nutrition
Making Internet search to access info about the issues rela
dog care / handling behavioral problems

Tracking things like vaccinations, medications through caler
(applications) Setting up an alarm not forget the medicatior
times

126

P1, P4, P19

PS5, P10,
P16, P27

P3, P18, P2C



Physical Activity
Supporters

Being more physically active after adopting the dog P12, P13,
Adopting the dog for increased physical activity P22, P24

Playing with the dog both at home and outside to help her.
spend energy

Encouragig the dog to play games to fulfill her/his activity nee
Encouraging the dog to run d#ash (when there is no or
around)

Effort to motivate the dog to be active (play or walking) by giv
treats

Providing environmental enrichment for the dog throt
interactive toys to help him spend his excess energy

Doing agility sports to increase the dog's activity levéloth

physically and mentally

Effort to be involved various physical activities with the diog (
biking, playing) to help him spend his energy

= = = = = =4 = =4 =4

Responsible
Caretakers

Need to access to reliable source of information about dog ¢ P7, P8, P17.

Using a camera to monitor dog remotely to check on any pote P23, P26,
behavioral / health issues P30

Need to maitor dog remotely to check on any potent
behavioral / health issues

Organizing daily schedule around dog's needs

Organizing home decoration according to dog's behavioral is
Limiting social life to a certain extent due to caregivi
responsibilities

Encouraging dog to play with the ctaker to reinforce the
humandog bond and effects of training

Having an allocated room for the dog due to concerns over
harming himself when left alone

Not letting the dog walk with anyone else due to the conbertn
his training/behavior might be negatively affected

= = = = =4 =4 = = =4

Social Butterflies Socializing more with people in the neighborhood after adop P9, P15,

the dog P21, P28
Going out only to dogdriendly places

Liking the attention of other peoplehen having the dog nearb

Dog socializing with other dogs in the dog park

Socializing more with the other dog ceaiersafter adopting the

dog

Having an active social media account for the dog

Organizing play dates for dogs on a chat group with o
caretakersto

Need for guidance / info about the digndly places to socialize
with the dog

Desire for a helping hand for dog care at busy times / to soci
Socializing with people together with the dog

Getting information on dog care from ctakers WhatsApp
groups

E = =a =4 E ] =
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5.2.1.1 Attentive Health Guards

Attentive health guards are characterized by their constant effort to make their dogs

lose weight either to prevent any health problems in the future or their concerns over

their dogso6 existing health probl ems, such
weight. Relatedly, this group articulates difficulty in determining the right amount

of feeding for their dogs, depending on variables such as activity levels, climate, and

health conditions. They also mainly express
cal ori e intake, and activity needs to contr
feeding in this wuser type are found to be

allergies/sensitivities, digestive issues, or other health problems (i.e., being
overweighj, which are highly likely to trigger further health problems, such as skin
issues or other symptoms like vomiting if the caretaker does not pay attention to the
type or the amount of food the dog eats. Therefore, caretakers in this user type make
an extraeffort to control the food portions to prevent weight gain.
Al P6] My dog is inclined to ga¥n weight,
months. Sometimes there is an increase in her liver values. That is why we
try to make her lose weight. Let us ronre andbe more active. We are
making an extra effort to make her more active. Because she is not a very

active dog, as | said, she is very likely to gain weight quiSdyit would be
good for wus to know how active she is da

They also tend to adapthei r certain household practices
allergic reactions to certain chemicals, such as paying particular attention to the

i ngredients of | aundry detergent or surface
health and behavior clely in case of any health problems to take timely actfon

example, carefully observing the changes 1in

pinpoint the affecting factors.
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5.2.1.2 Compassionate Parents

As the name indicates, this group is mainly charazdrby their compassionate
attitudes toward their dogs. Compassionate parents confess that they often cannot
resist the urge to feed their dogs everything they want. They even overfeed them out
of compassion, even if they know that they might deal with pkoblems or other
health issues in the end, as the dog is either overfed or not fed in accordance with the
existing food sensitivities.
Af P25] For example, when | feed her o
like saying it is not enough. So, | feed hdittle more. Well, of course, it is
impossible to resist her. Also, the only thing making my dog happy is food.
So, | feed her so that she becomes happy. We tried a diet for a very short time,
but we could not continue it. She was so hungry. She abitay#e this and
looks at me whenever she wants something. You know she does not give up.
Then | cannot stand it. | try not to make eye contact, but how long can | not

look? Our family is also a glutton; we love food very much. That is why we
canempathze wi th her. That is why it is s

Furthermore, they express that they try to avoid reflecting negative emotions on their

dogs, as they are concerned that it might negatively impact them. This group
articulates a particulanit er est i n understanding their
any behavioral or health issues to help them better at those times. They are also
concerned about meeting their dogsd acti
and feel guilty about it. Artber critical aspect characterizing this group relates to

the attitudes and behaviors toward leaving their dogs alone at home. Compassionate
parents often worry about leaving their dogs lonely, so they sometimes take them to

work and prefer to travel witthem. Some of them resort to solutions such as taking

the dog to daycare, particularly during illness.

5.2.1.3 Complainers

This user type shows hygienelated behaviors more often as compared to other

groups. They pay more attention to consistently cleaningicgrgats of their dogs
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after returning home from outdoors, cover sofas with sheets, and buy extra vacuum
cleaners due to their concerns over <cleanli
rooms due to hygiene concerns is another common behavior sbengroup. They
are also more concerned that their dogs sometimes defecate/vomit at home due to
occasional digestive problems. Some caretakers even express that they take parasite
medi cation themselves due t o t hfectiousncr eased
medical conditions.

A[ P19] Cleaning is the hardest part for

breed that sheds too much. Still, of course, it sheds a lot during the season

transitions. Normally, my own vacuum cleaner was enough for me as | live

alone, so cleaning was not a big concern for me. But after adopting my dog,

| bought a vertical vacuum cleaner that vacuums very well. | got one of those

robot vacuum mops. | bought something with an extra mat or something. |

mean, | do not like laying coweon the sofas or something. | have never done

such a thing in my life. But now | covered all the seats. | mean, of course,

these are things easy to solve, but the things that also changed my life. But

for example, paw cleaning. | wish there were sometimmge practical
solution for it.o

5.2.1.4 Indifferents

This group is primarily characterized by showing a less concerned attitude about
their dogsod6 welfare than all other personas
unwillingness to adopt any product for nitoning their dogs, which might be related

to their | ack of concern regarding their do

Indifferents are also identified by their sed#fported lack of time for performing

primary caregiving practices (such as taking the dog out daily or visiting the vet

regularly) or simply spending time with their dogs. Walking the dog once every two

(ormxre) days due to time | imitations, trying
mainly through play due to a busy lifestyle, and not regularly visiting the vet are the

most common behaviors identified in this user type. Nevertheless, the participants in

this  group also indicated their concerns rega

due to their lifestyles, such as spending more time at home rather than going out and
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the | ack of consistency regarding their
schedll e . They admit to setting a time | i mi
tight schedule and sometimes even fulfilling the activity needs mainly through play
due to time limitations.
A P16] When | come home afterima | ong
or energy for him. Even though this upsets me, | cannot even go near him
because | am exhausted. He would be even more excited if | showed up. Some
evenings, | send my sister to play with him and make him spend his energy a
little bit. So, keeping comsency in exercise is the hardest part for me

regarding dog care. | cannot always have the same energy, but he always
waits for me with lots of energy."

Walking their dogs once every two or three days by showing time limitation as an
excuse, not visitinghe vet regularly, and having a fixed daily routine with no
intention to change it are other behavioral traits distinguishing this specific user type.
An[f P27] I have a pretty defined daily
time with my dog, running m®, or doing exercise, of course, but | have

limited time. Maybe he could have been happier, but | think that is the best |
can do. That is how | relieve myself.

5.2.1.5 Info Geeks

Info Geeks are primarily distinguished by their constant search for knowledge abou
dog health and behavior. They regularly search online sources to access information
about dog care and read academic articles about dog welfare. Some of them even get
training on topics related to dog care, having courses, and getting certificated in dog
nutrition. A few participants reported that they prepared homemade dog treats based
on their research on dog nutrition because they believed it was healthier. This user
type also tends to access the correct information about dog behavior through
consultirg with a veterinarian/behavior expert than other groups. Furthermore, most
of the participants in this user type indicated their willingness to get professional

help for dog training as they felt the ne¢
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Among the other user types, i nfo geeks ar
medication times meticulously; some often set up alarms not to forget them. Also,
they keep track of their dogs' nutrition values/calorie intake via an Excel sheet to
ensure theiweight and overall health. Moreover, taking notes when observing their
dogs 6 behaviors and heal t h conditions and
vaccinations, medications, and vet appointments on calendar applications are other
behaviors characterizinbis specific user type. They also take notes when observing
their dogs6é behaviors and health conditions
A P18] I have once tried feeding my dog
sheet to calculate raw food's calories. So, iswaabit difficult, but my dog is
overweight. We are trying to lose weight. We have lost four kilos now and
hope to lose more. | even got a certificate in dog nutrition during the

pandemic. | did not have much difficulty calculating all of these because |
have an engineering background; it was so

5.2.1.6  Physical Activity Supporters

Physical activity supporters are identified with their initial motivation to adopt their
dogs for increased physical activity. Aligned with this purpose, more common
for this user type to take out the dogs for exercise more than two times a day. They
all expressed that they felt more physically active after adopting their dogs.
A P4] | had a dSpgknewlwbkahitwas likedothavaadog d .
and that it brings many responsibilities. But | wanted to adopt him both for
companionship and to increase my own physical activity. Because when you
have a dog, you must simply walk daily. | wanted to exercise together with
my dog. 0
They also show morefeit to increase their own activity levels with their dogs than
other personas. Moreover, they tend to interact with their dogs through play activities
- at home or outsideto help them spend their excess energy. They encourage their
dogs to play gamesd provide environmental enrichment through interactive toys
to help them spend energy. Some of them even get their dogs involved in agility

sports to increase their activity levels (both physically and mentally). They also try
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to be involved in various psical activities with their dogs (biking, playing ball

games) and encourage them to runleéish.

5.2.1.7 Responsible Caretakers

The behaviors, attitudes, and concerns of this user type mainly comply with
responsible caretaking practices, such as confinemairtinig, paying attention to

t he dogods essenti al needs l i ke regul ar
preventative veterinary care. Responsible caretakers are the largest group among all
personas, with six participants. They tend to organize their delilgdule around

their dogsd needs and | imit their soci al
responsibilities. They often engage in play with their dogs and encourage them to

play with themselves to reinforce the bond between them. Soovederformal

training to their dogs and even avoid taking any action that they consider might

negatively iIimpact the dogb6s training, Su:i

Caretakers of this user type are often concerned about leaving their dogs alone,
especially in the case of any behavior or health problems such as barking or chewing
on unwanted objects. Some of them resort to solutions such as monitoring remotely
with a camera to check on them, particularly during times of illness. They sometimes
organi ze their home decoration according t
chewing on furniture, and even allocate a room for their dogs due to concerns over
them harming themselves when left alone.
Al P20] My dog has hi s otoystherg sommanyo w. — We
toys. Inside the room, he does not have much contact with the outside.
Because he is not a dog that | can leave at home freely, so he is super active.
So, he might tumble things down at home. There is also an electricity
problem. He nght chew on furniture, | do not mind the furniture, but he
would vomit afterward. It might hurt his stomach if he swallows something.
Also, seeing other animals pass by the house makes him nervous. So that is

why he has a room he cannot see outside, davke him there when | go to
wor k. o
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5.2.1.8 Social Butterflies

Social butterflies, as the name indicates, show more tendency to sociatiz¢her

with their dogs with other people and dogs. Most of them expressed a noticeable

increase in their socializatiand having a more active social life with the other dog

caretakers after adopting their dogs. They also indicated that they started socializing

more with people in their neighborhoods after the adoption. A few confessed they

liked other people's attentiavhen having their dogs nearby.
Af P9] Now, when | am in the car with my d
his head out of the window. In other words, it is a beautiful dog that can
somehow attract people's attention while walking together. | guess to b

noticed more and see more attention is nice. So, you are part of the focus
even i f my dog gets the attention. o

They tend to go out mostly to ddgendly places. Most of them stated that they

organized playdates for dogs in chat groups with other carstakcreasing their

physical activity and socialization. Thus, the dogs of this user type are also more

social (both with other dogs and humans) than those in other groups. A few
participants also | eave t hei reradtiongvth at dog de
other dogs. Besides, some of the participants in this user type have a particular social

media account for their dogs where they share photos of their dogs, theihkinow

about dog care, lost pet announcements, and recipes for homemacdeatodtthas

been seen that some are also involved in private chat groups for caretakers for similar

purposes, such as knowledge exchange about dqdezareng from each othgand

organizing playdates for dogs.

However, this user type has concernsrdiie limitations they face regarding their
social life, travel plans, and plans about daily life due to caregiving responsibilities.
Thus, they expressed their desire for a helping hand for dog care at busy times to

socialize more with people.

134



5.2.2 Descriptive Statistics

Par t i ci-edtotal scorespfrthee MDORS questionnaire, along with the sub

section scores of degwner interaction (DOI), emotional closeness (EC), and
perceived costs (PC), are given i h Table
scores and the stgection scores are also shown. As there is no normative data for
MDORS, pretest scores are not used to evaluate the cums@its of the
relationships between participant caretakers and dogs. Rather, they are used to test

the relatimship between personas and MDORS scores, which is explairied in

Section 52.4.

Table5.4. MDORS scores of participants.

PARTICIPANT PERSONA MDORS PRE- DOI EC SCORE PC SCORE
ID TEST TOTAL SCORE
SCORE

P02 Attentive Health Guards 75,00 31,00 30,00 14,00
P06 Attentive Health Guards 95,00 30,00 47,00 18,00
P14 Attentive Health Guards 94,00 34,00 44,00 16,00
P11 Compassionate Parents 90,00 29,00 45,00 16,00
P25 Compassionate Parents 94,00 32,00 44,00 18,00
P29 Compassionate Parents 102,00 35,00 37,00 30,00
P01 Complainers 93,00 34,00 41,00 18,00
P04 Complainers 107,00 35,00 42,00 30,00
P19 Complainers 95,00 36,00 41,00 18,00
P05 Indifferents 88,00 24,00 42,00 22,00
P10 Indifferents 76,00 20,00 39,00 17,00
P16 Indifferents 91,00 30,00 48,00 13,00
P27 Indifferents 97,00 28,00 45,00 24,00
P03 Info Geeks 106,00 35,00 39,00 32,00
P18 Info Geeks 88,00 29,00 41,00 18,00
P20 Info Geeks 91,00 38,00 34,00 19,00
P12 Physical ActivitySupporters 101,00 32,00 50,00 19,00
P13 Physical Activity Supporters 84,00 27,00 45,00 12,00
P22 Physical Activity Supporters 98,00 32,00 46,00 20,00
P24 Physical Activity Supporters 92,00 36,00 42,00 14,00
P07 Responsible Caretakers 88,00 32,00 34,00 22,00
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P08 Responsible Caretakers 97,00 29,00 49,00 19,00
P17 Responsible Caretakers 91,00 26,00 41,00 24,00
P23 Responsible Caretakers 96,00 31,00 38,00 27,00
P26 Responsible Caretakers 96,00 36,00 46,00 14,00
P30 Responsibl€aretakers 103,00 35,00 48,00 20,00
P09 Social Butterflies 95,00 36,00 37,00 22,00
P15 Social Butterflies 106,00 37,00 47,00 22,00
P21 Social Butterflies 88,00 30,00 42,00 16,00
P28 Social Butterflies 96,00 33,00 38,00 25,00

AVERAGE 93,77 31,73 42,07 19,97

Tabl e 5.5 s howsBARQ®@ scorgs afrthe sutcalgs ashated t6 theC
hypotheses explained in Section. As described in detail in Chapter 4, these scores
indicate the averages of questions in their respective subscale. The hypatieese
explained inthe following sectionThe scores for each sgbale are given an ID
based on the respectiveBARQ section and the related hypotheses number shown

in Table5.5.
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Table5.5. C-BARQ scores of participants.
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5.2.3 Hypotheses on Caretaker Personas

To see whether there was any reBARQ i onshi
scores and the caretaker personas, theupervisor of the thesis study aadlog
behavior veterinary expert (Assoc. Prof .
twelve hypotheses in total based on the persona types and the potentially related
sections and sugections of @BBARQ (Table 5.6).

Dogs can demonstrate various behevihat signal stress and distress. Stress is not

a phenomenon that is only experienced by humans (Rothberg & Collins, 2015). Dogs
may display signs of distress in subtle ways, progressing from minor indications like
paw lifting to more noticeable aggressibehavior, such as growling, snapping, or
biting (Shepherd, 2009). Depending on a particular dog's tolerance level, an
overstimulated/stressed dog may become aggressive (Rothberg & Collins, 2015).
Furthermore, fearful behavior is another way a dog magneonicate increased
stress (Hakanen et al., 2020). Studies have found that a multitude of factors, such as
dog age, sex, and weight (McGreevy et al., 2013; Dinwoodie, 2019), caretaker
personality, humaiog attachment (Konok et al., 2015; Gobbo & Zupag020and
environmental factors (Rothberg & Collins, 2015) influence dog behavior and
temperament. For example, Podberscek and Serpell (1997) discovered that
caretakers of aggressive dogs were likely to possess characteristics such as emotional
instability, shyness, tension, and lack of discipline. This was supported by Gobbo
and Zupan (2020), who observed higher levels of neuroticism among the caretakers
of aggressive dogs. In addition, Dodman et al. (2018) determined that dogs with
carers who scored low gxtraversion, conscientiousness, and emotional stability on
personality tests had higher levels of strardjezcted fear. Regarding humdong
attachment, Konok et al. (2015) identified increased sepasadiated behavior in

dogs whose caretakers hadsenureavoidant attachment styles. Furthermore,
Hoffman et al. (2013) observed a positive correlation between separeitbed
behavior, trainability, and the strength of the owdeg attachment (as cited in
Powell et al., 2021).
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It is also known thatrevironmental factors can also trigger certain behaviors in dogs.
For instance, a study recently conducted by Puurunen et al. (2020) found a
relationship between a living environment and social fear in dogs. Urban life raises
stress levels due to the hecitmosphere and high population density of humans and
dogs (Hakanen et al., 2020). This can lead to increased stress in dogs, which can be
expressed as fearful or aggressive behavior (Hakanen et al., 2020). Lan et al. (2022)
found a positive correlation tveeen anxiety levels in humans and crowdedness.
Additionally, the research revealed that various environmental factors (green space,
blue space, noise, air pollution, and crowdedness) had-ar@am correlation with
anxiety symptoms in participants. Bdsen these findings, it can also be assumed
that too much social exposure or sensory overload present in urban life could lead to
overstimulation/anxiety in dogs, similar to their human companions. Moreover, a
study by Rothberg and Collins (2015) showst tisarvice dogs can behave
aggressively in certain social contexts, such as in psychotherapy group sessions, as
exposure to high levels of stimulus in such settings might be intolerable for some of
them. Similarly, certain daily scenarios, such as playtanghe arrival of the
caretaker or other guests at home, were found to prompt excitable behavior in dogs,
for example, jumping on people, nipping, and even biting (Shabelansky & Dewling
Guyer, 2016). Although such attentisaeking and excitable behaviaee often
regarded as undesirable by carers (Shabelansky & Do@lingr, 2016), studies
indicate that these behaviors are associated with specific caretaker characteristics
(Jagoe & Serpell, 1996; OO6Farrell, 1997).

In addition to environmental elemengshysical exercise is another major factor
influencing canine behavior. Studies show that excessive physical activity can lead
to increased stress, resulting in arousal or -exeitement in dogs (Lee & Kim,
2020). Arousal can be described as a physictdgasponse to emotional or physical
triggers (Denenberg, 2020). Both physical and cognitive -stierulation and
boredom can be sources of stress for dogs (Townsend & Gee, 2021). In other words,
under exercised dogs can also become overstimulated aattdgiDogs need not

only food, water, and opportunities to relieve themselves but also social interactions
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(e.g., affection, play, and training), adequate exercise, and sufficient time for sleep

and rest (Denenberg, 2020) to live a full and satisfying life

Since dogs cannot communicate their needs and concerns verbally, their behaviors
must be interpreted. Research demonstrates that humans often overlook minor
indications of dog stress, even in their own companion animals (Mariti et al., 2012).
Several fators can make it more difficult to distinguish these stress signals,
including the breed of dog (facial and body features), the relationship between the
dog and caretaker, and how the dog is trained to react to distress. Plus, the same
signal can changeegpending on the context; a yawn at bedtime at home may have a
different meaning than one in a social setting (Buttner & Strasser, 2014). Caretakers
should be especially careful since early signals of stress can be very hard to detect.
However, it is esseratl to interpret these stress signals in order to prevent the
development of more serious behavior issues (Townsend & Gee, 2021). Most of the
hypotheses were created on the basis that excessive exercise and social exposure
result in overstimulation in dogsvhich might result in a number of behavior

problems.

For physical activity supporters, given their motivation for being physically active
with their dogs, it is reasonable to assume that this may lead to overstimulation or a
constant state of arousal in dogs due to excessive exercise. This can lead to
aggresion in dogs. Therefore, it is hypothesized that aggression, as well as fear and
anxiety scores, may be high in dogs whose caretakers are in this group. The
subcategories of the-BARQ, strangedirected aggression, fear and anxiety, and
touch sensitivity,were also examined separately for this type of caregiver. In
addition, it was anticipated that the energy scores of dogs in this group might be high,
likely as a result of being in a constant state of arousal due to excessive exercise. On
the other handit was hypothesized that the trainability scores of the responsible
caretakers might be high because the caretakers in this persona were likely to be
more knowledgeable about dog training and more inclined to engage their dogs in

formal/informal training egarding their characteristics. However, their aggression
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scores for grooming practices and veterinary examinations may be high due to the

increased likelihood of frequent grooming and veterinary visits in this persona.

Similar toresponsiblearetakers e trainability scores of dogs whose caretakers are
Info Geeks may be high due to the owner's characteristics. On the other hand, in the
case ofocialbutterflies, overstimulation in dogs may be the result of too much social
exposure with their human comapions. Thus, dogs in this group may be predisposed

to show signs of arousal and stress. As a result, their aggression scores related to
strangerdirected aggression and touch sensitivity may be high. Similarly, their fear
and anxiety scores related toastgerdirected fear, touch sensitivity, and rsocial

fears (e.g., noise, thunderstorm) may also be high. There is also the possibility that
their separation anxiety and excitability scores may be high due to the constant
presence of their caregivers. Timglifferent persona, on the other hand, may have
high Attachment and Attention Seeking scores due to lack of exercise. Energy scores
may also be high due to unmet physical activity needs. Finally, trainability scores
may be low because this group is lé&ely to engage their dogs in formal or

informal training.
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Table5.6. Hypotheses for the relation between personas aBARQ scores.
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5.2.4 Statistical Analyses

Following the identification of eightaretaker personas through the content analysis,

it has been seen that these personas differ primarily based on their willingness to
selffr ef l ect on their dogs® monitoring dat a,
geeks and indifferents personas wergcpt at the two ends of this spectrum, the
former being eager to learn more about dog welfare and toeslei€t and the latter

not so (Figures.1). To support our hypothesis that these two personas distinctly
differ from each other mainly on the basiglodir willingness for selfeflection, we
grouped these eight personas into two and carried out the statistical analysis in this
way. Indifferents formed the group called Type 1, while the remaining personas,
including info geeks, formed Type 2. The mdiependent variable of the study is

the MDORS questionnaire, based on the idea that the persona types directly affect
the current state of the dagvner relationships. For the statistical analyses,
descriptive statistics were generated, which is giveharection 52.2, Table 54,

and data were analyzed using IBM SPSS Statistics, version 28. It was assumed that
the relationship between ptest MDORS scores and these two persona groups at
the different ends of the selflection spectrum would be examtheost accurately

by using OnéeNay BetweerSubject Anova. Statistical significance was set at p <

0.05 for all analyses.

9 o o v
< & & 'a*é
A V) <2 Q\)
2 Q°? _\L’ @ o
" Q¥ & & 0)(? ef§
& s Ry 55 sl & 4@% N
& @ 2 g & & & o
& Q 2 Q N S O
& & o & ¥ & & ©
N ¢ 4 < <Q < v xS

to self-reflect

Figureb.1. Persona scalethe spectrum of willingness for sekflection.
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Wheninvestigating the relationship between the total MDORS scores and the two
groups of persona types, no statistically significant results were found. This led us to
analyze the relationships between the three subscales of MDORS and personas. With
this though, the relationship between personas and thessales dogwner
interaction (DOI), emotional closeness (EC), and perceived costs (PC) were
separately examined. While no significant results between personas and-the sub
scales EC and PC were found, therasva statistically significant relationship
between persona and DOI (F(1, 28) = [7.886], p = .009). (Figure) The 7 participants
in the Type 1 group had an average DOI score of 28.29 (SD = 4.99), while the 23
participants in the Type 2 group had an avefa@# score of 32.78 (SD = 3.275).

Both the normality and homogeneity of variances assumptions required fo¥V@ne
BetweenSubject Anova were provided. Shapinilk Test was preferred for the
normality test because the sample size was smaller than 50dkgrtw the results

of this test, there was no significant departure from normality, W(30) = 0.944, p =
0.116. According to Levene's test used for homogeneity of variances, there was also

no statistically significant difference between variances, F(1,28097, p = 0.304.

In addition to these, whether there was any relationship betweerBARQ scores,
and the personas was also investigated based on the hypothesesordatethble
5.6.Then, the GBARQ scores of participant dogs for each relatedsadiion were
gathered, and all these hypotheses were tested by using/@nBetweerSubject
Anova and Kruskal Wallis Test in SPSS to see whether there was any statistically
significant relationship between the related variables. The test results revealed

statistically significant differences in the three hypotheses.

The first statistically significant result is between the groupgl i f f er ent sd s c
the Attachment and Attention Seeking Behavior which is the sixtseciion of the
questionnaire, anather personas' Attachment and Attention Seeking Behavior

scores (F(1, 28) = [5.109], p = .032). Four participants in the Indifferents group had

an average BARQ-6 score of 3.21 (SD = 0.16), while the 26 participants in the

other personas group had anrage GBARQ-6 score of 2.25 (SD = 0.83). Thus,

the test resul ts prrdoivfefde rtehnet shdy pAottthaecshi nse ntt
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Seeking scores are higher than the other
significant relationship among the tested hypothe s i s bet ween | ndiffer
of Trainability which is the first subection of the questionnaire, and other personas'

Trainability scores (F(1, 28) = [7.704], p = .010). Four participants in the Indifferents

group had an averageBARQ-1 score of 162 (SD = 0.71), while the 26 participants

in the other personas group had an avera@ARQ-6 score of 2.54 (SD = 0.60).

This analysis also revealed the hypothesis

| ower than ot her p setvobypaheses) Oay Betwedne t est of
Subject Anova was used because the assumptions of normality and homogeneity of

variances were provided, but for the third hypothesis, Kruskal Wallis Test was

applied because the assumption of normality could not be neetrding to the

results of the Kruskal Wallis Test, a statistically significant relationship was found

bet ween I ndifferentsd energy sseaionefs, whi ch
the questionnaire, and other personas energy scores H(1) = 424039, with a

mean rank of 23.75fan d i f f e-BARQ- scoére aBd 14.23 for other personas

CBARQ-7 score. The | ast test also proved the
scores are higher than other pereelonas. 6 Co
during the analysis, no statistically significant relationship was found.

53 Discussion on Caretaker Personas

Dog activity monitoring devices hold the pot
of their dogs' welfare. However, as presented in Chapteis3ng awareness and

behavior change are complex and challenging tasks that require careful consideration

of many interrelated aspects. To design successful interventions that would enable

dog caretakers to improve their caregiving quality through incieas@reness, a

holistic approach is necessary. This approa
and the complex interspecies relations within these information systems, as

explained in Chapter 2. Moreover, selecting the right caretaker persona andglecidi

on the fitting intervention type is also cr
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their dogs in compliance with these design strategies. Therefore, it is critical to
identify different caretaker personas and their characteristics before designing

interventions.

As mentioned before, people use dog monitoring data to reflect on the issues related

to their dogs6é wel fare, such a-flettibnei r phy
on the data can help people to become more aware of their owndrdl@arver &

Scheier, 2001), make better decisions (Endsley, 1997), and change their behavior

(Di Cl ement e, 200 1-eflectidoproeessesrdiffer based ongh@ir s e | f
unique characteristics and personalities regarding their personal datae(Bemtst

al., 2021), also affected by a number of interconnected variables related to data and

|l i festyle (Cokkun & Karahanojlu, 2022). 1
reflection processes and help them turn monitoring data into useful msigbtit

their dogsé |lives, it is necessary to pr

level of willingness for selfeflection.

Considering the caretaker personas identified in this stofiygeeks need to access

more information aboutthed o gs 6 wel f ar e. They are al so
information related to their dogs to track any changes in their health anbeiredl

Therefore, providing contextual and detailed insights about dogs via these devices

might be a strategy aligned withfoge e k s 6 i nf or mati on +nheeds a
reflect on the data. Whereas, fadifferents, delivering more targeted information

in an easily digestible way might be a more effective strategy to assistftattion,

as they have difficulty fuiing even the basic caregiving responsibilities. On the

other handattentivehealthguards specifically need to learn about the calorie intake

of their dogs to control their weight and to balance their physical activity and feeding

levels based on diffent variables. Thus, providing them with more tailored
information about their dogs' needs would be more likely to contribute to their
caregiving quality by addressing their concerns and information needs via these
systems. Howevecompassionatparentsneed to understand the affective states of

their dogs to communicate with them and address their needs better. Thus, offering
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them better guidance about dog behavior for increased communication through

informative content can be more meaningful for thenerms of seHreflection.

On the other hand, social motivation strategies might be utilizedal butterflies

to support their caregiving. As explained in detail in Chapter 2, the social role of

technology is emphasized in behavior change strateapetied in persuasive

technologies (Fogg, 2003). Besides, enabling social learning, social comparison,

social facilitation, cooperation, and competition among users are suggested as

effective design strategies for computerized systems (@inkkonen & Hajumaa,

2008). Aligned with these strategies, creating a community and a platform to connect

with other caretakers to enable learning from each other, exchange knowledge, and
cooperation might be an effective intervention area for design. Moreover, enabling

I ntegration with caretakerso soci al medi a a
user type, which can allow them to socialize online and create a ground for

comparison and competition. Lastly, for physical activity supporters, informing them

better abot t hei r dogsdé6 activity needs based on
condition can be useful to favor dog welfare, considering their constant effort to keep

their dogs active. It is a common misconception about dog care that more physical

activity is alway better for dogs. However, physical actiigedsamong dogs vary

based on different factors such as breed characteristics, age, weight, health condition,

behavioral problems, and individual differenq€woile, 2015; The Kennel Club,

2023) Thus, increasd activity may do more harm than good in some cases.

As mentioned in the Statistical Analyses Section, the test results revealed that there

was a statistically significant relationship betweenithe i f f e-BARQ scerés C

of the Attachment and Attentio Seeki ng Behavior and other pe
same category. In other words, their scores in thissegbon were significantly

higher as compared to other personas. Moreover, their Trainability scores were

lower, and their Energy Level scores wsignificantly higher based on the analysis

results. A dog with a high score in attachment and attesgeking behavior is

likely to want to be close to their caretaker and seek affection or attention from them.

This may indicate that the dog requiresrenattention and interaction from their
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caretaker and may become anxious or agitated if they do not receive enough
attention. Similarly, a high energy level score suggests that the dog may require more
exercise and playtime to keep them physically and atlgrgtimulated. On the other
hand, a low score in trainability may suggest that the dog is less responsive to training
and commands from their caretaker. This could be due to a lack of training or
inconsistent training from the caretaker, which may leddustration and a sense of

disconnection between the human and the dog.

Based on these results, it is not possible to assaciatei f f e r-eoncersed | e s s
approach with the lack of any existing behavior problems in dogs, as the scores
indicate that thelogs of this caretaker type exhibit overt signs of attachment and
attentionseeking behavior with high energy levels. Furthermore, the behavioral
problems among dogs in this group may be linked to the prevailing caregiving
practices in this user type, $uas a selfeported lack of time to perform primary

care practices (such as taking the dog out daily or visiting the vet regularly) or simply
spending time with their dogs, and walking the dog once every two (or more) days
due to time constraints, whiclreaidentified through the qualitative analysis.
Therefore, it can be assumed that this user type shows unconcerned behaviors with
disregard for their dogs' welfare, despite their existing behavior problems identified
through statistical analysis. It is cial to increase the awareness of caretakers about
these issues related to their dogs' problems and unmet needs to develop better
caregiving practices. They may need to adjust their behavior, such as providing more
attention and exercise, using differergtining techniques, or seeking professional

help to address any behavior issues that may arise.

It was also found that the average energy scores of the dogs whose carers belonged
to the Indifferents persona were significantly higher than the other gragps,

this finding may be related to the dogs' unmet physical activity needs or lack of
consistency in physical activity. As discussed in the Hypotheses on Caretaker
Personas Section, under exercised dogs may also become overstimulated and
agitated, whictcan result in high energy levels (Mariti et al., 2018; Herron et al.,

2014; Rooney & Cowan, 2011). In addition, the trainability scores of dogs in this
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group were also lower than other personas. This may be explained by this group's
unwillingness to engag their dogs in formal or informal training due to their
behavioral characteristics, such as lack of time or willingness to fulfill basic
caregiving responsibilities. However, when considering any design interventions, it
should also be kept in mind thatlifferents show an apparent unwillingness to adopt
any product to monitor their dogs, which may be related to their lack of concern for
their dogs' welfare. Considering the other hypotheses tested during the analysis, no
statistically significant relatiaghip was found. This may be due to the fact that the
sample size was too small to detect a statistically significant difference during the

analysis.

Based on the findings presented in this Chapter, the information needs of the
identified caretaker personame summarized in Table 5.7. When designing
interventions to better utilize the persuasive potential of DAMS for behavioral
change and for improving the quality of caregiving practices among caretakers, these
varying needs should be taken into accountuBgerstanding the varying needs of
different personas, these interventions can be tailored to be more effective and
persuasive. For example, a technolbgged intervention for an Indifferent persona
may need to focus on reminding them to spend morewiitheheir dog, whereas an
attentivehealthguard persona may benefit from information on how to balance their
dogs6 calorie intake and activity needs, as
amount based on variables such as activity level and cli@agrall, understanding

the different information needs of different caretaker personas is important for
designing interventions that can help promote better dog welfare and improve the
relationship between dogs and their caretakers. The study highthghtaportance

of designing tailored interventions that meet the specific needs of each persona to
ensure that the information provided is relevant, engaging, and effective in

enhancing their awareness and supporting their caregiving quality.
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Table5.7. Information needs of personas.

Persona

Information need

Info Geeks

Attentive Health Guards

Responsible Caretakers

PhysicalActivity Supporters

Compassionate Parents

Scacial Butterflies

Complainers

Indifferents

Reliable and detailed information on dog welfare, behavior,
nutrition to ease their access to knowledge

D o gcalérie intake and activity needs, information on the right feet
amount based on variables such as activity level and climate

I nformati on on tHeieg wienm ¢ef doneremoete
monitoring

Correct information on the do
such as breed, age, health condition

I nformati on on dog behavior t
affective states and behaviors

Enabling learning from each other and exchange of knowledge al
caretakers on dog care

Tips to maintain hygiene during dog care and correct informatio
mitigate their hygiene concerns

Easily digestible information to raise awareness on the basic dog
practices
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CHAPTER 6

DIMENSIONS TO INCREASE HUMANS' AWARENESS VIA DAMS TO
IMPROVE THEIR CAREGIVING OF DOGS

This chapter presents the major findings of the study related to the dimensions to

i ncrease humansd6é6 awareness of dogs thro
(DAMS). First, the DAMSmediated awareness model is described that is created

based on the dimensions identified in the analysis. While demonstrating the stages

of DAMS-mediated awaness, the model also serves as a layout guiding the
narrative in this chapter. The dimensions elicited from the data analysis are grouped

into three categories based on the stages of the model: making sense of tracking data,
reflecting on tracking datand behavior/action. The dimensions related to each stage

and their characteristics are explained under these categories. Finally, the

implications of DAMS use and barriers to letegm DAMS adoption are presented.

6.1 DAMS-Mediated StageBased Awareness Model

Based on the dimensions to increase caretakers' awareness identified through the
qualitative analysis of the second interview data and the synthesis of the literature
review presented in Chapter 3, a model is developed to demonstrate the information
processing via DAMS(Figure 6.1) The dog activity monitoring systemediated

awareness model in Figure aims to illustrate the relationships between data
collection, sensemaking, and reflection processes and how they relate to the target
behavior/action. Accoidg to the model, the process starts with the caretakers'
interaction with DAMS. After that, the data Collection process begins, where large
amounts of monitoring data related to do
with feedforward and feedbackofn the system. During this stage, users monitor

different types of information related to their dogs, such as physical activity and sleep
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quality. On the user side, this information provided by the technology must first be
processed in their cognition. $m users are generally overloaded with a large
amount of tracking information at this phase, they need to filter and synthesize it for

further mental processing.

Dog activity monitoré

]
Sensemaking |

!
i ' .
. ! Collection ; !

Interaction | 1 ; e — ]
I feedforward & feedback cognithve fnterpretation,
| ) [l mental models )
| ' . )
[} ’ ' )

Users . ®
)
Sy
dRaecccccoeeccias. el iniaas
‘ ) ‘
. Behavior / Action
y Reflection | ! /
) {

attitude, perceived control,
self-reflection on the et
' ) ' subjective norms, motivation,

monitoring data
intention, ability, triggers

Implications of
DAMS Use

effects on lifestyle, perceived

dog welfare, perceived

effects on human-dog relationship

Figure6.1. DAMS-mediatedstagebased awareness model.

Following theData Collectionstage, th&Sensemakinghase starts, which is an
essential step of the information processing model. In this stage, the sensor data
collected and provided via DAMS is interpreted by the caretdkeoughout these
stages, various factors, such as the persona types of the caregivers in terms of their
attitudes, habits, and intentions, as well as the dog's characteristics, may influence
the entire process. At this stage, users may encounter varioigsstnat may be

related to the system, user, or data. However, barriers encountered at the
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Sensemakingtage may prevent users from transitioning to the Reflection stage. At

the Reflection stage, caretakers start to reflect on the tracking data atitealso

caregiving behaviors and practices after interpreting and understanding this

information at theSsensemakingtage. Similarly, the barriers faced at Reflection

stage can hinder caretakers from properly-slecting on their dogs' tracking

dataand turning this data into meaningful insights into their lives. Lastly, at the

final stage of the model, thctionstage, caretakers take action on the insights

they gain from the reflection phase and make positive changes related to their

lifestyles, @regiving practices, and behaviors. In this chapter, the dimensions to

Il ncrease caretakerso awareness via DAMS |

presented by positioning them within the model's structure.

6.2  Descriptive Statistics

In this section, descriptivstatistics related to the responses to the ESM survey,
MDORStt est result s, and partieomadoptonas 6 at t i

the device are presented.

6.2.1 ESM Survey Results

As described in detail in Chapter 4, the ESM survey was sent to the participants via
an online form twice every week for six weeks. The short survey consisted of
guestions related to the most used app features, the most useful app features as
perceived byhe participants, and the weekly frequency of app use. Babs#hows

the frequency distribution of app feature usage by all participants based on the survey
responses during the study period. It is seen that the top three most frequently used
app featurs/the most used data type by participants are barkpoints (%16.11), active
time (%15.15), and sleep quality (%13.53).
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Table6.1. ESM results regarding the most used Fitbark app features.

Feature Use

BarkPoints 16.11%

|
Active time 15.15%

|
Sleep quality 13.53%
|
Play time 12.46%
|
Rest 9.34%
|

Distance 8.16%

Weekly report 6.12%
|
Health index 5.48%

|
Goals 4.30%

Calories 4.08%

|
Weight 1.72%

|
Top dog board 1.50%

Discover friends _ 0.97%

Others 0.64%

|
Shuffle suggestions 0.43%

|
0.00% 0.05% 0.10% 0.15% 0.20%

As seen in Table 6.2, the most useful app features, as perceived by the participants,
are similar to the results of the most frequently used app features. Barkpoints score
(%18.4) is found to be the most useful app feature/data type on the app, followed by
active time (%16.74) and play time (%13.14).
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Table6.2. ESM results showing the most useful Fitbark app features as perceived by
the participants.

Most Useful App Features

|
BarkPoints 18.40%

Active time 16.74%

Play time 13.14%

|
Sleep quality 12.72%

|
Rest 8.58%

Distance 7.19%

Weekly report 6.22%

|
Health index 5.39%

Goals 5.39%
|
Calories 3.60%

Discover friends 0.83%

Weight 0.69%

Top dog board _ 0.69%

Others 0.41%
|
0.00% 0.05% 0.10% 0.15% 0.20%

Table 6.3 shows the weekly app use frequency of allggaatits during the study
period. It is seen that the app is used more than three times a day by %36.73, one or
two times a day by %35.71, once a day by %25.05, and %2.04 never used it within

the week.
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Table63. ESM results of the participantsd use

App Use Frequency

40.00%

36.73%

35.71%

30.00%

25.05%

20.00%

Percentage of participants

10.00%

2.04%

0.00%
More than 3 times aday 1or2timesaday Once in afew days | did not use

Table64s hows the partici pan-+tesnbadoptioredf the ences f o
device. 21 out of 30 participants were positive about continuing to use the device,

while 2 of them wes neutral, and 7 were not willing to keep using the device. Four

out of seven participants who were negative about the-tkemg adoption of the

product stated that they would use it if it had more features such as GPS.
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Table6.4. Participantsd opi ni eaemnsade@tooaofthe cont i |
product.

Participants Positive Neutral Negative

P1
P2
P3
P4
P5
P6
P7
P8
P9
P10
P11
P12
P13 Z

P14 7
P15 7
P16
P17
P18
P19
P20
P21
P22
P23 7
P24 7
P25
P26
P27 7
P28 ¥
P29 Z

P30 7

Total 21 2 7

™M™ MMTANHETNMHEMANNEN

™ MM NEMNMN

M ™

6.2.2 MDORS T-Test Results

T-test analysis was conducted to compare the mean scores of $tegyéM =
93.76) and posstudy (M = 93.73) MDORS questionnaire. The results showed that
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there was no statistically significant difference between the MDORS scores, as
indicated by the-statistic of 0.03, which was smaller than the -taiked critical

value of t = 1.69 at p < 0.05. Therefore, it can be concluded that the use of the device
did not have a statistically significant impact on the hwaag relationship of
participants duringhe study periodT-test results are shown on the Table 6.5.

Table6.5. MDORS ttest results.

t-Test: Paired Two Sample for Means

T-TEST Variable 1 Variable 2

0,970256825Mean
93,76666667 93,7333333

Variance
57,77126437 52,8229885

Observations
30 30

Pearson Correlation
0,772862077

Hypothesized Mean Difference

df
29

t Stat
0,036365502

P(T<=t) onetail
0,485620047

t Critical one-tail
1,699127027

P(T<=t) two-tail
0,971240094

t Critical two -tail
2,045229642
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Table6.6. Codes and subodes related to sensemaking.

SENSEMAKING

Codes

Sub-Codes

Comprehensibility of the
information

Contextualizing data

Sensemaking through compariso
with other dogs

Sensemaking through compariso
with familiar data

Social / Collaborative
sensemaking

Sensemaking with the assistance
of data visualization

Difficulty in understanding what the data indicates / means

Need to learn about how data is calculated

Activity scores providing a sound basis as units to determine aci
levels

Need for more detailed reports on the average scores of other dog

Making sense of the data through combining it with affecting facto
Desire to have different types of data for improved contextualizatic
Establishing a relationship between sleep and activity levels
Interpreting the dog behavior lagtivity scores

Need for more detailed reports on the average scores of other dog
Need to see locatiebased / seasonal data related to other dogs
Desire to monitor dog's affective states

Desire to monitor mental activity

Desire to monitor heart rate tgauate the exercise effectivity
Desire to monitor heart rate due to health issues

Calibrating decisions about physical activity duration

Making assumptions about the dog's health condition based o
disruptions on sleep quality data

Decisionmaking abat adjusting the feeding amount
Experimenting by making small changes to see the factors affe
sleep quality

Raising awareness about the dog's sleep quality when away
Raising awareness about effects of the cadeilg schedule/actions o
dog behavior / sleep quality

Need for making sense of the data through comparing it to similar
/ Evaluating welbeing status in comparison to other dogs

Making sense of théata by comparing the active / rest times to sim
dogs

Desire to compare dogs in the nearby location/same country for a
relevant comparison

Evaluating weHlbeing status based on specific type dhda
Establishing a relation between the effectivity of physical activity
calories burned

Feeling relieved by the monitoring data as an indicator ofnetig
Establishing a relation between the self and dog's walking distanc
Judging the effectivity oéctivity based on the distance data
Making sense of the tracking activity data through comparing it to ¢
own data

Supporting socialization and knowledge exchange among caretak
Desire to connect with the carers nearby for the exchange of
contextrelevant experiences

Connecting with other caretakers on social media for knowle
exchange

Ease of understanding visuallypresented data

Judging dog's daily physical activity needs based on rest time or
graphs

Focusing on a particular data highlighted through visualization
Misleading data visualization used on data graphs
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6.3  Making Sense of the Tracking Data

At the Sensemaking stage, it was found that several dimensions affect how caretakers
interpret the dog activity monitoring data. These dimensions inatodgyrehending

the information, contextualization of the data, sensemaking through comparison with
other dogs, sensemaking through comparison with familiar patterns, social
sensemakingandsensemaking with the assistamdelata visualizationsTable 66

displays the dimensions related to the sensemaking of tracking data and their related
subcodes. Morewer, caretakers adopt different strategies to make sense of the
monitoring data based on several factors, such as their persona types concerning their
concerns and behaviors, mental models, past experiences, and their dogs' specific
characteristics. This estion explains the dimensions associated with the

sensemaking of the tracking data.

6.3.1 Comprehending the Information

The comprehensibility of tracking data is a dimension that has a major impact on the
sensemaking process of caretakers. For example, thedaikscore, which is the

most prominent information on the app, indicates the activity scores of the monitored

dogs (Figures.2) . Al t hough it provides a sound basi
physical activity levels for most participants, there wasramon confusion among
caretakers about what this data meant. OBar
system that measures physical activity in t
3D accelerometer readings (Fitbark, 2022). Thus, basicallymtire the sensor

moves on the dogdés <coll ar, the more points
interpreted the barkpoints score as a general welfare indicator considering that it was

counted based on all monitoring data on the system, including sledy grest,

playtime, burned calories, and health index, while others perceived it as the step

count of their dogs.
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= THE HOME PACK

Followed Dogs Vets Dogs

GINA

HER DAILY SIM R
AVERAGE ACTIVITY DOGS

HERA

Last fetched 2 weeks ago

JOURNAL @

e Ee———— L

DAILY

Figure6.2. Fitbark home page (on the left), dog page with barkpoints data in the
circle (on the right).

Considering that the main activity indicator on #ystemis barkpoints, which is

highlighted by datavisualizationsas well, it is noteworthy that some caretakers
interpreted the physical activity of their dogs based on othertgpés, such as

distance or burned calories. This common behavior among caretakermsd&euit

the difficulty in understanding what this specific data indidate how it was

estimated. Ashesystem model did not correspond with mental models genenated b

users, this resulted #ailure tounderstand how the barkpoints data on the system

was calculated Therefore,caretakersdid not rely solely on this information to

determind heir dogs6é physical activity |l evels
expressed that they determined their dogsoég

or based on the distance data rather than barkpoints.

It was even harder for users to understand certain types of data, such as the health
index, due to the lack of trgparency regarding how it is calculated. Thus, the
difficulty caretakers face in understanding what data means or how it is calculated
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acted as a barrier to meaningful reflection and effective sensemaking. Moreover, this
difficulty encountered in the sensaking stage also caused a loss of trust in the data
for users, which acted as a motivation breaker for the-termy adoption of the

device.

6.3.2 Contextualization of the Data

One of the most prominent ways of sensemaking among caretakers is through the
contextualization of the data. They understood and interpreted the monitoring data

within its related context and looked for factors influencing it. For example, they

made sense of the tracking data by combining it with its affecting factors, such as
relatingte decrease in the dogbs sleep quality
weather conditions, considering that the dog might be disturbed by rain or hot

weather and became restless at night. Relatedly, P8, P11, P12, P18, and P28
expressed their desire to widlifferent data types for improved contextualization

and better reflection, such as monitoring heart rate to evaluate the effectiveness of

physical activity or to keep track of existing health issues. Another reason for the

desire to monitor heart rate§PP11, and P12) and body temperature (P11 and P21)

was the interest in understanding the dogso
articulated their need to view more locatioased and seasonal data related to other

dogs for better contextualizatiof the tracking data and meaningful comparison, as

the physical activity and nutritional needs change based on these factors.

Another way to make sense through contextualization is by interpreting the changes
in the data patterns based on variomstextual factors, such as explaining a decrease
in sleep quality due to increased exercise intensity on a certain day or because of

barking dogs outside.

Al P29] I checked his quality of sleep by
example, it shows 86%nAther week it was 92%. So, | observed that on the

days when he exercised too much, his sleep quality decreased. Because he

was probably very tired, maybe he was in pain or something. Just like our

legs hurt after an intense exercise, that's why it deegkaSther than that, |
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interpreted it like this. For example, some nights, maybe he heard dogs
barking outside. He woke up, got agitated, stayed alert, and didn't sleep as
well as normally. So, | thought about these two things, but | really saw that
theqal ity of sl eep decreased after too

In addition to the different sensemaking strategies, P15 and P30 also experimented
with data by making small changes in their daily routines to see how it impacted the
dogs6 sl eep quaingytheuphaasesméngt cofanghe
this tracking data helped caretakers comprehend the impact of their lifestyle and
behaviors on the dog's sleep quality and behavior in general. For instance, it informed
caret aker s ab outityandseeprpattdros@rel daised awatelyessafc t 1 v
the factors affecting their sleep quality, such as the caretaker's daily schedule or the
presence of visitors at home.

A[P12] We observed that our dog's sl e

when my husbanahd | stayed awake until late at night. We decided to move
our fights earlier in the day [told i1

Also, caretakers made sense of the unexpected changes in the data patterns again by
contextualizing it, such as relating higher barkpoqmtst her ed i ndoor s t ¢
restlessness due to hot weather. Interpreting the dog behavior by activity scores was
another common behavior. For example, if the barkpoints data was above a certain
number at night, P29 interpreted that the dog presumabWedito another room
judging by her increased activity. In cases when there was more than one dog in a
participant6s home (P8, P18, P30), trac
interpretation of the other dogds behavi
i [ B]1Uf one of my dogs is moving, the other one (the tracked one) is
definitely getting active. Because he's either trying to escape from her or
changing his location. So, we understood that my other dog does not move

much when we are away from home. We nsaghd an interpretation from
this [barkpoints] information. o

Tracking data also supported caretakers in the deemsaking about the dog's
affective states around other dogs in certain cases. For example, when the caretaker
was on vacation and left theglin a pet hotel, they could make a judgment on the

dog's discomfort around other dogs based on the disruptions in the sleep quality data
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patterns. This information helped them to make the decision to change the hotel for

the next time.

Al P6] | n teltwheee | Ipfemy ddy,ahe system is like this, there are
rooms, not cages, and the dogs stay in the rooms. Now, such a system is better
for dog owners than a cage because knowing that your dog is in a cage makes
you feel uneasy. It seems like a cagactsially not something we prefer. My

dog never has any problems with other dogs. She does not attack or bark.
You know, put her in a cage with a hundred other dogs, and she would stay
calm. But | always wondered if she could sleep at night because simt does
like too much physical contact. If a dog gets too close to him, she runs away.
After returning from vacation, | connected to the device to see the past
tracking data. | realized that my dog didn't sleep all night. | mean, there was
really no sleep moder twentyfour hours. And | was like, why didn't my dog

get any sleep? There were probably four or five dogs together in the room.
That's why my dog couldn't fall into a deep sleep because she was uneasy
about it. She was always on guard. For exampsaw videos of her sitting

or lying on the side while the other dogs were running around. | thought she
was probably tired and resting, but it turned out she didn't sleep at all. That's
why she idled himself like that and was just resting. And after stenhd
realized that if | leave my dog in a pet hotel with a cage system, | am sure she
will feel safer in that cage and will sleep much more comfortably at night.
Even now, we are on vacation. | left her at a friend's pet hotel in the city
again. | saidto them, "Please, keep my dog in a cage in the room because
she can't sleep when the other dogs are around.” The device provided me
with such information. 0

Furthermore, P4, P6, P9, P11, P16, P18, P20, P23, and P30 decided on the feeding
amount by combininglifferent data types, such as burned calories and the weather

temperature, and adjusted it according to these factors.

6.3.3 Sensemaking through Comparison with Other Dogs

Sensemaking through comparison stands out as an essential theme within the
sensemaking dfacking data. It is seen that most caretakers tend to make sense of

the data by comparing their dogs to similar
well-being status by comparing their data to other dogs shown on the app (Figure

6.3. Forexamplej f t he dogbés activity points are cl

points, they can decide that the dogbs exer
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P15 expressed their desire to compare their dogs to others in the nearby location or

the same country fa more contextelevant comparison.

AfP14] So this is statistical data th
need to see the data like this, Golden retrievers have the following average
in August in Turkey. Even if there are fifty people using this product here in
this region, | shoulde able to get statistical data from there. After all, we
don't live in Canada. In Canada, dog owners can feed their dogs a more
proteinbased diet. A dog might need it in cold weather to keep itself warm
with that protein. We don't feed our dogs so mudigin-based food here.
What will that animal do with so much protein in such heat here? It can
damage the liver. Therefore, | need to see a geograplgd comparison.

The season is not the same everywhere in the World anyway. Therefore, |
need to see thelata on a seasonal basis so that | can take action
accordingly.o

Nov

60814 22 -
/72100 = TOP DOG BOARD
07:50 11286 \1“ W Montt
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@ - ‘\\*' = ,/‘/
A WEEKLY VIEW " 4
505,660 779,705 497,091

344,857

295,313

Figure6.3. Weeklyview of datachart(on the left), top dog board (on the right).
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Figure 6.4. Interactive data mapf the daily rest levels of dog®gistered in the
Fitbark database (retrieved from
https://public.tableau.com/app/profile/fitbark/viz/shared/ KYMHPQ26B).

Although mae detailed dateegarding the averagevels of dogs for different data
types based on dog age, breed, and weight, such as daily activity, sleep, and rest
levels, is available on the Fitbark website (Figure 6.4), it is not provided on the app
itself. Caretakers also tend to evaluate theig @00 o0 v e-beimd dtatuswie | |
ot her comp

t h

by
heal

comparison to dogs6 averages

activity scores, sl eep quality, and
activity data by comparing it to their own tracking data. Howe®a and P23

expressed a need for getting more detailed reports on the average scores of other
dogs for a better comparison and because this data changed over time based on

factors such as climate, season, and dog age.
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A P23] At t he b ermpgwhatithe averagé scores ®r myo n d
dog were according to its breed and age. | explored the app a lot in the first
weeks, especially to see whether he was normal. | was curious about which
countries have which breeds of dogs and how they live. | wondbere my

dog ranked among them. The app doesn't show these in detail. But on
Fitbark's own website, they share all the statistics. There are detailed
statistics showing how active the dogs are based on country, age range, and
breed. | examined these infaghics a lot. It would be better to see them on

the app as well. After | made sure that my dog was in a kbteraverage
condition compared to the average levels, | didn't bother to check this

detailed information anymore. 0
6.3.4 Sensemaking through Comparisa with Familiar Patterns
Caretakersd current ment al model s and f a

essential factors affecting how they make sense of data. It is seen that P1, P2, P5,
P19, and P22 tend to make sense of the data by comparing them neetrics
familiar to them, such as comparing the
dat a. Further mor e, P5 established a rela
and their own, which was perceived as a more comprehensible data type than
barkpoints. She also compared comparing the barkpoints scores with the personal
step count she tracked on her smartphone to set a correlation between them and
understand how many step count equals on:
Al P5] I c eenthe didtance hwailik onghe map (on my phone) and
guess how much we walk. But with this app, | was able to see the exact
distance | walked with my dog. | could see the distance he walks and estimate
how many steps [barkpoints] he takes in a certain distal looked at the

number of steps to calculate that if he takes this many steps in a kilometer,
then i f | walk around here, he will t:

Caretakers also judged the effectiveness of physical activity based on the activity
duration, disince, burned calories data, or a combination of these. Thus, they often
preferred to focus on a particular data type that best fitted their existing mental
models.

A P23] I me an, to be honest, since h
problems. Somehow, lkdees, but he can't verbalize them. Is he tired, or has
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he played enough? Or we feed him; we know how many calories that food is,
but we do not know how much he burns. How hungry does he get? Are those
calories really enough for him? Or how does he comparether dogs? |
looked at where he ranks among other dogs of his weight and breed, also in
terms of rest time or playtime. | didn't really focus on the barkpoints score
too much. | never looked at the distance, for example. In general, if | were to
evaluate between these, maybe | can say that | looked more at the duration
of physical activity and play. In the beginning, | often checked burned
calories information, but theumberof calories he spent stayed more or less
the same in general. The amount of food we fed was the same. When the
burned calories increased, |l i ncreased t

The data type that caretakers mainly focus on in the system is seen to be related to
various factors such as their mal models, past experiences, personas, and their
dogs6 characteristics (age, wei ght , and ex
example, P5, P7, P22, and P26 preferred not to focus too much on the burned
calories, as they did not have many concernamregl i ng t heir dogsdé wei gt
P2 perceived the sleep quality, activity, and health index data as important
health/welfare indicators, thus concentrating solely on this information in the system
to evaluate her dogsdé health status.

Al P2] I hindp i5, mKernts lefemontitoring his (skin) condition, the

health index, and those three indices (health index, sleep quality, and

playtime) made me interested. | mean, he sleeps well. He is in good health.

He is active, you know, that's how we check oldidm, so | probably paid
more attention to these. And that al ways

6.3.5 Social / Collaborative Sensemaking

Another noteworthy theme under this category is social sensemaking. P1, P2, P3,
P18, and P25 expressed their desire to conndttheétcaretakers nearby to compare
their dogso tracking dat a wi trdlevadt her s an
experiences and knetwow.
A P1] As | said, for example, i f people
| could easily meet just from the applicatiand exchange knowledge. For
example, we go to the park, and my dog doesn't necessarily get along with

every dog. If your dogs don't get along, you generally don't communicate
much with other dog owners. But even if the dogs don't get along with each
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other, you can still contact someone through the Fitbark app and exchange
ideas about dog care or anything. So, it would be nice if there could be a
community between dog owners, even if

P3 also joined Fitbar kodesfronFaheredogoparkntsgr oup
worldwide related to tracking data as a community with the same concerns, to find
guick answers to questions, and to | earn
Al P3] Sometimes iit's easier to ask q
compalty. For example, | couldn't get this to work. What should | do? There
is also such an interaction. | didn't share any questions there (on the
Facebook group), but for example, | listened to other people's stories. Here
you are gathering with people who hasieilar concerns. Ultimately, that

common point connects you to each other as a community through that small
device. There is such a benefit for m

However, although there was a feature to connect with and follow the ramgby
(discover friends)along with the top dog board and sending pack reqoestse
system(Figure 6.4) the dogs in the nearby locations did not show on the app, and
only the ones located in the US and the UK were listed. Thus, this feature could not
be effectively used by participants, and they expressed facing difficulty in
socializing/connecting with nearby dogs or caretakers via the app. Moreover, to
satisfy their needs to connect with other dog parents, P20, P21, and P28 stated that
they had alread formed private chat groups with other caretakers where they
exchange their experiences about dog care, learn from each other, and organize play
dates for their dogs. In line with the desire for socialization, P15 and P28 stated that
they expected the app have social media integration for increased engagement. As
these participants already had separate social media accounts for their dogs, they
were eager to connect these accounts to the Fitbark app to share their achievements.
On the other hand, thedathat the app allowed inviting multiple users to a dog
profile and enabled collaborative use and tracking of the data in the case that multiple
people shared caring responsibilities in a household was regarded as a positive aspect

of the system.
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Figure6.5. Top dog board, idcover friendsand pack request features on the. app
6.3.6 Sensemaking with the Assistance of Data Visualizations

Despite the confusion about what certain data indicates, most particippréssed
their preference for viewing visually represented data rather than plain numbers due
to the ease of understanding it. Besides, after a particular time of use, most of them
stated that they memorized the cotmding on the data graphs (Figufe5) and

tracked their dogsé daily performance just

Af P30] | also |l ooked at it (daily data

thing with colors, | mean, he is active at this time. Purple color indicates the
active time, oblue manshe was resting. You know, after a certain period
of time, | had already memorized the colors, | was just looking at the color
and quitting the app, frankly. o

However, presenting the data in a visual

this type of data rather than to other information presented in numbers, such as the
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