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Zusammenfassung (German Summary)

Zusammenfassung (German Summary)

Der Erhalt und die Férderung von Gesundheit und Wohlbefinden der Gesellschaft gehort den
erklarten Zielen der Vereinten Nationen (United Nations 2015). Der altersbezogene
Strukturwandel, wandelnde Lebensstile, sowie zunehmender Bewegungsmangel stellen jedoch
eine zunehmende Herausforderung fiir Individuen, Gesellschaft und Gesundheitssysteme dar
(Gianchandani 2011). Zu Unterstiitzung von Gesundheit und Wohlbefinden wird der Consumer
Health IT (engl. verbraucherorientierte Gesundheits-IT) — definiert als ,Werkzeuge und
Artefakte, die Informationssysteme nutzen, um eine Person bei der Bewiltigung ihrer
gesundheitlichen Bediirfnisse zu unterstiitzen® (Agarwal et al. 2011, p. 59) — eine tragende Rolle
beigemessen. Consumer Health IT soll dabei als ,personalisierte Informationsquelle und
Entscheidungshilfe zur Uberwachung des Wohlbefindens, zur Krankheitsprivention und zur
Versorgung fiir informierte und engagierte Verbraucher" (Demiris 2016, S. 46) dienen.

In der Forschung ist allerdings bislang wenig dariiber bekannt, wie durch die Nutzung von
Consumer Health IT gesundes Verhalten und Wohlbefinden tatsichlich unterstiitzt werden
kann. Auch wenn erste Studien vielversprechende Wirkungen aufzeigen (z.B. Kelley et al. 2011;
Yan and Tan 2014), so fehlt es bislang an einem ganzheitlichen Verstindnis dariiber, welche
Faktoren zu einer effektiven Nutzung von Consumer Health IT beitragen. Entsprechend zielt
diese Dissertation auf die Beantwortung der folgenden iibergreifenden Forschungsfrage ab:

Wie kann Consumer Health IT gesundes Verhalten und Wohlbefinden unterstiitzen?

Zur Beantwortung dieser libergreifenden Frage analysiert die vorliegende Dissertation zun4chst
den Forschungsstand des Themengebiets Consumer Health IT und identifiziert drei
iibergreifende Komponenten, die zur Nutzung von Consumer Health IT und somit zur
potenziellen Erreichung der Ziele beitragen: Motivation, Fihigkeit, und Opportunitit. Die
Komponente ,Motivation‘ umfasst die gesundheitsbezogenen Bediirfnisse und Ziele des
Nutzers. Die Komponente ,Fahigkeit’ umfasst die IT-bezogenen Fihigkeiten, wie beispielsweise
Computer Selbstwirksamkeit, als auch die gesundheitsbezogenen Fihigkeiten, wie
beispielsweise Gesundheitskompetenz, des Nutzers. Letztlich beschreibt die Komponente
,Opportunitit’ die Art der IT und deren Funktionen und Features, die Moglichkeiten zur
potentiellen Unterstiitzung von Gesundheit und Wohlbefinden bieten.

Um das Zusammenspiel dieser drei Komponenten und deren Auswirkungen auf gesundes
Verhalten und Wohlbefinden besser zu verstehen, fokussiert die vorliegende Dissertation zwei
Forschungskontexte mit hoher gesellschaftlicher Signifikanz und individuellen
Herausforderung in Praxis und Forschung: 1) die alternde Gesellschaft und 2) Fitness Tracking
Technologien.

Der Kontext der alternden Gesellschaft bezieht sich auf den immer gréBer werdenden Anteil
von Menschen iiber 50 Jahre. Das Altern ist oft mit dem Auftreten chronischer Krankheiten
assoziiert (Campbell 2008), was nicht nur eine Belastung fiir den alternden Menschen selbst,
sondern auch eine Herausforderung fiir viele Gesundheitssysteme darstellt (Pew Research
Center 2013; Statistisches Bundesamt 2017). Auch wenn Consumer Health IT Potenziale fiir
diese Zielgruppe birgt, ist die aktuelle Literatur vom Bild geprigt, dass mangelnde IT-bezogene
Fihigkeiten der dlteren Menschen eine Barriere zur Nutzung darstellen. Um Ursachen und
Konsequenzen der IT-bezogenen Fihigkeiten im Alter besser zu verstehen, zeigt die
Dissertation dabei auf, dass der frithere Arbeitsplatz eine wichtige Quelle zur Aneignung dieser
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Zusammenfassung (German Summary)

Fahigkeiten darstellt und Menschen von diesen Erfahrungen auch im Ruhestand noch
profitieren konnen. Ferner zeigen die Ergebnisse jedoch auch, dass IT-bezogene Fihigkeiten
oftmals nur eine indirekte Rolle in der Nutzung von Consumer Health IT durch dltere Menschen
spielen. So =zeigen die FErgebnisse beispielsweise, dass die Nutzung von Online-
Gesundheitsinformationen im Alter, wesentlich stirker durch die wahrgenommene
Niitzlichkeit von Consumer Health IT zur Unterstiitzung der eigenen Gesundheit und durch das
explorative IT Verhalten — insbesondere im hoheren Alter — der Zielgruppe determiniert ist.
Beide Faktoren werden dabei von den Gesundheitsbediirfnissen und Gesundheitskompetenzen
verstirkt. Die Ergebnisse dieses Kontextes tragen zu einem besseren Verstiandnis zur Nutzung
von IT im Alter in der Forschung bei. So trigt der hier identifizierte Faktor ,Friiherer
Arbeitsplatz“ zu den spezifischen Quellen der IT-bezogenen Selbstwirksamkeit im Alter bei und
durch Analyse des tatsdchlichen Nutzungsverhalten erweitert diese Dissertation den
Forschungsstand um die Postadoptionsperspektive. Damit einhergehend erweitert diese
Dissertation die Rolle des explorativen IT Verhaltens um kontextspezifische Determinanten und
altersbezogene Moderatoren. Fiir Praxis und Politik implizieren die Ergebnisse, dass eine IT
Nutzung bei dlteren Menschen am Arbeitsplatz vor dem Ruhestand zum spéteren Wohlbefinden
beitrdgt und somit zu férdern ist. Ferner sollten dltere Menschen in den Medien zum
»Ausprobieren” von IT angeregt werden.

Der Kontext der Fitness Tracking Technologien bezieht sich auf die unzureichende regelmaBige
Bewegung der Menschen (WHO 2018). Fitness Tracking Technologien umfassen tragbare
Gerite (Wearables wie z.B. Fitbit) oder Softwareanwendungen (z.B. Strava) und haben das Ziel
Menschen zu mehr Bewegung zu motivieren. Auch wenn Fitness Tracking Technologien derzeit
hohes o6ffentliches Interesse erzeugen (Statista 2018), so ist in der Forschung wenig {iber deren
tatsiachliche Wirksamkeit bekannt, insbesondere da Studien durchaus gemischte Auswirkungen
auf Motivation und Bewegung festhalten (siehe z.B. Alahdivdld and Oinas-Kukkonen 2016;
Koivisto and Hamari 2019). Diese Dissertation zeigt auf, dass die individuelle Motivation der
Nutzer zu spezifischen Nutzungsmustern der Features (im Sinne von Opportunititen wie z.B.
Selbstiiberwachung, Belohnung, Sozialer Vergleich) von Fitness Tracking Technologien fiihrt
und dass eine Passung zwischen individueller Motivation und genutzten Features zu einer
hohen Wirksamkeit fiihren kann. Ferner zeigen die FErgebnisse den motivations-
psychologischen Prozess auf, in dem die genutzten Features zur Unterstiitzung von Autonomie,
Kompetenz, und Zugehorigkeit beitragen und so die antizipierte Wirksamkeit erzielen. Letztlich
zeigt dieser Dissertation jedoch auch die ,Schattenseiten” von Fitness Tracking Technologien
auf, bei den negativen Emotionen auftreten konnen oder Kompetenzbefriedigungen durch
spezifische Features behindert werden konnen. Diese negativen Effekte beeinflussen im
Umkehrschluss die Absicht Fitness Tracking Technologien weiterverwenden zu wollen,
insbesondere bei Nutzern mit geringer Nutzungserfahrung und geringer Sportselbst-
wirksamkeit. Fiir die Forschung tragen die Ergebnisse zu einem besseren Verstindnis der
motivationspsychologischen Charakteristika der Features von Fitness Tracking Technologien
und zur Rolle individueller Motivationen in der Nutzung bei. Die Ergebnisse implizieren dabei,
dass eine Nichtbeachtung dieser Faktoren andernfalls zu unschliissigen Ergebnissen zur
Effektivitit von Fitness Tracking Technologien fithren kann. Fiir die Praxis implizieren die
Ergebnisse, dass Anbieter von Fitness Tracking Technologien Moglichkeiten zur
Individualisierung der Features auf Basis individueller Ziele einfiihren sollten um bestmdogliche
Motivationsergebnisse zu erzielen. GleichermaBen sollten Nutzer entsprechend auf Features
zuriickgreifen, die zu Ihren Zielen passen und auf Features, die demotivieren, eher verzichten.
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Zusammenfassung (German Summary)

Aus den Erkenntnissen dieser beiden Kontexte zur iibergeordneten Rolle von Motivation,
Fahigkeit und Opportunitit leitet die vorliegende Dissertation ein Model zur effektiven Nutzung
von Consumer Health IT ab. Dieses beschreibt in seinen Grundziigen, dass Motivationsfaktoren
die spezifische Realisierung von Opportunititen der Consumer Health IT (z.B. Features)
steuern und diese spezifischen Opportunititen dabei bestimmte Konsequenzen fiir gesundes
Verhalten und Wohlbefinden verursachen konnen. Dabei ist ferner die Passung zwischen
Motivation und Opportunitit von Wichtigkeit um eine héhere Wirkung zu erzielen. IT- wie
gesundheitsbezogene Fihigkeiten haben dabei eine unterstiitzende Rolle zur Realisierung der
Opportunititen und tragen zur Bewiltigung ungewollter Effekte bei. Fiir die Forschung trigt
das entstandene Modell zu einem iibergeordneten Verstindnis von Consumer Health IT bei und
unterstiitzt zukiinftige Forschung darin wesentliche Faktoren, die eine Nutzung determinieren,
zu identifizieren, in Bezug zueinander zu stellen, und so die Wirksamkeit von Consumer Health
IT zu analysieren.
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Introduction

Consumer Health
Information Technology

Motivation, Ability, and Opportunity in the Contexts
of Older People and Fitness Tracking Technology

1 INTRODUCTION

“Goal 3. Ensure healthy lives and
promote well-being for all at all ages.
— United Nations (2015a)

»

“Stressful lifestyles, poor diet habits, and
aging populations are giving rise to chronic
illnesses at unparalleled rates, and these are

in turn dramatically altering the kinds of
medical challenges we are facing as a society.”
— Gianchandani (2011, p. 121)

“Digitization in the healthcare sector:
Doctors to be allowed to prescribe apps”
— Tagesschau (2019)

The intersection of these three quotations strikingly illustrates the importance of society’s
health, the challenges confronting healthcare systems, and the pivotal role consumer health
information technology is expected to play.

Maintaining and promoting the health and well-being of the world’s population is a top priority
of the United Nations’ 2030 agenda for sustainable development, along with the goal of ending
poverty and hunger (United Nations 2015a). Achieving health and well-being is complicated, as
societies are undergoing profound changes in lifestyles and demographic structures. For
example, every second German citizen is officially overweight or obese (Statistisches Bundesamt
2019) and only 43% of the German population currently meets the recommended minimum of
physical activity — down startling from 60% in 2010 (Frobose et al. 2018). Moreover, as
populations age steadily, the costs of caring for older people increase dramatically. In Germany,
about half of public healthcare costs are caused by people aged 65 and above (Statistisches
Bundesamt 2017). In partial response to these developments, healthcare systems are adapting,
shifting from a disease- to a patient-centric care approach and from a treatment to a prevention
focus, giving individuals more responsibility for their care and well-being (Gianchandani 2011).
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Along with this, empowering individuals to manage their health through the use of information
and communication technologies has become a top goal of the healthcare sector and
government (The Office of the National Coordinator for Health Information Technology 2014;
Waschinski 2019), the World Health Organization begins partnering with Google to find ways
to promote healthy behaviors such as physical activity (WHO 2018b), and the German
government is currently discussing legislation that would allow doctors to prescribe mobile
health applications (apps) at the expense of health insurance companies (Waschinski 2019).

Clearly, consumer health IT, which Agarwal et al. (2011, p. 59) define as “tools and artifacts that
use information systems to support an individual [consumer] in the management of his or her
health-related needs”, is expected to provide a broad variety of personal health and well-being
benefits. Today, different tools and applications exist potentially supporting people in their self-
care, such as online health information, mobile health technologies, virtual doctor offices, or
fitness tracking technology (Demiris 2016). The information systems (IS) literature, however,
has been comparatively slow in taking upon the consumer perspective on health IT despite early
calls (Agarwal et al. 2010). The initial research available, though, lends initial support for
positive impacts on, for example, people’s health literacy (Chen et al. 2019), well-being (James
et al. 2019b), or adoption of self-care activities (Kelley et al. 2011). However, because the tools
and applications of consumer health IT are as diverse as the individuals using them, the
literature currently lacks an overarching understanding of how individuals with different needs,
goals, and abilities make use of consumer health IT and how the use of consumer health IT can
support healthy behavior and well-being. This dissertation analyzes the determinants and
consequences of consumer health IT use by following the central research question:

How can consumer health IT support healthy behavior and well-being?

To answer this question, this dissertation analyzes the state of knowledge on consumer health
IT and identifies motivation, ability, and opportunity as constituent components of consumer
health IT use: motivation refers to the different health-related needs and goals people have;
ability involves both IT-related ability, such as IT self-efficacy, and health-related ability, such
as health knowledge and health self-efficacy; opportunity reflects the type of consumer health
IT and its features with which users can support their healthy behavior and well-being.

The twelve papers of this dissertation analyze the mutual interplay between these three
components and their collective impact on health- and well-being-related outcomes. Each paper
has a distinct focus on at least one of these three components, seeking to understand their
nature, antecedents, and consequences. Thereby, the twelve papers of this dissertation take on
two distinct contexts which are of high practical significance and come along with unique gaps
in knowledge: 1) older people and 2) fitness tracking technology. By examining motivation,
ability, and opportunity in these two contexts and synthesizing the research findings, this
dissertation aims to develop a model of effective consumer health IT use (Figure 1).

Motivation, ability, opportunity in the context of:

Older people
Identification of Papers |-VI Towards a model of
motivation, ability, opportunity ———— —— effective consumer health IT
in consumer health IT use Fitness tracking technology use
Papers VII-XII

Figure 1. Structure of this dissertation
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Introduction

The research context of older people is concerned with the increasing proportion of older
persons within the population due to declining fertility and increased longevity (United Nations
2015b; 2017). The number of people aged 60 years and above more than doubled from 1980 to
2017 and is expected to double again by 2050 with an estimated 2.1 billion people of higher age
(United Nations 2017). As aging is associated with the emergence of chronic illnesses (Campbell
2008), the health of the older person is not only of significance for the self but also for many
healthcare systems as a significant proportion of healthcare costs is spent on older people (Pew
Research Center 2013; Statistisches Bundesamt 2017). Whilst the use of consumer health IT can
be generally expected to be beneficial for older people’s health and well-being, the predominant
view in the literature is that older persons “lack either the ability or the willingness” to adopt
and use IT (Fox and Connolly 2018, p. 997). While research stresses accordingly the importance
of older people’s IT-related ability for their adoption and use of IT (Fox and Connolly 2018;
Niehaves and Plattfaut 2014; Tams et al. 2018), the sources of older people’s IT-related ability
are less well understood. Moreover, because older persons tend to stick with existing media
practices (Nimrod 2017), they often underutilize their existing IT, such as that they are less likely
to utilize the Internet to retrieve health information online (Fox and Duggan 2013). Because
existing research mostly focuses on the adoption of new IT, their actual engagement with IT
after adoption is less well understood (Tams et al. 2014) including mechanisms that potentially
promote older people’s utilization of existing IT for health-related purposes. To fill these gaps,
Papers I-VI study the role of motivation, ability, and opportunity in the context of older people.

The research context of fitness tracking technology addresses the globally prevailing issue of
insufficient regular physical activity which has become a leading factor of mortality (OECD
2017) and causes billions in healthcare costs and productivity losses (WHO 2018a). Fitness
tracking technology, which includes both wearable devices (e.g., Fitbit) and software
applications (e.g., Strava, Nike+ Running), is expected to enhance people’s physical activity
motivation and behavior (Hassan et al. 2019; James et al. 2019b) and currently attracts millions
of individuals (Statista 2018), health insurance companies (BBC 2018; Best 2016), employers
(Giddens et al. 2017), and even the World Health Organization (WHO 2018b). In research,
however, the motivational impacts fitness tracking technology have are not well understood
with studies reporting positive, neutral, and sometimes even adverse effects on motivation and
physical activity (Alahdivild and Oinas-Kukkonen 2016; Koivisto and Hamari 2019). Although
fitness tracking technology offers a wide array of ‘motivational features’ that aim to support
motivation and behavior, such as performance graphs, virtual rewards, challenges, or rankings,
existing research mostly neglects the individual effects stemming from these features (Koivisto
and Hamari 2019). Moreover, although individuals hold different motivations and pursue
different goals when performing physical activity, existing research rarely considers the role of
such interpersonal, motivational differences (Koivisto and Hamari 2019). In sum, the current
literature lacks explanations as to how and why fitness tracking technology can promote the
anticipated motivational benefits related to physical activity. To fill these gaps, Papers VII-XII
examine motivation, ability, and opportunity in the context of fitness tracking technology.

The rest of this introductory paper unfolds as follows. The next section introduces the
background on consumer health IT, reviews existing research, and derives motivation, ability,
and opportunity as constituent components of consumer health IT use. Then, the two research
contexts and the theoretical background are presented before research questions are derived.
Subsequently, the research methods are outlined and the results of the twelve papers are
presented and summarized in a model of effective consumer health IT use. Lastly, the main
contributions and implications for research and practice of this dissertation are discussed.

Robert Rockmann 19



Introductory Paper

2 THEORETICAL BACKGROUND

2.1 Consumer Health Information Technology

Ensuring the population’s health and well-being is a top priority of nations (United Nations
2015a), and one which demands significant resources (Agarwal et al. 2010). To provide better
care and to optimize resources, healthcare is currently undergoing a major transformation. Two
key pillars of this transformation are patient-centered care and the digitization of healthcare.

Over the last years, a shift in the role of the patient in healthcare is propagated (Payton et al.
2011). Specifically, the patient-centered care model shifts the focus of care from the healthcare
provider to the patient. In the traditional model, patients are passive recipients of health
services, whereas in the patient-centered care model, patients’ individual needs and preferences
are central and patients are empowered to take an active role in staying and getting healthy
(Payton et al. 2011). Thereby, the use of consumer health IT is seen as essential in effective,
patient-centered care (Demiris 2016; Payton et al. 2011). As Agarwal et al. (2011, p. 1) put it:

“Central to the vision of a patient-centered health care system are information
technologies and tools in the form of consumer health information technology (IT)
applications that support a range of health management activities such as storing and
retrieving health information, sharing health information with health care providers,
and tracking health-related behaviors and actions.”

Consumer health IT, also called consumer health informatics (Eysenbach 2000; Gibbons et
al. 2009, p. 13), can be broadly understood as “tools and artifacts that use information systems
to support an individual [consumer] in the management of his or her health-related needs”
(Agarwal et al. 2011, p. 59) or as “computer-based systems that are designed to facilitate
information access and exchange, enhance decision making, provide social and emotional
support, and help behavior changes that promote health and well-being” (Or and Karsh 2009).
The broad vision of consumer health IT is that people can access information related to their
health and thereby control their own healthcare and utilize healthcare resources more efficiently
(Eysenbach 2000). As such consumer health IT serves as “personalized information source and
decision aid to facilitate tailored monitoring of wellness, disease prevention, and treatment for
informed and engaged consumers” (Demiris 2016, p. 46). In sum, consumer health IT focuses
prevention, self-help, and self-care (Eysenbach 2000).

A broad variety of tools and applications exists, including online health information, telehealth,
digital personal health records, mobile health, or, more recently, fitness tracking technology,
that aim to facilitate people’s self-help and self-care (Demiris 2016). The Internet, for example,
has become a major source of health information (Agarwal et al. 2010) and is seen as means to
empower individuals to become the ‘source of control’ in making their healthcare decisions
(Prey et al. 2014). Indeed, about two-thirds of U.S. Internet users feel better informed about
their health than they had five years earlier — thanks to the Internet (Pew Research Center 2014).

Understanding people’s use of consumer health IT and resulting consequences warrants
considerations about four distinct characteristics of this context. First, the healthcare context is
distinct due to the high diversity of involved individuals with different physical traits, diverse
medical issues and histories (Fichman et al. 2011). Consequently, people also have different
motivations and goals which affect their health-related behavior (Lochbaum and Gottardy 2015;
Ryan and Deci 2017). Taken physical activity as example, there are people who do sports for the
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sake of pleasure and out of intrinsic motivation whereas others are much more extrinsically
motivated such as by improving their physical appearance. Second, health is a highly sensitive
matter and personal health issues, such as health conditions, are often emotion-laden such that
health-related emotions can ‘infuse’ people’s thoughts and decisions (Anderson and Agarwal
2011; Kordzadeh and Warren 2017). Third, though consumer health IT tools and applications,
such as diabetes self-management applications (Kelley et al. 2011), often serve utilitarian
purposes, they are not limited to this pragmatic characteristic; other tools and applications, such
as those aiming to promote behavior change like fitness tracking technologies, also serve for
hedonic purposes such as for the enjoyment, fun, and pleasure, which is relevant to sustained
engagement (van der Heijden 2004; Wu and Lu 2013). Lastly, the consequences of personal
health conditions determine people’s overall quality of life and function within the society
(Fichman et al. 2011) such that the outcomes of using consumer health IT are everything else
than trivial. In essence, these aspects define the uniqueness of the consumer health IT context
and provide opportunities for developing new or extending existing theories of IS use-related
phenomena (Fichman et al. 2011).

2.1.1 General Research on Consumer Health IT

This section provides an overview of the current state of research on consumer health IT
published in major journals of the IS domain (see also section 3.1). In line with the
characteristics of this context just discussed, this review focuses on the following questions:

1. What contexts, tools, and applications of consumer health IT have been examined?

2. What IT-related and health-related individual differences have been examined and
what is their role?

3. What is known about the health- and well-being-related outcomes of consumer health
IT use?

With these questions in mind, the aim of the literature review is to get an initial understanding
about how consumer health IT can facilitate healthy behavior and well-being, to identify the key
factors determining consumer health IT use, and to identify gaps in research. Table 1 provides
an overview of the twenty articles included in this review covering the last ten years of research
(2008-2019). It can be generally noted that scholarly interest on consumer health IT grew
particularly in the last few years and in parallel to this dissertation. Below, these articles are
discussed according to the central questions concerning 1) the context, tools, and applications
2) the role of individual health- and IT-related differences, and 3) the health- and well-being-
related outcomes of consumer health IT use.
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Contexts, tools, and

applications

IT-related
differences

Health-related
differences

Health-related
outcomes

Angst and Adoption of electronic Control: Ability (computer

Agarwal (2009) | health records skills, computer experience)

Anderson and Disclosure of personal Health status and
Agarwal (2011) health information emotions

Kelley et al.
(2011)

Use of diabetes self-
management application
for communication and
learning

Computer self-efficacy,

IT knowledge

Diabetes self-efficacy

Blood glucose values
Diabetes self-care
activities

Change in HbA1c values

Yan and Tan

Social support in online

Health condition

Health condition changes

activity tracker

(2014) mental health community
Yan et al. Network formation in Similarity in disease,
(2015) online mental health symptoms, drugs, and
communities treatments
Venkatesh et al. | Use of eHealth kiosk Lowered infant mortality
(2016a) providing health
information in rural area
Zahedi et al. Design and evaluation of Controls: personal Controls: medical
(2016) augmented virtual doctor innovativeness in IT, flexibility (attitude),
office technological self-efficacy disease type, disease
severity
Kordzadeh and Disclosure of personal
Warren (2017) health information in
virtual health
communities
Liang et al. Online health Controls: Internet Level of physical
(2017) information use by experience, eHealth literacy | disability
people with physical
disabilities
Prasopoulou Memoir on experiential
(2017) computing with an

Yan and Tan
(2017)

Treatment review
effectiveness in online
mental health community

Pre-commitment
(treatment experience)

Perceived treatment
effectiveness

health-consultation
platform

Fox and Mobile health technology Mobile health self-efficacy
Connolly adoption intention by Health information seeking
(2018) older persons experience
Dadgar and Value sensitive design of
Joshi (2018) self-management
application for diabetes
Fan and Trust development in Perceived similarity in
Lederman online health medical status
(2018) communities and
adoption of peer health
information
Zhang et al. Patient-doctor Disease severity
(2019) relationship in online

Benbunan-Fich
(2019)

User experience and
usability of minimalist
wearables
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Contexts, tools, and

applications

IT-related
differences

Health-related
differences

Theoretical Background

Health-related
outcomes

Chen et al. Social support in online Context: users with Health literacy
(2019) health community chronic conditions Health attitude valence
James et al. Fitness tracking Controls: Fitness Exercise goals Subjective vitality
(2019a) technology feature use technology proficiency (intrinsic, body-

focused extrinsic, social

extrinsic)
James et al. Fitness tracking Controls: Frequency of use, Exercise regulations Subjective vitality
(2019b) technology feature use Proficiency (intrinsic, integrated,

identified, introjected,

external,

nonregulation)
Hur et al. Critical perspective on
(2019) engagement in online

health community

Table 1. Research on consumer health IT in major IS journals

2.1.1.1  Contexts, Tools, and Applications

A variety of consumer health IT contexts, tools and applications have been examined so far,
including online health communities (e.g., Yan and Tan 2014), fitness tracking technology (e.g.,
James et al. 2019b), mobile health technology (e.g., Fox and Connolly 2018), health self-
management tools (e.g., Kelley et al. 2011), virtual doctor consultation platforms (e.g., Zhang et
al. 2019), electronic health records (e.g., Angst and Agarwal 2009), and digitally provided health
information (e.g., Liang et al. 2017).

Much of the available research so far focuses on online health communities. Here, research
has shown that trust in community members increases an individual’s adoption of peer-based
health information such as health advice (Fan and Lederman 2018). Similarly, as such
communities are also used to share medical treatment experiences, research revealed that a
person’s perceived treatment effectiveness is influenced by the community’s consensus on
treatment effectiveness (Yan and Tan 2017). Studies also centered on the role of social support
in these communities revealing that exchanging social support positively impacts individuals’
health conditions, particularly through emotional support, and particularly for patients with
mental problems (Yan and Tan 2014). Furthermore, the social support provided and received
also has been found to improve users’ attitude towards health and their health literacy (Chen et
al. 2019). Because these communities center on social relationships, research also examined the
formation of social connections revealing that health status similarities between persons
increase the likelihood of forming a social connection (Yan et al. 2015). In taking a critical view
on online health communities, research recently investigated members’ engagement and
discourses in controversially discussed childhood immunization forums (Hur et al. 2019).

An emergent type of consumer health IT that recently received scholarly attention is fitness
tracking technology, which includes devices such as fitness tracker wristbands and software
applications that record physical activity. Because such devices are designed to be unobtrusive,
the minimalist product design can create complex user experiences and usability issues
(Benbunan-Fich 2019). As these devices interact with the body and are worn nearly constantly,
they also create novel experiences of ‘everyday computing’ that scholars have studied by
employing new research methods like memoirs (Prasopoulou 2017). Furthermore, since people
have different exercise-related motivations and goals, recent research has shown that different
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motivations can drive different uses of fitness tracking technology features which, in turn, can
increase peoples’ well-being (James et al. 2019a; James et al. 2019b).

For individuals with more severe health conditions, such as diabetes, health self-
management applications can be beneficial. Here, research draws connections between the
adoption and specific use of such applications and improvements in health (Kelley et al. 2011).
Specifically, using a diabetes self-management application for communication and learning
purposes facilitates the adoption of diabetes self-care activities (e.g., blood sugar testing,
treatment of low blood sugar levels), particularly by enhancing self-care self-efficacy and
knowledge. In consequence, adopting self-care activities results in improved HbA1c values
(Kelley et al. 2011). In addition, research shows that value-sensitive design approaches, i.e.
approaches considering the values important to people with chronic conditions, positively
influence self-management activity levels and should inform the development of self-
management applications and features (Dadgar and Joshi 2018).

Consumer health IT-related research also examined the use of digitally provided health
information, showing that perceived benefits and risks are the main drivers and inhibitors of
online health information use among people with disabilities (Liang et al. 2017). These benefits
and risks, in turn, are determined by perceived information quality and system quality (Liang
et al. 2017). Importantly, these relationships are influenced by people’s level of disability, such
that the impact of perceived benefits on online health information use is stronger among people
with more severe disabilities (Liang et al. 2017). Initial research has also stressed the positive
impacts of digitally provided health information, particularly in the case of developing countries
challenged by high infant mortality (Venkatesh et al. 2016a). Here, special eHealth kiosks give
mothers accurate medical information as a basis for deciding whether to seek professional
medical care. It has been shown that eHealth kiosk use significantly lowers infant mortality rates
and that the personal social network of the mother can be both a facilitator and hindrance of
their eHealth kiosk use (Venkatesh et al. 2016a).

Another opportunity presented by consumer health IT is shifting doctor visits into the digital
environment with specific health consultation platforms. In such platforms, people can
post inquiries related to their health condition and doctors respond with professional health
information (Zhang et al. 2019). In this case, information asymmetries and informational
unfairness between the individual and the doctor determine their relationship quality, which is
further influenced by the severity of the individual’s disease (Zhang et al. 2019). Related
research also examined the potential of virtual worlds for health consultation purposes (Zahedi
et al. 2016). Individuals’ acceptance of this format is driven by trust and perceived effectiveness
whereby additional features, such as webcam inspections, increase people’s trust in the virtual
doctor’s office (Zahedi et al. 2016).

In the realm of the digital divide, research examined the acceptance of mobile health
technologies by older people (Fox and Connolly 2018). The results of a mixed method study
stress the importance of older people’s IT-related self-efficacy and level of Internet search
experience as enabling factors of their willingness to adopt (Fox and Connolly 2018). The study
also points at mistrust, risk perceptions, and privacy concerns as inhibiting factors of older
people’s mobile health acceptance (Fox and Connolly 2018).

In this vein, research also highlighted the role of individuals’ privacy concerns in determining
their willingness to adopt electronic health records and how positively framed messages
can enhance individuals’ positive attitudes to adopt (Angst and Agarwal 2009). Similarly,
research into people’s willingness to disclose personal health information reveals that
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individuals’ disclosure decisions vary by the type of health information, the purpose of
information use, and the requesting institution (Anderson and Agarwal 2011). Furthermore, as
people attach emotions to their current health status, this emotion makes individuals more
willing to disclose their personal health information (Anderson and Agarwal 2011).

2.1.1.2 Health- and Well-Being-Related Outcomes of Consumer Health IT

While consumer health IT use is anticipated to bring about various benefits for the individuals,
there has been little research into the health- and well-being-related outcomes of its use (Table
1). The seven exceptions noted, however, provide first insights into its potential effectiveness.

Hereto, research has shown that the social support exchanged, both informational and
emotional, in online health communities has a positive impact on users’ health conditions (Yan
and Tan 2014). Receiving, but also particularly providing such social support can enhance
peoples’ health literacy and strengthens positive attitude towards health (Chen et al. 2019). An
intriguing finding is also that people perceive a higher medical treatment effectiveness when
other members in online health communities share a consensus on its effectiveness (Chen et al.
2019). Moreover, it has been found that using fitness tracking technology can enhance well-
being, specifically subjective vitality (James et al. 2019a; James et al. 2019b). Likewise, using a
diabetes self-management tool for communication and learning can contribute to improved
diabetes self-efficacy, diabetes knowledge, diabetes self-care activities, and therefore to
improved HbA1c results (Kelley et al. 2011). Perhaps most importantly, it has been shown that
the use of consumer health IT can actually save lives, particularly in developing countries, where
medical information provided by eHealth kiosks prompts mothers to consult professional
medical care for their infants and can decrease infant mortality (Venkatesh et al. 2016a).

Taken together, these results provide an initial promising view of the beneficial health- and well-
being-related impacts of consumer health IT. The results indicate that its use can impact health-
related cognition (e.g., health literacy, diabetes self-efficacy), affect (e.g., health attitude),
behavior (e.g., diabetes self-care activities, doctor consultation), well-being (e.g., subjective
vitality), bodily outcomes (e.g., HbA1ic improvement), and life outcomes (e.g., infant mortality).

2.1.1.3 Role of Health-Related Individual Differences

As discussed, an important characteristic of the healthcare context is the high level of diversity
among individuals, especially with respect to health-related differences (Fichman et al. 2011).
Consumer health IT research tends to echo this uniqueness and considers health-related
individual differences both explicitly, such as by analyzing the influence of health severity, and
implicitly in terms of the research context, such as members of online communities with mental
problems (Table 1). Particularly in the former case, the explicit incorporation of individual
health-related factors can provide key insights. Here, the factors examined so far can be
classified as an individual’s health needs (e.g., health status, disease severity), health goals (e.g.,
exercise motivations), and health abilities (e.g., diabetes self-efficacy, health literacy).

Health needs include, for instance, the level of physical disability (Liang et al. 2017), disease
severity (Zhang et al. 2019), medical status (Fan and Lederman 2018), or health condition
(Anderson and Agarwal 2011; Yan et al. 2015; Yan and Tan 2014). Such health needs
significantly influence consumer health IT interactions. For example, health needs significantly
influence patients’ perceptions of the benefits of consumer health IT, such that the perceived
benefits of online health information become a stronger driver for actual online health
information use for people with a high degree of physical disability (Liang et al. 2017). Health
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status also affects the impact of information quality and system quality on perceived risk of
online health information. Specifically, it has been shown that people with greater disabilities
have impaired sensitivity to risks and do not adhere to the objective signs of poor information
and system quality in judging the perceived risks of online health information (Liang et al. 2017).
Moreover, people attach emotions to their health status, and such health-related emotions
increase peoples’ willingness to disclose personal health information (Anderson and Agarwal
2011). In online health consultation platforms, people with more severe diseases invest more in
the relationship with doctors and perceive a more urgent need to obtain information from them
(Zhang et al. 2019). Additionally, people use their health status in evaluating health condition
similarities with other persons which drives their development of new social connections (Yan
et al. 2015) and trust (Fan and Lederman 2018) in online health communities. Finally, users
with more severe health problems also benefit more from the social support received in online
health communities, resulting in greater mental health improvements (Yan and Tan 2014).

Health goals can be understood as the motivational impetus stemming from a person’s health
needs. Health goals can include, for example, different exercise goals, such as becoming fitter,
having more energy, or maintaining a desired weight (James et al. 2019a). Particularly in the
physical activity and fitness tracking technology context, such health-related goals and
motivations can drive distinct uses of the available features (James et al. 2019a; James et al.
2019b). For example, users who exercise with a socializing goal (i.e., meeting friends) are more
inclined towards features that enable social interactions within these fitness tracking
technologies (James et al. 2019a).

Health abilities can include disease-specific self-efficacy, such as diabetes self-efficacy (Kelley
et al. 2011), disease-specific knowledge, such as diabetes knowledge (Kelley et al. 2011), general
health literacy (Chen et al. 2019), or also medical treatment experiences (Yan and Tan 2017).
Such health abilities have been considered in terms of the outcomes improved through using
consumer health IT (Chen et al. 2019; Kelley et al. 2011), but also as a personal resource people
draw upon in evaluating health information (Yan and Tan 2017). In the former case, for
example, the use of self-management applications for the purpose of learning can improve users’
disease-specific self-efficacy and knowledge (Kelley et al. 2011). Likewise, by receiving and
particularly providing informational support in online health communities, users can also
improve their health literacy (Chen et al. 2019). In the latter case, peoples’ treatment
experiences make them less likely to be influenced by others in evaluating the effectiveness of
their medical treatments (Yan and Tan 2017).

In summary, as discussed detailed subsequently, health-related needs and goals appear to be
critical factors influencing people’s interactions with consumer health IT.

2.1.1.4 Role of IT-Related Individual Differences

Compared to the individual health-related differences just discussed, IT-related differences
have received comparatively less attention in the literature and have been predominantly used
as control variables. The IT-related differences that have significant influence can be categorized
as IT-related experiences and IT-related skills.

IT-related experiences considered in the literature include Internet experience (Liang et al.
2017), computer experience (Angst and Agarwal 2009), health information seeking experience
(Fox and Connolly 2018) or frequency of fitness tracking technology use (James et al. 2019b).
IT-related skills include technological self-efficacy (Zahedi et al. 2016), computer self-efficacy
(Kelley et al. 2011), mobile health self-efficacy (Fox and Connolly 2018), computer skills (Angst
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and Agarwal 2009), fitness tracking technology proficiency (James et al. 2019a; James et al.
2019b) and eHealth literacy (Liang et al. 2017). Scholars have also examined the influence of
personal innovativeness in IT (Zahedi et al. 2016). Regardless of whether these are considered
as control or main variables, such IT-related individual experiences generally positively
influence consumer health IT use. For example, fitness tracking technology proficiency
increases the use of distinct features which support data management and social interaction
(James et al. 2019a). Likewise, higher computer self-efficacy increases the use of health self-
management tools for learning purposes (Kelley et al. 2011).

Both experiences and skills are usually understood as IT-related abilities that enable
consumer health IT use (Fox and Connolly 2018; Kelley et al. 2011). In the context of older
people, for instance, low IT-related abilities can significantly hinder mobile health IT adoption
(Fox and Connolly 2018).

2.1.1.5 Summary and Guiding Research Framework

Consumer health IT refers to IT tools and artifacts used to support the personal management of
one’s health-related needs (Agarwal et al. 2011). An analysis of the literature reveals that diverse
contexts, tools and applications of consumer health IT have been considered so far in research
and that relatively few investigated the health- and well-being-related outcomes of consumer
health IT. However, the results of the extant research indicate that the use of consumer health
IT involves three distinct components: 1) people’s health-related needs and goals (e.g., health
status, exercise goals); 2) people’s health-related and IT-related abilities (e.g., health self-
efficacy, computer self-efficacy); and 3) the type and features of the specific consumer health IT.

These three components resonate with what is known about how motivation, ability and
opportunity drive human behavior. Specifically, the so-called motivation-opportunities-abilities
(MOA) framework is a well-established theoretical base of human behavior (Maclnnis et al.
1991; Olander and Thegersen 1995). As Figure 2 depicts, the MOA framework posits that
individual characteristics (motivation and ability) and the external environment (opportunity)
are determinants of specific behavior, which in turn, leads to certain behavioral outcomes
(Maclnnis et al. 1991; Olander and Thegersen 1995; Rothschild 1999). As the MOA is a meta-
theory providing a high level of generalization of human behavior (Hughes 2007), it has been
applied in a variety of contexts such as in management of public health behaviors (Rothschild
1999), work performance (Blumberg and Pringle 1982), consumer behavior (Maclnnis et al.
1991; Olander and Thogersen 1995), healthy behavior (Brug 2008), and also in the IS literature
in examining IT-facilitated organizational knowledge sharing (Kettinger et al. 2015).

Motivation

+ Health-related needs (e.g., health status)
« Health-related goals (e.g., exercise goals)

Health-related Outcomes

INDIVIDUAL
CHARACTERISTICS

Ability Behavior «+ Cognitions (e.g., health literacy)
+ Health-related ability (e.g., health literacy) ————* « Intention to use —> . Affect (e.g., health attitude)
« IT-related ability (e.g., IT self-efficacy) « Nature of use (e.g., feature use) « Behavior (e.g., self-care activities)

* Bodily improvements

Opportunity

« Type of consumer health IT
« Features of consumer health IT

ENVIRON
MENT

Figure 2. Derived research framework of the dissertation
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The MOA framework posits motivation as the ‘internal drivers’ to perform a behavior
(Parkinson et al. 2016; Siemsen et al. 2008). In the general consumer health context, motivation
refers to goal-directed arousal to engage in healthy behaviors hence capturing a person’s interest
and willingness to perform the health-related behavior (Maclnnis et al. 1991; Moorman and
Matulich 1993). Motivation is affected, among others, by personal relevance, needs, and goals
(Hoyer et al. 2012). As such, the motivation component is echoed in the consumer health IT
context by a person’s health-related needs, such as health status, and health-related goals, such
as exercise goals.

Ability refers to the person’s knowledge, skills, and other proficiencies to perform a behavior
(Siemsen et al. 2008). In the MOA literature, ability is related to past experiences, knowledge,
and self-efficacy (Bandura 1997; Parkinson et al. 2016; Rothschild 1999). Noting parallel lines
within the consumer health IT research context, abilities in this context involve both health-
related and IT-related abilities. Health-related abilities refer to the ability to engage in healthy
behavior and include, for instance, health knowledge, health literacy, or disease-specific self-
efficacy (Kelley et al. 2011; Moorman and Matulich 1993). IT-related abilities, on the other hand,
involve the experiences and skills, such as computer experience or computer self-efficacy, that
are needed to adopt and use consumer health IT.

Opportunity reflects the extent to which external (i.e., environmental, situational)
circumstances either facilitate or inhibit a specific behavior (Parkinson et al. 2016). An example
of lack of opportunity is when someone desires to carry out a behavior but is prevented from
doing so by environmental factors (Parkinson et al. 2016; Rothschild 1999). In general, several
situational factors can be regarded as opportunities such as availability of time or resources,
geographical location, social structures such as laws, or infrastructure (Parkinson et al. 2016).
In the consumer health IT context, opportunity reflects the type of the consumer health IT tool
or application of interest (e.g., online health community, fitness tracking technology) and
particularly the features and functionalities it offers which is in line with IS research applying
the MOA framework (Kettinger et al. 2015).

Despite the conceptual parsimony relating motivation, opportunity, and ability to behavioral
outcomes, these three aspects are not necessarily independent but rather can be highly
interrelated for certain behaviors (Parkinson et al. 2016). Scholars hence suggest considering
the interactions between these components but also their implications for the ‘nature of the
behavior’, i.e. the characteristics of the behavior (Kettinger et al. 2015; Lai et al. 2018; Olander
and Thagersen 1995; Parkinson et al. 2016).

In summary, the MOA appears to be a viable organizing framework to examine the role of
individual (health-related needs and goals, health-related abilities and IT-related abilities) and
technological (type, features) factors in consumer health IT use and resulting health- and well-
being-related outcomes. This dissertation hence adopts the MOA framework to examine the
relationships between these three components as guiding framework to answer the research
question how consumer health IT can facilitate healthy behavior and well-being. To this end,
this dissertation draws upon two distinct research contexts which are ideally suited to examine
motivation, ability, and opportunity in different constellations and their resulting
consequences: 1) the context of older people’s use of consumer health IT and 2) the context of
fitness tracking technology facilitating people’s physical activity. These two contexts are
introduced next alongside their specific characteristics and gaps in research.
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2.1.2 Research Context I: Older People

In most developed countries, people are living longer and longer, a trend known as
“demographic change” (United Nations 2017; WHO 2015). However, ageing is often
accompanied by the emergence of chronic illnesses (Campbell 2008), which is not only a burden
for the individual oneself, but also a challenge for many healthcare systems as a significant
proportion of healthcare costs is spent on older people (Pew Research Center 2013; Statistisches
Bundesamt 2017). In Germany, for instance, about the half of the public healthcare costs are
caused by citizens aged 65 and above and the per capita costs are 4.8 times high for people aged
over 84 in comparison to the age cohort of 15-29 years (Statistisches Bundesamt 2017).
Healthcare systems worldwide must therefore rise to the challenge of treating an increasingly
older population at ever-greater cost (Chatterjee and Price 2009). Not surprisingly, the use of
consumer health IT by older people is expected to benefit both the individual and also the society
at large (Fox and Connolly 2018). In general, however, there is no agreed definition on the term
‘older people’: while most consider persons with a chronological age of 60-65 years and above
as ‘older people’, others consider the threshold of 50 years and above (WHO 2012). As aging
starts at around the age of 50 years, this dissertation considers persons aged 50 years and above
as ‘older people’ which is in line with current IS research (Fox and Connolly 2018).

In terms of digital technology proficiency, older people are often considered “digital
immigrants” because they learned computing technology during their adult life, unlike “digital
natives” who grew up in a digital world (Vodanovich et al. 2010; Wang et al. 2013a). Older
people’s interactions with IT are also discussed in light of the “digital divide”, which refers to
the unequal access, use, and impact of IT across social groups (Dewan and Riggins 2005).
Although adoption of certain technologies, such as the Internet and smartphones, increased
considerably among older people in the last years (Anderson and Perrin 2017; ARD/ZDF 2019),
older people often underutilize their existing IT and stick with traditional media practices,
rather than making intense use of the digital environment (Nimrod 2017). For instance, older
Internet users are less likely to use the Internet for banking, commerce, or social networks
compared to younger people (DIVSI 2016; Statisches Bundesamt 2016). In the health context,
despite general Internet use, only 58% of Internet users over 65 retrieve health information
online, compared to 75% of adults under 65 (Fox and Duggan 2013).

The prevailing picture in the literature of older people’s interactions with IT is that this group is
less tech-savvy, has lower computer self-efficacy, possesses higher anxieties towards IT, has
higher difficulties in using IT, and is generally perceived to be resistant towards modern IT
(Czaja et al. 2006; Tams et al. 2014). Put differently, older persons “lack either the ability or the
willingness” to adopt and use IT (Fox and Connolly 2018, p. 997). However, such stereotypical
views on older people do not necessarily mirror reality. Older people are increasingly open to
digitization. Many are curious and desire to become competent actors in this digital society
(WeiB et al. 2017). Both practice and research increasingly recognize that older people are not a
homogenous group in terms of IT and Internet use (DIVSI 2016; Niehaves and Plattfaut 2014).

However, the older people’s use of IT in general, and consumer health IT in particular is an
understudied area in the IS literature (Fox and Connolly 2018; Tams et al. 2014). As shown in
Table 2, there is only little research in the major IS journals addressing the older population.

Existing research points at the importance of older people’s computer self-efficacy and IT-
related experiences in their decision to adopt technology such as the Internet (Niehaves and
Plattfaut 2014) or mobile health technology (Fox and Connolly 2018). Moreover, older people’s
computer self-efficacy has also been found to be of relevance to cope with IT-related
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interruptions and resulting workload stress at the workplace (Tams et al. 2018). These impacts
are particularly relevant as that studies still reveal that older people have less IT-related
experience and self-efficacy compared to younger people (Tams et al. 2018). As older people
may lack the skills to use IT, literature suggests that these deficiencies can be overcome by older
persons’ social support network such that direct IT use among older people can be prevented
and replaced by ‘indirect’ use instead (Spagnoletti et al. 2015).

Relevant findings

Discusses a research agenda on age-related IS research including
the concept of age itself, the need to examine IS-related phenomena
beyond initial IT adoption, and why ageing matters in IS use.

Study Topic
Research agenda on older

Tams et al. (2014) people in the workforce

Niehaves and
Plattfaut (2014)

Internet adoption by older
people

Examines different models of Internet adoption in the context of
older people and reveals computer self-efficacy as key determinant.

Spagnoletti et al.
(2015)

Design for social media
engagement: Insights from
elderly care assistance

Discusses the design of elderly care assistance through social media
and suggests that older people can also “indirectly” use IT, such as
by having a support network who are the primary users.

Mobile health adoption decisions are driven by older people’s
adoption abilities (IT-related self-efficacy and experience), trust,
risk perceptions, and privacy

Mobile health adoption and
‘age-related’ digital divide

Fox and Connolly
(2018)

Older people have less computer self-efficacy and computer
experience, which are important factors in coping with
technostress.

Age, Technostress and Task

T t al. (2
ams et al. (2018) Performance

Older people’s evaluation of a recommendation agent’s complexity
and usefulness is influenced by their subjective age. Against
common belief, older persons who perceive themselves as older
find systems with high comprehensiveness as more useful.

Recommendation agents for
older adults

Ghasemaghaei et
al. (2019)

Table 2. Research on older people in major IS journals

Because older people’s cognitive abilities decline with higher chronological age, a common
assertion in both practice and literature is that complex IT, such as online shopping
recommendation agents, should be designed in most simple forms for this audience
(Ghasemaghaei et al. 2019). However, a recent study employing an alternative measure of age
— subjective age perception — provides the intriguing insight that older persons who perceive
themselves as older than they really are evaluate systems with high complexity as more useful
than those perceiving themselves as younger than they really are (Ghasemaghaei et al. 2019).

To summarize, to date, as also pointed out by Tams et al. (2014), only few age-related studies
exist. Existing research, however, echoes the significance of computer self-efficacy and IT-
related experiences for older people’s IT adoption and use behavior (Fox and Connolly 2018;
Niehaves and Plattfaut 2014; Tams et al. 2018). Despite its importance, however, surprisingly
little is known how older people develop their computer self-efficacy. This has led to calls to
examine the specific causes and sources of older people’s computer self-efficacy (Fox and
Connolly 2018; Tams et al. 2014). Moreover, as the review of Tams et al. (2014) also reveals, the
majority of the age-related IS literature is restricted to initial technology adoption. Given that
general technology adoption has increased amongst older people (Anderson and Perrin 2017;
ARD/ZDF 2019), older people’s actual engagement with IT after adoption (i.e., post-adoptive
use) is less understood (Tams et al. 2014). Finally, initial research reveals that alternative
conceptualizations of ‘age’ can shed new light on age-related IT phenomena (Ghasemaghaei et
al. 2019; Hong et al. 2013) and calls have been made to examine alternative conceptualizations
of age in examining older people’s IT use (Tams et al. 2014).
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In summary, despite its practical significance, older people’s interactions with IT in general and
with consumer health IT in particular has received scarce attention in the major IS literature.
As such, and given the prevailing view that older people “lack either the ability or the
willingness” (Fox and Connolly 2018, p. 997) to use IT, this context is particularly well-suited to
elaborate upon the role of ability, motivation, and opportunity in consumer health IT use while
simultaneously addressing the research gaps in the age-related IS literature.

2.1.3 Research Context ll: Fitness Tracking Technology

Insufficient regular physical activity is a pertinent issue in most societies (WHO 2018a). Though
150 minutes of health-enhancing, moderately intense physical activity* a week is recommended
(WHO 2018a), globally, every fourth person is considered physically inactive (Guthold et al.
2018). In high-income western countries, the prevalence is even higher (Guthold et al. 2018).
For example, about 57% of the German population does not meet the recommended levels, up
significantly from 40% in 2010 (Frobdse et al. 2018). Globally, physical inactivity causes billions
in healthcare costs and productivity losses (WHO 2018a) and has become a leading factor of
mortality (OECD 2017). While physical activity is not only beneficial for the individual, but also
for the society at large, its promotion has been a major challenge for decades (WHO 2010).

Aiming to counteract this issue by enhancing people’s motivation to be physically active, fitness
tracking technology currently attracts millions of individuals (Statista 2018), health insurance
companies (BBC 2018; Best 2016), employers (Giddens et al. 2017), and even the World Health
Organization (WHO 2018b). Fitness tracking? technology includes both wearable devices (e.g.,
Fitbit) and software applications (e.g., Strava) that aim to support physical activity by recording
bodily functions and activity metrics such as movements, pulse, or calories burned (Lupton
2016). The most intriguing aspect of fitness tracking technology are, however, the additional
‘motivational features’ which augment the recorded data and aim to induce motivation and
engagement (Koivisto and Hamari 2019; Lister et al. 2014). These motivational features include,
amongst others, features to analyze the recorded activities such as performance graphs; feature
that assist structuring exercises and facilitate goal attainment such as training feedback and
schedules; features that provide virtual rewards such as points, badges, or trophies; and social
network based features where users can connect with others to support (e.g., ‘likes’ on uploaded
activities) or to compete with each other (e.g., challenges and rankings) (Hamari et al. 2018;
James et al. 2019a; Stragier et al. 2018). As such, fitness tracking technology belongs to the
broader class of motivational information systemss3: systems designed and built for the purpose
of inducing motivation, engagement, or behavior change (Koivisto and Hamari 2019).

Despite the optimistic views that fitness tracking technology facilitates motivation and physical
activity, there are indications that these expectations are necessarily met. Coined as the ‘dirty
secret’ of fitness tracking technology, every second user is no longer using it — and one-third

1 Physical activity refers to “any bodily movement produced by skeletal muscle that requires energy expenditure”
(WHO 2018a, p. 14) which can be undertaken in different ways (e.g., walking, cycling, sports).

2 Related terms for ‘fitness tracking’ also used in this dissertation include: physical activity tracking, activity
tracking, self-tracking, or self-quantification (Lupton 2016)

3 Related concepts are: persuasive technology (Fogg 2003; Oinas-Kukkonen and Harjumaa 2009), gamification
(Blohm and Leimeister 2013; Deterding et al. 2011) or positive computing (Peters et al. 2018; Zhang 2007)
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stopped within the first six months (Ledger and McCaffrey 2014). Moreover, anecdotal user
stories such as ‘Why I Got Rid of My Fitbit’ (Green 2015) or ‘I quit Strava’ (November Project
2017) indicate that fitness tracking technology use can also have adverse, demotivational effects.

In existing research, as several reviews point out, the motivational effectiveness of fitness
tracking technology is not well understood (Alahdivild and Oinas-Kukkonen 2016; Hamari et
al. 2014a; Hamari et al. 2014b; Johnson et al. 2016; Koivisto and Hamari 2019; Orji and Moffatt
2016). While some studies report positive outcomes on users’ motivation and behavior, there is
also a considerable amount of studies reporting mixed, neutral, and otherwise inconclusive
results (Hamari et al. 2014a; Johnson et al. 2016; Orji and Moffatt 2016). Although research
considers the motivational features outlined above as the key to increasing user motivation,
research has often examined the fitness tracking technology as a whole, neglecting the particular
impacts stemming from these individual features (Hamari et al. 2014b; Koivisto and Hamari
2019). Despite ongoing calls to pay attention to the particular effects (e.g., Koivisto and Hamari
2019; Orji and Moffatt 2016), few scholars have responded; and these few exceptions provide
somewhat inconclusive results where certain features have positive impacts in one, but neutral
effects in other studies (Hassan et al. 2019; James et al. 2019a; James et al. 2019b; Suh 2018).

Accordingly, the current literature lacks explanations as to how and why fitness tracking
technology can promote the anticipated motivational benefits related to physical activity.
Hence, scholars call to consider the individual characteristics of the users, such as their
motivations and goals, as well as the motivation-psychological processes underlying the use of
the motivational features (Alahiivald and Oinas-Kukkonen 2016; Hamari et al. 2014a; Johnson
et al. 2016; Koivisto and Hamari 2019). Moreover, the literature also neglects the potential
adverse motivational effects of using fitness tracking technology (Schmidt-Kraepelin et al. 2019)
albeit indications exist that fitness tracking technology can undermine intrinsic motivation,
induce peer pressure, or otherwise discourage users such as by prompting negative emotions or
self-evaluation (Baumgart 2016; Schmidt-Kraepelin et al. 2019; Sjoklint et al. 2015).

In summary, the fitness tracking technology context of consumer health IT is of great practical
and academic significance. In terms of its potential to counteract the trend of declining physical
activity, the motivational impacts of fitness tracking technology are not well understood, raising
questions about the effectiveness of the incorporated motivational features and the role
individual motivation and goals play. As such, the fitness tracking technology context is
particularly well suited to investigate the relationships between motivation (e.g., exercise goals),
ability (e.g., exercise self-efficacy), and opportunity (i.e., fitness tracking technology features) in
consumer health IT use while addressing the identified particular research gaps of this context.

2.1.4 Summary

Consumer health IT is an emergent field of the IS research discipline (see Table 1 for an
overview). The few existing studies suggest an overall beneficial view as that use of consumer
health IT can have positive impacts on health-related cognition (e.g., health literacy), affect (e.g.,
health attitude), behavior (e.g., self-care activities), and bodily outcomes (e.g., HbA1c
improvement). Analysis of the literature indicates that supporting peoples’ healthy behavior and
well-being through consumer health IT appears to be a function of motivation (e.g., health
needs), ability (e.g., health literacy, computer self-efficacy), and opportunity (e.g., type and
features of the specific IT). This dissertation aims to get a better understanding about these
three components of consumer health IT use in supporting healthy behavior and well-being. For
this purpose, this dissertation takes on two research contexts that are of high practical
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significance and also ideally suited to examine the three identified components of consumer
health IT use while addressing the unique challenges and research gaps of each context: 1) older
people and 2) fitness tracking technology. To this end, the twelve papers of this dissertation
draw on different theoretical perspectives to examine the role and nature of motivation, ability
and opportunity. These are presented next before the research gaps and questions are derived.

2.2 Technology Acceptance, Use, and Continuance Research

IS research uses various theories and models to explain how and why individuals adopt, use, or
continue to use IT (Sorgenfrei et al. 2014). Generally, a person’s adoption and use of IT occurs
in three phases (Figure 3): the pre-adoption phase, the adoption phase and the post-adoption
phase (Sorgenfrei et al. 2014). In the pre-adoption phase, a person might have heard about a
technology and might acquire knowledge about it. In the adoption phase, a person forms the
decision (i.e., intention) to adopt or buy a technology. After having decided to adopt the IT,
individuals make initial use of it and transition into the post-adoption phase. In the post-
adoption phase, individuals reconsider their adoption decision, explore the IT, or routinize their
use, but also make decisions whether to continue or stop using it (Sorgenfrei et al. 2014).

Pre-adoption Adoption Post-adoption

(e.g., awareness about the IT, ———  (e.g., intention to use, initial > (e.g., actual use, continuance
initial examination) use) intention, outcomes)

Focus of the dissertation

Figure 3. Adoption stages in technology adoption and use

As it is the post-adoption stage where users derive the potential benefits from using the IT
(Sorgenfrei et al. 2014), this dissertation focuses on the post-adoption stage and individuals’
actual uses of consumer health IT. Next, relevant theories and models are introduced.

2.21 Technology Acceptance Model

The well-established Technology Acceptance Model (TAM) (Davis 1989; Davis et al. 1989)
explains IT adoption decisions and its initial use. Theoretically based on the Theory of Reasoned
Action (Fishbein and Ajzen 1975), the TAM specifies that two core beliefs, perceived usefulness
and perceived ease-of-use, influence individuals’ behavioral intention to use a technology,
which, in turn, leads to actual usage (Figure 4).

Perceived

usefulness
Behavioral
. . _
intention to use
Perceived

ease-of-use

Actual use

Figure 4. Technology Acceptance Model (Davis 1989)
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In its originating organizational context, perceived usefulness is defined as “the degree to which
a person believes that using a particular system would enhance his or her job performance”
(Davis 1989, p. 320) and perceived ease-of-use as “the degree to which a person believes that
using a particular system would be free of effort” (Davis 1989, p. 320). The TAM further posits
that usefulness perceptions are also determined by perceived ease-of-use and that all other
external factors, such as technology or user characteristics, impact technology adoption only
indirectly by influencing these two key beliefs (Davis 1989; Davis et al. 1989).

The core logic of the TAM has been applied in numerous studies and many extensions and
modifications of the TAM have been developed in the literature, almost all of which include
perceived usefulness and perceived ease-of-use as core drivers of technology adoption
(Venkatesh and Bala 2008; Venkatesh and Davis 2000; Venkatesh et al. 2003; Venkatesh et al.
2012; Venkatesh et al. 2016b). Particularly in the context of older people, it has been
demonstrated that these two beliefs constitute the key drivers of their technology adoption and
use, particularly as older people often perceive themselves as not sufficiently skilled to use IT or
do not see the benefits of using IT (Chen and Chan 2011).

2.2.2 Social Cognitive Theory and Technology Use

Social Cognitive Theory (SCT; Bandura 1986) is a theory of human behavior frequently applied
in the IS literature to explain various phenomena related to IT use (e.g., Compeau and Higgins
1995b; Wei et al. 2011). SCT centers on the premise that personal factors (e.g., cognitions,
personality), environmental factors (e.g., social pressures, situational characteristics), and
behavior reciprocally interact and influence each other (Bandura 1986). That is, persons choose
the environments in which they want to engage but are also influenced by those environments;
personal factors, such as cognitions, determine behavior yet behavior also influences these
personal factors; behavior is influenced by the environment and the environment, in turn, is
influenced by individuals’ behavior (Figure 5) (Compeau and Higgins 1995b).

Person

(e.g., computer self-efficacy,
outcome expectations)

Environment Behavior
(e.g., support by others) (e.g., IT use)

Figure 5. Social Cognitive Theory

A central personal factor in SCT is self-efficacy, defined as the “the belief in one’s capability to
organize and execute the courses of action required to manage prospective situations” (Bandura
1997, p. 2). A person’s self-efficacy is informed by four sources: (1) enactive attainment — the
experience of mastery, (2) vicarious experience — the observation of others performing the
target behavior, (3) social persuasion — encouragement from others, and (4) physiological states
— such as emotional arousal including anxiety (Bandura 1977; 1982).
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Adapted to the IS context, computer self-efficacy, defined as the “judgment of one’s capability
to use a computer” (Compeau and Higgins 1995b, p. 192), has evolved as a core construct in the
IS literature, often utilized alongside the key tenets of SCT to examine phenomena such as IT
use (e.g., Compeau et al. 1999), computer training (Compeau and Higgins 1995a; Johnson and
Marakas 2000; Lam and Lee 2006), and the digital divide (Wei et al. 2011).

Computer self-efficacy impacts a wide range of IS-relevant cognition, affects, and behaviors,
including usefulness beliefs (i.e. outcome expectations; Compeau et al. 1999), ease-of-use beliefs
(e.g., Venkatesh 2000), computer anxiety (e.g., Thatcher and Perrewe 2002), as well as actual
IT use (Davis and Mun 2012; Wang et al. 2013b). As discussed, computer self-efficacy is of
particular significance for older people’s IT adoption and use (e.g., Niehaves and Plattfaut 2014).

2.2.3 Integrative Framework of Technology Use

After individuals decided to adopt a technology, they gradually transition into the post-adoption
phase in which they gain actual experiences in using the technology and also decide whether
they continue or stop using it (Sorgenfrei et al. 2014). Persons’ evaluations of the focal
technology (e.g., usefulness, ease-of-use, enjoyment) are still of relevance in informing their
decisions to continue using the technology (Lowry et al. 2015; Venkatesh et al. 2011). Given their
central role, it is also important to understand how these evaluations evolve over time.

The Integrative Framework of Technology Use (IFTU) is two-wave panel model of IS
continuance behavior which centers on how users’ evaluations and usage behaviors evolve as
they gain experience with the focal IT (Kim and Malhotra 2005). To this end, the IFTU builds
upon four mechanisms (Figure 6): 1) the TAM processes, 2) sequential updating mechanisms,
3) feedback mechanisms, and 4) repeated behavioral patterns (Kim and Malhotra 2005).

Usage R Usage
behavior (to.;) ' behavior (t.,) L _.
m— LT R :
Tl |
il :
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ease-of-use (t;) ease-of-use (t,)
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usefulness (t;) usefulness (t,)

| N\ AW

|
|
TR T —> - |
.; |
|
|

| Intention to Intention to
_____________________________ <
use (t;) use (t,)
———— Technology acceptance model —_—— # Feedback mechanism
— — — —» Sequential updating mechanism B Repeated behavioral patterns

Figure 6. The Integrative Framework of Technology Use (Kim and Malhotra 2005)

The TAM processes serve as the theoretical backbone of IFTU, positing that usage intentions
determine actual usage behavior. As illustrated in Figure 6, the intention to use of the first wave
in t; determines the actual usage behavior assessed at the second wave in t.. Moreover, as per
the original formulation of the TAM (Davis et al. 1989), usage intentions, at both points of time
t: and t», are formed by the two beliefs perceived usefulness and perceived ease-of-use.
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The sequential updating mechanism is used to understand how central beliefs (e.g., perceived
usefulness and perceived ease-of-use) evolve and are updated over time. This mechanism is
based on Belief Update Theory (Hogarth and Einhorn 1992) which posits that beliefs and
intentions are not formed from scratch, but rather develop from prior beliefs and intentions.
The prior beliefs and intentions made serve as anchors and any new information serves as an
adjustment for these anchors. In IFTU, the beliefs and intentions at t. are thus (in part)
informed by the beliefs and intentions of t; (Kim and Malhotra 2005).

The feedback mechanism in IFTU posits that beliefs and intentions are also (in part) determined
by the actual usage behavior. The feedback mechanism is informed by Self-perception Theory
(Bem 1967) which suggests that individuals do not form specific evaluations until they are asked
to do so. Moreover, individuals develop their beliefs by inferring them from their actual behavior
such as “I use this software tool every day — thus, I think I like it” (Kim and Malhotra 2005). As
such, beliefs and intentions are based on instant evaluations based on past behavior. Kim and
Malhotra (2005) hence posit that novice users rather rely on the sequential updating
mechanism whereas experienced users more likely rely on the feedback mechanism in their
formations of beliefs and intentions.

Finally, repeated behavioral patterns posit that past behavior predicts future behavior.
Thereby, IFTU draws upon Habit Theory (Triandis 1977) in theorizing the automatic processes
underlying the past-future behavior relationship that coexist besides the conscious processes
discussed above (Kim and Malhotra 2005).

2.2.4 Exploratory IT Behavior

IT is often equipped with several functionalities and features that aim to support people in their
tasks and activities. As such, realization of the anticipated benefits of the focal IT often depends
upon the depth of use and the features employed (Burton-Jones and Straub 2006; Jasperson et
al. 2005; Sorgenfrei et al. 2014). Research on post-adoption behavior hence seeks to understand
how people use and extend their use of the features built into the IT (Jasperson et al. 2005). A
key mechanism promoting extended uses is users’ exploratory IT behavior.

Exploratory IT behavior, or ‘system exploration’, refers to the extent to which a user seeks and
experiments with new features and explores new ways of using a focal IT (Liang et al. 2015; Peng
and Guo 2019). Relatedly, the concept ‘Trying to innovate with IT" describes “an individual’s
goal of finding novel uses of information technologies” (Ahuja and Thatcher 2005, p. 435). The
literature posits that users’ exploratory IT behavior is a predecessor of enhanced, effective or
meaningful uses of the focal IT (Liang et al. 2015; Peng and Guo 2019). This is because by
exploring the IT, users discover meaningful features and applications that can be assistive to
attain their goals (Liang et al. 2015), which results in higher system utilization so that users use
more of the available features (Liang et al. 2015; Maruping and Magni 2012).

Research on exploratory IT behavior particularly takes place in organizational settings
examining the impacts of users’ exploratory IT behavior on the use of organizational IT such as
collaboration technology (Maruping and Magni 2012; 2015) or enterprise resource planning
systems (Liang et al. 2015; Peng and Guo 2019). Antecedents of users’ exploratory IT behavior
discovered so far fall into the categories of technology, user, task, and environment. The
technological antecedents reported include the IT’s complexity (Liang et al. 2015), modularity
(Peng and Guo 2019), and perceived ease-of-use (Peng and Guo 2019). User-related antecedents
involve gender (Ahuja and Thatcher 2005; Maruping and Magni 2012), age (Ahuja and Thatcher
2005), IT experience (Ahuja and Thatcher 2005; Peng and Guo 2019), and IT-related self-
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efficacy (Liang et al. 2015; Peng and Guo 2019). Associated to the organizational context, task-
related antecedents involve, for instance, job autonomy (Ahuja and Thatcher 2005; Liang et al.
2015), task variety (Liang et al. 2015; Peng and Guo 2019), and work overload (Ahuja and
Thatcher 2005). Lastly, environmental antecedents include the innovation and team climate
(Liang et al. 2015; Maruping and Magni 2012; 2015) or management’s commitment to the
system (Peng and Guo 2019). Despite the literature’s focus on the organizational context,
however, exploratory IT behavior holds promises to be applicable in the private context alike.

2.3 Affordance Theory

Understanding the outcomes of IT use is a central issue in the IS literature (Al-Natour and
Benbasat 2009). Oftentimes, however, the anticipated benefits of using a focal IT do not unfold
for all users to the same extent (Gable et al. 2008; Sabherwal et al. 2006). As just discussed,
scholars agree that a holistic perspective on the focal IT may lend misleading conclusions of the
observed effects as the causes are not always identifiable hence necessitating examination of the
technology’s properties and features (e.g., Akhlaghpour et al. 2013; Benbasat and Zmud 2003;
Jasperson et al. 2005). At the same time, though, users’ choices and goals in employing the IT
and its features can differ alike and need to be considered (Al-Natour and Benbasat 2009). By
taking both, the IT and the user into perspective, affordance theory receives growing interest
amongst IS scholars (Cheikh-Ammar 2018; Markus and Silver 2008; Strong et al. 2014).

Rooted in ecological psychology, affordance theory maintains that actors directly perceive the
actionable attributes of an object — what the object allows them to do (Gibson 1986; Stoffregen
2003). Rather than initially perceiving the properties of an object (e.g., a chair’s height), actors
directly perceive what the object affords (e.g., a chair affords sitting) (Gibson 1986; Seidel et al.
2013). Thereby, affordances are relative to the actor’s properties: a chair, for example, affords
sitting to adults given their sufficient leg height but not necessarily for toddlers with small legs.
A chair affords sitting for an actor with the goal to rest, but a chair also affords standing on for
an actor with the goal for reaching something high up (Gibson 1986; Seidel et al. 2013). As such,
scholars consider affordances as relations between the environment (objects) and actor rather
than only the qualities of the object alone (Chemero 2003; Seidel et al. 2013). Affordances are
thus essentially understood as action potentials and reflect the complementarity between an
actor and an object (Davern et al. 2012; Gibson 1986).

In the IS context, affordances can be referred to as the “possibilities for goal-oriented action
afforded to specified user groups by technical objects” (Markus and Silver 2008, p. 622) or “the
potential for behaviors associated with achieving an immediate concrete outcome and arising
from the relation between an artifact and a goal-oriented actor or actors” (Strong et al. 2014, p.
69). The affordance lens thereby provides the means to examine how users interpret the focal
IT including its features in light of their goals (Chan et al. 2019; Seidel et al. 2018). Thus, users’
goals shape their perception of what actions an IT affords (Chan et al. 2019; Leonardi 2013;
Markus and Silver 2008). However, while most IS scholars focus on the relational view on
affordances (i.e., affordances are relationships between the IT and the user), some also consider
affordances as dispositional properties of the IT which are intentionally designed into the IT
(Norman 1999; Seidel et al. 2018).

IS scholars applying the affordance lens have identified various affordances across a variety of
contexts such as organizations’ use of big data analytics (Lehrer et al. 2018), blockchain (Du et
al. 2019), or social media (Majchrzak et al. 2013); service robots in hospitals (Mettler et al.
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2017); unintended uses and effects of social media (Chan et al. 2019); and recently also for
fitness tracking technology (James et al. 2019b). Particularly in the latter case, scholars also
employ the term motivational affordance which transfers the affordance concept to
questions of human motivation (Deterding 2011) and is formally defined as “the properties of
an object that determine whether and how it can support one’s motivational needs” (Zhang
2008, p. 145). Despite the different affordances identified so far, it is important to note that no
single set of affordances is applicable to every technology (Markus and Silver 2008); rather,
each context requires identification of the salient affordances (Mettler et al. 2017).

ABEORDANCIES ACTUALIZATION
IT artifact
(e.g., features) \
Affordance Actions Actualized
(e.g., IT usage) outcomes
Users
(e.g., goals)

Figure 7. Affordances and affordance actualization in IS research
(Du et al. 2019; Strong et al. 2014)

Because affordances reflect opportunities or potentials for action (Hutchby 2001; Stoffregen
2003), affordances should be “understood as potentially necessary (but not necessary and
sufficient) conditions for ‘appropriation moves’ (IT uses) and the consequences of IT use”
(Markus and Silver 2008, p. 625). That is, to realize the anticipated benefits and to transform
the potential into the actual, affordances must be enacted or ‘actualized’ (Lehrer et al. 2018;
Strong et al. 2014). Affordance actualization generally refers to the process with which an
actor takes goal-oriented actions to use the technology to achieve an outcome (Du et al. 2019;
Strong et al. 2014).

In summary, the affordance lens goes beyond studying the mere features uses of IT but to
concentrate on the “digitally enabled actions and their outcomes” (Tim et al. 2018, p. 49).
Affordances are thus propagated to provide a concrete understanding about the uses of a focal
IT (Tim et al. 2018) and hence to study ‘effective uses’, i.e. that type of IT use that helps its users
to attain the desired goals (Burton-Jones and Volkoff 2017).

2.4 Theories of Human Motivation

Human motivation concerns the processes that give behavior its energy and direction (Reeve
2005). Motivation scholars hence seek to understand the sources of human motivation and their
resulting behavior and suggest that both the person and her environment are influential (Reeve
2005 ). Two well-known and established theories of human motivation that consider these dual
sources are Achievement Goal Theory (Ames 1992; Nicholls 1989) and Self-determination
Theory (Deci and Ryan 2012; Ryan and Deci 2017) with particularly strong support in the
physical activity context (Duda and Appleton 2016; Ntoumanis 2001).

2.41 Achievement Goal Theory

Achievement Goal Theory (AGT; Ames 1992; Nicholls 1989) is a social-cognitive framework of
human motivation with strong empirical support in the education and physical activity context
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(Roberts et al. 2007). AGT posits that persons are goal-directed beings and that, accordingly,
their motivation and behaviors are directed by so-called achievement goals (Roberts et al.
2007). In AGT, achievement refers to the attainment of a goal with personal or social value such
as skill acquisition or demonstration of superior skills (Roberts et al. 2007). In its traditional
sense, AGT distinguishes between two types#4 of achievement goals: mastery goals focus on
competence development, emphasizing improvement and effort in a self-referential manner;
performance goals are normative-referenced definitions of competence emphasizing
interpersonal comparisons, evaluations and demonstration of ability to others (Harackiewicz
and Elliot 1993). Noteworthy, these two achievement goals can be salient within the individual
— referred to as goal orientations — and be stressed within one’s social environment, called goal
structures (Ames 1984; Dweck and Leggett 1988).

Goal orientations are the mastery and/or performance goals emphasized by the individual and
can be situational or dispositional (Nicholls 1989). Individuals with a high mastery goal
orientation thrive for competence development, believing that competence and mastery is the
result of hard work and effort (Maehr and Zusho 2009). Mastery-oriented persons value the
process of learning rather than the outcome and are interested in the progress they make in self-
referenced manner (Ames 1992; Elliot and McGregor 2001). Individuals with a high
performance goal orientation, on the other hand, define achievement on normative bases, strive
to demonstrate competence, show superior ability, outperform others, and gain favorable
judgments from others (Maehr and Zusho 2009).

Goal structures, also referred to as the ‘motivational climate’ (Ames 1992), are the achievement-
relevant and goal-related emphases within the social environment of the individual (Ames 1984;
Dweck and Leggett 1988). They are based on environmental practices such as specific messages
sent by social actors like teachers, sports coaches, teammates or peers (Ames 1992; Murayama
and Elliot 2009). Goal structures alike can have an emphasis on mastery and performance goals.
A mastery goal structure emphasizes improvement and understanding. Here, sports coaches,
for example, orient their athletes toward improvement emphasizing working hard and doing
their best (Duda 2013). A performance goal structure stresses relative ability, social comparison,
and interpersonal competition (Ames 1992; Murayama and Elliot 2009). A performance goal
structure is created, for example, when sports coaches judge individual’s abilities in comparison
with other athletes and emphasize outperforming teammates (Duda 2013).

As both, goal orientations and goal structures, are influential for motivation and its outcomes
(e.g., behavior, performance), scholars consider different relationships between these concepts
as well as their combinatory effects (Figure 8) (Murayama and Elliot 2009; Roberts et al. 2007).

4 The two achievement goals can be further distinguished along the dimension of approach, which considers
promotion and pursuit, and avoidance, which considers loss prevention (Maehr and Zusho 2009). In this
dissertation, achievement goals refer to the approach dimension.
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Direct Indirect Interaction
Goal Goal
orientation \ orientation
Outcome Goal Goal Outcome
variable structure orientation variable l
Goal Goal Outcome
structure structure variable

Figure 8. Relationships of goal structures and goal orientations
(based on Murayama and Elliot 2009)

According to the direct effect model, goal orientations and goal structures directly and
independently influence motivation-relevant outcomes (Murayama and Elliot 2009). The
indirect effect model posits that goal structures indirectly impact motivation-relevant outcomes
by prompting individuals to adopt an achievement goal orientation, such that a performance
goal structure, for instance, promotes performance goal orientation adoption (Murayama and
Elliot 2009). Lastly, the interaction effect model posits that goal orientation moderates the
impact of goal structures such that both components have interactive effects on the outcome of
interest (Murayama and Elliot 2009). Though only few examined this relationship (e.g., Lau
and Nie 2008; Linnenbrink 2005), their interaction can be generally thought of ‘matching’
effects (Jagacinski et al. 2001; Murayama and Elliot 2009). That is, most positive outcomes are
expected when goal orientations and goal structures are congruent (‘match’) concerning their
emphasis on mastery and performance goals: individuals with a strong mastery goal orientation
are expected to achieve higher motivational outcomes when acting within a mastery goal
structure whereas individuals high in a performance goal orientation are best situated within a
performance goal structure (Jagacinski et al. 2001; Murayama and Elliot 2009).

2.4.2 Self-Determination theory

Self-determination Theory (SDT; Deci and Ryan 2012; Ryan and Deci 2017) is fundamentally
concerned with human motivation, behavior, and well-being. A key contention of SDT is that all
human beings have three innate, basic psychological needs which need to be satisfied for
optimal human functioning: autonomy, competence, and relatedness (Deci and Ryan 2012).
Autonomy is the need for the self-regulation of one’s actions and experiences — acting
volitionally and congruently with one’s true interests and values; competence is the need to feel
able to operate effectively in life contexts, to feel effectance and mastery; relatedness is the need
to feel socially connected, to feel cared for by others and to be a member of a social group (Ryan
and Deci 2017). Greater satisfaction of these three needs is linked to optimal motivational
outcomes and well-being (Ryan and Deci 2017), including motivation, engagement, and
persistence in physical activity (see e.g., Ng et al. 2012; Teixeira et al. 2012). Albeit SDT posits
that all three needs are essential for optimal human functioning, their salience can vary
according to the context (Ntoumanis et al. 2009).

Social-environmental factors Psychological mediators Motivation Consequences

(e.g., feedback, rewards, > Satisfaction vs. thwarting of > (e.g., intrinsic—extrinsic motivation > (e.g., affect, adoption of and
competitions, others’ behaviors) autonomy, competence, relatedness continuum or amotivation) persistence in physical activity)

Figure 9. Motivational sequence of Self-determination Theory
(based on Vallerand and Losier 1999)
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Social-environmental factors, such as feedback, rewards, or competitions, are highly influential
as these can either satisfy or thwart (i.e., actively suppress) one’s basic psychological needs and
thereby cause various psychological and behavioral reactions (Bartholomew et al. 2011; Gunnell
et al. 2013; Ryan and Deci 2017; Vallerand and Losier 1999). SDT thus distinguishes between
need-supportive environments and need-thwarting environments. In terms of sports, a need-
supportive environment which satisfies an athlete’s need for autonomy is when a sports coach
acknowledges the individual preferences of the athlete and gives her choice; the need for
competence is satisfied by providing optimal challenges and constructive feedback; and the need
for relatedness is satisfied, for instance, through the encouragement of teammates (Joesaar et
al. 2011; Ng et al. 2012; Ryan and Deci 2017). Need-thwarting environments, in contrast, are
characterized as overly challenging, discouraging, critical, negative, impersonal and rejecting,
and control individuals’ behaviors through surveillance, task-contingent rewards, negative
feedback, and external pressures (Ng et al. 2012; Ntoumanis et al. 2009; Ryan and Deci 2017).
While need-supportive environments lead to human thriving and well-being, need-thwarting
environments cause motivational depletion, exhaustion, and ill-being (Bartholomew et al. 2011;
Ryan and Deci 2017). In essence, SDT specifies the processes underlying the motivational
impacts of social-environmental factors (Figure 9).

2.5 Research Questions

This dissertation seeks to develop an understanding of how consumer health IT can support
people’s healthy behavior and well-being. The review of the literature on consumer health IT
provides indications that supporting healthy behavior and well-being involves people’s
motivation (e.g., health needs) and ability (e.g., health literacy, computer self-efficacy) as well
as the opportunity provided by consumer health IT (e.g., type and features of the specific IT).
To examine the role and relationships of these three components and their joint impacts on
healthy behavior and well-being, this dissertation takes on two research contexts, older people
and fitness tracking technology, while addressing their unique research gaps. Therefore, this
section is structured according to these two contexts, recalls their research gaps, and derives
according research questions that contribute to the overall objective of this dissertation.

2.5.1 Research Questions on Older People’s Use of Consumer Health IT

The first research context of this dissertation centers on older people’s use of consumer health
IT. As discussed in section 2.1.2, literature on older people’s adoption and use of IT in general
(Niehaves and Plattfaut 2014; Tams et al. 2014; Tams et al. 2018) and of consumer health IT in
particular (Fox and Connolly 2018), points at the influential role of older people’s IT-related
self-efficacy. Despite these observations, however, older people’s development of IT-related self-
efficacy is less well understood calling for specific causes and sources of their IT-related self-
efficacy (Fox and Connolly 2018; Tams et al. 2014).

Social Cognitive Theory, the theoretical origin of IT-related self-efficacy, posits that self-efficacy
is informed by actual experiences, observation of others, encouragement from others, and
emotional arousal such as anxiety (Bandura 1977; 1982). A potential context providing these
sources is older people’s past workplace in which they could have made actual experiences using
IT and also received social and formal support in using IT such as through coworkers’ support
and mutual help in using computers as well through formal computer training. In the realm of
the digital divide, which also entails older people, an identical yet still unanswered question
raised by Dewan and Riggins (2005, p. 313) is: “if employees are provided access [to IT] within
the workplace, to what extent does the support, training, and socialized context of the workplace
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promote home use and skill development?”. Transferring this question into the context of older
people and their use of consumer health IT, the first research question is:

RQ 1: How does the past workplace influence older people’s IT-related self-efficacy and
their use of consumer health IT in consequence?

In recent times, older people’s adoption of mainstream technologies, such as the Internet and
smartphones, has increased considerably (Anderson and Perrin 2017; ARD/ZDF 2019). Despite
having access to IT by now, older people often underutilize their IT and instead continue with
their traditional media practices (Nimrod 2017). This is particularly observable in the consumer
health IT context as older Internet users are less likely to utilize the Internet to retrieve health
information online compared to younger people (Fox and Duggan 2013). Post-adoption IS
research indicates that exploratory IT behavior — the extent to which a user seeks out and
experiments with available features to find novel uses of IT (Ahuja and Thatcher 2005; Peng
and Guo 2019) — can promote higher utilization of a given IT (Liang et al. 2015; Maruping and
Magni 2012). As this mechanism, however, has been examined mainly in the organizational
context of IT use, research misses an understanding of the antecedents and consequences of
exploratory IT behavior in the private context. Accordingly, the second research question is:

RQ 2: How does older people’s exploratory IT behavior promote consumer health IT use?

By addressing these two research questions, this dissertation aims to contribute to the
understudied area of older people in the IS literature and to extend existing research on older
people, which focuses mostly on initial IT adoption, by a post-adoption perspective which have
been both called for by Tams et al. (2014) in their strategic research agenda on older people.

2.5.2 Research Questions on Fitness Tracking Technology

The second research context of this dissertation focuses on fitness tracking technology which
gains increasing public (Statista 2018; WHO 2018b) and scholarly interest (Hamari and
Koivisto 2015; James et al. 2019b) for its potentials to enhance people’s physical activity
motivation and behavior. As discussed in section 2.1.3 above, fitness tracking technology offers
a variety of ‘motivational features’ users can draw upon to motivate themselves including
features to analyze exercise performance, to facilitate goal setting and attainment, to earn virtual
rewards, or to connect with other users to support and compete with each other (Hamari et al.
2018; James et al. 2019a; Stragier et al. 2018). Although these features are considered as the
core aspects of fitness tracking technology, their actual ‘motivational effectiveness’ is not well
understood (Koivisto and Hamari 2019). The nascent research available so far often examined
the fitness tracking technology as a ‘whole’ hence neglecting the individual features incorporated
so that the actual impacts of the features are mostly unknown (e.g., Koivisto and Hamari 2019).

To better understand the role of these features and their potentials to enhance motivation and
physical activity, Affordance Theory (Gibson 1986) can be potentially assistive. In the IS context,
the concept of affordances describes the possibilities for goal-oriented action afforded technical
objects (Markus and Silver 2008). The affordance lens is advocated to provide a “concrete
understanding of the uses of the technological artifact and the related implications for
individuals’ behaviors” (Tim et al. 2018, p. 4) and hence to study effective IT use, i.e. “that type
of use that helps attain desired goals” (Burton-Jones and Volkoff 2017, p. 468). Affordances go
beyond a mere focus on features of technology as affordances consider the potential ways of
using them as perceived by an individual (Grgecic et al. 2015). Thus, this dissertation asks:

RQ 3: What are the affordances of fitness tracking technology?
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As affordances reflect potentials for action (Hutchby 2001; Stoffregen 2003), Affordance Theory
further posits that in order to realize the anticipated benefits, affordances must be enacted
(Lehrer et al. 2018; Strong et al. 2014). The anticipated benefits of fitness tracking technology
can be generally referred to as enhancements of people’s physical activity motivation and
behavior. As discussed, however, the actual motivational impacts stemming from the use of
features are not well understood (Hamari et al. 2014b; Koivisto and Hamari 2019). Specifically,
the few studies assessing the impacts of the used features tend to provide mixed and
inconclusive results. As example, the use of features providing means for social interaction is
found to enhance users’ subjective vitality (e.g., James et al. 2019b), but others found no effects
on users’ reported benefits for motivation and physical activity (Hassan et al. 2019).

Scholars call into considering the motivational processes underlying the feature use (i.e.,
affordance enactment) to explain the motivational impacts and to resolve the inconsistencies in
prior research (Hamari et al. 2014a; Koivisto and Hamari 2019; Orji and Moffatt 2016). Hereto,
Self-determination Theory posits that the influence of social-environmental factors, such as
feedback, rewards, or competitions, on a person’s motivation and behavior takes place through
the extent these factors satisfy the person’s basic psychological needs for autonomy,
competence, and relatedness (Ryan and Deci 2017; Vallerand and Losier 1999). The notion of
basic psychological need satisfaction can potentially provide explanations about the underlying
motivational processes and the impacts on people’s physical activity motivation and behavior
resulting from fitness tracking technology feature use. Hence, the fourth research question is:

RQ 4: How does enactment of the fitness tracking technology affordances affect users’
needs for autonomy, competence, and relatedness and their physical activity motivation
and behavior in consequence?

A second potential explanation for these inconsistencies might be the different goals people
strive for when conducting physical activity. Scholars call into attention that because people are
differently motivated, an application of the features might not suit a ‘one-size-fits-all’ approach
(Hamari et al. 2014b; Seaborn and Fels 2015). However, despite the awareness about
interpersonal differences, the role of these individual users characteristics, such as their
motivations and goals, has been rarely examined (Alahdivild and Oinas-Kukkonen 2016;
Koivisto and Hamari 2019; Orji and Moffatt 2016; Sardi et al. 2017). The notion of users’ goals
is central to Affordance Theory as users’ goals shape their perception of what actions an IT and
its features afford (Chan et al. 2019; Leonardi 2013; Markus and Silver 2008). In the context of
motivation, Achievement Goal Theory suggests two central goals, namely mastery goals and
performance goals, to guide persons’ motivation and behaviors but also their reactions to
environmental factors (Ames 1992; Nicholls 1989; Roberts et al. 2007). Particularly in the latter
case, Achievement Goal Theory posits that optimal motivational outcomes emerge when the
achievement goals pursued by the individual ‘fit’ or ‘match’ those achievement goals facilitated
by environmental factors (Murayama and Elliot 2009). Accordingly, Achievement Goal Theory
holds potentials to better understand the relationship between users’ goals and the affordances
of fitness tracking technology as well as their resulting impacts on physical activity motivation
and behavior. Accordingly, this dissertation asks:

RQ 5: How do achievement goals influence the enactment of the affordances and the
outcomes — in terms of increased motivation and physical activity — of fitness tracking
technology use?

While both practice and literature hold generally optimistic views that using fitness tracking
technology supports people’s motivation and physical activity, two indications dampen these
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expectations. First, many fitness tracking technology users stop their use within the first months
(Ledger and McCaffrey 2014). Second, anecdotal user stories indicate that using fitness tracking
technology can also have adverse, demotivating impacts on the users which might cause the
lowered fitness tracking technology continuance (Barratt 2017; Foss 2014; Hargrave 2013;
November Project 2017), such as negative emotional reactions about one’s physical activity
behavior (Baumgart 2016; Sjoklint et al. 2015) or negative evaluations of one’s ability (Hargrave
2013 ). Research on fitness tracking technology, however, neglects so far these unintended and
adverse impacts and calls for their examination (Koivisto and Hamari 2019; Schmidt-Kraepelin
et al. 2019). Accordingly, the research question is:

RQ 6: How do adverse consequences of fitness tracking technology use emerge and, in
consequence, influence continued fitness tracking technology use decisions?

2.6 Summary

This section discussed the characteristics of the consumer health IT context highlighting the
diversity of individuals and their health-related conditions, the personal and sensitive nature of
health, and the significance of people’s health for their overall quality of life and function within
the society (Fichman et al. 2011). To understand how consumer health IT can potentially
support healthy behavior and well-being, analysis of the literature revealed three components:
people’s motivation (i.e., health-related needs and goals) and ability (i.e., IT-related and health-
related abilities) and the opportunities provided by the different consumer health IT tools and
applications (i.e., type of consumer health IT and its features).

To better understand the nature, role, and relationships of motivation, ability, and opportunity
in affecting people’s healthy behavior and well-being, two distinct research contexts were
discussed: older people and fitness tracking technology. Based on the unique challenges of both
contexts and the theoretical perspectives presented, research gaps and according research
questions were derived, which this dissertation aims to answer. To this end, different research
approaches and methods are used as presented in the next section.
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3 METHODOLOGY

This dissertation employs different research approaches and methods to answer the research
questions developed above. Figure 10 provides an overview of the research methods employed,
the research approach these methods follow and the papers that use these methods.

RESEARCH APPROACH

Quantitative research Qualitative research

RESEARCA-METHODS

Factorial survey Survey Q-sort
(scenario-based questionnaires) (questionnaires) (instrument development)

Paper VI Paper | - VI, IX - XII Paper VI

Literature review
Introductory Paper, Paper VIII

Figure 10. Overview of research methods in this dissertation

Generally, research approaches can be categorized according to empirical vs. non-empirical and
qualitative vs. quantitative (Chen and Hirschheim 2004). While empirical studies are based on
observations and data, non-empirical approaches center on ideas and concepts (Chen and
Hirschheim 2004). Non-empirical approaches facilitate concept and theory development and
empirical approaches provide concrete evidence (Chen and Hirschheim 2004). This distinction
between qualitative and quantitative research can be understood as follows.

Qualitative research approaches center on “the description and understanding of the
situation behind the factors” (Chen and Hirschheim 2004, p. 205). Generally, qualitative
approaches are beneficial for exploratory stages of research, when the phenomenon of interest
is emerging, not well examined, and hence not fully understood (Recker 2013). Thus, non-
empirical approaches fall into the qualitative dimension of research as they center on concept
and theory development (Chen and Hirschheim 2004). The literature review and the conceptual
framework development presented in section 2.1.1 of this Introductory Paper adopts a
qualitative approach. Moreover, Paper VII employs a qualitative research approach to identify
salient affordances in fitness tracking technology as well as to develop corresponding
measurement instruments (see also section 3.4).

Quantitative research approaches, in contrast, analyze quantitative data to answer
research questions (Recker 2013). Specifically, quantitative approaches rely on numbers to
represent the values of theoretical constructs and the interpretation of these values is used to
provide evidence about a phenomenon (Recker 2013). Accordingly, measurement is the focus
of quantitative research approaches (Recker 2013). Moreover, quantitative research employs
statistical approaches which usually follow the “effects-of-causes” approach seeking to answer
questions like “what is the effect of A on B” (Mahoney and Goertz 2006). That is, researchers
seek to examine the average effect of one or more causes across a broader population so that
outcomes of individual cases are not of concern (Mahoney and Goertz 2006). Quantitative
approaches are most appropriate when the state of prior related theory and research is
intermediate to mature, so that the theoretical contributions are validations and/or extensions
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through new constructs, contexts, or boundaries (Edmondson and McManus 2007). In general,
quantitative research approaches are most popular in IS research, particularly surveys (Chen
and Hirschheim 2004). Papers I-VI and VIII-XII adopt a quantitative research approach.

Table 3 provides an overview of the empirical studies of this dissertation that are explained in

detail in section 3.2 (Study I, II, V), section 3.3 (Study III), and section 3.4 (Study IV).

Study ‘ Type ‘ Context ‘ Participants Reported in

Study I Survey Older people’s Internet use 165 Paper I, Paper IT

Study IT Survey Older people’s use of consumer health IT 234 Paper I11, Paper 1V,
Paper V, Paper VI

Study IIT Factorial Emotions and fitness tracking technology 345 Paper XII

survey continuance

Study IV Q-sort Affordances of fitness tracking technology 7 and 55 Paper VII

Study V Survey Strava use 514 Paper VIII, Paper IX,
Paper XI, Paper X

Table 3. Overview of empirical studies and methods

3.1 Literature Review

The main literature review on consumer health IT is presented in the theoretical background
(section 2.1) in this Introductory Paper. This literature review examines the current state of
existing research on consumer health IT in the IS literature centering on the research contexts
as well as tools and applications of consumer health IT, the health-related outcomes of using
consumer health IT, and the role of health-related and IT-related individual differences. This
central literature review serves as the foundation to seek answers on the overall research
question concerning how consumer health IT can support healthy behavior and well-being and
to identify research gaps.

This dissertation takes a common approach to conducting a literature review (Webster and
Watson 2002). First, the search scope and the timeframe are specified. The definition of the
search scope involves the selection of the journals in which relevant research is published. As
the eight journals in the so-called ‘AIS Senior Basket’ (i.e., ISR, MISQ, JMIS, EJIS, ISJ, JAIS,
JIT, and JSIS) are of high significance for IS research (Lowry et al. 2013), research published in
these journals in the last ten years was reviewed (2008—2019). Because consumer health IT is
an umbrella term including a broad variety of technologies, a manual search through these
journals was conducted and the thematic relevance of the articles was assessed based on title,
abstract, and keywords. In the second step, the resulting articles were structured in a concept-
centric approach to synthesize the current state of literature (Webster and Watson 2002). Here,
the key concepts reviewed include the health IT context including its tools and applications, the
health-related outcomes, as well as the role of health-related individual differences and IT-
related individual differences in consumer health IT. This concept matrix is shown in Table 1
and discussed in section 2.1 of this Introductory Paper.

In addition, Paper VII includes a literature analysis to identify the affordances in fitness tracking
technology and reviews related concepts from neighboring fields, including gamification (e.g.,
Blohm and Leimeister 2013), persuasive system design (e.g., Oinas-Kukkonen and Harjumaa
2009), motivational affordances (e.g., Zhang 2008), social media affordances (e.g., Karahanna
et al. 2018), and behavior change (e.g., Michie et al. 2011).
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3.2 Survey Research

Survey research is the dominant research method of quantitative research approaches employed
in the IS literature (Chen and Hirschheim 2004). A survey is a means to obtain information
about the characteristics, perceptions, beliefs, attitudes, or opinions of a larger group of
individuals, groups, or organizations (Recker 2013). Surveys are suitable for answering research
questions such as “what is happening”, “how and why is it happening” or “is it happening at all”
(Recker 2013). As such, survey research is particularly suitable to understand how and why
people perceive, react to, and make use of consumer health IT.

Surveys can be conducted with different techniques including printed questionnaires, online
questionnaires, or live/telephone interviews (Recker 2013). The data collected in surveys is
usually analyzed statistically such as by using structural equation modeling (see section 3.5).

As shown in Table 3, most of the studies and papers comprising the body of this dissertation are
based on traditional survey research. Specifically, Study I is a survey on older people’s use of
the Internet that informed Papers I-II. Specifically, Study I assesses older people’s IT-related
traits (e.g., computer self-efficacy, personal innovativeness in IT), their current Internet use,
and their past Internet use at work. This study targets elderly individuals who are difficult to
reach (e.g., Guo et al. 2013; Heart and Kalderon 2013; Srivastava and Panigrahi 2019),
particularly as online surveys attract the technology-savvy segment of this population. The study
was conducted using printed questionnaires and respondents were recruited randomly from
public locations in southern Germany (e.g., train stations, libraries, gyms, adult schools, or
senior citizen centers). To encourage participation, respondents were incentivized with the
chance to win a tablet computer. The questionnaire was pre-validated with 18 respondents from
the target group to ensure readability, comprehensibility and proper wording and hence the
executability of the survey (Recker 2013). In total, a total of 165 responses were collected and in
accordance of the papers’ sampling strategies corresponding subsets of the responses analyzed
(n=135 in Paper I and n=146 in Paper II).

Study I is a survey on older people’s use of consumer health IT that assesses the beliefs and
use of consumer health IT alongside personal health-related factors (e.g., health status, health
literacy), IT-related traits (e.g., computer self-efficacy), but also general past IT use at the
workplace. This study is used in Papers III-VI. As was the case with Study I, this survey targeted
elderly individuals and was carried out using printed questionnaires and participants recruited
at public spaces (e.g., pedestrian zones, adult schools, senior citizen centers) in the United
States. A total of 234 responses were collected from which subsets have been analyzed according
to each paper’s sampling strategy (n=132 in Paper III; n=156 in Paper IV, n=180 in Paper V;
n=219 in Paper VI).

Study V is a survey on individuals’ use of a popular fitness tracking application called ‘Strava’
(www.strava.com). The questionnaire focused on the use of the fitness tracking app (i.e.,
features used, continuance intentions, experience, beliefs and perceptions), individuals’
physical activity (e.g., exercise self-efficacy, achievement goals), as well as motivational effects
and outcomes gained from using this application (e.g., psychological need satisfaction,
increased motivation towards physical activity). This study informed Papers VIII-XI. The study
was targeted at users of the Strava fitness tracking app and carried out as an online survey.
Participants were recruited using an online panel provided by Amazon Mechanical Turk
(MTurk). MTurk is widely recognized as a viable and reliable source for empirical IS research
(e.g., Jia et al. 2017; Lowry et al. 2016; Steelman et al. 2014) and IS research on fitness tracking

Robert Rockmann 47



Introductory Paper

technology in particular (e.g., James et al. 2019a; James et al. 2019b). Following IS-oriented
guidelines on MTurk (Jia et al. 2017), responses were restricted to the United States as such
responses provide reliable results similar to regular consumer panels (Steelman et al. 2014).
Only participants who reported that they currently use Strava were permitted to participate in
the survey. To safeguard response quality, IP addresses were recorded and checked for non-
unique occurrence in the data and several ‘attention traps’ (e.g., “if you read this carefully, please
respond with ‘rather disagree™”) were incorporated (Lowry et al. 2016). Respondents were
incentivized with one USD. In total, 514 responses of Strava users were obtained and response
subsets were analyzed based on the safeguarding means and sample requirements of the papers
(n=417 in Paper VIII; n=283 in Paper IX and Paper XI; n=286 in Paper X).

In all studies, participants were assured of the confidentiality, anonymity, and academic
purpose of the study, and that there are no wrong or right answers, which served to mitigate the
potential influence of common method bias (see section 3.5.3) (Podsakoff et al. 2003).

Each paper reports the corresponding sample profile (e.g., respondents’ characteristics such as
demographics), the items of the questionnaire, as well as their validity and reliability (see
section 3.5.1) (Recker 2013). A conventional survey research, as described here, is, however, a
non-experimental research method such that this method does not involve controlling or
manipulating certain variables (Recker 2013). To overcome this limitation, Paper XII employs
a particular derivate of survey research, called ‘factorial survey design’ as outlined next.

3.3 Factorial Survey Research

Factorial survey design (Lauder 2002; Rossi and Nock 1982) — also called vignette methodology
(Aguinis and Bradley 2014) — combines surveys with experimental methods and is thus a
suitable way of collecting larger number of participants while allowing for control and
manipulation of variables (Lauder 2002). As such, factorial survey research has the benefits of
experimental methods, especially internal validity, as it provides the means to isolate, control,
and assess specific variables (causes) and to examine the consequences on other variables
(effect) (Recker 2013).

The factorial survey design method employs short vignettes to examine how people understand
and react to particular situations (Lauder 2002). A vignette is “a short, carefully constructed
description of a person, object, or situation, representing a systematic combination of
characteristics” (Atzmiiller and Steiner 2010, p. 128). Vignettes are typically in written format,
but can be utilized through images, videos, or other media (Aguinis and Bradley 2014). In
factorial survey design studies, vignettes are presented to study participants and participants
are then requested to make explicit decisions, judgments, or choices, or to express their
behavioral reactions (Aguinis and Bradley 2014). As such, vignettes can be used to elicit
individuals’ beliefs, attitude, judgments, or intended behavior (Atzmiiller and Steiner 2010)
which are central to most theories and models of IS-related behaviors. The strength of factorial
survey designs and vignettes lies in the ability to simulate real world events and to manipulate
variables (Gould 1996; Lauder 2002).

Study III employs a factorial survey design using vignettes to examine how emotions influence
individuals’ decisions to continue using fitness tracking technology (see Paper XII). This is
because specific emotions arise out of specific real world events and their emergence is bound
to specific event characteristics (Lazarus 1991). The emergence of happiness, pride, or sadness,
for example, require the event to have goal-relevance for the person (Lazarus 1991). For
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example, a person might seek to achieve a certain physical activity goal like running for a longer
time or distance; the feedback provided by a fitness tracking device or app therefore has goal
relevance for the user. Moreover, the occurrence of happiness and pride requires goal-
congruence of the event: if the goal is met, then happiness is likely to occur and if the goal is
even surpassed, then pride is likely to occur (Lazarus 1991). Sadness, in contrary, emerges only
under the condition of goal-incongruence (Lazarus 1991). Thus, if the performance result
presented by an activity tracker displays that a person met her goal of running for a longer time
or distance, the person is likely happy; if the performance results exceeds the person’s goal, then
the person is likely proud; and if the person failed to meet her goal, then the person is likely sad.

VIGNETTE

Emotion

Baseline evaluation (t1) “In this situation I feel...”

Perceived usefulness, perceived
enjoyment, continuance intention

Demographics
(e.g., age, activity tracking experience)

A4

Modified evaluation (t)
“In this situation...”

Perceived usefulness, perceived
enjoyment, continuance intention

VIGNETTE + Manipulation and realism check

“Imagine yourself in the scenario: You do sports and take the activity-tracker with
you to record your exercise activity. Your aim is to improve your performance and,
hence, you set yourself a specific goal (e.g., a certain time or pace). After your exercise
session, you look at the activity-tracker and you see that you have ...”

met your goal surpassed your goal not met your goal

VIGNETTE A VIGNETTE B VIGNETTE C

Figure 11. Factorial survey design of Paper XII

Hence, a vignette-based factorial survey can provide the necessary means to simulate these real-
world events that specify the emergence of certain emotions. Figure 11 depicts the survey
structure of Study III. Study participants were first asked to provide demographic information,
followed by an evaluation of their general beliefs and continuance decisions. Then participants
were requested to imagine themselves in a situation of doing sports using an activity tracker and
having the goal to improve their performance. Each participant was randomly assigned to one
of the three scenarios in which their performance 1) met the goal, 2) surpassed the goal, or 3)
did not meet the goal. Participants were then requested to evaluate their beliefs and activity
tracking continuance decisions in this situation. Furthermore, realism and manipulation check
questions were incorporated to ensure that the vignettes were perceived as realistic and that the
intended manipulations were actually perceived by the participants (Dennis et al. 2012;
Johnston et al. 2016).

Furthermore, to ensure sufficient randomization, participants’ demographics across the
different groups were statistically compared. Likewise, to evaluate whether the manipulation
evoked the intended change (i.e., type of emotional reaction), the manipulated variables were
also statistically compared across the groups (Robert et al. 2009). After manipulation validity
was established, the data was further analysed.
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3.4 Q-Sort and Instrument Development

All papers except Paper VII rely on quantitative survey methods that assess people’s
perceptions, beliefs, attitudes, or uses of consumer health IT. Because quantitative research
focuses on measurement, researchers must ensure that the employed measurement instrument
(e.g., questionnaire) measures what they intend it to measure, i.e. the contents of theoretical
constructs of interest (Haynes et al. 1995; Recker 2013). That is, researchers must establish
content validity of the measurement instrument to ensure that items correctly represent the
targeted construct and do not have similar meanings as other constructs (Haynes et al. 1995).

Formally, content validity refers to “the degree to which elements of an assessment instrument
are relevant to and representative of the targeted construct for a particular assessment purpose”
(Haynes et al. 1995, p. 238). Researchers usually rely on available instruments of prior research
to assess existing constructs. However, when new constructs are developed and/or according
measurement instrument are not available, such as when new affordances are identified (Paper
VII), new instruments need to be developed. Here, establishment of content validity is the first
and crucial step in the development of new items (MacKenzie et al. 2011).

The practice of content validation is a “multimethod, quantitative and qualitative process” and
is applied to increase “the probability of obtaining supportive construct validity indices in later
studies” (Haynes et al. 1995, p. 244). For the systematic and rigorous development and
evaluation of new measurements, a two-step procedure is recommended: 1) develop a pool of
candidate items, and 2) assess their content validity using g-sort methodology (Moore and
Benbasat 1991; Nahm et al. 2002).

The first step is to generate a pool of items that represent the conceptual domain of a construct
(MacKenzie et al. 2011). These items should be written with simple, specific, and concise words
to avoid ambiguity (Podsakoff et al. 2012). The contents of these items can be informed by
variety of sources, such as literature and empirical studies relevant to the construct, existing and
related measurement instruments, rational deductions, as well as by suggestions from experts
and target populations (Haynes et al. 1995).

In the second step, the resultant initial pool of candidate items is then evaluated using g-sort
methodology (also called ‘card-sorting’) (Moore and Benbasat 1991; Nahm et al. 2002). Here,
individuals such as experts and candidates from the target population sort the items by
assigning them to one of the different constructs which they think best reflect the item. Each
construct is named and defined, and an ‘ambiguous’ category is additionally included to prevent
forcing respondents to assign problematic or ambiguous items. If an item is consistently
assigned to one construct, it demonstrates ‘convergent validity’ with that construct and
‘discriminant validity’ with all other constructs (Moore and Benbasat 1991). To assess the
reliability of the sorting, two metrics are evaluated: 1) levels of agreement between the raters
(raw agreement and Kappa) and 2) a ‘hit-ratio’ reflecting the frequency of correct assignments
(Moore and Benbasat 1991; Nahm et al. 2002). To evaluate the level of agreement (Kappa
values), the following interpretations have been proposed: < 0.00 (poor), < 0.20 (slight), < 0.40
(fair), < 0.60 (moderate), < 0.80 (substantial), and < 1.0 (almost perfect) (Landis and Koch
1977). Items with less than 0.61 agreement should be removed (Landis and Koch 1977). The hit-
ratio (item placement ratio) serves as an indicator of how many items were assigned to the
intended construct by the raters (Moore and Benbasat 1991). Albeit no evaluation guidelines for
this ratio exist, it helps to identify any problematic areas (Moore and Benbasat 1991). This
procedure (i.e., item optimization, reduction, and sorting) is repeated until satisfactorily results
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are achieved. After content validity has been established, researchers continue evaluating the
psychometric properties of the newly developed instruments (i.e., construct reliability and
validity, cf. section 3.5.1) using larger quantitative studies (MacKenzie et al. 2011).

Study IV employs g-sort method for the evaluation of content validity of newly developed
measurement instruments for the affordances of fitness tracking technology (reported in Paper
VII). After a pool of initial items was developed from corresponding definitions and related
literature, these items were evaluated using qg-sort. The g-sort procedure was administered
using an online tool (‘OptimalSort’) and conducted in two rounds (n=7 and n=55). Results of
the first round — conducted with seven colleagues and friends — indicated overall moderating
agreement and pointed at some areas for improvement. After revision, a second round was
conducted where participants were recruited using an online panel (MTurk; see also section
3.2). Response quality was safeguarded with attention traps and participants were paid 0.7 USD.
Final results of 55 participants with sufficient background expertise of fitness tracking
technology provided an overall ‘substantial agreement’ between respondents and an overall hit-
ratio of 90%, such that adequate content validity was achieved. The measurement instrument is
utilized in Study V and Papers VIII-XI, which provide evaluation of the instrument’s
psychometric properties.

3.5 Structural Equation Modeling

Papers I-VI and VIII-XII use quantitative research approaches with structural equation
modeling (SEM) to analyze the data and to test the hypotheses. SEM belongs to the class of
multivariate statistical tools and so-called second-generation statistical methods that are often
applied in the behavioral, managerial, health, and social sciences (Bagozzi and Yi 2012).
Precisely, SEM are “statistical procedures for testing measurement, functional, predictive, and
causal hypotheses” (Bagozzi and Yi 2012, p. 8). The primary advantage of SEM lies in its
combination of aspects of factor analysis and regression which enables the simultaneous
examination of the relationships between the measured and latent variables (the so-called
measurement model) as well as the relationships between the variables (the so-called structural
model) as depicted in Figure 12 (Gefen et al. 2011; Hair et al. 2014).

In SEM, the central variables of a theory and the focal research model are usually called ‘latent
variables’ or ‘constructs’, and are depicted by the ellipses Y:-Y, and Z; in Figure 125 (Bagozzi and
Yi 2012). The connections between the latent variables are represented by arrows (e.g., Y1 — Y4),
called ‘paths’, which are causal relationships used to test a hypothesis (Bagozzi and Yi 2012).
For example, Y: depicts ‘perceived usefulness’ of a system and Y, depicts ‘intention to use’ the
system, so that the arrow connecting them means that ‘intention to use’ is a function of
‘perceived usefulness’ (Bagozzi and Yi 2012; Venkatesh et al. 2003). Each of the latent variables
is connected to designated measurements, also called ‘manifest variables’, ‘empirical variables’,
‘observations’, ‘indicators’ or ‘items’ (X;-Xi» in Figure 12) (Bagozzi and Yi 2012). The arrows
connecting the measurements with the latent variables can differ in direction (i.e., outbound or
inbound), which is a matter of whether the latent variable is measured ‘reflective’ or ‘formative’.

5 Note: the latent variable Z, is a special kind of construct, a so-called ‘second-order construct’ which is explained
in more detail in section 3.5.5

Robert Rockmann 51



Introductory Paper

INDEPENDENT VARIABLES (EXOGENOUS VARIABLES) DEPENDENT VARIABLE (ENDOGENOUS VARIABLE)

Measurement model Path coefficient

(outer model) /

X4
Formative Xo » Y %
measurement C
—

Latent variable
(construct)

2 7/

X, Yo <

Xs

Y2

N
w

Second-order
construct

Measurement model
Reflective (outer model)

measurement

2 Structural model

(inner model)

- >
>

Xo

Figure 12. PLS path model (Hair et al. 2014)

Measurement is fundamental to empirical research in social sciences, particularly in
quantitative approaches (Hair et al. 2014). Several things can be directly ‘measured’ as a variable
for analysis, such as height using a ruler, body weight using a scale, temperature using a
thermometer, or vehicle speed using the speedometer of the car (Hair et al. 2014). However,
variables such as satisfaction, trust, or usefulness perceptions are abstract, complex, and not
directly observable. In such cases, one speaks about latent (i.e., unobservable) variables or
constructs (Hair et al. 2014). Albeit these latent variables cannot be directly measured like body
weight, one can draw upon indirect measures by using a set of indications that serve as proxy
variables (Gefen et al. 2011; Hair et al. 2014). Each indicator then represents a certain aspect of
the larger concept (i.e., the intended latent variable). For instance, the rather abstract construct
‘perceived usefulness’ of a spreadsheet software can be measured via an employee’s agreement
to statements like “Using the spreadsheet software improves my productivity” or “Using the
spreadsheet software enables me to accomplish tasks more quickly” (Davis 1989). As mentioned
before, these indicators can be utilized to measure a latent variables in either reflective or
formative ways (Hair et al. 2014).

In reflective measurement models (e.g., constructs Y. and Y3 in Figure 12), as the name
implies, the indicators’ contents reflect the meaning of the construct. Because they reflect the
meaning of the construct, the indicators should be highly correlated (Hair et al. 2014).
Moreover, the indicators should be interchangeable and single indicators can be removed
without altering the meaning of the construct (Hair et al. 2014). The aforementioned ‘perceived
usefulness’ construct is measured in a reflective manner with cited indicators (Davis 1989). The
logic behind using several indicators reflecting the construct’s meaning is to increase
measurement accuracy and validity (Hair et al. 2014).

In contrast, in formative measurement models (e.g., construct Y: in Figure 12), the
indicators are not interchangeable (Hair et al. 2014). Rather, each indicator captures a
particular aspect of the construct’s meaning such that, jointly, all items define the constructs’
meaning (Hair et al. 2014). In consequence, omitting an indicator potentially changes the
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meaning of the construct and researchers must be careful to ensure that the meaning of the
construct is captured by all corresponding indicators (Hair et al. 2014).

Constructs can also be conceptualized as first-order constructs (e.g., constructs Y:-Y; in Figure
12) or as second-order constructs (e.g., construct Z, in Figure 12). A second-order construct, also
called ‘higher-order construct, is itself a composite of first-order constructs which assess specific
dimensions and is applied when capturing latent variables at a higher abstraction (Hair et al.
2014). A detailed explanation is given in section 3.5.5.

The two most common approaches to SEM in the IS literature are covariance-based SEM (CB-
SEM) and variance-based partial least squares SEM (PLS-SEM) (Gefen et al. 2011; Hair et al.
2014). These approaches differ in their underlying philosophy, assumptions of data
distributions, and estimation objectives (Gefen et al. 2011). CB-SEM is preferable when the
research objective is to test or confirm a theory or compare a theory with alternative theories,
with the objective of confirming structural relationships (Hair et al. 2011). Because PLS-SEM is
prediction-oriented and aims to maximize the explained variance in the dependent constructs,
PLS-SEM is favored for theory development such as exploration or extending existing structural
theories (Hair et al. 2011). Because this dissertation seeks to develop understanding of
phenomena that has not been the focus of extensive prior IS research (e.g., older people, fitness
tracking technology), this dissertation employs the PLS-SEM approach to analyze quantitative
empirical data. Further advantages associated with PLS-SEM are its ability to work with wider
ranges of samples sizes, less restrictive data requirements (such as normal distributions), and
its ability to deal with model complexity (many constructs and measurements) (Hair et al. 2011).

In applying PLS-SEM, the papers in this dissertation use the software SmartPLS in its version 3
(Ringle et al. 2015). Data analysis using PLS-SEM usually proceeds in two steps: evaluation of
the measurement model, followed by evaluation of the structural model (Chin 1998). These two
steps and corresponding evaluation criteria are explained next.

3.5.1 Measurement Model Assessment

Before assessing the structural model and testing corresponding hypotheses, the measurement
model needs to be evaluated. For reflective measurements, as consistently used in all papers
using PLS-SEM, evaluation centers on validity and reliability. The rationale for this first step is
that without establishing confidence in the measurements applied, there is little reason to
observe the structural relationships and hence to pursue hypotheses testing (Hair et al. 2011).

Validity is concerned with whether measurement variables indeed measures what researchers
want to measure — the construct’s content (Recker 2013). Reliability, on the other hand, focuses
on whether the measurement variables measure the construct consistently and precisely
(Recker 2013). Validity and reliability are also referred to as the ‘the psychometric properties of
measurement variables’ (Recker 2013).

As graphically depicted in Figure 13, validity and reliability can be understood using the analogy
of a dartboard where the darts are understood as the measurement variables and the construct’s
validity is the centre of the board (Hair et al. 2011; Recker 2013). Thus, the closer the darts and
hence measurement variables are to the centre, the higher their validity is (Hair et al. 2011).
Reliability is the distance between the single darts fired — the closer they are to each other, the
higher the reliability (Hair et al. 2011). Confidence in the adequacy of the measurements is
established when all the measurement variables are very close to the center of the board and
very close to each other, as depicted on last dartboard to the right in Figure 13 (Recker 2013).
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Figure 13. Reliability and validity (Recker 2013)

Table 4 provides an overview of specific evaluation criteria for validity and reliability that are
explained next.

Content validity ensures that measurement items correctly represent the targeted construct
and do not have similar meanings as items of other constructs (Haynes et al. 1995). Content
validity is usually ensured by relying on established measurement instruments of prior research.
If measurement instruments need to be newly developed, such as in the case of newly identified
affordances (Paper VII), then content validity needs to be evaluated accordingly (see section
3.4). Bearing in mind that evaluation of content validity is a more qualitative concern than a
strictly statistical matter, inter-rater agreements and hit ratios can serve as indications of
content validity though.

Criterion ‘ Measure ‘ Evaluation guideline ‘

Evaluation is more a qualitative than

Content validi Interrater A t, Hit-Rati .
ontent validity (Interrater Agreement, Hit-Ratio) quantitative approach

Indicator’s loading on designated construct

Indicator’s cross-loadings .
> loading on other constructs

Discriminant validity Construct’s AVE > its highest correlation

Fornell-Larcker criterion .
with other constructs

Heterotrait-monotrait ratio (HTMT) < 0.85 or 0.90 (acceptable)
Convergent validity Average variance extracted (AVE) > 0.50

Cronbach’s Alpha
Construct reliability > 0.70 (> 0.60 in exploratory stages)

Composite reliability

Indicator reliability Indicator outer loadings > 0.707 and significant

Table 4. Evaluation criteria of reflective measurement models (Hair et al. 2014)

Discriminant validity refers to “the extent to which a construct is truly distinct from other
constructs by empirical standards” (Hair et al. 2014, p. 104). Hence, discriminant validity
ensures that the construct captures phenomena not represented by other constructs (Hair et al.
2014). Three measures of discriminant validity are applied. First, by examining the indicators’
cross-loadings, discriminant validity is supported when each indicator loads highest on its
designated construct (Hair et al. 2014). Second, the Fornell-Larcker criterion specifies that
discriminant validity is supported when the square root of each construct’s AVE is greater than
its highest correlation with other constructs (Fornell and Larcker 1981; Hair et al. 2014). That
is, a construct shares more variance with its designated indicators than with other constructs
(Hair et al. 2014). Third, the hetero-monotrait ratio (HTMT) should be lower than 0.85 albeit
values below 0.90 are deemed acceptable (Henseler et al. 2015).
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Convergent validity is understood as extent to which a construct’s indicator correlates
positively with alternative indicators of the same construct (Hair et al. 2014). Establishment of
convergent validity involves evaluation of each construct’s average variance extracted (AVE)
which needs to be at least 0.50 in order to ensure that the construct is able to explain on average
at least half of its indicators’ variance (Hair et al. 2011; Hair et al. 2014).

Construct reliability refers to a construct’s internal consistency (Hair et al. 2011). Estimates
of construct reliability are Cronbach’s Alpha and Composite Reliability (Hair et al. 2011). For
both criteria, values should be at least 0.70 in advanced stages of research and at least 0.60 for
exploratory stages to provide confidence in construct reliability (Hair et al. 2011; Nunnally and
Bernstein 1994).

Indicator reliability is represented by an indicator’s outer loading and its significance, which
should be at least 0.70 and significant respectively (Hair et al. 2011; Hair et al. 2014).

3.5.2 Structural Model Assessment

After establishment of confidence in the measurement models’ adequacy, analysis proceeds with
an assessment of the structural model (Chin 1998). Primary evaluation criteria for the structural
model are the significance and magnitude of the path coefficients, the coefficient of
determination (R2), and effect sizes (Hair et al. 2011; Hair et al. 2014). A summary of these
criteria is presented in Table 5 and explained next.

Criterion Evaluation guideline

t-values for two-tailed test:
1.65 = 10% significance level
1.96 = 5% significance level
2.57 = 1% significance level

Significance of path coefficients

Sign of path coefficients According to its assumed direction

Magnitude of path coefficients The closer to 0, the weaker the relationship

Depending on subject matter, rule-of-thumb:
> 19% = weak

> 33% = moderate

> 67% = substantial

Coefficient of determination (R2)

> 0.02 = small effect
Effect size (f2) > 0.15 = medium effect
> 0.35 = large effect

Table 5. Evaluation criteria of structural models (Hair et al. 2014)

The path coefficients in the structural model represent the hypothesized relationships
between the constructs (Hair et al. 2014). Path coefficients have standardized values ranging
between -1 to +1 indicating the strength of negative or positive relationships respectively (Hair
et al. 2014). The significance of path coefficients is determined with a bootstrapping procedure
(Hair et al. 2011). Whereas significant paths in the proposed direction support a proposed
hypothesis, insignificant path and/or directions contrary to assumptions do not lend support
(Hair et al. 2011). In addition to significance and direction, researchers assess the magnitude:
the closer the path coefficient is to 0, the weaker the relationship is (Hair et al. 2014).

The coefficient of determination (R2) is a measure of the model’s predictive accuracy and
represents the combined effects the independent variables have on the according dependent
variable (Hair et al. 2014). R2 values range from 0 to 1 with higher numbers representing higher
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explanatory power (Hair et al. 2011). However, what values of R2 can be regarded as high
depends on the research discipline and study’s subject (Hair et al. 2011). Nonetheless, as a rule-
of-thumb, Chin (1998) suggest that R2 values of 0.67, 0.33, or 0.19 can be interpreted as
substantial, moderate, or weak, respectively.

In addition to the overall explanatory power of the model, the actual effect of each independent
variable on the dependent variable can be identified by its effect size (f2) (Hair et al. 2014).
The effect size can be assessed by the change in the R2 when omitting the construct of interest
compared to its inclusion (Hair et al. 2014). Effect sizes of 0.02, 0.15, and 0.35 can be
interpreted as small, moderate, and large effects respectively (Cohen 1988).

3.5.3 Common Method Bias

Common method bias (CMB; also “common method variance”) refers to “variance that is
attributable to the measurement method rather than to the construct of interest” (Bagozzi and
Yi 1991, p. 426). The term “method”, in this context, is more broadly concerned with the form
of measurement such as the content of items, response format, scale types, general instructions,
or the general context (Bagozzi and Yi 1991). In quantitative empirical behavioral research,
including the IS discipline, agreement appears amongst scholars that CMB is a potential
problem (Aguirre-Urreta and Hu 2019). There are at least two major detrimental effects caused
by common method biases (MacKenzie and Podsakoff 2012). First, the presence of CMB can
lead to biased estimates of construct validity and reliability and hence incorrect conclusions
drawn about the adequacy of the employed scales (detailed explanations in section 3.5.1).
Second, CMB can lead to biased estimates of the relationships between the constructs and, in
consequence, can affect hypotheses testing (e.g., Type I or Type II errors) or lead to incorrect
conclusions about the explained variance (MacKenzie and Podsakoff 2012).

CMB is likely to be caused by a variety of sources including a common rater (e.g., consistency
motif, illusory correlations, social desirability, mood), item characteristics (e.g., ambiguity,
common scales or anchors), item context (e.g., priming), or measurement context (e.g.,
independent and dependent variables assessed at the same time, location, or same medium)
(Podsakoff et al. 2003). Accordingly, researchers should apply techniques to prevent the
influence of CMB during data collection but should also apply detective techniques to assess the
presence of the CMB in the data (Aguirre-Urreta and Hu 2019).

Preventive techniques — or “procedural remedies” — are applied to minimize or to altogether
avoid the emergence of CMB during data collection, mostly through optimization of the data
collection instrument (Podsakoff et al. 2003). Whenever possible, it is recommended to a)
obtain responses for independent and dependent variables from different sources (e.g.,
employee and supervisor), b) to have a temporal, proximal, psychological, or methodological
separation of the measurements, c) to protect respondents’ anonymity and threat of evaluation,
and d) to counterbalance the question order (Podsakoff et al. 2003).

Detective approaches — or “statistical remedies” — are statistical approaches to control for
CMB and to generally inform about its presence within the data collected (Aguirre-Urreta and
Hu 2019). Amongst others, the following approaches have been proposed.

Harman'’s single-factor test is one of the most widely applied techniques for the detection of
CMB (Aguirre-Urreta and Hu 2019; Podsakoff et al. 2003). Using this technique, all
items/variables are entered into an exploratory factor analysis. Then, the unrotated factor
solution is examined in order to define the numbers of factors needed to account for the
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variable’s variance. According to this test, a substantial amount of CMB is present when only
one factor emerges or when one general factor accounts for more than 50% of the variable’s
variance (Podsakoff et al. 2003). Despite its widespread application among scholars, however,
concerns about the suitability to reliably detect CMB have been raised (Malhotra et al. 2006;
Podsakoff et al. 2003). Most recently, scholars provided evidence using real world data where
biases have been experimentally induced (Schwarz et al. 2017) as well as simulations (Aguirre-
Urreta and Hu 2019) that this test is unsuitable to reliably detect the presence of CMB.

Examination of the correlation matrix, as proposed by Pavlou et al. (2007), involves an
assessment of the correlation matrix of the variables. The assumption of this approach is that
extremely high correlations (r > 0.9) are an indicator of CMB.

Collinearity assessment of the variables is another technique proposed by Kock (2017). In this
test, the variance inflation factors (VIF) for all latent variables are observed and VIF values
above 3.3 are an indication of CMB.

The Unmeasured Latent Method Construct (ULMC) technique involves the creation of a latent
variable that represents a “method effect” (Liang et al. 2007; Richardson et al. 2009; Schwarz
et al. 2017; Williams et al. 2003). This method effect construct consists of all indicators (i.e.,
assessed items) of the study (Schwarz et al. 2017). Moreover, all indicators are additionally
transformed into single-item constructs. Then, the respective influence of the theoretical
construct is compared to the influence of the method effect factor. The ULMC test has been
applied in more recent IS studies (Laumer et al. 2016; Liang et al. 2007; Maier et al. 2015).
Nonetheless, concerns of the test’s suitability to detect CMB have been raised (Chin et al. 2012),
even though Schwarz et al. (2017) recently demonstrated that the ULMC is generally able to
detect and estimate CMB.

Accordingly, all empirical studies of this dissertation employed preventive techniques to
mitigate the potential influence of CMB during data collection. Moreover, most papers also
applied preventive techniques.

3.5.4 Meditation and Moderation

The analytical approaches explained so far centre mostly on direct relationships between two
variables without considerations of any other variables (i.e. direct model in Figure 14). In many
cases, however, two variables may only be indirectly associated with each other such that
relationships only exist when considering additional variables (called ‘mediation’) or the
relationships between two variables vary because of additional variables, so-called ‘moderation’
(Hair et al. 2014). Figure 14 below illustrates the differences between the direct, the mediation
and the moderation model.

Direct model Mediation model Moderation model

Mediator Moderator

Figure 14. Mediation and moderation
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3.5.4.1 Mediation

Mediation helps the researcher to “understand the process by which X affects Y’ (Iacobucci
2008, p. 1) and, in particular, whether a relationship between two variables exists because of an
intermediate third variable. Mediation can be understood as the “mechanism through which an
independent variable might affect a dependent variable—not directly, but rather through an
intervening process, captured by the mediator variable” (Iacobucci 2008, p. 1). Mediators serve
to illuminate how or why certain effects occur — that is the underlying ‘process’ or ‘mechanism’
(Baron and Kenny 1986; Preacher and Hayes 2004). As such, mediation is of interest in theory
building for many social scientists (Iacobucci 2008). Formally, a variable is considered to be a
‘mediator’ by “the extent that it accounts for the relation between the predictor and the criterion”
(Baron and Kenny 1986, p. 1176). Hair et al. (2014) illustrate mediation with the example of
seawater temperature as a cause of swimming incidents. It might be assumed that the lower the
water temperature, the higher the number of incidents because cold water leads to a quicker
exhaustion and many swimmers might misjudge their abilities. Statistical results, however,
indicate a positive relationship meaning that with higher temperature the number of incidents
increases. However, when taking the ‘number of swimmers’ in the water into the model, it turns
out that with higher water temperature, the more swimmers are in the water, which, in turn,
leads to a higher number of incidents. Hence, the variable ‘number of swimmers’ serves as a
mediator to explain the relationship between water temperature and number of incidents (Hair
et al. 2014). Within the IS literature, a well-known example of mediation is found in the
technology acceptance model (Davis 1989) that postulates that all external variables (e.g., user
training) influence a user’s system usage decisions through influencing the user’s beliefs about
using the system, in particular via beliefs about the usefulness and ease-of-use of the system
(see section 2.2.1).

The most common methodological approaches to test mediation formally are Baron and Kenny
(1986) and Preacher and Hayes (2004). According to Baron and Kenny (1986), mediations
occurs when: 1) the independent variable X significantly influences the dependent variable Y, 2)
the independent variable X significantly influences the mediator variable, and 3) the mediator
variable exerts a significant influence on the dependent variable Y while controlling for the
impact of X on Y. However, as the procedure of Baron and Kenny (1986) is not without criticism
(e.g., Zhao et al. 2010), an alternative approach is the bootstrapping procedure of Preacher and
Hayes (2004).

Moreover, mediation can be either full or partial. Full mediation occurs when the prior
significant relationship between X and Y becomes insignificant when entering the mediation
relationship. Partial mediation occurs when both, the direct and the mediated relationship, are
significant. Paper III and Paper X employ a formal mediation test.

3.5.4.2 Moderation

Moderation occurs when the strength or even direction between two variables X and Y are
altered by a third ‘moderating’ variable (Hair et al. 2014). Because people often differ in their
perceptions and evaluations of variables, including technology-related variables like usefulness
or ease-of-use perceptions, relationships between variables may also yield differences across
different respondents (Hair et al. 2014). In IS research, individual differences, including
variables such as gender, age, or technology experience, regularly serve as such moderating
variables (Venkatesh et al. 2003). For example, the relationship between usefulness perceptions
of a focal technology and an individual’s intention to use it is stronger for younger individuals
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and for men whereas ease-of-use beliefs have a stronger influence on use intentions for women
or older individuals (Venkatesh et al. 2003).

Figure 14 shows such a moderation model where the relationship between X and Y is influenced
by a third moderator variable. Because effect sizes (f2) in moderation-relationships are usually
smaller compared to direct-relationships (Aguinis et al. 2005; Kenny 2015), a more ‘realistic’
effect size interpretation is suggested to be 0.005, 0.01, and 0.025 for small, medium, and large
effect sizes respectively (Kenny 2015).

Moreover, there are two types of moderating relationships: continuous and categorial (Hair et
al. 2014). A continuous moderating effect exists for metrically measured variables such as age,
whereas a categorial moderating effect refers to categorial data such as gender (Hair et al.
2014). The latter is often also of interest when comparing the same model across subsamples of
a population, for example high- and low-experienced users, to examine whether there are
differences between the two groups. Such tests are often conducted by multigroup analyses
which allow to examine whether the relationships between variables (i.e., path coefficients)
differ between groups (Hair et al. 2014).

In this dissertation, Papers III-V and IX-XI employ moderation analyses with categorial (e.g.,
gender) and/or continuous (e.g., age, goals, health need, self-efficacy) variables. Paper VI and
Paper XII employ a multigroup analysis using PLS to understand differences for entire models
between two groups (i.e., retired vs. non-retired people and novice vs. experienced users).

3.5.5 Hierarchical Component Models

The constructs (or ‘latent variables’) discussed so far can be characterized as having a single
layer — so-called ‘first-order’ constructs (Hair et al. 2014). In certain instances, however,
constructs are operationalized at a higher level of abstraction (Hair et al. 2014). For instance,
one might conceptualize the construct ‘service satisfaction’ with subdimensions such as service
quality, personnel satisfaction, or price satisfaction (Hair et al. 2014). As such, ‘service
satisfaction’ serves as a multidimensional higher-order (or ‘second-order’) construct consisting
of lower-order (or ‘first-order’) constructs (see also construct Z; in Figure 12 for a graphical
representation). Although this process can be extended in infinite ways, most higher-order
constructs consist of two layers (Hair et al. 2014). In general, such higher-order models are
called ‘hierarchical component models’ (HCM) in the PLS-SEM context (Hair et al. 2014).

There are at least two main reasons for HCM promoted in the literature (Hair et al. 2014;
Wetzels et al. 2009). First, HCM facilitates theoretical parsimony as with the reduction of
constructs (via abstraction), the number of relationships within the model are reduced and the
model is easier to comprehend (Edwards 2001; Wetzels et al. 2009). Second, HCMs are useful
when the constructs are highly correlated resulting in otherwise collinearity and discriminant
validity issues (Hair et al. 2014).

Conceptually, HCM can be distinguished by the relationship between the higher-order construct
and its dimensions (i.e. lower-order constructs). A superordinate construct is technically
equivalent to a reflective measurement — a general concept represented by its specific
dimensions (Edwards 2001; Wright et al. 2012). A superordinate construct has been also called
a “molecular model” (Wetzels et al. 2009). An aggregate construct is the technical equivalent
to a formative measurement model so that the higher-order construct is created with formative
subdimensions — the specific subdimensions combine to produce the construct (Edwards 2001).
Synonyms include “molar model” (Wetzels et al. 2009).
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Operationally, the development of higher-order constructs and implementation into the
structural model follows a two-step approach (Hair et al. 2014). In the first stage, the latent
variable scores for each lower-order construct are obtained which, in the second stage, serve as
the indicators for the corresponding higher-order construct. Evaluation of the psychometric
properties of the higher-order construct follows according to its conceptualization (i.e.,
reflective vs. formative) (Hair et al. 2014; Wright et al. 2012).

HCM is applied in Paper X, where the affordances of the fitness tracking technology are
conceptualized at a higher level of abstraction. For example, the higher-order construct ‘self-
quantification’ is represented by the lower-order constructs ‘self-monitoring’ and ‘performance
analysis’. In this case, HCM facilitates model parsimony and reduction of complexity at the
conceptual level and prevents collinearity and discriminant validity issues at the empirical level.

3.5.6 Path Comparison Analysis

Whereas moderation, particularly multigroup analysis, seeks to understand differences for path
relationships between groups, researchers are also often interested which of the independent
variables exhibits the strongest relationship with and impact on a dependent variable. In this
case, researchers are more interested in comparing the path coefficients between several
independent on a dependent variable.

When seeking to understand the influences of many independent variables (e.g., perceived
usefulness, satisfaction) on a dependent variable (e.g., IS continuance intention), scholars often
find that the independent variables exert relationships with differing strength (magnitude) with
the dependent variable and may draw conclusions such as “satisfaction was the stronger
predictor of continuance intention in this study than perceived usefulness” (Bhattacherjee 2001,
p. 364) and provide corresponding practical implications.

To provide confidence in the interpretation of path comparisons, statistical tests of path
differences are advocated (Chin et al. 2013). Paper VIII employs a formal path comparison test
with a bootstrapping approach in PLS-SEM to compare the influences of two different exercise
goals on corresponding affordances.

3.6 Summary

In summary, this dissertation employs qualitative, non-empirical and quantitative, empirical
research methods to respond to the specific research questions. The qualitative, non-empirical
methods serve for conceptual developments including the general research framework of this
dissertation (section 2.1.1), to identify salient affordances of consumer health IT and to develop
measurement instruments (section 3.4). The quantitative, empirical research methods — mainly
survey-based studies — are used to examine the relationships between the different factors and
variables, i.e., the different relationships between motivation, ability, opportunity, and
outcomes of consumer health IT use. The results are presented in the next section.
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4 MAIN RESEARCH RESULTS

The results of the twelve papers are structured according to the two research contexts. The first
six papers focus on older people’s use of IT in general and consumer health IT. The second six
papers focus on fitness tracking technology. Each paper provides answers to the specific
research questions (section 2.5) and thereby examines different facets of motivation, ability, and
opportunity of consumer health IT (section 2.1.1.5). Table 6 provides an overview of the factors
examined regarding motivation, ability, and opportunity alongside the results and implications.

Motivation

Paper

Ability

Opportunity

Result

Context: Older people

Paper I Computer/
Internet self-

efficacy

Older people’s IT-related self-efficacy predicts most
strongly the intensity of their Internet use (i.e.,
advanced IT uses).

» IT-related ability necessary for advanced IT uses.

Paper 11 Computer/
Internet self-

efficacy

Past Internet use at work is an antecedent of older
people’s IT-related self-efficacy, which, in turn,
predicts their private Internet use.

» IT-related ability determined by prior experiences.

Paper I1I Computer self-

efficacy

Older people’s computer self-efficacy influences
consumer health IT use by enhancing their associated
usefulness beliefs but not directly.

» IT-related ability accounts only indirectly for
consumer health IT use.

e Computer self-
efficacy

e Health
knowledge

Paper IV Health need

e Health
decision
support

e Health
management

Older people’s different uses of consumer health IT are
differently determined: use for health decision support
predicted directly by perc. usefulness and health
knowledge; use for health management predicted by
perc. usefulness and perc. ease-of-use. Computer self-
efficacy only indirectly predicts these uses; health
needs strengthen the influence of perc. usefulness.

» Realization of opportunities differently determined;
motivation enhances the impact of usefulness
perceptions on consumer health IT use; health-related
ability influences ease-of-use perceptions.

Health need Health

knowledge

Paper V

Online health
information

Older people’s exploratory IT behavior predicts
alongside perceived usefulness and health knowledge
their online health information use. The influence of
exploratory IT behavior gets stronger with increasing
age. Exploratory IT behavior and perc. usefulness are
determined by health need and health knowledge.

» Realization of opportunities is differently caused;
motivation strengthens the impact of usefulness
perceptions on consumer health IT use; health-related
ability influences ease-of-use perceptions; IT-related
ability indirectly influences consumer health IT use.

e Computer self-
efficacy

e Health
knowledge

Paper VI

Online health
information

Older people’s health knowledge increases through the
use of online health information. This use is predicted
by exploratory IT behavior, which, in turn, is predicted
by their computer self-efficacy and determined by past
work IT intensity. All relationships and effects are
stronger for retired people than non-retired people.

» Realization of opportunities provided by consumer
health IT contributes to health-related, cognitive
outcomes. IT-related ability indirectly influences
consumer health IT use.

Robert Rockmann
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Paper Motivation Ability Opportunity Result
Context: Fitness tracking technology
Paper VII Eight Identifies salient affordances in fitness tracking
affordances technology: Self-monitoring, Performance analysis,
Exercise guidance, Rewards, Social comparison,
Watching others, Social recognition, Self-presentation.
Moreover, corresponding measurement instruments
are developed and evaluated for content validity.
» Different opportunities provided by fitness tracking
technology that potentially motivate users.
Paper * Mastery goal o Self- Users’ mastery and performance goal orientations
VIIT orientation monitoring drive distinct fitness tracking technology feature uses
e Performance e Exercise (i.e., specific affordance enactments): Mastery goals
goal orientation guidance mainly determine self-monitoring and exercise
e Rewards guidance affordance enactments; performance goals
 Social primarily determine social comparison, rewards, and
comparison exercise guidance affordance enactments.
» Different motivations drive distinct patterns of
realized opportunities provided by the IT.
Paper IX * Mastery goal o Self- Enactment of fitness tracking affordances determines
orientation monitoring the motivational benefits gained (i.e., increased
e Performance e Rewards motivation and physical activity), and these achieved
goal orientation e Social benefits vary with users’ motivation-relevant goals.
comparison » Engagement with provided opportunities results in
anticipated outcomes; yet realized opportunities and
motivations need to fit’ for optimal outcomes.
Paper X e Mastery goal Controls: e Self- The motivational benefits gained from the enacted
orientation o Fitness quantification affordances takes place through the satisfaction of
e Performance tracking « Exercise psychological needs for autonomy, competence, and
goal orientation experience control relatedness. The influence on need satisfaction varies
o Exercise self- . 'Social . with users’ goals.
efficacy interaction » Engagement with provided opportunities satisfies
users’ motivational needs and thereby leads to
realization of health-related outcomes; satisfaction of
needs varies by the motivations.
Paper XI Exercise self- e Self- Specific affordances can cause both satisfaction and
efficacy monitoring thwarting of competence needs (positive and negative
e Rewards effects) and, in turn, influence decisions to continue
e Social using the fitness tracking technology. Users’ with low
recognition exercise self-efficacy react more strongly to need
satisfaction and thwarting.
» Provided opportunities can also have adverse
impacts on users’ motivational need; health-related
ability serves as a coping resource for adverse effects.
Paper XII Improvement Fitness tracking Performance Performance feedback from fitness tracking technology
goal technology feedback causes positive and negative emotional reactions that
experience ‘infuse’ users’ decisions to continue using the fitness

tracking technology, particularly their associations of
usefulness and enjoyment. Novice users are more
sensitive to their emotions in these evaluations.

» Provided opportunities can cause positive and
negative emotional reactions infusing the evaluation
of consumer health IT, particularly in early stages.

Table 6. Overview of research results and main findings for motivation, ability, and
opportunity in consumer health IT use
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4.1 Paper l: IT-Related Traits and Older People’s Internet Use®

The first paper of this dissertation (Paper I) focuses on the role of the ability component and
examines its influence on older people’s IT use, specifically their Internet use. Thereby, this
paper aims to examine the role of older people’s IT-related differences, specifically IT-related
traits (Maier 2012), in predicting their Internet use behavior (i.e. frequency and intensity).
Given that older people are not a homogenous group in terms of IT use and that prior literature
suggests that older people often lack the willingness or ability to use IT (Fox and Connolly 2018),
the paper conceptualizes older people’s IT-related traits as curiosity-related (i.e. Personal
innovativeness in IT, Computer playfulness) and control-related (Computer self-efficacy,
Computer anxiety) differences. The paper then comparatively examines how variations in these
two types of older people’s IT-related differences account for different measures of Internet use:
1) duration of Internet use in terms of the average amount of time spent using the Internet per
week (Venkatesh et al. 2008) and 2) intensity of Internet use, i.e. the amount of ‘features’ used
such as seeking information seeking, news reading, commerce, online banking, communication,
entertainment, or general browsing (Limayem et al. 2007). With this approach, the paper aims
to get a better understanding about for which type of IT use older people’s IT-related ability is
of highest influence.

. Personal
[ innovativeness in IT ~ [~o ——_ 0.473"
o l 0.343** N ‘ Internet use duration
z _ N (R2 19.4%)
=2 Computer _— 0.190

playfulness TG O

.- 0.302%. s,

Computer L7 Sol U
= self-efficacy RRNURNE
9 0.177* ~ds. _ _
= l -0.286** > Internet use intensity
z ” (R223.1%)
8 Computer -0.349

anxiety
**p<0.001;*p<001;*p<0.05 - Not significant

Figure 15. Results of Paper I (n=135)

As illustrated in Figure 15, an analysis of empirical data from Study I reveals that curiosity- and
control-related IT differences account for different types of older people’s Internet use. In a
comparative assessment, the curiosity-related differences (Personal innovativeness in IT,
Computer playfulness) are significant predictors of older people’s Internet use duration and not
of their Internet use intensity, meaning that the more curious older persons are towards the

6 Rockmann, R. and Gewald, H. 2018. “How Do IT-related Traits Drive the Internet Use of Mature Adults? The
Interplay of Curiosity and Control.” In: Proceedings of the Hawaii International Conference on Systems Sciences,
Waikoloa, Hawaii.
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Internet, the more time they spent online. In contrast, the control-related differences (Computer
self-efficacy, Computer anxiety) are significant predictors of older people’s Internet use
intensity such that the more they feel to have the necessary ‘control’ in using the Internet, as
echoed by high self-efficacy and low anxiety, the more features they use and the more advanced
their Internet use becomes. Above and beyond, older people’s computer anxiety is a general
inhibitor of their Internet use.

In summary, Paper I examines potential distinguishing factors (IT-related traits) to unravel
heterogeneity among older people, which are inaccurately often considered a homogenous
group. This paper offers an alternative conceptualization of IT-related traits in the context of
older people (i.e. curiosity and control) and provides empirical evidence that these traits account
for different Internet use conceptualizations. Notably, older people’s computer self-efficacy and
anxiety, which are often considered as key factors of this target group (Fox and Connolly 2018;
Niehaves and Plattfaut 2014; Tams et al. 2014), have the greatest effect with regard to
comparatively advanced interactions and feature uses. As such, the results indicate that the
‘ability’ component is more relevant in more sophisticated IT uses.

4.2 Paper ll: The Role of the Past Workplace in Older People’s
Internet Use’

Noting the significance of older people’s computer self-efficacy as an enabling factor of their IT
adoption and use, research has called for the specific sources and developments of older people’s
computer self-efficacy (Fox and Connolly 2018; Tams et al. 2014). For older persons, past work
experience might constitute a unique source of their computer self-efficacy. Since many firms
adopted IT and the Internet before their widespread diffusion in households, some older
persons might have accessed the Internet at work before they retired. Paper II accordingly
examines the effect of the past workplace as an antecedent of older people’s computer self-
efficacy, computer anxiety, and hence their current Internet use.

Based on the key tenets of Social Cognitive Theory (Bandura 1986; Compeau et al. 1999), the
model shown in Figure 16 posits that 1) past behavior (i.e. Internet use at the workplace)
positively impacts computer self-efficacy and negatively impacts computer anxiety, 2) computer
self-efficacy is negatively related to computer anxiety, and that 3) computer anxiety and self-
efficacy determine actual behavior (i.e. private Internet use). In this study, computer self-
efficacy and anxiety are contextualized (i.e. Internet self-efficacy and anxiety).

Empirical validation using data from Study I (see Figure 16) shows that computer self-efficacy
and computer anxiety account for older people’s current Internet use. Confirming prior studies,
higher computer self-efficacy among older persons leads to lower computer anxiety. An
intriguing finding is that while previous Internet use at the workplace indeed significantly and
positively contributes to older people’s computer self-efficacy, it does not impact their computer
anxiety. This may be attributable to Internet-related threats, such as identity theft, fraud, scams,

7 Gewald, H. and Rockmann, R. 2016. “Digital Services for the Aging Society: The Impact of Previous Workplace
Privileges on Mature Adults’ Use of the Internet.” In: Proceedings of the International Conference on Digital
Society and eGovernments, Venice, Italy.

64 Consumer Health Information Technology



Main Research Results

or phishing, which are continuously emerging and changing, such that anxiety towards the
Internet changes more dynamically than self-efficacy.

Computer

Y anxiety AN

o T -0.483**

Past work -7 0,303 Private Internet use
Internet use \ - (R2 31.5%)
0.159* I 0172+

Computer /

self-efficacy

***p<0.001;*p<0.01;*p<0.05 -——--—--- Not significant

Figure 16. Results of Paper II (n=146)

In summary, Paper II provides initial evidence about the existence of the past workplace as
source of older people’s computer self-efficacy, particularly in the case of Internet use. As such,
Paper II provides initial indications about the potential sources of the ability component in the
context of consumer health IT.

4.3 Paper lll: The Role of the Past Workplace in Older People’s
Use of Consumer Health IT2

The third paper of this dissertation (Paper III) examines the role of the past workplace in the
context of older people’s consumer health IT use. The objective of Paper III is two-fold: first, to
confirm the impact of past workplace beyond the Internet context; and second, to examine its
consequences for the use of consumer health IT. As with Paper II, the model shown in Figure 17
is grounded in Social Cognitive Theory and further posits that computer self-efficacy not only
directly influences older people’s consumer health IT use, but also indirectly in terms of
enhancing the positive outcome expectations older people associate with using consumer health
IT, such as supporting aspects of their healthcare, their health, and well-being. Moreover, it is
assumed that the impact of past work IT intensity on computer self-efficacy and computer
anxiety weakens the longer the person is retired (i.e., retirement duration as moderator).

8 Gewald, H. and Rockmann, R. 2016. “Mature Adults' Use of Digital Health Services - The Role of Prior Computer
Experience on eHealth Adoption.” In: Proceedings of the International Conference on Information Resources
Management, Cape Town, South Africa.

A prior version of this paper was presented in: Rockmann, R., Weeger, A., and Gewald, H. 2015. “Elderly People
in eHealth: Investigating Internet Self-Efficacy and the Role of Occupational Internet Usage.” In: Proceedings of
the Americas Conference on Information Systems, Puerto Rico.
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Figure 17. Results of Paper III (n=132)

Based on an analysis of the empirical data collected in Study II, the results shown in Figure 17
support that past work IT intensity increases older persons’ computer self-efficacy and
decreases their computer anxiety which extends the findings of Paper II beyond the Internet
context. However, the expected moderating effect of retirement duration is not supported,
meaning that the impact of the past workplace does not decrease the longer a person is in
retirement. Moreover, consumer health IT use is directly determined by outcome expectations,
meaning that older people’s beneficial beliefs about the potential positive health-related impacts
of using consumer health IT drive their use. Computer self-efficacy, as supported by additional
mediation analysis, only indirectly affects their consumer health IT use.

In summary, by focusing the ‘ability’ component of consumer health IT use, Paper III reveals
that ability, as reflected by computer self-efficacy, rather indirectly contributes to the use of
consumer health IT. Moreover, Paper 111 confirms and generalizes the role of the past workplace
as antecedent of older people’s computer self-efficacy and anxiety.

4.4 Paper IV: The Role of IT-Related and Health-Related
Individual Differences for Different Types of Older People’s
Consumer Health IT Use®

In its most general form, consumer health IT aims to serve as information source and decision
aid for consumers (Demiris 2016, p. 46). Hence, consumer health IT can be used for different
purposes, such as supporting health decisions by looking up for health information online or
researching healthcare providers before seeking medical care, or supporting people’s health
management, such as managing a healthcare regimen or collecting and storing health data such
as personal health records. Put differently, there are at least two general, yet different

9 Rockmann, R. and Gewald, H. 2016. “Technology-Mediated Health Activities: An Exploratory Study on Older
Adults.” In: Proceedings of the Americas Conference on Information Systems, San Diego.

This paper received the AIS SIG Health Best Paper Meritorious Mention Award under the Junior Scholar category
in 2017.
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‘opportunities’ with which individuals can support their health and well-being: 1) health
decision support and 3) health management.

Accordingly, and in line with the research framework of dissertation, the aim of Paper IV is to
examine whether, and if so how, these two types of consumer health IT uses (opportunity) are
differently predicted by older people’s IT-related and health-related differences (i.e., ability and
motivation). Moreover, with this approach, this paper aims to extend Paper I regarding the
different predictions of ‘use’ into the context of consumer health IT.

The corresponding model shown in Figure 18 is based on the central tenets of the Technology
Acceptance Model (Davis 1989) meaning that perceived usefulness and perceived ease-of-use
are expected to drive these two types of uses. The model further posits that older people’s
computer self-efficacy (IT-related ability), personal innovativeness in IT as well as their health
knowledge (health-related ability) positively impact these two beliefs in addition to having a
direct influence on the uses. Moreover, it is assumed that for older persons with higher health
needs (i.e., motivation), as reflected by a higher number of physician visits and presence of
chronic disease (Wilson and Lankton 2004), perceived usefulness becomes a stronger driver of
these two uses than for persons with lower health needs.

Health need

Perceived

/' usefulness \ J-\ +
T N
Computer +
self-efficacy +
Health decision support
Personal .
/ +

innovativeness in IT
Health management

Health

knowledge +
\ Perceived

ease-of-use

Figure 18. Research model of Paper IV

The model was evaluated in a study of 156 persons (average age 72 years) based on the empirical
survey data from Study II. The results shown in Table 7 reveal that IT use for health decision
support use and health management are differently determined.

Older people’s IT use for health decision support is mainly driven by their usefulness beliefs and
their health knowledge; interestingly, commonly assumed factors for older people such as their
ease-of-use beliefs or computer self-efficacy (Chen and Chan 2011; Fox and Connolly 2018) do
not impact this kind of use. This is rather the case of using IT for the purpose of health
management which is driven by perceived usefulness and ease-of-use perceptions and also their
personal innovativeness in IT. In both cases, the impact of perceived usefulness on IT use
increases with higher health needs. Another finding of Paper IV is that perceived ease-of-use of
consumer health IT is not only predicted by computer self-efficacy and personal innovativeness
in IT, but also by health knowledge. This means that older people’s perceptions of ease-of-use
of consumer health IT is grounded not only in technological aspects, but also in their health
knowledge. Because consumer health IT, such as online health information, involves
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understanding of health terminology, a lack of health knowledge makes consumer health IT

seem more difficult to use for older people.

Perc. ease-of-use

Perc. usefulness

Health decision support

Health management

(R? 38.9%) (R2 57.2%) (R? 41.1%) (R? 44.3%)
CSE 0.321** 0.091 (n/s) 0.011 (n/s) 0.142 (n/s)
PIIT 0.262* 0.022 (n/s) 0.175 (n/s) 0.251%%
HKnow 0.195%* 0.084 (n/s) 0.187* -0.011 (n/s)
PEOU 0.653*** 0.175 (n/s) 0.338%**
PU 0.355"* 0.267**
HNeed 0.119 (n/s) 0.133 (n/s)
HNeed x PU 0.148* 0.194**
**% P < 0.001; **p < 0.01; * p < 0.05; n/s not significant
CSE = Computer Self-efficacy; PIIT = Personal Innovativeness in IT; HKnow = Health Knowledge; PEOU = Perceived
Ease-of-Use; PU = Perceived Usefulness; HNeed = Health Need

Table 7. Results of Paper IV (n=156)

In summary, Paper IV makes a first effort to examine the relationships between motivation (i.e.,
health need), ability (i.e., computer self-efficacy, health knowledge), and opportunities (i.e.,
health decision support and health management). This paper proposes two conceptualizations
of consumer health IT use that focus on the health-related activities the IT supports and
different sets of corresponding antecedents. Retrospectively interpreted, Paper IV identified two
general affordances of consumer health IT.

4.5 Paper V: The Role of Exploratory IT Behavior in Older
People’s Online Health Information Use'®

The Internet has become a major source of health information (Agarwal et al. 2010; Fox and
Duggan 2013) and many Internet users feel better informed about their health because of the
Internet (Pew Research Center 2014). Yet, older people are less likely to utilize the Internet for
health information than younger people — even those who generally use the Internet (Fox and
Duggan 2013). As the results of Paper IV reveal, however, computer self-efficacy and perceived
ease-of-use are, somewhat counterintuitively, not the main reasons underlying older people’s
online health information use. Post-adoption research points at users’ exploratory IT behavior
as a mechanism promoting enhanced utilization of a focal IT (see section 2.2.4). Paper V
therefore aims to adapt the notion of exploratory IT behavior to the context of older people’s use
of consumer health IT and, thereby, to identify the antecedents and consequences relevant for
older people’s online health information use.

10 Rockmann, R. and Gewald, H. 2017. “Older Adults’ Use of Online Health Information — Do They Even Try?” In:
Proceedings of the Hawaii International Conference on Systems Sciences, Waikoloa, Hawaii.
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Figure 19. Results of Paper V (n=180)

Specifically, as shown in Figure 19, Paper V uses the concept ‘Trying to innovate with IT” — “an
individual’s goal of finding novel uses of information technologies” (Ahuja and Thatcher 2005,
p. 435) — to describe exploratory IT behavior alongside perceived usefulness as main
determinants of older people’s online health information use. Moreover, the model posits that
these two determinants exert stronger influences on online health information use with higher
age. This is assumed because older people often stick with familiar media practices (Nimrod
2017) so that using the Internet to obtain health information is rather ‘innovative’ or ‘novel’ and
more likely the result of exploratory IT behavior the older the person is. Likewise as their age
increases, older persons are less likely to trust the Internet as a health information source (Hesse
et al. 2005), weakening the influence of perceived usefulness. Additionally, the model posits
that older people’s health need and health knowledge influence these two main determinants
and also online health information directly. A person’s health need is assumed to serve as trigger
for exploratory IT behavior because persons with higher health needs are more interested in
health information (Fox 2011), and may thus engage more strongly in exploratory IT behavior
in pursuit of obtaining health information to better manage their health needs. Furthermore,
health knowledge should prompt exploratory IT behavior because persons with greater health
knowledge should be more interested in obtaining further health information, which motivates
exploratory IT behavior. Moreover, with higher health needs and higher health knowledge, older
people should perceive more benefits in using IT to support their health. As shown in Figure 19,
empirical evaluation of data collected from 180 persons (average age 73 years) in Study II
supports most arguments.

In summary, Paper V focuses on the role of motivation (health need) and ability (health
knowledge) for the specific opportunity of obtaining health information online. The results
suggest that motivation and ability motivate stronger engagement in finding new purposes for
existing IT and also enhance beneficial perceptions towards consumer health IT. This, in turn,
leads to higher use of online health information. Moreover, Paper V extends exploratory IT
behavior into the context of older people and consumer health IT, identifies two contextual (i.e.
health-related) antecedents, the moderating role of age, and confirms its role in enhancing
users’ utilization of a given IT.
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4.6 Paper VI: The Digital Divide in Older People’s Online Health
Information Use'!

Older people’s adoption and use of IT, including consumer health IT, is often discussed with
relation to the digital dive — the unequal access, use, and impact of IT across social groups
(Dewan and Riggins 2005). In light of the previously discussed findings, the objective of Paper
VI is an examination of the constituent parts of the digital divide among older people — a so-
called ‘digital divide cascade’ — in the context of online health information use (see Figure 20).
Based on Social Cognitive Theory (Bandura 1986; Compeau et al. 1999; Wei et al. 2011) and
post-adoption research (Ahuja and Thatcher 2005; Jasperson et al. 2005), the proposed cascade
implies that disparities in prior access to IT lead to unequal outcomes for the well-being of older
people through a chain of effects (Wei et al. 2011). The second objective of Paper VI is to examine
retirement as a qualitative segmentation criterion for older people. Literature indicates that
chronological age is not always a meaningful indicator of ageing (WHO 2012) and alternative
conceptualizations can potentially shed new light on the age-related associations with IT use
(Ghasemaghaei et al. 2019; Hong et al. 2013; Tams et al. 2014). The transition into retirement
comes along with greater changes in one’s life including changes in the social network and
institutional support. Though IT brings opportunities to be less isolated and to stay informed,
retired persons are more strongly confronted with the IT issues on their own.

The developed cascade posits that the digital divide among older people begins with the access
divide in terms of the unequal access to and use of IT at the past workplace which, in turn, is a
predecessor of the capability divide (i.e. skill divide) among older people as reflected in the
control-related IT-differences computer self-efficacy and computer anxiety (see Papers I-II1).
The intensity of IT exposure in past work is expected improve older people’s digital capabilities
particularly due to the actual experiences made using IT and the social and formal support
received at the workplace (e.g., observation of coworkers’ use of IT, coworkers helping each
other to resolve IT issues, and formal IT training). However, as discussed earlier, older people’s
use of online health information is not necessarily solely a matter of digital abilities, but also a
matter of interest to utilize the existing IT (see Papers IV-V). Hence, the cascade proposes an
engagement divide which precedes the use of online health information (use divide) but this
engagement divide is partly caused by an antecedent capability divide. Lastly, the model posits
that by obtaining health information online, older persons increase their health knowledge. Put
differently, the use divide accounts for an outcome divide.

1 Rockmann, R., Gewald, H., and Haug, M. 2018. “Equal Access for Everyone? A Digital Divide Cascade for
Retired Senior Citizens.” In: Proceedings of the European Conference on Information Systems, Portsmouth,
United Kingdom.
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Figure 20. Results of Paper VI (retired people; n=157)

The proposed cascade was tested empirically based on data collected on 157 retired persons
(average age 72 years) drawn from Study II. Furthermore, to lend support that the cascade is of
higher explanatory power for retired persons, the model was also tested with non-retired
persons (n=62; average age 56 years).

The results of this group-wise comparison (Table 8) provide support that the entire divide
sequence of Access — Capability = Engagement — Use— Outcome exhibits higher explanatory
power, stronger relationships and higher effect sizes for retired persons than for non-retired
persons. The only exception is found within Access divide — Capability divide where the impact
of the (past) workplace on persons’ computer anxiety is stronger for non-retired persons than
for retired persons. As discussed earlier, computer anxiety appears to be more much more
dynamic and malleable and less influenced by prior experiences (see also Papers II and III).

Retired persons (n=157)

Non-retired persons (n=62)

Path Effect Path Effect

Outcome: Health knowledge (R2) 14.9% 6.4%

Online health information use 0.385 *** ‘ 0.174 (M) 0.254 (n/s) ‘ 0.069 (S)
Use: Online health information use (R2) 21.6% 12.3%

IT exploration 0.465 *** ‘ 0.275 (M) 0.351 ** ‘ 0.140 (S)
Engagement: IT exploration (R2?) 42.3% 31.5%
Computer self-efficacy 0.572 *#*% 0.384 (L) 0.253 (n/s) 0.055 (S)
Computer anxiety -0.124 (n/s) 0.018 -0.363%% 0.113 (S)
Capability: Computer self-efficacy (R2) 43.2% 46.5%
Computer anxiety -0.480 *** 0.379 (L) -0.519 *** 0.385 (L)
(Past) Work IT intensity 0.344 *** 0.194 (M) 0.257 * 0.094 (S)
Capability: Computer anxiety (R2) 6.5% 23.6%

(Past) Work IT intensity -0.254 ** 0.069 (S) -0.486 *** 0.308 (M)

##% p < 0.001; ** p < 0.01; * p < 0.05; n/s not significant
Effect sizes: 0.02 (S; small), 0.15 (M; medium), and 0.35 (L; large) (Cohen 1988)

Table 8. Results of Paper VI (comparison of retired and non-retired people)
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In summary, Paper VI provides a first examination of the outcomes of consumer health IT use
in this dissertation suggesting that specific outcomes (e.g., increased health knowledge) are
gained by realizing specific opportunities provided by consumer health IT (i.e., online health
information). Moreover, in examining the ability component (i.e., computer self-efficacy) of
consumer health IT use, results imply that ability has a stronger impact for retired persons than
for non-retired persons. As such, ability appears to be a facilitating condition for consumer
health IT use, relevant mostly for older people. In addition, Paper VI adds computer self-efficacy
as antecedent of exploratory IT behavior and reveals ‘retirement’ as meaningful qualitative
segmentation criteria for older people.

4.7 Paper VII: Affordances of Fitness Tracking Technology'?

Fitness tracking technology — particularly software applications such as Strava — offers a range
of features designed to motivate users to be physically active, such as visual performance graphs,
virtual scores and trophies, performance rankings, or social network features that allow
following, commenting, or ‘liking’ other users’ physical activities (Lister et al. 2014). As such,
fitness tracking technology provides a multitude of ‘opportunities’ from which users can draw
on to motivate themselves. To identify these different opportunities provided by fitness tracking
technology, Paper VII draws on the notion of affordances (i.e., possibilities for goal-oriented
action) and develops measurements instruments to assess these affordances empirically.

Affordance ‘ Definition Feature examples

Recording of GPS and steps taken; training log and

comparison

against others

Self- Possibility to systematically document and ..
. \ . diaries, reports about of step rates, pulse frequency,
monitoring observe one's sport behavior . .
speed, distance, or calories burned
Performance Possibility to systematically analyze and Statistics on recorded parameters, side by side
analysis evaluate performance indicators comparison of records from the logged activities
. Textual or audio-visual media with exercise tips, alerts
Exercise - . . . .. . s .
. Possibility to get instructed in physical activity | for pulse zones or interval training, live performance
guidance
feedback
Possibility to obtain rewards for physical . .
Rewards L. y phy Points, badges, trophies
activity
Social Possibility to compare your performance Leaderboards, rankings, competitions, activity reports of

others, other’s profile pages

presentation

self-identity and image

Watchin Possibility to observe other people's sport .. §

Y s peop P Newsfeed, activity reports of others, other’s profile pages
others activities
Social Possibility to receive social feedback and Leaderboards, rankings, “likes” or “kudos”, comments on
recognition respect from others uploaded activities
Self- Possibility to create and communicate unique

Profile page, sharing/posting activities

Table 9. Results of Paper VII (identified affordances)

12 Rockmann, R. and Gewald, H. 2018. “Activity Tracking Affordances: Identification and Instrument
Development.” In: Proceedings of the Pacific Asia Conference on Information Systems, Yokohama, Japan.
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The identification of affordances was informed by a variety of sources, including prior literature,
anecdotal user stories, vendor’s marketing and by nine interviews with actual fitness tracking
users. As a result, eight salient affordances in fitness tracking technology were identified for
which according definitions, descriptions and feature examples are derived (see Table 9).

Having identified the salient affordances, this paper further developed a corresponding
measurement instrument to assess the affordances in survey research. A g-sort method was
applied across two rounds (n=7; n=55) to evaluate the content validity of the developed items
(Study IV; see also section 3.4). Table 10 provides examples for the final, content-valid items.

Self-monitoring monitor my sport behavior.

Performance analysis perform statistical analysis of performance metrics.

Exercise guidance get supervised to reach my physical activity goals.

Rewards earn virtual rewards as a token for my efforts in physical activity.

Social comparison find out how I am doing in exercise compared to what others have done.
Watching others follow the sport activities of other people.

Social recognition earn compliments from others for my physical activity.
Self-presentation present myself as physically active person.

Table 10. Results of Paper VII (measurement items)

In summary, Paper VII focuses on the possibility component of consumer health IT use and,
using the affordance lens, identified such possibilities in terms of eight affordances salient in
fitness tracking technology. Moreover, this paper provides content-validated measurement
instruments to empirically assess these affordances in survey research. Thereby, Paper VII
provides the conceptual and empirical underpinnings for the subsequent Papers VIII-XI.

4.8 Paper VIll: The Role of Achievement Goals in Predicting
Fitness Tracking Technology Feature Use'?

As just discussed, fitness tracking technology offers a variety of features designed to motivate
people to be physically active. Since people’s physical activity motivations and goals differ,
fitness tracking technology users might choose to use different features available to motivate
them individually. To better understand the relationship between peoples’ motivations and
fitness tracking technology features, Paper VIII examines how different motivations, in terms
of goals, drive fitness tracking feature use. Thereby, this paper further elaborates on motivation
and ability of consumer health IT use.

Paper VIII builds on four archetypical affordances of fitness tracking technology identified in
Paper VII (i.e., self-monitoring, exercise guidance, rewards, and social comparison) as well as

13 Rockmann, R. and Gewald, H. 2019. “Individual Fitness App Use: The Role of Goal Orientations and
Motivational Affordances.” Forthcoming in: Proceedings of the Americas Conference on Information Systems,
Canctin, México.
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on Achievement Goal Theory’s key tenets concerning people’s goal orientations, environment’s
goal structures and their emphases on mastery goals (competence development) and
performance goals (competence demonstration) (Ames 1992; Nicholls 1989). The main
argument of Paper VIII is that fitness tracking technology users’ goal orientations distinctively
drive the affordances enacted. Because people generally seek out environments that best fit their
personality (Diener et al. 1084; Emmons et al. 1986; Ickes et al. 1997), the paper theorizes that
the affordances can be interpreted as providing goal structures which potentially facilitate an
individual’s goal accomplishment. Serving as goal structures, the affordances specifically
facilitate accomplishment of mastery and/or performance goals. With this, it is assumed that
users enact those affordances they believe will help them in accomplishing their goals (Emmons
et al. 1986; Ickes et al. 1997).

Paper VIII posits that the self-monitoring and exercise guidance affordances predominately
serve as a mastery goal structure due to their emphasis on self-improvement and development
of physical abilities. The rewards affordance can serve as both mastery and/or performance goal
structure due to rewarding self-improvements, such as running a personal best time, but also
due to rewarding physical performance in relation to other users, such as through leaderboards.
Lastly, the social comparison serves as performance goal structure as it emphasizes
interpersonal comparison and competition. Consequently, Paper VIII posits that users’ mastery
and performance goal orientations exert their strongest influence on those affordances that
provide the corresponding goal structure. An empirical evaluation of data collected from 417
users of a fitness tracking application called Strava (www.strava.com) obtained in Study V
largely supports these assumptions (Figure 21).

Self-monitoring
(R237.2%)

7

0.662***

Exercise guidance
(R222.0%)
0.301***
Mastery
gl 0.159"
Rewards

y

-0.185***

/

0.258 Performance

0.497%+ goal

\

(R? 33.7%)
0.202***

\ Social comparison

(R? 46.2%)

0.572***

_ **p<0.001;**p<0.01;*p<0.05 Not significant

Figure 21. Results of Paper VIII (n=417)

In summary, Paper VIII nurtures on the relationship between motivation (i.e., goal orientations)
and opportunities (i.e., affordances) of consumer health IT. The paper provides a parsimonious,
theory-driven account how motivations drive enactment of the opportunities provided by
consumer health IT: the different features incorporated provide distinct affordances to the user
which — from a motivation-theoretical perspective — serve as goal structures. Because these
affordances hence potentially facilitate attainment of specific goals, users seek out those features
that will most likely support them in accomplishing their individual goals, such as mastery and
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performance goals. Thereby, Paper VIII contributes to fitness tracking technology research by
providing an explanation and empirical evidence as to how and why users with different
motivations employ different fitness tracking technology features.

4.9 Paper IX: The Role of Achievement Goals in Accounting for
Different Benefits Gained from Fitness Tracking Technology
Feature Use'*

Although the many ‘motivational features’ incorporated into fitness tracking technology are
expected to enhance motivation and physical activity, several scholars conclude from the mixed
and inconclusive results reported in prior research that the actual ‘motivational effectiveness’ of
these features is not well understood (Alahiivala and Oinas-Kukkonen 2016; Hamari et al.
2014a; Hamari et al. 2014b; Johnson et al. 2016; Koivisto and Hamari 2019; Orji and Moffatt
2016). As discussed above, people’s motivations and goals differ, which may affect the
motivational impacts of these features. The aim of Paper IX is accordingly to examine the
interplay between fitness tracking technology features and users’ goals concerning the
motivational benefits gained from fitness tracking technology use (i.e., increased motivation and
physical activity; net benefits).

As in Paper VIII above, this paper applies the affordance lens to examine archetypical
affordances in fitness tracking technology identified in Paper VII (i.e., self-monitoring, rewards,
and social comparison) and the key tenets of Achievement Goal Theory (Ames 1992; Nicholls
1989). Also, as in Paper VIII, a key premise of Paper IX is that the affordances serve as goal
structures with varying emphasis on mastery and/or performance goal structures. However,
whereas Paper VIII argues that goal orientations drive distinct affordance enactments, this
paper theorizes that users’ goal orientations and their enacted affordances interact with each
other, such that the better the fit between enacted affordance and goal orientation (i.e., when
they share the same goal emphasis), the greater the motivational net benefits (Jagacinski et al.
2001; Murayama and Elliot 2009). For instance, users with a strong performance goal
orientation are motivated by demonstrating their abilities to others and outperforming others,
so using features affording social comparison (e.g., leaderboards) should result in higher
motivational benefits than for users with a low performance goal orientation.

This assumption was evaluated empirically using data collected from 283 users of the fitness
tracking application ‘Strava’ in Study V. The results, as shown in Figure 22, first of all reveal that
each of the three focal affordances uniquely contributes to the motivational benefits in terms of
enhanced motivation and physical activity.

14 Rockmann, R. and Maier, C. 2019. “On the Fit in Fitness Apps: Studying the Interaction of Motivational
Affordances and Users’ Goal Orientations in Affecting the Benefits Gained.” In: Proceedings of the International
Conference on Wirtschaftsinformatik, Siegen, Germany.
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Mastery Performance
goal goal
I

Self-monitoring — 0.581***

I
(20.654) :

0.150* v Net benefits

Rewards (20.030) / (R252.7%)
v
0.183**

Social comparison  — (20.045)

**p<0.001;*p<0.01;*p<005 ——cc---- Not significant

Figure 22. Results of Paper IX (main effects; n=283)

Furthermore, the results support two significant interaction effects: users’ performance goal
orientations with enactment of the rewards affordance and of the social comparison affordance
(Figure 23). As assumed, these interactions imply that users with a high performance goal
orientation — a focus on competence demonstration — gain higher motivational benefits from
using features that afford rewards and social comparison than users with a low performance
goal orientation.

Rewards affordance Social comparison affordance
19 1
0,75 0,75 4
0,5 0,5 1
2 2
= =
g o0z 2 025 -
a8 g |/
3 o 3 o1
0,25 0254
=+#:::Low performance =+ #-:-Low performance
-0,5 1 goal orientation 0,5 goal orientation
0,75 ~—8— High performance 0,75 - —&— High pgrforrr!ance
goal orientation goal orientation
1 -1 : .
Low rewards High rewards Low social comparison High social comparison

Figure 23. Results of Paper IX (interaction effects)

In summary, Paper IX focuses on the relationship between motivation (i.e., goal orientations)
and opportunities (i.e., affordances) to explain the outcomes of consumer health IT use.
Specifically, Paper IX implies that in certain circumstances, a strong fit between the
opportunities provided by consumer health IT and users’ motivation yields more beneficial,
health-related outcomes. This is because users striving to accomplish their goals are more
successful if they have the supporting conditions they need to do so, i.e. features that facilitate
their goal attainment. In the fitness tracking technology context, this paper addresses the call to
better understand the motivational effectiveness of incorporated features and to consider the
characteristics of the users (i.e., their motivations) (e.g., Alahidivild and Oinas-Kukkonen 2016;
Johnson et al. 2016; Koivisto and Hamari 2019; Orji and Moffatt 2016). Essentially, Paper IX
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provides a theory-driven and parsimonious explanation of why the ‘motivational effectiveness’
of these features varies among users.

4.10 Paper X: Motivating Individually: Needs, Goals, and
Affordances in Fitness Tracking Technology'®

Paper IX discussed above addressed the role of interpersonal differences (i.e., achievement
goals) to explain the motivational effectiveness of the different fitness tracking features,
providing insights into who gains motivational benefits from these features. Less understood so
far, however, is how these features provide motivational benefits, i.e. the motivational processes
underlying fitness tracking technology feature use (Koivisto and Hamari 2019). To provide a
more complete explanation about the motivational effectiveness of fitness tracking technology
feature use, Paper X takes both the person and the process into account.

Hereto, Paper X utilizes the previously identified affordances (Paper VII) in combination with
interactional perspective of Achievement Goal Theory to examine the role of the person
(Murayama and Elliot 2009), as well as the key tenets of Self-determination Theory (Ryan and
Deci 2017) to examine the underlying motivational process. Self-determination theory posits
that the motivational impact of external factors, such as rewards or competition, depends on the
extent to which they satisfy a persons’ need for autonomy and competence (i.e., growth needs)
and relatedness (Ryan and Deci 2017). Extending the notion that the affordances act as goal
structures (Papers VIII-IX), this paper further posits that through enactment, each affordance
satisfies distinct needs. For instance, while self-monitoring and performance analysis can be
expected to support and satisfy users’ growth needs (autonomy and competence), social
comparison and social recognition affordance are also uniquely addressing users’ relatedness
need. Need satisfactions are also expected to be contingent upon the users’ achievement goals,
such that a fit between goal orientations and affordances will result in greater need satisfaction.

The model of Paper X is empirically evaluated using data collected from 286 users of the fitness
tracking application ‘Strava’ in Study V. The results, as shown in Figure 24, confirm that the
motivational impact of the enacted affordances takes place through the satisfaction of users’
growth and relatedness needs. For example, self-monitoring and performance analysis (self-
quantification) as well as exercise guidance and rewards (exercise control) satisfy mostly users’
growth needs and social comparison and social recognition (social interaction) mostly satisfy
users’ relatedness needs. As need satisfaction levels rise, users report higher benefits from their
fitness tracking technology use in terms of enhanced physical activity motivation and behavior.

15 A previous version of this paper has been published in: Rockmann, R. and Gewald, H. 2017. “Is IT What You
Make out of IT? On Affordances, Goals, and Positive and Negative Consequences in Activity Tracking.” In:
Proceedings of the International Conference on Information Systems, Seoul, South Korea.

Robert Rockmann 77



Introductory Paper

Mastery Performance
goal

Self-monitoring w__ Self-

Performance analysis 4~ Quantification \
v v

0599
(7 0.627: 1)

i Autonomy Competence
voox 7
Exercise guidance Exercise " Growth need 0.404** Net
ot _______"p - >
:> control (7 0.020; S) satisfaction (2 0.236; M) benefits
R? 49.8% R?54.0%

0.1021 0.423***

Rewards

(7 0.011)

(R 0.258; M)
Sodial comparison Social = 0.544*** Relatedness /
Social recognition :> interaction (?0.421; L) need satisfaction
R2 29.6%
—  **p<0.001;*p<0.01;*p<0.05Tp<0.10; Effect Sizes 2

,,,,,,, Not significant 0.02 (S; small); 0.15 (M; medium); 0.35 (L; large)

Figure 24. Results of Paper X (main effects; n=286)

In addition, the results also reveal significant interactions between enacted affordances, users’
goal orientations, and need satisfaction levels (see Figure 25). For example, users with a strong
performance goal orientation have higher growth need and relatedness need satisfaction levels
through the exercise control and social interaction affordances. Users with a strong mastery goal
orientation, in contrast, achieve higher growth need satisfaction levels from enacting the social
interaction affordances.

In summary, Paper X further elaborates the relationships between opportunities (i.e.,
affordances), motivations (i.e., goal orientations), and the outcomes of consumer health IT use
in the fitness tracking technology context. Paper X particularly explains how the opportunities
provided by fitness tracking technology features support the health and well-being of its users,
i.e., through the satisfaction of people’s basic psychological needs for autonomy, competence,
and relatedness (Ryan and Deci 2017). The results indicate that the satisfaction of these three
basic psychological needs results in heightened motivation and increases in physical activity
with additional variations through users’ goal orientations. Paper X hence extends the
interaction between affordances and goals identified in Paper IX to include the satisfaction of
basic psychological needs. In essence, this paper provides a rich explanation of the motivational
impacts of fitness tracking technology features.
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Figure 25. Results of Paper X (interaction effects)

4.11 Paper Xl: The Brighter and Darker Sides of Fitness Tracking
Technology Underlying Continued Use Intentions™®

Although fitness tracking technology is expected to promote higher motivation toward physical
activity, many users stop using this technology after a short time (Ledger and McCaffrey 2014).
User stories indicate that fitness tracking technology use can have the anticipated positive
motivational impacts, but also have adverse, demotivational effects which both appear to
influence users’ willingness to continue using this technology (Barratt 2017; Baumgart 2016;
November Project 2017; Sjoklint et al. 2015). The literature on fitness tracking technology,
however, neglects these adverse impacts and calls for examination of the negative effects
(Koivisto and Hamari 2019; Schmidt-Kraepelin et al. 2019). Paper XI accordingly has two

16 Rockmann, R. 2019. “Don’t Hurt Me... No More? An Empirical Study on the Positive and Adverse Motivational
Effects in Fitness Apps.” In: Proceedings of the European Conference on Information Systems, Stockholm,
Sweden.
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objectives: 1) to develop a conceptualization that reflects both positive and negative motivational
effects and 2) examine their impacts on continued use intentions of fitness tracking technology.

As discussed above, Self-determination Theory posits that satisfaction of basic psychological
needs (e.g., competence need) is central to human functioning and motivation and that the
motivational impact of social-environmental factors, such as feedback, is mediated by the extent
to which they satisfy a person’s needs (Ryan and Deci 2017). However, these needs can also be
thwarted — that is, actively suppressed — causing motivational depletion, exhaustion, and ill-
being (Bartholomew et al. 2011; Gunnell et al. 2013). Focusing on the competence need
particularly relevant in the physical activity context (Ng et al. 2012; Teixeira et al. 2012), Paper
XTI examines competence need satisfaction and competence need thwarting, conceptualizing the
positive and negative motivational impacts. Exemplary affordances identified in Paper VII are
utilized to theorize how fitness tracking technology features lead to both competence need
satisfaction and competence need thwarting. These effects, in turn, are expected to influence
users’ decisions to continue using the technology and are expected to be particularly strong for
users with low exercise self-efficacy. These assertions are empirically evaluated using data
collected from 283 users of the fitness tracking application ‘Strava’ in Study V.

The results, depicted in Figure 26, show that while self-monitoring, rewards, and social
comparison affordances can contribute to competence need satisfaction, both rewards and
social comparison can also cause competence need thwarting. This is because rewards and social
comparison — in contrast to self-monitoring — exert control over the person through external
contingencies, which is a condition of need thwarting to occur (Ryan and Deci 2017). In
consequence, competence need satisfaction determines users’ decisions to continue using the
fitness tracking technology whereas competence need thwarting yields surprisingly a non-
significant impact.

Competence need
satisfaction
0533 / (R240.7%) \o 686+
Self-monitoring 0.155* :
0.134*
IS continuance
Rewards Ly intention
0.337*** Py (R? 47.6%)
0.212* A
Soacial recognition 0.176* JPtas
Competence need JPide
thwarting - Exercise self-
(R217.8%) efficacy
***n<0.001;*p<001;*p<0.05 oo Not significant

Figure 26. Results of Paper XI (main effects; n=283)

However, the results indicate that the impacts of satisfied and thwarted competence needs on
users’ continuance decisions vary with users’ exercise self-efficacy levels. Specifically, as shown
in Figure 27, users with low exercise self-efficacy are more sensitive to the positive and negative
effects in determining their decision to continue using the fitness tracking technology than users
with high exercise self-efficacy. This is because self-efficacy, in general, serves as personal
resource to cope with stressful or threatening situations (Jerusalem and Schwarzer 1992).
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Figure 27. Results of Paper XI (interaction effects)

In summary, Paper XI further extends the relationship between opportunities (i.e., affordances)
and the outcomes of consumer health IT use by revealing that fitness tracking technology
features can have both positive and negative motivational consequences. Specifically, Paper XI
conceptualizes the positive and negative effects in terms of need satisfaction and need
thwarting. This paper thus extends the consequences of need satisfaction discussed in Paper X
to continued use. Although competence need thwarting only impacts continuance decisions for
users with low exercise self-efficacy, competence need thwarting is generally a cause of
exhaustion and ill-being, so need thwarting should be still regarded as considerable negative
consequence (Bartholomew et al. 2011; Gunnell et al. 2013). People with low exercise self-
efficacy are often just starting an exercise regime, and this paper shows that these people, who
are expected to benefit a lot from fitness tracking technology, are more likely to decrease or
discontinue use due to these demotivational effects.

412 Paper Xll: Emotional Reactions and Fitness Tracking
Technology Continued Use Intentions'”

One of the main purposes of fitness tracking technology is to monitor one’s physical activity
behavior and to set according activity goals to improve one’s physical conditions (Lupton 2016).
However, there are indications that the performance feedback provided by the fitness tracking
technology prompts emotional reactions among users — both positive emotions when activity
targets are met and negative emotions when they are not (Baumgart 2016; Prasopoulou 2017;
Sjoklint et al. 2015). Particularly in the latter case, users have to cope with their negative
emotional reactions and one way with which they cope is to avoid using the fitness tracking
technology: “Guilt. That is also one of the reasons I haven'’t been using it lately” (Sjoklint et al.

17 Rockmann, R., Salou, T., and Gewald, H. 2018. “If You Are Happy and DON’T Know IT: Continuance? Analyzing
Emotion Carry-Over Effects in Activity Tracking Continuance Decisions.” In: Proceedings of the Pacific Asia
Conference on Information Systems, Yokohama, Japan.

This paper received the AIS SIG Health Best Paper Award under the Junior Scholar category in 2019.
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2015, p. 10). This is one example of how peoples’ emotions about their physical activity behavior
appear to influence their continued use of fitness tracking technology. To better understand this
phenomenon, Paper XII examines how and why emotions that originate from one’s physical
activity performance (and that should be unrelated to the fitness tracking technology itself) can
impact users’ continuance intentions.

Drawing on emotion research, Paper XII conceptualizes that this particular type of emotion is
best understood as an ‘incidental’ emotion, i.e. an emotion whose source is normatively
unrelated to the object of judgment or decisions such as the fitness tracker (Forgas 1995; Pham
2007). Using the ‘affect-as-information’ mechanism (Schwarz 1990; Schwarz and Clore 1988)
and key tenets of the Integrative Framework of Technology Use (Kim and Malhotra 2005),
Paper XII theorizes how such technology-unrelated, incidental emotions impact fitness tracking
technology continuance intentions. Specifically, the model, shown in Figure 28, posits that
emotions triggered by performance feedback, such as happiness or sadness, impact the
usefulness and enjoyment the user perceives when using the fitness tracker as well as directly
influencing continued use intention. This assertion is grounded in the ‘affect-as-information’
mechanism where people (mis-)attribute their emotions towards an object as they adopt a ‘how-
do-I-feel-about-it?’ heuristic during object evaluation (Schwarz 1990; Schwarz and Clore 1988).
Such evaluations (e.g., perceived usefulness and perceived enjoyment), however, are not solely
formed from scratch but also informed by prior evaluations (Kim and Malhotra 2005). That is,
both emotions and prior evaluations can be used during object evaluation. The model further
posits that whether emotions or prior evaluations are more influential is a matter of actual
experience in using the fitness tracking technology, such that novice users are more influenced
by emotions and experienced users more by their prior evaluations.
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Figure 28. Results of Paper XII (n=148)

The model is empirically evaluated based on a factorial survey research design (see section 3.3
for details on the research design), analyzing data collected from 148 fitness tracking technology
users in Study III. The factorial survey design uses vignettes to prompt participants to imagine
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themselves in the situation of using a fitness tracker while doing sports. The scenario is that they
have the goal to improve and after completion, the fitness tracker provides performance
feedback which shows that the users a) met their goal, b) surpassed their goal, c) or did not met
their goal. These three scenarios are used to prompt emotional reactions which are assessed
during the vignette alongside evaluations of the usefulness, enjoyment and continuance
intentions. Before participants were randomly presented one of these vignettes, their general
evaluations were assessed which serve as the ‘prior evaluations’ in the model.

Results, as shown in Figure 28, largely support the model’s arguments. First, the provision of
performance feedback from a fitness tracking technology prompts both positive and negative
emotional reactions. Second, these technology-unrelated emotions can be influential for users’
decision to continue using the fitness tracking technology. In particular, for novice users,
defined as users with less than 12 months of usage experience, these emotions have a stronger
influence on perceived usefulness and perceived enjoyment than for experienced users (i.e.,
more 12 months usage experience) as shown in the right-hand side of Figure 28. Experienced
users, in contrast, rely more strongly on their prior evaluations in evaluating the usefulness,
enjoyment, and their continuance intention (left-hand side of Figure 28).

With these results, Paper XII adds to the relationship between the opportunities (i.e.,
affordances) and the outcomes of consumer health IT. Moreover, this paper provides further
evidence of the positive and adverse consequences and — with the case of emotions — another
type of these consequences. As with Paper XI discussed before, results imply that particularly
novice users are more sensitive about the outcomes of fitness tracking technology use, providing
an additional, emotion-theoretical potential explanation of why people might stop using fitness
tracking technology, particularly after a comparatively short time (Ledger and McCaffrey 2014).

4.13 Summary

This dissertation includes twelve papers to answer the specific research questions of this
dissertation developed in section 2.5 while examining the role of motivation, ability, and
opportunity in consumer health IT use (see also Table 6). The main findings on motivation,
ability, and opportunity are summarized in Figure 29 in form of a model of effective consumer
health IT use, where effective use denotes that type of consumer health IT use that helps
individuals to attain the anticipated improvements for health and well-being (adapted from
Burton-Jones and Volkoff 2017). The key tenets are described in the following.

MOTIVATION OPPORTUNITY help to OUTCOMES
direct attain _bei
Health-related needs and goals ~ ————» Consumer health IT affordance enactment 878" Health and well-being outcomes

(e.g., health need, achievement goals)

social ison, social b feedback) need satisfaction/thwarting, positive/negative emotions)
t { 1 t

| facilitates | facilitates |

(e.g., health decision support, self-monitoring, rewards, T (e.g., health knowledge, motivation and physical activity,

ABILITY ABILITY
IT-related ability Health-related ability

(e.g., computer self-efficacy) (e.g., health knowledge, exercise self-efficacy)

Figure 29. Summary of main research results:
towards a model of effective consumer health IT use
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Consumer health IT provides different opportunities with which people can support their
health and well-being. These opportunities are understood in terms of affordances, i.e., the
possibilities for goal-oriented action afforded by the tools and applications (Markus and Silver
2008). These can include, amongst others, health decision support or health management
(Paper IV); self-monitoring, rewards, social comparison, or social recognition (Paper VII); or
performance feedback (Paper XII). These affordances, when enacted, help to attain specific
health and well-being outcomes. For instance, enactment of health decision support
affordance supports the attainment of improved health knowledge (Paper VI); enactment of
social interaction affordances, such as social comparison and social recognition, supports
satisfaction of relatedness needs (Paper X); and enactment of self-monitoring or performance
analysis support people’s competence needs (Paper X and Paper XI). However, in certain
circumstances, the affordances can also bring about detrimental impacts, such as negative
emotions emerging from performance feedback (Paper XII) or thwarted competence needs
arising from rewards and social recognition affordance enactment (Paper XI).

Motivation involves people’s health-related needs and goals, which can include, amongst
others, their health needs, their achievement goals, or physical activity improvement goals.
Results of the papers indicate that this motivation is the key driver of people’s uses of consumer
health IT. Specifically, these needs and goals direct people’s enactment of the specific
affordances directly (Paper V and Paper VIII), indirectly by influencing usefulness perceptions
or prompting exploratory IT behavior (Paper V), or by strengthening the impact of perceived
usefulness (Paper IV). In other words, motivation directs the realization of the opportunities
provided by consumer health IT. Despites, this dissertation reveals that the enacted affordances
can bring about particular beneficial outcomes when these fit with the motivations of the person.
For instance, when people pursuing performance goals (competence demonstration) enact
affordances that provide corresponding means to attain these goals, such as social comparison
or social recognition, they report higher increases in physical activity motivation and behavior
(Paper IX) as well as more satisfied autonomy, competence, and relatedness needs (Paper X).

Ability involves both the IT-related ability (e.g., computer self-efficacy) and health-related
ability (e.g., health knowledge and exercise self-efficacy). Both generally facilitate people’s use
of consumer health IT. Results have shown that IT-related ability is mostly of concern when it
comes to more sophisticated IT uses (Paper I). However, results reveal that IT-related ability
mostly has an indirect influence on people’s enactment of the consumer health IT affordances
such as by influencing ease-of-use perceptions (Paper IV), usefulness perceptions (Paper III),
or by enabling exploratory IT behavior (Paper VI) — even in the context of older people. Health-
related ability, including health knowledge and exercise self-efficacy, likewise has a facilitating
role influencing central beliefs of technology use, such as by rendering consumer health IT as
easier to use (Paper IV) and as more useful for one’s health and well-being (Paper V). Moreover,
health-related ability helps people to cope with the — particularly adverse — outcomes on their
health and well-being. For instance, exercise self-efficacy serves as a personal resource people
draw on when encountering psychological need thwarting and to cope with these adverse effects
such that people with high exercise self-efficacy are less likely to give up their fitness tracking
technology use (Paper XI).

The next section discusses the main findings of this dissertation in light of their contributions
to research and theory, implications for practice, their limitations, and further research avenues.
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5 DISCUSSION

The results of the twelve papers of this dissertation alongside this introductory paper contribute
to research and theory in various ways and also have practical implications. This section
presents and discusses these contributions and implications as well as the limitations and
avenues for future research.

5.1 Contribution to Research and Theory

This first section discusses the contribution to research and theory this cumulative dissertation
makes. These contributions are organized according to the two central research contexts of this
dissertation — the context of older people and the fitness tracking technology context — followed
by the synthesized contributions to the general strand of consumer health IT.

5.1.1 Contribution to Research on Older People

The first six papers of this dissertation focus on the context of older people and their use of
general IT as well as consumer health IT. This subsection discusses the unique contributions
this dissertation makes to the field of age-related IS research (e.g., Niehaves and Plattfaut 2014;
Tams et al. 2014).

5.1.1.1  The Past Workplace as Source of Older People’s IT-Related Self-Efficacy

Prior age-related IS research stressed the significance of IT-related self-efficacy (e.g., computer
self-efficacy, mobile health self-efficacy) for older people’s adoption and use of IT (Fox and
Connolly 2018; Niehaves and Plattfaut 2014; Tams et al. 2018). However, less is known about
how older people develop their IT-related self-efficacy and scholars have thus called for
identification of the sources of older people’s IT-related self-efficacy (Fox and Connolly 2018;
Tams et al. 2014). So far, prior research identified computer trainings (Lam and Lee 2006), as
well as computer knowledge and actual computer use as antecedents of older people’s IT-related
self-efficacy (for a review, see Wagner et al. 2010).

This dissertation conceptually and empirically identifies the past workplace of older people as a
source of their IT-related self-efficacy (Papers II, III, and VI). In particular, Paper II identifies
prior Internet use at the workplace as a source of older people’s Internet self-efficacy. Papers I11
and VI identify the level of IT intensity at a prior workplace as an antecedent of general computer
self-efficacy among older people. While Paper II focuses on past IT use behavior at the
workplace as a source of IT-related self-efficacy, Papers III and VI also consider the broader
social-environmental characteristics of the workplace, such as the social and formal support
older people received as employees (e.g., observing co-workers’ use of IT, mutual support,
formal IT training), that influence older people’s IT-related self-efficacy.

Moreover, this dissertation reveals that the workplace more strongly influences IT-related self-
efficacy among retired persons than among non-retired persons (Paper VI) and that these
impacts do not attenuate over time after retirement (Paper III). This finding strengthens the
identification of the workplace as unique source of older people’s IT-related self-efficacy.
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‘ This dissertation ...

¢ Identifies the past workplace as antecedent of older people’s
PAST WORKPLACE IT-RELATED SELF-EFFICACY IT-related self—efficacy.

Empirically validates it at the general level (i.e. Past Work IT
Intensity) and contextual level (i.e. Past Work Internet Use).

Past work IT intensity ——  Computer self-efficacy

feslivordinlemet uecp——iliniemet scleiicecy ¢ Provides cross-cultural validation (Germany and United
States).
e Reveals that the past workplace has a stronger impact on
Retirement computer self-efficacy for retired than for non-retired people.

retired vs. non-retired
retirement duration

Reveals that the impact of the past workplace does not

weaken over the time after retirement.
Past work IT intensity ——  Computer self-efficacy

Table 11. Research contribution regarding older people’s past workplace

In summary, this dissertation conceptualizes and validates the influence of the past workplace
on older people’s IT-related self-efficacy on a general level (i.e., Past Work IT Intensity; Papers
III and VI) and a contextual level (i.e., Past Work Internet Use; Paper II), provides a cross-
cultural validation with data from Germany (Study I; Paper II) and the United States (Study II;
Papers III and VI), and reveals its significance for retired people (Table 11). This dissertation
thus responds to the calls to identify the specific sources of older people’s IT-related self-efficacy
(e.g., Fox and Connolly 2018) and - in light of the digital divide — to the question of Dewan and
Riggins (2005) to what extent the workplace promotes home IT use and IT skill development.

5.1.1.2 Older People’s Post-Adoption IT Behavior

As the available age-related IS literature mostly assesses older people’s adoption of IT, such as
the Internet (Niehaves and Plattfaut 2014) or mobile health technologies (Fox and Connolly
2018), the post-adoption perspective, including the determinants and consequences of older
people’s actual engagement with IT, is rarely examined (Tams et al. 2014). This dissertation
focuses on the post-adoptive IT behaviors of older people involving their specific uses of IT, such
as their general Internet use (Papers I-II), general uses of consumer health IT (Papers I1I-1V)
and particular uses of online health information (Papers V-VI), as well as their exploratory IT
behavior (Papers V-VI).

Available age-related IS literature stresses older people’s IT-related self-efficacy as enabler of
their IT acceptance as well as their IT use (e.g., Fox and Connolly 2018; Tams et al. 2018). This
dissertation, however, reveals that older people’s post-adoptive use of IT is not necessarily solely
determined by their ability but also by their motivation to use IT (Papers I-VI). Results reveal
that motivation- and ability-related factors can yield distinct influences on the actual IT use
behavior (Paper VI). Specifically, older people’s IT-related self-efficacy comes into play when
the type of IT use behavior can be characterized as more advanced or sophisticated, such as
using the Internet for advanced purposes such as commerce or banking (Paper I), or the use of
IT for health self-management purposes such as collecting health-related data (Paper IV). Less-
advanced IT uses, such as using the Internet for health decision support and health information
retrieval, are rather driven by older people’s motivations to use IT, such as by their health needs
(Papers IV-V), motivations to explore existing IT (Papers V-VI), but also motivation-relevant
beliefs about the usefulness of the IT (Papers III-V). In these cases, older people’s IT-related
self-efficacy has mostly an indirect impact. Results thereby imply for future researchers to
consider the nature of older people’s IT use behavior in terms of its aspiration level when
examining their IT-related self-efficacy. As such, this dissertation contributes to age-related IS
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research by 1) focusing on post-adoptive behaviors and outcomes, and by 2) revealing that older
people’s IT use is not solely influenced by ability-related factors, but also by motivation-related
factors (Table 12).

‘ This dissertation ...

o Extends age-related IS research into post-adoption stage.

Age-related e Examines older people’s actual use of IT and resulting
IS research outcomes.

/

Adoption Post-adoption

e.g., intention to use IT e.g., actual use, outcomes

Compares the influence of older people’s IT-related self-

IT-related self-efficacy efficacy and motivations on different types of actual IT use.
SRS R RN e Reveals that older people’s IT-related self-efficacy is mostly
l T of concern when it comes to advanced IT uses.

IT use
Motivation /

Needs, exploratory IT behavior,
perceived usefulness

Reveals that less sophisticated IT uses of older people are
much more driven by motivation-related factors.

Table 12. Research contributions to older people’s post-adoption behavior

As this dissertation draws upon the notion of ‘exploratory IT behavior’ as mechanism with which
older persons enhance their IT utilization, this dissertation also makes the following
contributions to research on exploratory IT behavior (e.g., Ahuja and Thatcher 2005; Liang et
al. 2015; Peng and Guo 2019). First, as available research on exploratory IT behavior is largely
based on organizational contexts, this dissertation contributes by extending research on
exploratory IT behavior into the private context (Papers V—VI). Second, this dissertation
contributes to the antecedents of exploratory IT behavior. Hereto, Paper VI confirms computer
self-efficacy as an antecedent (Liang et al. 2015; Peng and Guo 2019) and Paper V identifies
contextual needs and knowledge (i.e., health need and health knowledge) as antecedents as well.
Third, Papers V-VI contribute to the consequences of exploratory IT behavior. These confirm
exploratory IT behavior as mechanism enhancing utilization of existing IT (Liang et al. 2015;
Maruping and Magni 2012) and extend the literature by revealing that — in the ageing context
of IS research — the linkage between exploratory IT behavior and IT utilization is moderated by
age-related factors, specifically chronological age (Paper V) and retirement (Paper VI) meaning
that exploratory IT behavior results in higher IT utilization particularly for older people. Results
imply that future researchers on older people’s IT use need to consider exploratory IT behavior
as antecedent of their IT utilization. Moreover, future researchers should consider contextual
antecedents, such as needs, as triggers of exploratory IT behavior. In summary, this dissertation
contributes to exploratory IT behavior by 1) introducing exploratory IT behavior as mechanism
underlying older people’s IT utilization, 2) by identifying contextual antecedents, and 3) by
revealing its impact on IT utilization to be of higher effect for older people (Table 13).

‘ This dissertation ...

o Extends the concept of ‘exploratory IT behavior’ into the
private context of IT use (i.e., older people’s use of consumer

Exploratory
__— IT behavior health IT).
Organizational Private context
context (older people)
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‘ This dissertation ...

¢ Identifies contextual antecedents of exploratory IT behavior

CONTEXT (HEALTH) (i.e., health needs and health knowledge).
Contextual o Confirms IT-related self-efficacy as antecedent of exploratory
needs and knowledge .
\ Exploratory IT IT behavior.
behavior
IT-related /
self-efficacy
e Confirms that exploratory IT behavior promotes IT use.
Aging o Reveals that exploratory IT behavior is of higher effect for
Retirement, age older people
Exploratory IT l

behavior lluss

Table 13. Research contributions to older people’s post-adoption behavior

5.1.2 Contribution to Fithess Tracking Technology Research

The second six papers of this dissertation focus on the fitness tracking technology context. This
subsection summarizes this dissertation’s unique contributions to the emerging field of fitness
tracking technology research (e.g., Hamari et al. 2018; Hassan et al. 2019; James et al. 2019a;
James et al. 2019b; Suh 2018).

5.1.2.1 Fitness Tracking Technology Feature Use and Motivational Impacts

Although fitness tracking technology is expected to enhance motivation and physical activity
behavior, its actual motivational effectiveness is not well understood, as reviews of existing
research point out (Alah&ivild and Oinas-Kukkonen 2016; Hamari et al. 2014a; Hamari et al.
2014b; Johnson et al. 2016; Koivisto and Hamari 2019; Orji and Moffatt 2016). Fitness tracking
technology incorporates a variety of features designed to facilitate motivation and physical
activity, such as activity recording, earning virtual trophies, or connecting with other users to
share workouts, to receive ‘likes’, or to compete with other users (Lister et al. 2014). Yet, with
few exceptions, research often neglects the particular motivational impacts of these individual
features and rather assess them as a whole (Hamari et al. 2014b; Koivisto and Hamari 2019;
Orji and Moffatt 2016). Moreover, the few exceptions provide somewhat inconclusive results
where certain features have positive impacts in one, but neutral effects in other studies (Hassan
et al. 2019; James et al. 2019a; James et al. 2019b; Suh 2018). To fill this research gap about the
motivational effectiveness of fitness tracking technology, this dissertation makes the following
contributions to the literature.

First, this dissertation contributes to a better understanding about the motivational
characteristics of the fitness tracking technology features. Specifically, this dissertation
identifies a set of salient affordances in fitness tracking technology such as self-monitoring,
exercise guidance, rewards, social comparison, and social recognition (Paper VII). These
affordances reflect the goal-oriented actions afforded by the technology’s features (Markus and
Silver 2008) and provide an understanding of users’ interpretation and concrete uses of these
features (Chan et al. 2019; Seidel et al. 2018; Tim et al. 2018). As such, this dissertation provides
the conceptual underpinnings to analyze the role of fitness tracking technology features. This
dissertation also provides the content-validated measurement instruments to assess these
affordances in empirical research, particularly in quantitative survey studies (Paper VII).
Content-valid assessment instruments are instruments that have been proven to measure what
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they intend to measure (Haynes et al. 1995; Recker 2013) which is critical in empirical research
(MacKenzie et al. 2011). Moreover, the validity of the affordances identified and the items
developed is strengthened by the affordances and items provided by research published in
parallel to this dissertation (Hamari et al. 2018; Hassan et al. 2019; James et al. 2019b).

Based on the affordances identified, this dissertation discusses their motivation-relevant
characteristics, i.e. aspects of these affordances that are concerned with motivation (Papers
VIII-XI). This dissertation posits that, from a motivational perspective, the affordances have a
distinct ‘functional significance’ for users, i.e., a motivation-psychological meaning users ascribe
to these affordances, that are highly relevant in explaining the effects emerging from the
affordances respectively features (Ames 1992; Ryan and Grolnick 1986; Vansteenkiste et al.
2008). Specifically, this dissertation identifies three distinct characteristics. First, Papers VIII—
X posit that the affordances are to be interpreted as relatively well-defined ‘goal structures’ —
distinct environmental features and possibilities that potentially facilitate an individual’s goal
accomplishment (Emmons et al. 1986; Ickes et al. 1997). As goal structures, the affordances
potentially facilitate attainment of competence development goals (mastery goal) and
competence demonstration goals (performance goal) (Ames 1992; Nicholls 1989). Second,
Papers X and XI identify the affordances as environmental factors distinctively targeting users’
basic psychological needs for autonomy, competence, and relatedness, which are of concern for
optimal functioning, motivation and well-being (Ryan and Deci 2017). Specifically, Paper X
maps individual affordances and the distinct psychological needs they target, whereas Paper XI
focuses particularly on the competence need. Third, Paper XI theorizes the controlling vs. non-
controlling nature of the affordances. Specifically, certain affordances, such as rewards and
social comparison can exert pressure over the users and induce an external locus of control
(Ryan 1982). As will be discussed in more detail later, this distinguishing characteristic is
particularly of relevance for the emergence of adverse motivational effects (i.e., need thwarting).
Table 14 summarizes the contributions concerning the motivational characteristics of fitness
tracking technology features. These theoretical notions provide researchers with a deeper
understanding about the motivation-theoretical characteristics of fitness tracking technology
features on which future research can build on to theorize and explain the role of these features.

‘ This dissertation ...

o Identifies eight salient affordances of fitness tracking

) . technology.
Fitness Tracking Technology . . .
Affordances e Provides corresponding, content-validated measurement
instruments.
Self-monitoring Social comparison
Performance analysis Watching others
Exercise guidance Social recognition
Rewards Self-presentation

Discusses the motivation-relevant characteristics of the
affordances in terms of:

——————————————— Fitness Tracking e Goal structures that facilitate the attainment of the users’
Goals chh;ology Needs goals of competence development (mastery goal) and
——————————————— ordances competence demonstration (performance goal).

Controlling vs. e Need support for users’ autonomy, competence, and
| non-controlling | relatedness needs.

e Controlling vs. non-controlling nature, i.e. whether one’s
thoughts and actions are controlled and evaluated by others.

Table 14. Contributions to fitness tracking technology research regarding the features’
motivational characteristics
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Second, this dissertation contributes to a better understanding about interpersonal,
motivational differences in fitness tracking technology use. Specifically, this dissertation
uncovers two meaningful relationships between users’ motivation-related goals and the
affordances of fitness tracking technology (Papers VIII-X).

First, users’ motivational goals distinctively drive the affordances enacted within the fitness
tracking technology (Paper VIII). This is because people pursuing specific goals seek out those
environments and situations which they expect will facilitate accomplishing their goal (Emmons
et al. 1986; Ickes et al. 1997). In other words, because users interpret the affordances as goal
structures, they seek out those that fit their goals. Paper VIII posits and confirms distinct
relationships between particular goals and individual affordances enacted; for instance,
whereas users’ mastery goal (competence development) drives enactment of the self-
quantification affordance, users’ performance goal (competence demonstration) drives
enactment of the social comparison affordance. This dissertation thereby extends and confirms
research published parallel to this dissertation examining relationships between motivational
differences among users and the features and affordances of fitness tracking technology
(Hamari et al. 2018; James et al. 2019a; James et al. 2019b; Stragier et al. 2018).

Second, this dissertation identifies that users’ motivation-related goals moderate the effects
emerging from the enacted affordances meaning that certain affordances are particularly
motivating for users pursuing particular goals (Papers IX-X). For example, users with a
performance goal, who focus on competence demonstration, report higher motivation and
increases in physical activity when enacting the social comparison and rewards affordance
(Paper IX). Likewise, these users report higher satisfaction of their autonomy, competence, and
relatedness needs when enacting related affordances (Paper X). As discussed, affordances serve
as goal structures that can facilitate the attainment of certain goal. When the goals facilitated by
the affordance ‘match’ or ‘fit’ the goal pursued by the users, higher motivational outcomes
emerge. This dissertation hence reveals the influence of individual motivational differences as
one explanation how and why prior research findings on the motivational effects in fitness
tracking technology often vary so widely.

This dissertation thus responds to calls to examine the role of user characteristics in fitness
tracking technology use (Alahiivila and Oinas-Kukkonen 2016; Hamari et al. 2014a; Johnson
et al. 2016; Koivisto and Hamari 2019). Thereby, this dissertation also contributes to
Achievement Goal Theory (Ames 1992; Nicholls 1989) by 1) implying that goal structures can be
embedded within digital artifacts, by 2) confirming the ‘matching’ hypothesis between goal
orientations and goal structures (Jagacinski et al. 2001; Murayama and Elliot 2009), and by 3)
revealing a fourth type of relationship between goal orientations and goal structures, i.e. that
goal orientations drive people to engage in certain goal structures (Murayama and Elliot 2009).

These results imply that that future research needs to consider such interpersonal, motivational
differences of the users when examining the motivational impacts of the different features used
respectively affordances enacted. Without taking such differences into account, researchers
might otherwise draw misleading conclusions about the features’ impacts. This dissertation
provides the underlying theoretical linkage between features respectively affordances and users’
goals and corresponding empirical evidence which enables future research to integrate users’
goals into their analyses. Table 15 provides a summary of these two central contributions
regarding the role of interpersonal, motivational differences.
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‘ This dissertation ...

o Identifies that users’ goal orientations (mastery,

— Affordance performance) drive enactments of particular, goal-
0als —_— . .
enactment corresponding affordances of fitness tracking technology.

Identifies that the motivational effects emerging from the
enacted affordances of fitness tracking technology can vary
by the motivational goals the users pursue.

Goals Provides evidence of moderating effect of goals for two
l motivational impacts: psychological need satisfaction and

Enacted Motivational perceived benefits.
affordance effects

Thereby reveals that affordances for exercise control
(rewards, exercise guidance) and social interaction (social
comparison and social recognition) are particularly effective

for people with strong performance goal orientation.

Table 15. Contributions to fitness tracking technology research regarding the role of
interpersonal, motivational differences

Third, this dissertation contributes to a better understanding of how fitness tracking technology
feature use converts into motivation-relevant outcomes. Specifically, this dissertation identifies
the underlying motivation-psychological processes that take place when interacting with the
features of fitness tracking technology. Results reveal that basic psychological need satisfaction
serves as the underlying process with which the affordances exert their motivational impacts on
the user (Ryan and Deci 2017). As discussed earlier, this dissertation theorizes distinct linkages
between the individual affordances and the specific needs for autonomy, competence, and
relatedness, which are empirically confirmed by Papers X and XI. Depending on the extent to
which these three needs are satisfied, as Paper X reveals, users realize higher motivational
benefits from their fitness tracking technology use, as represented by reported enhancements
in physical activity motivation and behavior. Moreover, when considering basic psychological
need satisfaction as the antecedent, a multitude of alternative explanations (e.g., demographics,
exercise self-efficacy, activity levels, usage experience) have no significant effect on these
actualized motivational benefits; this, in turn, strengthens the finding that psychological need
satisfaction is a core motivational mechanism promoting the benefits. With these results, this
dissertation responds to the call to identify the underlying psychological processes with which
these affordances exert motivational impacts (Koivisto and Hamari 2019).

Moreover, Paper X theorizes and provides empirical evidence that users’ achievement goals
moderate the linkage between enacted affordances and the specific basic psychological needs
satisfied. This dissertation thus develops a theoretical linkage between Self-determination
Theory (Ryan and Deci 2017) and Achievement Goal Theory (Ames 1992; Nicholls 1989).
Specifically, while Self-determination Theory suggests the possibility of interpersonal variations
in need satisfaction from environmental factors, empirical evidence and moderating personality
factors remain scarce (Ryan et al. 2019). Using Achievement Goal Theory as complimentary
theory, this dissertation theorizes goal orientations as a personality factor resulting in different
individual responses to environmental factors in terms of their satisfaction of autonomy,
competence, and relatedness. Paper X shows that particularly individuals who define their
competence on normative bases (i.e., performance goal) gain higher need satisfaction from
environmental factors that are inherently others-oriented (i.e., features affording social
recognition and social comparison). Moreover, these persons react more strongly to such social
interactions in terms of relatedness need satisfaction because of previously neglected
relatedness needs.

Robert Rockmann 91



Introductory Paper

‘ This dissertation ...

¢ Identifies basic psychological need satisfaction (autonomy,
competence, relatedness) as the motivation-psychological
process underlying the actualized motivational benefits from

the enacted affordances.

Enacted Need Actualized s . . .
affordance " satisfaction " benefits Identifies that specific affordances are associated with

i specific psychological needs.

| Alternative Reveals that a multitude of alternative explanations for the
1 explanations

’’’’’’’’’ actualized motivational benefits have no direct, significant
effect when considering psychological need satisfaction.

Adapts measures for psychological need satisfaction to the IS
context.

Develops a theoretical linkage between Self-determination

Achievelment Theory and Achievement Goal Theory.
goals

Reveals that basic psychological need satisfaction from

Environmental —l. Basic psychological environmental factors is moderated by achievement goals.
factors need satisfaction

Table 16. Contributions to fitness tracking technology research regarding the motivational
process underlying fitness tracking technology use

Table 16 summarizes these contributions to the literature. For future research, the results imply
that basic psychological needs constitute a linkage between the features used respectively
affordances enacted and the motivation-relevant outcomes. A neglect of these mediating
processes can produce inconclusive or misleading results. Particularly when linking affordances
with an outcome directly, certain enacted affordances might turn out to have an insignificant
impact and researchers might hence conclude that this specific affordance has no motivational
impact. Finally, because psychological need satisfaction mediates a broad variety of motivation-
relevant outcomes (Ryan and Deci 2017), this dissertation equips future researchers with the
necessary theoretical linkage and empirical evidence to examine various, additional motivation-
relevant outcomes in future studies.

In summary, this dissertation engages more strongly with the individual features of fitness
tracking technology, how users make use of them, and how these features result in the
anticipated benefits. Table 14, Table 15, and Table 16 summarize the contributions this
dissertation makes to research on fitness tracking technology features.

5.1.2.2 Positive and Adverse Motivational Effects and their Impacts on Continued
Fitness Tracking Technology Use

So far, existing literature on fitness tracking technology maintains an overall optimistic view on
their motivational effectiveness, suggesting that people are more motivated to engage in
physical activity when using fitness tracking technologies. However, there are also indications
about adverse, demotivational effects that, in some occasions, cause people to lower their usage
of these technologies or to stop using them altogether (Barratt 2017; Foss 2014; Green 2015;
Hargrave 2013; November Project 2017). Despite these indications, research has not yet
considered these adverse motivational effects (Koivisto and Hamari 2019; Schmidt-Kraepelin
et al. 2019). This dissertation hence contributes to the literature by identifying a ‘darker side’ of
fitness tracking technology use in terms of adverse impacts and their implications for continued
fitness tracking technology use as follows.

First, this dissertation (Papers XI-XII) generally identifies the co-existence of adverse,
demotivational effects when using fitness tracking technology. Specifically, this dissertation
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identifies negative emotional reactions occurring when self-tracking one’s physical activity
(Paper XII) as well as basic psychological need thwarting (Paper XI) as two conceptual adverse
motivational effects and empirically confirms their existence. Moreover, Papers XI and XII
reveal the co-existence of positive and adverse motivational effects as antecedents of peoples’
intention to continue using fitness tracking technology.

Second, and in line with the motivational characteristics of the affordances discussed above, this
dissertation reveals that adverse motivational effects can emerge from certain affordances with
specific characteristics. In particular, Paper XI identifies that certain affordances have a
‘controlling’ nature such that, when enacted, users’ locus of control becomes external and
controlled by rewards and social recognition, introducing external contingencies for their
physical activity behavior (Ryan and Deci 2017). These affordances can therefore readily thwart
users’ basic psychological needs, such as their competence need, as empirically proven by Paper
XI. In consequence, need satisfaction and thwarting influences users’ willingness to continue
using the fitness tracking technology. In this vein, this dissertation identifies exercise self-
efficacy as a coping resource on which users draw when confronted with a thwarted competence
need: users with low levels of exercise self-efficacy react more strongly to competence need
satisfaction and thwarting in terms of their willingness to continue using the fitness tracking
technology. As need thwarting assesses a darker side of psychological experiences in which
peoples’ needs are actively impeded or frustrated (Bartholomew et al. 2011; Gunnell et al. 2013),
this dissertation also extends literature on the ‘dark side of IT use’ (Tarafdar et al. 2015) by
introducing the notion of psychological need thwarting into the IS context as a fruitful
perspective in assessing the detrimental psychological effects of IT use (D’Arcy et al. 2014).

Third, this dissertation quantitatively confirms the indications of prior research that the
performance feedback provided by fitness tracking technology provokes positive and negative
emotional reactions among users (Baumgart 2016; Prasopoulou 2017; Sjoklint et al. 2015) and
extends this line of research by identifying the theoretical conditions under which certain
emotional reactions occur (Paper XII). Moreover, Paper XII reveals that these emotional
reactions influence respectively ‘infuse’ peoples’ evaluations concerning the instrumental and
hedonic qualities (i.e., perceived usefulness and perceived enjoyment) of the fitness tracking
technology in affect-congruent manner and thereby their intentions to continue using the fitness
tracking technology. Paper XII shows that particularly novice users are more sensitive to their
emotional reactions when evaluating the fitness tracking technology.

In addition to these contributions to fitness tracking technology research, this dissertation
makes the following contributions to IS literature. First, Paper XII contributes to the literature
on emotions in IS usage (Beaudry and Pinsonneault 2010; Vornewald et al. 2015; Zhang 2013)
by identifying the notion of ‘system-unrelated’ or ‘incidental’ emotions in the IT usage context,
i.e. an emotion whose source is normatively unrelated to the object of judgment or decisions
(Forgas 1995; Pham 2007). Moreover, this paper provides an explanation of how and why such
emotions can nevertheless influence object-related evaluations such as perceived usefulness and
perceived enjoyment based on the ‘affect-as-information’ mechanism (Schwarz 1990; Schwarz
and Clore 1988). It also explains that such emotions are more likely to have an influence in early
usage stages, when evaluations are less stable and held with less certainty. In later usage stages,
experienced users are more prone to base their evaluations on prior evaluations. Paper XII also
contributes to the IS continuance literature by confirming key tenets of the integrative
framework of technology use (Kim and Malhotra 2005).
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‘ This dissertation ...

Motivational effects of
fitness tracking technology

Psychological
need thwarting

Positive
Psychological
need satisfaction
Positive emotions Negative emotions
Actualized benefits

Discusses positive and adverse motivational effects of fitness
tracking technology use.

Identifies psychological need satisfaction, positive emotions,
and actualized benefits as positive motivational effects and
psychological need thwarting and negative emotions as
adverse motivational effects.

Provides evidence that these positive and adverse effects
occur during fitness tracking technology use.

Positive effects
\ Fitness tracking

continuance intentions
Adverse effects ——

Identifies the positive and adverse motivational effects as
antecedents of users’ intention to continue using a fitness
tracking technology.

Competence need
satisfaction
Enacted
affordance
Competence need
Controlling vs. thwarting
non-controlling

Discusses the controlling vs. non-controlling nature of the
affordances as exerting control over the individual is the pre-
condition for psychological need thwarting to occur.
Identifies that ‘self-monitoring’ affordance provides positive
effects but ‘rewards’ and ‘social recognition’ affordances lead
to positive and adverse effects on users’ competence need.

Exercise self-
efficacy

Competence need l
satisfaction
Fitness tracking
Competence need ¥ continuance intentions
thwarting

Discusses competence need satisfaction and competence
need thwarting as determinants of users’ intention to
continue using a fitness tracking technology.

Identifies users’ exercise self-efficacy as coping resource such
that users with lower exercise self-efficacy are more reactive
to competence need satisfaction and thwarting.

FITNESS TRACKING TECHNOLOGY
PERFORMANCE FEEDBACK

EMOTIONAL
REACTION

Performance goal met / surpassed ———» Happy

Performance goal not met —_T> Sad

Quantitatively confirms that performance feedback provided
by fitness tracking technology causes emotional reactions.
Confirms the theoretical conditions for these emotional
reactions to occur.

EXPERIENCED USERS NOVICE USERS

Emotional
reactions

Prior Current
evaluations evaluations

|

Fitness tracking
continuance intentions

Confirms that evaluations about the technology (perceived
usefulness and enjoyment) determine use continuance
intentions in the fitness tracking context.

Confirms that prior evaluations inform current evaluations.
Reveals that emotional reactions ‘infuse’ current evaluations
about the technology.

Reveals that experienced users base their current evaluations
stronger on prior evaluations and novice users more on their
emotional reactions.

Table 17. Contributions to fitness tracking research regarding the positive and adverse effects
and impacts on continued use

In summary, this dissertation contributes to fitness tracking technology research by 1)
identifying the existence of adverse, demotivational effects, 2) their causes, and 3) their
consequences for continued use of fitness tracking technology (Table 17).
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5.1.3 Contribution to Consumer Health IT Research

In addition to the contributions to the two research contexts discussed above, this dissertation
makes the following contributions to the strand of consumer health IT within the IS literature.

First, this dissertation contributes to the consumer health IT literature by providing an overview
of the current state of research published in the major journals of the IS discipline (Lowry et al.
2013). The consumer perspective on health IT perspective has been called for in the IS literature
(Agarwal et al. 2010), yet research appeared rather slowly, albeit scholarly interest is
increasingly growing. To better understand how this strand evolved so far, the literature review
of this Introductory Paper (section 2.1.1) entails an overview of the different contexts, tools and
applications, the individual health-related and IT-related differences of the consumers, as well
as the outcomes of consumer health IT use examined in the available literature. This overview
enables researchers to identify additional research gaps and to build upon the available findings
to further advance the field.

Second, this dissertation contributes to the literature with a better understanding of the key
components in consumer health IT use. As the review of available research (section 2.1.1) has
shown, a variety of different contexts, tools, applications, consumer health-related factors,
consumer IT-related factors, and outcomes have been examined in existing research making it
difficult to keep track of the key components determining consumer health IT overarchingly. In
order to address this shortcoming in the literature, this dissertation analyzed the literature on a
meta-level and identified theory-guided, constituent components in terms of the person’s
motivation and ability as well as the opportunity provided by the technology. The resultant
theoretical meta research framework on consumer health IT serves research to examine various
types and contexts of consumer health IT while having guidance on the selection of key variables
necessary to understand the particular consumer health IT tool or applications used. In line with
the overview of the current state of research, this framework brings scholars in a better position
to advance the emerging field of consumer health IT.

Third, this dissertation contributes with a fine-grained understanding of the nature and role the
components of motivation, ability, and opportunity in the consumer health IT use context. This
dissertation applied the research framework just discussed in the contexts of older people’s use
of consumer health IT and fitness tracking technology using different theoretical angles. The
synthesized findings of these two contexts (section 4.13) indicate that people’s motivation
(health-related needs and goals) drive the realization of the opportunities provided by consumer
health IT. The specific features embedded within the IT (opportunities) need to be understood
in terms of affordances and goal structures which potentially facilitate people’s goal attainment
and need satisfaction. Consequently, people seek out those affordances that correspond to their
motivation. The main insight is that it is the enactments of these affordances that bring about
the outcomes of consumer health IT use. Finally, people’s IT-related and health-related ability
facilitate enactments of these affordances. This derived core logic of motivation, ability, and
opportunity implies that future researchers seeking to understand the outcomes of consumer
health IT need to center on the notion of affordances, identify the salient affordances specific to
the IT of interest (Markus and Silver 2008; Mettler et al. 2017), and the health-related goals and
needs potentially facilitated by these affordances.

Fourth and finally, this dissertation contributes to the understanding of the health and well-
being outcomes of consumer health IT use. Analysis of the literature revealed that only a few
articles examined the outcomes of consumer health IT use so far (section 2.1.1.2) yet that a wide
variety of impacts can be achieved using consumer health IT, including impacts on health-
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related cognition, affect, behavior, bodily outcomes, well-being, and life outcomes. This
dissertation extends the strand on outcomes of consumer health IT as follows. Paper VI reveals
that increased use of online health information can enhance people’s health knowledge thereby
contributing to cognitive outcomes and by responding to the question raised by Agarwal et al.
(2010) how health information provided by the Internet impacts health and well-being. Papers
IX-X extend the literature on cognitive and behavioral outcomes by increased physical activity
motivation and behavior as an outcome of fitness tracking technology use. This dissertation also
contributes to affective outcomes of consumer health IT revealing that IT-based, health-
behavioral feedback (i.e., physical activity performance feedback) prompts emotional reactions
(Paper XI). Moreover, Papers X-XI contribute to cognitive outcomes in terms of basic
psychological need satisfaction and thwarting. Thereby, this dissertation contributes with
psychological mediators underlying consumer health IT use which enables researchers to
develop linkages between consumer health IT use and a variety of well- and ill-being outcomes
as posited by Self-determination Theory (Ryan and Deci 2017). Finally, this dissertation extends
the outcomes of consumer health IT by discussing the existence of adverse effects and by
providing first empirical evidence regarding negative emotions (Paper XII) and psychological
need thwarting (Paper XI). As this dissertation theoretically and empirically established the
linkages between specific opportunities provided by consumer health IT (i.e., affordances) and
the specific health and well-being outcomes discussed by now, future research is now in a better
position to explain and predict which types of health and well-being outcomes can emerge
through consumer health IT use and how.

‘ This dissertation ...

e Reviews the current state of the literature on consumer

Current state of consumer health IT concerning the tools and applications, individual

health IT research IT-related and health-related differences, and health-related
/ / \ \ outcomes examined so far.
Tools and IT-related Health-related  Health-related e Enables scholars to build upon the available research.
applications differences differences outcomes
o Synthesizes the key factors underlying of consumer health IT
Constituent components of use.
consumenheait uuse e Provides a theory-guided meta research framework involving
/ ‘ \ motivation, ability, and opportunity as constituent
Motivation Ability Opportunity components and their corresponding factors examined so

needs and goals ability IT type

IT-related Features and

far.
L Health-related t Health-related Consumer Health
ability functionalities

Examines the nature and role of motivation, ability and

J opportunity in the consumer health IT context.
MOTIVATION OPPORTUNITY OUTCOMES
e e 1 e, . .Prov1.de.s a model on feffect%ve consur.ner he.zalth IT use by
needs & goals enactment being outcomes identifying core relationships to achieve different health and
T T T well-being outcomes.
IT-related ABILITY Health-related
ability ability
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‘ This dissertation ...

e Extends research on the health- and well-being related

Health- and well-being outcomes outcomes.
Siicopsumenbealiliijuse e Reveals positive impacts: psychological needs satisfaction,

/ positive emotions, enhanced motivation and increases in
Positive physical activity, enhanced health literacy.
Psychological Psychological ¢ Identifies adverse impacts: psychological need thwarting and
need satisfaction need thwarting . .

- ‘ negative emotions.
Positive emotions Negative emotions

Enhanced motivation
Increased physical activity

Health knowledge

Table 18. Research contribution on consumer health IT

In summary, this dissertation contributes to consumer health IT research by 1) providing an
overview of the current state of research, 2) by providing a meta-theoretical research framework
involving the constituent components of ability, motivation, and opportunity, 3) by developing
a fine-grained understanding of the nature and role of the components to achieve health and
well-being outcomes from consumer health IT, and 4) by extending the literature with several
positive and adverse outcomes on healthy behavior and well-being (Table 18).

5.2 Implications for Practice and Policy

By summarizing the practical implications of the twelve papers included in this dissertation, this
section provides synthesized guidance for practice and policy on supporting older people’s use
of consumer health IT and on designing and using fitness tracking technology. Accordingly,
these implications are structured into two parts.

5.2.1 Supporting Older People’s Use of Consumer Health IT

Most developed countries are confronted with an ever-increasing proportion of older people
(United Nations 2017; WHO 2015). The older persons’ health is not only of significance for the
well-being and quality of life of the individual but also challenges many healthcare systems (Pew
Research Center 2013; Statistisches Bundesamt 2017). Accordingly, older people’s use of
consumer health IT is expected to benefit both the individual and the society (Fox and Connolly
2018). Based on the results of this dissertation, the following implications can be derived.

First, it is often assumed that older people lack IT-related ability and find IT difficult to use and
therefore avoid using IT. The research results of this dissertation, however, indicate that this is
not necessarily always the case. Older people’s IT-related ability is mostly needed when it comes
to sophisticated and advanced IT uses. For instance, when using more of the available features
the Internet offers, such as banking and commerce (Paper I) or when using IT for health
management purposes, such as for collecting and storing health data with personal health
records (Paper IV). In less advanced cases, such as online health information retrieval, older
people’s IT-related ability has a rather facilitating than enabling role. Hence, when seeking to
attract older people for digital offerings, practice and policy need to reflect upon to which extent
these offerings demand sophisticated IT-related abilities.

Second, even though older people’s IT-related ability is in certain instances of a facilitating role,
it constitutes an essential facet of digital inequalities and the digital divide. As Paper VI has
shown, the digital divide amongst older people is a unique one: starting with disparities in prior
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access to IT at the workplace and ending in health literacy disparities in later life. While policy
nowadays invests in public access to IT and development of digital abilities from early on (e.g.,
schools), the continuous advancement of digital technologies requires lifelong learning and on-
going adjustments of IT-related abilities. Workplaces constitute an influential source for
people’s development of such IT-related abilities and have a lasting impact on older people. As
such, governments should encourage firms to keep investing in IT access and education for their
employees, even if they are close to retirement. In Germany, for instance, the government
currently discusses sponsoring companies in training their employees in new technologies, and
for employees aged 45 years and above, this training should be entirely grant-aided (FAZ 2018).
The results of this dissertation encourage these considerations.

Third, results indicate that older people’s use of consumer health IT is strongly driven by the
usefulness they perceive from using IT to support their health as well as by their exploratory IT
behavior (Papers V-VI). Because older people often stick with established media practices
(Nimrod 2017), media should report about the benefits and advantages of using consumer
health IT, such as online health information to better care for oneself and to maintain
independence in later life. At the same time, older people should also be encouraged to ‘try out’
and explore the possibilities provided by their IT, particularly in older age. However, older
people perceive more health-related benefits from consumer health IT, are more driven from
these benefits to use consumer health IT, and are more likely to explore their existing IT when
they have more severe health needs (Papers IV-V). Against this backdrop, the benefits of
consumer health IT must also be stronger communicated as a means for health prevention.
Additionally, results indicate that older people perceive consumer health IT as more useful and
as easier to use when they possess higher health knowledge. For providers of online health
information, this means that they need to provide their contents in more accessible ways such
that is written for people without sophisticated health knowledge.

5.2.2 Design and Use of Fithess Tracking Technology

Insufficient regular physical activity is a serious concern for the individual and society at large.
Physical inactivity is a leading cause of mortality (OECD 2017) and causes billions in healthcare
and lost productivity (WHO 2018a). Fitness tracking technology aims to support people’s
physical activity motivation and behavior and currently gains huge interest (Statista 2018; WHO
2018b). The results of this dissertation provide implications for providers and users to achieve
the anticipated benefits of fitness tracking technology use.

Vendors of fitness tracking technology face intense competition in the market and hence need
to possess a distinct understanding of the motivational effects of the developed features and
about their target group to develop fitness tracking technology that fulfills its expectations.
Hereto, vendors might consider the offered or envisaged features in terms of their affordances.
Using affordances, providers get an augmented understanding of the features, i.e., how users
interpret these features in light of their goals (Paper XII). For instance, a leaderboard — a
frequently incorporated feature — can act as a means of ‘Social Comparison’ but also as ‘Reward’
when becoming better than others or as a means of ‘Watching Others’. Because individuals have
different physical activity goals, they require individualized ‘motivational environments’ that fit
their exercise-relevant goals. This dissertation provides the patterns between the users’ goals,
corresponding affordances and resulting motivational effects (Papers VIII-X) which facilitates
the understanding of distinct user-profiles and assists in the development and invention of
features. The results also suggest that these features might be dynamically adjusted according
to the goal orientations of the users to provide optimal motivational environments. For instance,
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for users with a strong performance goal orientation, those features should be brought to the
fore, which provide means to compare and compete with others, such as leaderboards. Thereby,
vendors need to consider the motivational processes underlying feature use so that features
should be designed in such a way that they satisfy the psychological needs for autonomy,
competence, and relatedness (Papers X-XI). Yet, Paper XI has shown that such design can be
quite challenging as that certain features can result in need satisfaction but can equally harm
users’ needs. Here, vendors need to bear in mind that certain features can interfere with users’
autonomy and thereby introduce the potential of negative motivational impacts. To counteract
this, vendors can again dynamically adjust the presence of certain features with lowered
continued use potentially serving as an indicator of experienced negative impacts (Paper XI).

For users, the results suggest that they can create their individual, optimally motivating
environment by selecting and engaging with those features that best fit their personal goals.
Although results suggest that using features providing means for self-monitoring is motivating
and beneficial for all users, exercise controlling features, such as virtual rewards, and social
interaction features are particularly motivating for users with a strong performance goal
orientation (Papers X-XI). However, as particularly the latter features can also have adverse
motivational impacts, users should gradually explore these features and to seek out whether
using these is motivating. If not, then users should switch back to other features in order to keep
up their satisfying experiences, which is especially important for users who are just beginning
with their physical activity regimen and who usually possess lower exercise self-efficacy (Paper
XI). Moreover, particularly when just having started to use fitness tracking technology, users
must be aware that the performance feedback can sometimes provoke adverse emotional
reactions when not meeting an exercise target.

5.3 Limitations

As with any research, the findings are not without limitations. While most specific limitations
are discussed in the individual papers, this section discusses the overarching limitations.

First, the literature review on consumer health IT presented in section 2.1.1 focused on the
timeframe 2008-2019 and on articles published in ‘major’ outlets of the IS discipline (Lowry et
al. 2013) so that other articles in other journals or conferences are excluded from this review.

Second, this dissertation focused on the contexts of older people and fitness tracking technology
to develop an understanding of how consumer health IT can support healthy behavior and well-
being. Albeit these two contexts are of high practical significance, the findings concerning the
nature and role of ability, motivation, and opportunity are limited to these contexts. As
discussed in the background on consumer health IT, there are also other tools and applications,
such as online health communities, specific health self-management applications, or specific
health consultation platforms (see section 2.1.1.1), which provide other opportunities
(affordances) and that are driven by other types of motivations (i.e., need and goals) and abilities
(i.e., IT- and health-related abilities). As such, the findings of this dissertation are limited in
their generalizability to these two contexts.

Third, this dissertation examined specific outcomes and consequences related to health and
well-being, including health knowledge (Paper VI), increases in motivation and physical activity
(Papers IX-X), psychological need satisfaction (Papers X-XI) and emotions (Paper XII).
However, results are limited as this dissertation relied on self-reported outcomes, which is not
without criticism as people might not accurately report their actual outcomes. Moreover, diverse
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other outcomes can result from consumer health IT, as shown in section 2.1.1.2, including self-
care activities or actual bodily improvements (Kelley et al. 2011). As such, the findings of this
dissertation are limited to the examined outcomes.

Fourth, this dissertation comes with limitations concerning the study participants. In the
context of older people, Study I and IT accordingly targeted elderly individuals. As online surveys
might have attracted the technology-savvy segment of this population, both studies recruited
respondents from public locations (e.g., train stations, libraries, gyms, adult schools, or senior
citizen centers). However, this approach comes with the drawback that respondents, who are
less outgoing or have severe physiological issues forcing them to stay at home, might have been
missed. In the context of fitness tracking technology, Study V and associated Papers VIII-XI
involve respondents from the fitness tracking application ‘Strava’. Sample characteristics
indicate that respondents are quite physically active, which suggests that respondents are
already motivated to be physically active. Albeit this characteristic is in line with related
literature and studies (Hamari et al. 2018; Higgins 2016; Stragier et al. 2018), there are also
other fitness tracking applications that might attract less motivated individuals and which might
differently interact with and react to the fitness tracking features (Papers VIII-XI). In line with
this, Strava positions itself as ‘the social network for athletes’ so that this application might be
particularly attractive for users with a generally strong performance goal orientation. Hence, the
results of this dissertation are bound to these specific characteristics of the respondents and who
appear to not suffer strongly from health issues.

Fifth, the empirical results are bound to responses from Germany and the United States, which
are both developed countries with developed healthcare systems and developed technological
infrastructures. Results might thus differ for less developed countries.

5.4 Future Research Opportunities

The contributions and implications discussed above provide different and intriguing avenues
for future research. This section discusses some of them.

For IS research on older people, an examination of further, alternative conceptualizations of age
might provide novel insights on the meaning of age in IS-related phenomena. Most of the
available IS research so far examines age in terms of chronological age, assessed by the number
of years since birth (Hong et al. 2013; Tams et al. 2014). Aging literature, however, sees
chronological age as problematic, particularly when examining behaviors of older people (Barak
and Schiffman 1981), mainly as it does not “reflect the idiosyncratic meaning of this number to
different individuals” (Hong et al. 2013, p. 122). Consequently, calls have been made in the IS
literature to examine alternative conceptualizations of age (Tams et al. 2014). Whereas this
dissertation proposed and revealed ‘retirement’ as a qualitative marker of the aging process
reflecting a change in life phase (Paper VI), a variety of other conceptualizations are suggested
including the functional or biological age and the subjective or perceived age (Tams et al. 2014).
Particularly in the latter case, initial indications in the IS literature exist that subjective age (i.e.,
feeling younger or older than one’s chronological age) can impact established relationships of
technology acceptance (Hong et al. 2013) or reveal counter-intuitive findings, such as that older
persons with higher subjective age prefer more comprehensive user interfaces (Ghasemaghaei
et al. 2019). As more examinations of subjective age have been called for in IS research on older
people (Gewald and Currie 2017; Gewald et al. 2019), an avenue for future research is the
theoretical integration of subjective age into the notion of older people’s IT-related traits, such
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as their computer self-efficacy and anxiety or personal innovativeness in IT (Maier 2012).
Because subjective age reflects a state of mind (Schiffman and Sherman 1991), subjective age
appears to be a personality characteristic and might, therefore, to be theorized with IT-related
traits. An initial approach for this has been presented in Rockmann and Gewald (2016).

Moreover, as this dissertation identified exploratory IT behavior as a meaningful mechanism
with which older people enhance their IT uses, future research should identify additional
antecedents and outcomes of older people’s IT exploration. In this regard, the type and
characteristics of the device with which older people interact could provide an interesting
perspective. Older people increasingly use smartphones and tablets instead of traditional
desktop computers (Anderson and Perrin 2017). Because tablets and smartphones are less
complex, they might not require strong IT-related abilities, so that an intriguing question is,
whether the type of device impacts older people’s exploratory IT behavior and resulting IT uses.

In the context of fitness tracking technology, this dissertation applied a static view on the
relationships between users’ goals, enacted affordances, and resulting motivational impacts.
Future research should examine whether — and if so, how — enacted affordances and users’ goals
change or adjust over time. Motivation research suggests that goals emphasized within the
personal environment promote adoption of this goal by the individual (see section 2.4.1); for
instance, when being situated in performance goal structures, i.e., environments emphasizing
competitions, people are likely to adopt a personal performance goal in consequence
(Murayama and Elliot 2009). In the fitness tracking technology context, there are indications
that users are often automatically exposed to the social dimension of fitness tracking technology
such that users might unintentionally engage in social comparison and competition (Hafermalz
et al. 2015). In consequence, users might adopt a performance goal which might alter their
physical activity motivation and behavior but also their use of the fitness tracking technology.
Future research should examine this dynamic perspective on fitness tracking technology use to
understand the motivational impacts and adjustments better.

In line with this, this dissertation focused on actual users of fitness tracking technology, the
goals they pursue, and the corresponding affordances they enact. In future research, the
affordance perspective of fitness tracking technology could be extended towards the adoption
stage to examine which goals users have, which affordances they thereby perceive, and which
combinations of affordances and goals drive decisions to adopt fitness tracking technology.

Lastly, the characteristics of the social network with which users engage and their resulting
impacts on motivation provide an avenue for future research. Social Comparison Theory
(Festinger 1954), for instance, posits that people make downward and upward comparisons, i.e.,
comparisons with people who are ‘worse’ or ‘better’ than oneself, and do so for different reasons
including self-enhancement for downward and self-improvement for upward comparisons.
Hence, fitness tracking technology users might achieve different motivational outcomes
depending upon whether they compare with better- or worse-performing users and depending
upon their relative position, i.e., whether they belong to the better or worse performing users
themselves. As such, zooming into the social dimension of fitness tracking technology by
examining different network characteristics, users’ social-oriented behaviors and cognitions,
and their resulting motivational effects presents an intriguing avenue for future research.
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6 CONCLUSION

The main objective of this dissertation was to develop an understanding of how consumer health
IT can support healthy behavior and well-being. To this end, building on prior research, this
dissertation identified people’s motivation and ability as well as the opportunities provided by
the IT as constituent components of consumer health IT use. To understand their nature, role,
and impacts on health and well-being outcomes, this dissertation examined two contexts: older
people and fitness tracking technology. Both contexts are of high significance with unique
questions for practice and research for which this dissertation provides answers.

Based on the synthesized findings of these two contexts, this dissertation provides a meta-model
of effective consumer health IT use positing that a person’s motivation, in terms of health-
related needs and goals, directs people to engage with the opportunities provided by consumer
health IT and its features, such as health decision support, self-monitoring, or social
recognition. It is the engagement with these distinct opportunities that brings about the distinct
impacts for people’s health and well-being, including improvements in health knowledge, the
satisfaction of psychological needs, or enhanced physical activity motivation and behavior. Also,
in some cases, these opportunities unleash their impacts mostly when they ‘fit’ with people’s
motivations. People’s IT-related and health-related abilities facilitate acting upon these
opportunities provided by consumer health IT.

With this conclusion on how consumer health IT can support healthy behavior and well-being,
this dissertation aims to assist society in their pursuit of healthy lives and well-being.
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Needs, Goals, and Affordances in Fitness Tracking
Technology

ABSTRACT

Physical inactivity is a prevailing issue of our society causing billions in healthcare, productivity
losses, and million deaths. To counteract this problem, fitness tracking technology is
increasingly considered as a means to enhance motivate individuals’ physical activity motivation
and behavior. Extant research, however, provides an overall inconclusive picture about the
‘motivational effectiveness’ of fitness tracking technology, reporting, positive, mixed, and even
adverse impacts on physical activity motivation and behavior. To better understand these
motivational impacts, this paper theorizes the role of the motivational affordances, the
underlying motivation-psychological process, and the role of interpersonal, motivational
differences of the users. Based on an empirical study involving 286 fitness tracking technology
users, results reveal how individual motivational affordances distinctively satisfy users’ needs
for autonomy, competence, and relatedness, and thereby enhance the physical activity
motivation and behavior of the individuals. Moreover, results support interpersonal variations
stemming from motivational affordances as that users pursuing certain physical activity goal
obtain higher need satisfaction from the enacted affordances. In essence, this paper contributes
with a deeper understanding about the motivation-psychological processes and variations
underlying fitness tracking technology use which guides practice in the development of effective
interventions.

Keywords: Fitness tracking technology, Motivational affordances, Achievement goal theory,
Self-determination theory

1 INTRODUCTION

January, 12th is now dubbed Quitters’ Day; the day when most people give up their New Years’
resolutions to be more physically active — according to analysis of millions of exercise activities
recorded by the fitness tracking technology ‘Strava’ (Whipple 2018). The worldwide prevailing
physical inactivity (Guthold et al. 2018) is a major issue of our contemporary society causing
billions in healthcare costs and productivity losses (WHO 2018a) and has become a leading
factor of mortality (OECD 2017). Aiming to counteract this issue by enhancing people’s
motivation to be physically active, fitness tracking technology currently attracts millions of
individuals (Statista 2018), health insurance companies (BBC 2018; Best 2016), employers

Robert Rockmann 139



Paper X

(Giddens et al. 2017), and even the World Health Organization (WHO 2018b). Between the
lines, however, the striking insight of the Quitters’ Day raises another concern: if people use a
fitness tracking technology but still end up failing to keep up their motivations after only twelve
days, do we then need to question the ‘motivational effectiveness’ of such technology?

Fitness tracking technology is a practical embodiment of motivational information systems (IS),
systems centering on the idea to motivate and support its users in a particular activity, such as
exercising (Koivisto and Hamari 2019). At the core of such systems are the motivational
affordances — the central features users engage with to support their motivational needs
(Koivisto and Hamari 2019; Zhang 2008). Fitness tracking technologies offer features to record,
document, and analyze exercise activities (self-quantification); features that assist in
structuring, assisting, and rewarding physical activities (exercise guidance); and social-network
based features facilitating users to praise or compare each other’s activities and to engage in
competitions (social interaction) (Hamari et al. 2018; James et al. 2019a; Stragier et al. 2018).

Whilst research agrees that motivational affordances are the lynchpin of supporting motivation
through IS, their actual motivational benefits are not well understood (Koivisto and Hamari
2019). The nascent research available so far often examined the fitness tracking technology as a
‘whole’ hence neglecting the particular impacts stemming from the individual motivational
affordances incorporated (Hamari et al. 2014b; Koivisto and Hamari 2019). Despite frequent
calls to pay attention to the particular effects of the motivational affordances (e.g., Koivisto and
Hamari 2019; Orji and Moffatt 2016), research responding to this remains scarce with few
exceptions (Hassan et al. 2019; James et al. 2019a; James et al. 2019b; Suh 2018). Yet these few
exceptions provide inconclusive results. For instance, whilst social interaction related
affordance was found to enhance users’ subjective vitality (James et al. 2019a; James et al.
2019b), another study found neither impacts on users’ perceived benefits nor on IS continuance
(Hassan et al. 2019). Similarly inconclusive, self-quantification related affordances seemingly
enhanced users’ perceived benefits and IS continuance intentions (Hassan et al. 2019; Suh
2018) as well as users’ subjective vitality (James et al. 2019b) whilst another study implies no
gains in users’ subjective vitality from this affordance (James et al. 2019a). Thus, the
motivational affordance-motivational outcome relationship warrants finer scrutiny.

Contemporary motivation literature informs about two distinct aspects how techniques like
performance feedback, rewards, or social comparisons impact one’s motivation: the underlying
motivation-psychological processes (Ryan and Deci 2017) and the interpersonal motivational
differences with which individuals differently react to such techniques (Murayama and Elliot
2009). In essence, motivation literature calls into our attention how such techniques motivate
and who they motivate.

First, the literature explicates that to strengthen one’s motivation, one’s motivation-relevant
needs for autonomy, competence, and relatedness must be satisfied (Ryan and Deci 2017).
Although some reflect upon such need satisfying mechanisms when linking the motivational
affordances with motivational benefits of fitness tracking technology (e.g., James et al. 2019b;
Suh 2018), the actual impact of motivational affordances on these motivational needs has not
been investigated. As such, this underlying process of need satisfaction might constitute a
missing link to explain the affordance-outcome relationship. Second, because persons hold
different motivations and goals for a given activity, such as exercising, not every technique
motivates every person to the same extent. Competitions, for example, can be motivating for
persons with a competitive personality but also demotivating for others. Initial research
revealed that users’ different motivations and goals drive which motivational affordances they
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prefer and enact (Hamari et al. 2018; James et al. 2019a; Stragier et al. 2018). Whether and how
the motivational effects of the motivational affordances vary due to such different motivations
and goals is unknown despite first indications (James et al. 2019b). Thus, interpersonal
differences might be an explanation of the inconclusive affordance-outcome relationship in
prior research alike.

In essence, prior research neglected two decisive aspects of human motivation that might
potentially explain the inconclusive results concerning the motivational benefits of motivational
affordances and of fitness tracking technology at large. Given these considerable knowledge
gaps that have been echoed from scholars alike (Hamari et al. 2014a; Johnson et al. 2016;
Koivisto and Hamari 2019; Orji and Moffatt 2016; Rapp et al. 2019), we seek to fill these gaps
and hence answers to the following research questions (RQ):

RQ1: How do motivational affordances motivate? In particular, how do motivational
affordances impact users’ motivational needs (autonomy, competence, and relatedness)
and in consequence users’ perceived benefits of using fitness tracking technology?

RQ2: Who is motivated by motivational affordances? In particular, how do the impacts
of the motivational affordances vary by users’ different motivational goals?

Our aim is to zoom into the motivational affordance-motivational outcome relationship of
fitness tracking technology to better understand its’ motivational benefits and to resolve prior
inconsistencies in the literature. To this end, we draw on two theoretical underpinnings of the
motivation literature: Self-determination Theory (Ryan and Deci 2017) explicating the
psychological processes in terms motivational need satisfaction (autonomy, competence, and
relatedness) and Achievement Goal Theory (Ames 1992; Nicholls 1989) explaining inter-
individual variations with optimal motivational outcomes emerging when a motivational
technique ‘fits’ the motivational goal of the person (Murayama and Elliot 2009). We propose a
model that translates these tenets to the motivational affordances in explaining the motivational
benefits of fitness tracking technology. As empirical validation with users of the popular fitness
tracking application Strava (n=286) supports most of the developed arguments, this paper
contributes to the nascent research on motivational IS and the motivational affordance-outcome
relationship by explicating 1) the underlying psychological processes and 2) inter-individual
variations of the motivational effects.

2 THEORETICAL BACKGROUND

2.1 Fitness Tracking Technology and Motivational Affordances

Fitness tracking technology belongs to the class of Motivational Information Systems?8: systems
designed and built for the purpose of inducing motivation, engagement, or behavior change
(Koivisto and Hamari 2019). Motivational Information Systems are increasingly applied in

18 Synonyms include: Persuasive Systems (Oinas-Kukkonen and Harjumaa 2009) or Persuasive Technology (Fogg
2003), Gamified Systems or Gamification (Blohm and Leimeister 2013; Deterding et al. 2011), Positive Computing
(Diefenbach 2018; Peters et al. 2018) or Positive Design (Zhang 2007)
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many aspects of our daily lives such as education (van Roy and Zaman 2018b), work tasks
(MekKler et al. 2017), or health (Hamari and Koivisto 2015). The general motivational benefits
such systems are expected to bring with include, amongst others, increased participation,
improved performance, or greater compliance concerning the targeted activity (Seaborn and
Fels 2015). Motivational benefits of fitness tracking technology include, for instance, increases
in exercises, exercise performance improvements, and increased enjoyment of physical activity
(Hassan et al. 2019).

The core of motivational IS are the motivational affordances incorporated within (Koivisto and
Hamari 2019). Formally defined as “the properties of an object that determine whether and how
it can support one’s motivational needs” (Zhang 2008, p. 145), motivational affordances reflect
the features and functionalities designed into the motivational IS and what they allow users to
do — their action potentials (Tim et al. 2018). Leaderboards, for example, rank fitness tracking
technology users according to their exercise performance and thereby provide users means for
social comparison and social recognition. As such, the notion of motivational affordances is
anchored in the general concept of affordances (Gibson 1977; Markus and Silver 2008) that
attracts IS scholars to study how users’ distinct technology uses help them to attain their goals
(Burton-Jones and Volkoff 2017).

Across contexts, a broad variety of motivational affordances have been considered (Koivisto and
Hamari 2019). In the case of fitness tracking technology, motivational affordances fall into the
dimensions of self-quantification, exercise control, and social interaction (Hamari et al. 2018;
James et al. 2019a; James et al. 2019b; Stragier et al. 2018). Table 1 depicts the according
motivational affordances, definitions and feature examples that are explained in the following.

Affordance

Definition: The possibility ...

Feature examples

. Recording of GPS and steps; training log and
Self- ... to systematically document and .. & Ps; 8708
L , K diaries, reports of step rates, pulse frequency,
If- monitoring observe one's sport behavior. . .
Sel speed, distance, or calories
quantification
Performance ... to systematically analyze and Statistics on recorded parameters, side by side
analysis evaluate performance indicators. comparison of records from the logged activities
. . . Textual or audio-visual media with exercise tips,
Exercise ... to get instructed for physical . .. .
d fivi alerts for pulse zones or interval training, live
: uidance activity.
Exercise J ty performance feedback
control
... to obtain rewards for physical Points, badges, trophies
Rewards . Pl » Pacs P
activity.
Social ... to compare one’s own Leaderboards, rankings, competitions, activity
Social comparison performance against others. reports of others, other’s profile pages
Interaction Social ... to receive social feedback and Leaderboards, rankings, “likes” or “kudos”,
recognition respect from others. comments on posted activities

Table 1. Motivational affordances of fitness tracking technology
(Rockmann and Gewald 2018)

Self-quantification affordances. Self-quantification describes the regular collection,
processing, and presentation of health-related data like bodyweight, steps taken, or heart rate
(Choe et al. 2014; Li et al. 2010; Lupton 2016; Swan 2013). Self-quantification in fitness apps
provides users with possibilities for self-monitoring and performance analysis through features
that allow them to record, document and analyze their physical activity related data (Hamari et
al. 2018; James et al. 2019b). Self-monitoring considers systematic recording and observation
of target behaviors, like physical activity (Baker and Kirschenbaum 1993). Fitness app users can
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record their activities, including bodily parameters or GPS, directly within the apps but also
using external devices such as wristbands (e.g., Fitbits) or bicycle computers. Based on this data,
users can observe trends within their recordings whether they are making progress or to ensure
themselves in maintaining their target behavior (Barratt 2017; Li et al. 2011; Sjoklint et al. 2015).
Performance analysis entails statistics and visualizations of recorded parameters that allows
fitness app users perform sophisticated analyses on their performance indicators, such as
distance, speed, pulse, etc. (James et al. 2019a). Thereby, users can obtain deeper
understanding about their behavior and performance (Gimpel et al. 2013).

Exercise control affordances. Exercise control provides fitness app users features that
assist in structured and controlled exercises including affordances for exercise guidance and
rewards (James et al. 2019b). Exercise guidance provides users with information and
instructions for conducting physical activity. Users can obtain informational contents regarding
exercise and workout tips and instructions. Exercise guidance also allows users to manage their
exercise goals such as by creating workout schedules or setup activity goals so that users can
receive alerts reminding them to exercise. During workout, users can oftentimes receive live
audio-visual performance feedback, for example about current distance or pace. Rewards are
another affordance that assist users in their structured exercises (James et al. 2019b).
Motivational information systems often grant points, badges or trophies as virtual rewards for
achieving activity targets (Blohm and Leimeister 2013; Oinas-Kukkonen and Harjumaa 2009).
The Nike+ Running app, for instance, praises the user after having completed a certain running
distance such as ‘5k’ or ‘10K’ and grants virtual trophies (Oinas-Kukkonen and Harjumaa 2009).
Rewards also offer a mechanism to decompose larger goals into smaller and attainable steps
and goals (Oinas-Kukkonen and Harjumaa 2009).

Social interaction affordances. Motivational systems often incorporate social network
capabilities to allow users social interactions with other exercisers in several forms (James et al.
2019b). The premise is to develop social relationships and feelings of social integration for users
(Sardi et al. 2017). In particular, social comparison allows users to compare their physical
activity behavior and performance against other users (Festinger 1954). It is assumed to support
individuals in performing the target behavior when they can compare their performance and
progress with that of others (Oinas-Kukkonen and Harjumaa 2009). Often, social comparison
can invoke a sense of competition where users strive to achieve higher positions, and hence
higher social status, in leaderboards resulting in gains in self-esteem and pride (Sardi et al.
2017). Social recognition is the social feedback users receive on their physical activity from other
users (Hamari and Koivisto 2013), such as support, respect or approval (Lin and Bhattacherjee
2010).

2.2 Knowledge Gaps on Motivational Affordances

Whilst these motivational affordances are theoretically expected to bring upon the anticipated
motivational benefits of increased exercise motivation and engagement, in research, however,
we actually do not know a lot about their motivational effectiveness (i.e., the extent to which the
anticipated motivational effects are realized). First, the nascent research available often
examined fitness apps as a ‘whole’ neglecting the particular effects each individual motivational
affordance has (Hamari et al. 2014b; Koivisto and Hamari 2019). Second, the few studies
available examining the particular role of each affordance draw an overall inconclusive,
sometimes conflicting picture (see Table 2 for an overview). That is, as laid out introductorily,
the motivational impacts of the motivational affordances appear to vary between studies.
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Article Affordances Outcome Individual Process Findings
(Stragier e Activity e Physical Motives Investigates how fitness
etal. evaluation (weight, health) app motives (i.e. goals;
2018) Progress e Social Motives physical, social,
evaluation (affiliation, recognition) achievement,
Off-platform e Achievement Motives psychological) influence
social features (competition, personal fitness app feature use (i.e.
On-platform goal) self-regulation features,
social features . Psychologi'cal moti.ves off-platform social
(psychological coping, .
life meaning, self- features, on-platform social
esteem) features)
(Hamari et Quantified-self e Goal Focus (outcome, Investigates how different
al. 2018) Gamification process) goals (i.e. outcome,
Social e Goal Orientation process; proving,
networking (proving, avoidance, avoidance, mastery;
mastery) difficulty, specifity)
° %’?al, Attrlbutes. influence fitness app
(difficulty, specifity) feature use (i.e.
gamification, social
networking, quantified-
self)
(Suh Tracking ¢ IS Continuance IS usage Investigates quantified-self
2018) Social sharing Intention motivations continuance: role of
Visualizing (utilitarian, affordances (tracking,
hedonic, social sharing, visualizing)
eudemonic) influencing usage
motivations (i.e. utilitarian,
hedonic, endemonic
motivation) influencing IS
continuance
(Hassan et Quantified-self e Perceived Motivational
al. 2019) Gamification Benefits feedback
Social e IS Coqtinuance (affective,
networking Intention social,
informational)
(James et Data Subjective Vitality Exercise Goals « Exercise goals predict
al. 2019a) Management (Determinants of affordance uses
Exercise Control Affordances and Outcome) e Of all affordances, only
Social Interaction Social InteracFion.
enhances Subjective
Vitality
(James et Data Subjective Vitality Intrinsic-Extrinsic o Exercise motivation
al. 2019b) Management Continuum (Determinants predict affordance uses

Exercise Control

Social Interaction

and Moderator)

e Data Management and
Social Interaction
Affordances enhance
Subjective Vitality

e Influence of Affordances
on Subjective Vitality is
moderated by
Individual Motivations

Table 2. Research on fitness tracking technology

To potentially explain these inconclusive, sometimes contradictory results of prior research,
several scholars call for considering the underlying motivation-psychological processes and the
motivational differences of the users in regards to the motivational affordances (Alahiivila and
Oinas-Kukkonen 2016; Hamari et al. 2014a; Hamari et al. 2014b; Johnson et al. 2016; Koivisto
and Hamari 2019; Nacke and Deterding 2017; Orji and Moffatt 2016; Rapp et al. 2019; Schmidt-
Kraepelin et al. 2018; Seaborn and Fels 2015).
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Motivational Affordances Research Gap | Motivational Outcomes

e.g., Self-quantification, Exercise How? e.g., Motivational benefits incl.
control, Social interaction Motivation-psychological process increases in motivation and behavior

Research Gap Il

Who?

Users’ motivational differences

Figure 1. Research gaps on the effectiveness of motivational affordances

In the following, we explicate these two research gaps (Figure 1) in light of the existing literature
that focuses on the individual motivational affordances.

221 Research Gap I: Motivation-psychological Processes Linking
Motivational Affordances with Motivational Outcomes

The first research gap identified centers on the question of how motivational affordances
motivate and therewith on the underlying motivation-psychological processes. Existing studies
in the PA context linked the individual motivational affordances with a variety of outcomes
including continued use of the system (Hassan et al. 2019; Suh 2018), users’ well-being (James
et al. 2019a; James et al. 2019b), or the perceived motivational benefits of using the system
including increased exercising, heightened exercise enjoyment, or feeling healthier (Hassan et
al. 2019). Whilst some linked the motivational affordances directly with the outcome of interest
(James et al. 2019a; James et al. 2019b), others did so indirectly via system-related beliefs like
usefulness and enjoyment of using the system (Suh 2018) or the affective, social, and
informational feedback provided by the motivational affordances (Hassan et al. 2019). However,
as affordance within the motivational IS context aim to support users’ motivational needs
(Zhang 2008), little has been put forth in the physical activity context to examine how enacted
affordances actually facilitate users’ motivational needs. So far, scholars speculate upon such
potential influences on motivational needs when arguing about the motivational impacts, such
as on well-being variables like subjective vitality (James et al. 2019b). Some initial attempts to
link affordances with motivational needs have been made outside the physical activity context
yet with inconclusive results (Mekler et al. 2017; Sailer et al. 2017; van Roy and Zaman 2018a;
b). In a study on motivational IS in education, for example van Roy and Zaman (2018b) report
that certain affordances can satisfy distinct psychological needs but they can equally thwart
other users’ needs. That is, whilst these approaches initially advance understanding about the
underlying processes —need satisfaction— of affordances in motivational IS, these attempts are
limited in explaining differing outcomes for different individuals, which brings us to the second
research gap.

2.2.2 Research Gap IllI: Users’ Motivational Differences Influencing the
Motivational Affordances’ Effectiveness

The second research gap identified is concerned with the question of who is motivated by the
motivational affordances — how differences in the motivational goals pursued by the users
influences the motivational affordances’ effects. Individuals greatly differ in their underlying
motivations and goals concerning a focal activity. In the case of PA, for example, some persons
have the goal to improve their physical abilities aiming to run 10 km faster than ever before
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whereas others are motivated by outperforming others and winning competitions. Initial
research on motivational IS in the PA context has accordingly shown that users differently prefer
and make use of the individual motivational affordances due to their different motivations and
goals (Hamari et al. 2018; James et al. 2019a; Stragier et al. 2018). For instance, social
interaction affordances are particularly preferred and utilized by persons who are socially
motivated to exercise such as being with friends (James et al. 2019a) or who have the goal the
prove their abilities to others (Hamari et al. 2018). Available studies hence inform that
motivational differences guide users’ perception and enactment of corresponding motivational
affordances. Rather unknown is whether, and if so how and why, such users’ motivational
differences account for variations of the motivational effects from individual motivational
differences. For example, will socially-motivated users gain higher exercise motivation when
using social interaction affordances? Answers to such interactive effects between individual
motivations and affordances have been called for (Nacke and Deterding 2017; Rapp et al. 2019)
but barely assessed so far. First evidence supporting interactive effects exists recently appeared
in James et al. (2019b).

2.2.3 Summary

As discussed, there are two research gaps concerning the motivational effectiveness of
motivational affordances: 1) the motivation-psychological processes underlying the
motivational effects and 2) the role of users’ motivational differences interacting with the
motivational affordances. Given the inconclusive results reported in prior literature, both
knowledge gaps inhibit a deeper understanding about the motivational effectiveness of the
motivational affordances and of the motivational IS at large. To fill these gaps, we draw upon
motivation literature providing key tenets about the effectiveness of motivation techniques and
corresponding theoretical explanations next. After that, we transfer these insights into the
context of motivational IS and motivational affordances in developing our theoretical approach.

2.3 Motivation Theories

Our research aims to better understand the relationship between motivational affordances and
their motivational outcomes in the context of motivational IS supporting PA. Specifically, we
are interested in the motivation-psychological processes underlying the motivational
affordances as well as their interactions with individual motivational differences to explain the
motivational benefits gained from using a motivational IS. Here, we review motivation literature
focusing on the motivational effects of social-environmental factors that we aim to adapt to the
context of motivational IS.

Human motivation is generally understood as the processes that give behavior its energy and
direction (Reeve 2005). Scholars hence seek to understand how external events, such as
motivation techniques applied by social actors like sports coaches or parents, influence a
person’s motivation-relevant cognitions, affect, and behavior. Self-determination Theory (Deci
and Ryan 2012; Ryan and Deci 2017) and Achievement Goal Theory (Ames 1992; Nicholls 1989)
—two established theories on human motivation— center on the motivational role such external
events play. Both theories explicate key characteristics of such external events that jointly define
the ‘motivational climate’ for a person. In brief, Achievement Goal Theory characterizes a
motivational climate by the goals that are emphasized: development of abilities and
demonstration of abilities (Ames 1992; Nicholls 1989). Self-determination Theory characterizes
the motivational climate by extent it supports a person’s psychological needs for autonomy,
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competence, and relatedness (Ryan and Deci 2017). Below, we briefly outline the key tenets of
both theories and then review how these theories inform about the underlying motivation-
psychological processes and the role of individual motivational differences.

Achievement Goal Theory (AGT; Ames 1992; Nicholls 1989) centers on how individuals
define success in achievement-related activities such as physical activity (Duda 2013).
Achievement motivation is accordingly influenced by the goals one adopts and which can be
characterized as mastery and performance goals. Mastery goals focus on competence
development, emphasizing improvement and effort in a self-referential manner. Performance
goals are normative-referenced definitions of competence emphasizing interpersonal
comparisons, evaluations and demonstration of ability to others (Harackiewicz and Elliot 1993).
These two goal dimensions can be emphasized by the person (goal orientations) but also
stressed within the motivational climate (Ames 1984; Dweck and Leggett 1988). By inducing a
mastery climate, sports coaches, for example, orient their athletes toward improvement
emphasizing working hard and doing their best (Duda 2013). A performance climate is created
when sports coaches judge individual’s abilities in comparison with other athletes and
emphasize outperforming teammates (Duda 2013).

Self-determination Theory (SDT; Deci and Ryan 2012; Ryan and Deci 2017) focuses on how
social-environmental factors satisfy a person’s basic psychological needs to determine any sorts
of motivational outcomes. SDT thereby posits that all human beings have three innate, basic
psychological needs for autonomy (acting volitional and congruent with one’s true values),
competence (operating effectively in different life contexts and feeling mastery), and relatedness
(feeling connected with and cared for by others) (Deci and Ryan 1985b; 2000; 2012). Greater
satisfaction of these three needs is linked to optimal motivational outcomes, human functioning,
and well-being (Ryan and Deci 2017) including peoples’ motivation, engagement, and
persistence in physical activity (see e.g., Ng et al. 2012; Teixeira et al. 2012). By acknowledging
athletes’ individual preferences and providing choice, for instance, a sports coach satisfies
athletes’ autonomy need. By providing optimal challenges and constructive feedback, sports
coaches satisfy competence needs. And when peers and teammates encourage each other, one’s
relatedness need is satisfied (JOesaar et al. 2011).

In essence, both AGT and SDT focus on the motivational influence of external events and
personal environments. Their theoretical linkage has been discussed on these grounds
(Allen and Hodge 2006; Deci and Ryan 2000; Ntoumanis 2001a; Standage et al. 2003b) and is
now referred to as the ‘motivational climate’ (Appleton et al. 2016; Duda 2013; Smith et al.
2017; Smith et al. 2016). An empowering motivational climate is mastery-focused, emphasizing
the value of effort, self-improvement, and cooperation resulting in higher satisfaction of
autonomy, competence, and relatedness needs (Duda 2013; Smith et al. 2017). Disempowering
motivational climate are characterized as controlling and pressuring, where mistakes are
punished and rivalry between peers is emphasized so that the autonomy, competence, and
relatedness needs are actively thwarted (Duda 2013; Smith et al. 2017).

2.3.1 Motivation-psychological Processes Underlying External Events

Several motivation scholars adopt the core principles of SDT’s basic psychological needs when
discussing the motivational impacts of external events, such as those of motivational techniques
like feedback, rewards, or competitions (Duda and Appleton 2016; Vallerand 1997). That is, SDT
informs about the underlying psychological processes that take place between external events
and motivational outcomes (Figure 2). The satisfaction of basic psychological needs for
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autonomy, competence, and relatedness mediate the motivational impacts of external events of
the personal environment (i.e., motivational climate) (Duda and Appleton 2016; Ryan and Deci
2017).

Motivational Climate Motivational Outcomes
Basic Psychological Needs Cognition, affect, behavior
External events " Autonomy, competence, relatedness 9 ! '
e.g., feedback, rewards, competitions e.g., Motivation and behavior in PA

mediate

Figure 2. Psychological processes

Some motivational IS research alike adopts the notion of basic psychological need satisfaction
when speculating about the motivational impacts of the motivational affordances of interest
(e.g., Blohm and Leimeister 2013; James et al. 2019b; Zhang 2008). Yet research explicitly
testing the mediating mechanisms of need satisfaction is scarce. The few available studies also
draw a mixed picture about this linkage. Some studies report positive linkages between
affordances and satisfaction of autonomy, competence, and relatedness (e.g., Peng et al. 2012;
Sailer et al. 2017; Suh et al. 2015; Xi and Hamari 2019). Others, however, found no effects at all
(MekKler et al. 2017) and also negative effects (Kerner and Goodyear 2017; van Roy and Zaman
2018b). In the latter case, for example, Kerner and Goodyear (2017) report significant
reductions in autonomy, competence, and relatedness satisfaction after 8 weeks of using a
fitness tracking technology in a sample adolescents. Additional focus group insights also
revealed that certain affordances had positive impacts for some but also negative impacts on
need satisfaction for others, such as competition-oriented affordances. This dual —or
ambivalent— motivational impact equally satisfying but also thwarting users’ needs has been
observed in another study alike (van Roy and Zaman 2018b). As motivation literature further
assumes that motivational impacts are likely to vary due to inter-individual differences, we next
outline the role of individual motivational differences for the impact of external events (i.e.
motivational climate).

2.3.2 Individual Variations in Responses to External Events

People diverge in several forms of personality, hold different motivations or strive for different
goals. Consequently, research on the motivational climate including its theoretical
underpinnings of SDT and AGT, assumes that different people also respond differently to the
same external event (i.e., motivational climate) (Deci and Ryan 1985a; Deci and Ryan 1987;
Murayama and Elliot 2009). In general, scholars consider a conventional ‘person-situation
interaction’ view suggesting that optimal outcomes emerge when there is a ‘fit’ or ‘congruence’
between the person and the situation, i.e. when characteristics of the motivational climate match
the characteristics of the person (Diener et al. 1984; Emmons et al. 1986).

Goal Orientations

Mastery goals, performance goals

moderate L
Motivational Climate Motivational Outcomes
External events P Cognition, affect, behavior
e.g., feedback, rewards, competitions e.g., Motivation and behavior in PA

Figure 3. Individual differences
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To identify and theorize the shared characteristics of both the motivational climate and the
person, AGT is particularly well-suited (Ickes et al. 1997). Clearly, AGT posits that mastery goals
(ability development) and performance goals (ability demonstration) can be both salient within
the environment but also within the person including their personal dispositions (Ames 1992).
As such, a match between the motivational climate and the person occurs when both emphasize
mastery or performance goals (Murayama and Elliot 2009). When matching, the motivational
climate provides well-defined goal structures facilitating individual’s goal accomplishment
(Emmons et al. 1986; Ickes et al. 1997). Thus, for optimal motivational effects, a mastery-
oriented person is assumed to be best situated within a mastery climate and a performance-
oriented person in a performance climate (Linnenbrink 2005; Linnenbrink and Pintrich 2001;
Murayama and Elliot 2009; Newton and Duda 1999; Treasure and Roberts 1998). For example,
when persons with a strong mastery goal are situated in a mastery climate, they exhibit higher
task performance (Jagacinski et al. 2001), higher intrinsic motivation for PA (Standage et al.
2003a), and report more positive experience when conducting PA (Bortoli et al. 2009; Treasure
and Roberts 1998). Similarly, performance-oriented persons have higher intrinsic interest in
educational courses when these act as performance climate (Murayama and Elliot 2009). In the
context of motivational IS, however, little is known about this interaction between motivational
affordances (motivational climate) and individual, motivational differences although initial
indications exist supporting these considerations (James et al. 2019b).

2.3.3 Summary

In sum, motivation literature informs about the motivational impacts that external events
(motivational climate), including motivation techniques like feedback, rewards, and
competitions, have on persons. First, the literature explains the underlying psychological
processes as that the motivational impact of external events takes place by the extent to which
these satisfy a person’s basic psychological needs for autonomy, competence, and relatedness
(Deci and Ryan 2012; Ryan and Deci 2017). Second, the literature posits that individual
motivational differences in terms of the achievement goals pursued by the individual (ability
development and ability demonstration) interact with external events such that optimal
motivational outcomes are expected when both person and the external event emphasize the
same goals. Next, we adapt these two aspects of motivation into the context of motivational IS
to better understand the motivational impacts of the motivational affordances.

2.4 Theoretical Approach

The key promise of motivational IS it to positively affect users’ motivation and behavior
(Koivisto and Hamari 2019). The motivational affordances embedded are expected to play a
central role but their motivational impacts are less well understood (Koivisto and Hamari 2019).
Specifically, we aim to better understand how and whom motivational affordances motivate.
Drawing on the insights on human motivation just discussed, we now translate these aspects
(underlying processes, individual differences) into the context of motivational IS (cf. Figure 4).
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Basic Psychological Needs
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Figure 4. Theoretical approach

In line with theoretical considerations proposed earlier (James et al. 2019b; Zhang 2007), we
posit that the motivational affordances provide a set of environmental factors that users can
draw upon to support their physical activity. As such, the motivational affordances a distinct
‘motivational climate’ in the user’s personal environment whereby their motivational impact
takes place through the extent they satisfy user’s needs for autonomy, competence, and
relatedness (Deci and Ryan 2012; Ryan and Deci 2017).

Moreover, following a person-situation interaction approach (Diener et al. 1984; Emmons et al.
1986), we assume that the extent of need satisfaction is a function of the match between the
goals the user pursues and the goals the corresponding motivational affordances facilitates to
attain. When persons encounter an environmental feature or external event (i.e., motivational
affordance), they construct a motivation-relevant interpretation of this feature (Deci and Ryan
1987; Ryan 1982; Vansteenkiste et al. 2008). Because of individual differences, such as goals,
persons’ interpretations differ so that persons are likely to respond differently to the same
environmental feature (Deci and Ryan 1987; Ryan 1982; Vansteenkiste et al. 2008). The goal
persons pursue creates a mental framework within they interpret and react to environmental
features with which persons ask different questions and seek for different information in their
environment (Dweck and Leggett 1988). When individuals find that the environment offers
those features that correspond to their goals, the environment facilitates their individual goal
attainment whereas an incongruent environment obstructs their goal attainment (Sagiv and
Schwartz 2000).

In Table 3, we mapped the corresponding characteristics of the motivational affordances against
the achievement goals (mastery, performance) they emphasize as well as the basic psychological
needs (autonomy, competence, relatedness) they most likely address. The mapping procedure
was guided through an extensive literature analysis including relevant literature on the
theoretical tenets of AGT (Ames 1992; Nicholls 1989) and SDT (Ryan and Deci 2017), general
IS literature (Karahanna et al. 2018) and specific motivational IS literature (Blohm and
Leimeister 2013; James et al. 2019b; Mekler et al. 2017; Peng et al. 2012; Sailer et al. 2017;
Seaborn and Fels 2015; Suh et al. 2015; Xi and Hamari 2019; Zhang 2007; 2008). Below, we
briefly explicate these characteristics before detailing those during hypotheses development.

Achievement Goals Basic Psychological Needs

Affordance

Mastery Performance Autonomy Competence Relatedness
Self-quantification X - X X -
Exercise control X X x) X -
Social interaction - X x) X X

Table 3. Motivational characteristics of motivational affordances
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Self-quantification affordances target users’ mastery goal as well as their autonomy and
competence needs. Through features allowing documentation, self-monitoring, and analysis, an
emphasis is placed on self-referenced improvements as pronounced by mastery goals. The self-
quantification affordances target users’ competence need by providing competence-relevant
information such as distance or speed. Likewise, these affordances support users’ autonomy
need as users can freely determine how to act upon the information gained (Suh 2018).

Exercise control affordances target both mastery and performance goals as well as
autonomy and competence need of the users. Exercise control affordances assist users in
structuring, controlling, and adhering to their PA regimen through guidance and rewards
features (James et al. 2019b). It hence supports users’ mastery goals providing guidance to
improve in PA and also rewards their self-set goal attainments such as ‘running skm’ (Oinas-
Kukkonen and Harjumaa 2009). As challenges and rewards are also often built around the
social network capabilities of motivational IS where users can compete against each other for
the virtual reward of being the best performing user, these affordances also support users’
performance goal to outperform others (Oinas-Kukkonen and Harjumaa 2009). As exercise
control affordances provide means to improve physical abilities, they target users’ competence
need (Seaborn and Fels 2015). Support for autonomy, however, varies. On the one hand, users
are free in selecting guidance and challenges but these affordances can also interfere with users’
autonomy by putting control over their PA regimen.

Social interaction affordances provide a performance goal structure to the user and target
all three needs. Social interaction affordances provide means to be receive other users’
recognition for one’s PA achievements (e.g., likes and comments) and also provide means to
make interpersonal comparisons which hence promotes a performance goal. Social recognition
and comparison provide ability-related feedback to the user and hence targets users’
competence needs (Seaborn and Fels 2015). Like the exercise control affordances, however,
autonomy need satisfaction might vary as these affordances introduce external contingencies.
Uniquely, these affordances also target users’ relatedness need through the interaction with
other users (Seaborn and Fels 2015).

We detail our theoretical approach into testable hypotheses in the following section.

3 RESEARCH MODEL AND HYPOTHESES

This research seeks to better understand how and whom motivational affordances motivate,
exemplified in the context of PA. That is, we seek to understand the underlying motivation-
psychological processes and the role of individual motivational differences. We now translate
the motivation-theoretical approach just developed (Figure 4) into our research model depicted
in Figure 5. Our research model posits that the motivational impacts of the motivational
affordances take place through extent they satisfy users’ basic psychological needs for
autonomy, competence, and relatedness. Because individuals are differently motivated, their
mastery and performance goals are expected to further influence the extent to which the
motivational affordances affect users’ basic psychological needs. Below, we specify our
arguments.
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Figure 5. Research model

3.1 Need Satisfaction and Perceived Benefits

In the case of PA, motivational IS and their embedded motivational affordances aim to enhance
people’s motivation to be more physically active (Koivisto and Hamari 2019). Accordingly, the
motivational benefits of having higher motivation, enjoyment, and being more physically active
users attribute to the use of the motivational IS reflects the overall effectiveness of the IS
(Hassan et al. 2019; Zhang and Venkatesh 2018). Hence, we contextualize our dependent
variable ‘perceived benefits’ as individual’s subjective perceptions about the positive impacts on
motivation and PA behavior gained from using the motivational IS. In line with motivation
literature, we expect that the motivational affordances’ influence on the benefits perceived takes
place through the satisfaction of basic psychological needs (Ryan and Deci 2017). Motivation
research in the PA context has consistently shown that the satisfaction of these needs drives
peoples’ motivation, engagement, and persistence in PA (for extensive reviews in the PA context
see, e.g., Ng et al. 2012; Teixeira et al. 2012). Following this, we hypothesize:

Hi(a/b): The higher the a) growth need satisfaction and b) relatedness need
satisfaction, the higher the perceived benefits of using the motivational IS.

Next, we discuss how each affordance contributes to the need satisfaction of the user but also
can vary in dependence upon the goal orientation the user pursues.

3.2 Self-Quantification Affordances

Self-quantification assists users to gain insights about their PA behavior for the purpose of self-
optimization (Li et al. 2010). Self-quantification centers on documenting, monitoring and
analyzing one’s PA behavior with corresponding digital PA metrics (Lupton 2016; Suh 2018).
That is, users obtain immediate feedback about their PA performance based on metrics like
time, distance, or heart rates. Users can observe trends in these metrics, set metrics intro
relation, or compare their PA performances over time. In essence, users receive feedback about
their PA effectance which conveys rich information that satisfies their competence need (Ryan
and Deci 2017). With this this information, users can freely determine their own PA goals and
actions to pursue (Suh 2018) and does not impose any targets and goals on the user so that the
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autonomy need is equally satisfied (Ryan and Deci 2017). Self-quantification affordances should
thus promote satisfaction of users’ growth need and motivation research in the PA and in the
digital environment context lends initial empirical support. Plenty of PA research provides
evidence that the provision of feedback about one’s sports abilities without imposing any goals
is an ideal condition that satisfies person’s growth needs and thereby promotes sustained
engagement to improve, higher intrinsic motivation, and sports performance (Ng et al. 2012;
Ntoumanis et al. 2009). Supporting this, initial research in the general strand of motivational
IS has shown that performance graph features visualizing one’s task performance, and other
achievement visualizing features, significantly contribute to competence need satisfaction
(Sailer et al. 2017; Xi and Hamari 2019) and autonomy need satisfaction (Xi and Hamari 2019).
In the PA context of motivational IS, research has shown that self-quantification affordances
significantly enhance users’ understanding about their PA behavior (Hassan et al. 2019) and
improvement efforts (Suh 2018). We

H2: The stronger engagement with the self-quantification affordance, the higher the
growth need satisfaction.

Because self-quantification affordances facilitate understanding, effort, and improvement, they
should be particularly motivating for mastery-oriented users (Ames 1992; Murayama and Elliot
2009). Individuals high in a mastery goal orientation seek to enhance their competencies and
to acquire new skills (Dweck and Leggett 1988) and hence engage deeper with the contents that
provide new information (Coutinho and Neuman 2008; Elliot et al. 1999). In support of a
matching perspective, motivation research revealed that when mastery-oriented individuals are
situated in educational classroom emphasizing mastery goals alike, they are more motivated
and report stronger satisfactorily experiences while striving for perfection (Standage et al.
2003a). In the PA context of motivational IS, initial research demonstrated that self-
quantification features are particularly attractive for and used by persons pursuing physical
improvement and achievement motives (Stragier et al. 2018), hold intrinsic exercise
motivations (James et al. 2019a), or have indeed a mastery goal orientation (Hamari et al. 2018).
Given this, we expect that self-quantification affordances facilitate the attainment of mastery
goals, support mastery-oriented in their striving to improve, which should consequently
increase the satisfaction of their growth needs.

For performance-oriented users, in contrast, we do not assume additional gains in growth need
satisfaction from the enactment of self-quantification affordances. Performance goals are
normative-referenced definitions of competence and focus on demonstration of ability to others
(Harackiewicz and Elliot 1993). Performance-oriented users show less interest in informational,
objective performance feedback which could facilitate their learning of a sports activity (Cury et
al. 1997; Duda and Ntoumanis 2003). Motivation research hence found that the pursuit of
performance goals in environments emphasizing mastery goals is unrelated to intrinsic
motivation (Murayama and Elliot 2009). In the PA context of motivational IS, evidence reveals
that performance goals (Hamari et al. 2018), extrinsic motivations (James et al. 2019b), or
social-oriented exercise motives (James et al. 2019a) are unrelated to self-quantification feature
use. In essence, performance-oriented users do not get opportunities to compare and
demonstrate their competence relative to others when enacting the self-quantification
affordances so that their normative-defined competencies get not satisfied.

H3(a/b): The relationship between quantified-self affordance engagement and need
satisfaction is moderated by users’ goal orientations so that the relationship is a)
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stronger for users high in a mastery goal orientation but b) neutral for users high in a
performance goal orientation.

3.3 Exercise Control Affordances

The exercise control affordances assist users in structuring, controlling, and adhering to their
PA regimen (James et al. 2019b). The inherent exercise guidance serves a ‘virtual coach’ that
controls users exercises by setting up exercise goals and plans, receiving live performance
feedback, and receiving informational content such as exercise tips and instructions. Virtual
rewards can be obtained for meeting exercise goals, such as for completing a 10 km run or for
high ranks in social leaderboards (Oinas-Kukkonen and Harjumaa 2009). With rewards, users
can also structure their exercises into smaller and more attainable steps (Oinas-Kukkonen and
Harjumaa 2009). As such, the exercise control affordance targets users’ competence need
supporting them to improve their physical abilities. Rewards, for instance, carry rich feedback
about one’s competence as these are provided for competence-based achievements (Ryan and
Deci 2017). Research in the general strand of motivational IS supports this as reward-like
features significantly increased satisfaction of users’ competence needs (Sailer et al. 2017; Suh
et al. 2015; Xi and Hamari 2019). The impact of such elements on user’s autonomy need is,
though, controversially discussed as it can exert control over the individual to engage freely in
PA (Duda and Appleton 2016; James et al. 2019b). Some users, for example, feel pressurized to
perform their activities for the sake of rewards or by the alerts and reminders prompted (Barratt
2017; Kerner and Goodyear 2017). Motivation literature alike reports that surveillance, task-
contingent rewards, imposed goals, and other sorts of external pressures are often autonomy-
thwarting and undermine intrinsic motivation (Ng et al. 2012; Ntoumanis et al. 2009; Ryan and
Deci 2000; 2017). However, motivational IS research also reports positive influences on
autonomy need satisfaction (Suh et al. 2015; Xi and Hamari 2019). In general, we assume that
the positive influences dominate.

Hy4: The stronger engagement with the exercise control affordance, the higher the
growth need satisfaction.

Because the exercise control affordances aim to support development and improvement of
physical abilities and skills, they should be particularly motivating for mastery-oriented users
and their striving to build physical competencies. That is, mastery-oriented users’ inherent need
for competence should be facilitated when having the according means that facilitate attainment
of their improvement goals. In the PA context of motivational IS, research has shown that users
assign higher importance and engage more strongly with exercise control related features when
they hold improvements motivations (James et al. 2019a), intrinsic exercise motivations (James
et al. 2019b), when they seek to compare their current against their past physical conditions or
aim at reaching a particular sports goal (Hamari et al. 2018).

Likewise, we assume that performance-oriented users’ growth need satisfaction excels with
enactment of the exercise control affordances yet through different means. First, performance-
oriented persons have an external locus of control because they define their competence on
normative bases (Brunel 1999; Ntoumanis 2001a) and because they are more interested in the
outcomes of an activity than in the activity itself (Nicholls 1989; Ntoumanis 2001a). By the
means of structuring and controlling PA behavior, exercise control affordances provide
externally motivating structures facilitating performance-oriented users’ motivations. Initial
evidence on motivational IS for PA indicates that users pursuing performance goals assign
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higher importance to such control-oriented features like rewards (Hamari et al. 2018) and users
with an extrinsic motivation are more likely to engage with exercise control affordances (James
et al. 2019b) indicating a potential match between performance goals and exercise control
affordances. Second, the inherent rewards affordances is often tied to social network based
capabilities of motivational IS so that rewards are also associated with social-based challenges
and competitions and the obtained virtual trophies signify superior ability compared to other
users (Barratt 2017; van Roy and Zaman 2018b). As such, these rewards serve as visualizations
of high competencies which stimulates performance-oriented users’ desire to outperform others
and to demonstrate ability, which should result in growth need satisfaction (Linnenbrink and
Pintrich 2001). Supporting this, highly competitive persons report higher enjoyment of exercise
games that have competitive elements incorporated, whereas less competitive persons
responded with lowered competence self-evaluations compared to the non-competitive
gameplay (Song et al. 2013).

Hj5(a/b): The relationship between control affordance engagement and need
satisfaction is moderated by users’ goal orientations so that the relationship is a)
stronger for users high in a mastery goal orientation and b) stronger for users high in a
performance goal orientation.

3.4 Social Interaction Affordances

The social affordances center on social network capabilities integrated in motivational IS
allowing users to connect with friends or like-minded persons likewise using the application
(Hamari et al. 2018; James et al. 2019b). Once connected, users can follow each other’s sports
activities, which they can comment or ‘like’ (i.e. social recognition) and which allow them to
make comparisons with one’s own and other’s activities and to engaging in competitions (i.e.
social comparison) (Oinas-Kukkonen and Harjumaa 2009).

The social interaction affordances are likely to satisfy users’ growth needs as they provide social
feedback about the physical activities recorded and uploaded via recognition, praise, and
comparisons (Babar et al. 2018; Hassan et al. 2019). Literature suggests that it others’ praise
and encouragement makes one feel good about oneself and therewith enhances an individuals’
sense of competence (Ryan and Deci 2000). Motivation research reports that socially supportive
and caring others (e.g., coaches, teammates) provide constructive competence feedback and
encourage each other and thereby satisfy one’s growth needs for competence and autonomy
(Hodge and Gucciardi 2015; Joesaar et al. 2011; Reinboth et al. 2004). In the context of
motivational IS for PA, the social recognition gained plays an important role in enhancing users’
exercise motivation (Hamari and Koivisto 2015; Karapanos et al. 2016). For some, this social
feedback is taken very serious as it provides validation and confirmation about their physical
abilities (Smith and Treem 2016). Equally, social comparisons and competitions serve as
information sources for one’s competence evaluations (Festinger 1954; Velez et al. 2018). That
is, winning competitions or outperforming others informs about high abilities and satisfies
competence needs (Reeve and Deci 1996). Initial evidence in the videogame and motivational
IS context further lends support that enactment of social network-based motivational features
affording communication, recognition and status, comparison, and competition satisfies users’
growth needs (Suh et al. 2015; Velez et al. 2018; Xi and Hamari 2019). We put forth:

H6: The stronger engagement with the social interaction affordances, the higher the
growth need satisfaction.
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Given the normative nature of the social interaction affordances, we assume that growth need
satisfaction excels particularly for performance-oriented users. Performance goals are tied to
normative comparisons (Régner et al. 2007) and the belief that sport serves to enhance one’s
social status and recognition (Biddle et al. 2003). For these persons, social comparisons serve
for self-evaluation purposes (Régner et al. 2007) and provide means to demonstrate ability
(Biddle et al. 2003). Research on motivational IS in the PA context indicates that performance-
oriented users are consequently more inclined towards social interaction features as they assign
higher importance to other users’ activity logs and leaderboards (Hamari et al. 2018). Moreover,
users with social exercise motivations (e.g., gaining others’ recognition) or with competitive
motives are more likely to interact with social interaction features that allow interpersonal
performance comparisons and that provide them recognition from their social network such as
‘likes’ (Stragier et al. 2018). As such, performance-oriented users’ striving for recognition and
demonstration of competence should be particularly facilitated by the means of social
interaction affordances so that their growth need satisfaction is particularly strong. Generally
supporting this kind of interaction, motivation research found that performance-oriented
students are more intrinsically motivated when they were situated in a classroom emphasizing
performance goals and demonstration of ability (Murayama and Elliot 2009). In an
experimental study on a videogame facilitating PA, players with a high competitive orientation
—a determinant of performance goals (Harackiewicz et al. 1997)— responded with higher
intrinsic exercise motivation and with higher positive affect when playing the videogame version
with competitive elements than individuals low in competitiveness (Song et al. 2013).

Mastery-oriented users define their competence in self-referenced manner and place less
emphasis on normative references when evaluating their competence (Ames 1992). However,
mastery-oriented persons are not avoidant of social feedback including that gained from social
comparisons. Whilst social comparison serves for self-enhancement purposes for performance-
oriented persons, social comparison serves for self-improvement purposes when directed by
mastery goals (Butler 1992; Park and Park 2017; Régner et al. 2007). That is, mastery-oriented
persons utilize social comparison information —particularly that of better performing persons—
tolearn and improve (Park and Park 2017). Supporting mastery-oriented users’ interest in social
interaction affordances, motivational IS research reports that such social interaction features
are also likely to be used by persons who are motivated to improve their physical abilities or seek
to achieve their personal PA goals (Stragier et al. 2018). Moreover, intrinsic motivations —which
are related to mastery goals— have been found to enhance the motivational impact of the social
interaction affordances (James et al. 2019b). As such, we also assume that mastery-oriented
persons’ growth need satisfaction excels from the enactment of the social interaction
affordances.

H7(a/b): The relationship between social affordance enactment and relatedness need
satisfaction is moderated by users’ goal orientations so that the relationship is a)
stronger for users high in a performance goal orientation but b) neutral for users high
in a mastery goal orientation.

An additional, yet unique motivational impact of the social interaction affordance is assumed to
be rooted in their potentials to satisfy users’ relatedness need (i.e. being connected to and feeling
cared by others). Emphatic and caring others, such as sports coaches and teammates, provide
assistance and emotional support and thereby contribute to a persons’ relatedness need
satisfaction and in turn to a host of motivational benefits (Hodge and Gucciardi 2015; Joesaar
et al. 2011; Ntoumanis 2001b; Reinboth et al. 2004; Teixeira et al. 2012). The social interaction
affordances facilitate forming social bonds with other users by following, commenting, or
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acknowledging each other’s uploaded activities as well as by challenging each other (James et
al. 2019b). Such social interactions stimulates users’ sense of belonging to the community
(Karapanos et al. 2016). It is therefore straightforward to assume that enactment of the social
interaction affordance satisfies users relatedness need. Initial empirical support for this
relationship is lend from research on motivational IS (Suh et al. 2015; van Roy and Zaman
2018b; Xi and Hamari 2019), social media (Sheldon et al. 2011), and videogames (Ryan et al.
2006). We hypothesize:

HS8: The stronger engagement with the social interaction affordance, the higher the
relatedness need satisfaction.

We further assume that the relatedness need satisfaction from social interactions is particularly
strong for performance-oriented users. In general, performance goals are related to social goals
of acceptance and status within a peer group meaning that performance-oriented persons have
a stronger desire to form positive relationships with peers and to gain status within popular
groups (Anderman and Anderman 1999). Literature suggests that a prior lack of belongingness
causes individuals to adopt a performance goal (Anderman and Anderman 1999) suggesting
that performance-oriented persons have neglected relatedness needs and hence stronger
striving for social acceptance. In consequence, performance-oriented persons should benefit
more from social interactions. Motivation research reports that athletes’ flow experiences are
caused in part by environments that satisfy their relatedness need — and this effect is particularly
strong for athletes with a higher affiliation (Schiiler and Brandstitter 2013). Furthermore,
literature on peer acceptance and relationships in the PA context has shown that being physical
competent brings about greater peer acceptance, social status and popularity (Allen 2003).
Thus, performance-oriented users attempting these social interaction affordances seek to
demonstrate their physical competencies and the recognitions, such as likes, gained from others
are suggestive of being accepted by sports peers. For some, the virtual profile created within the
motivational IS “tells you whether someone is serious or not” (Barratt 2017). As persons with
social and affiliation motives to exercise are more likely to engage with social interaction
affordances (James et al. 2019a), we assume that performance-oriented users’ relatedness
satisfaction excels from enactment of social interaction affordances.

For mastery-oriented users, in contrast, we do not expect additional gains in relatedness need
satisfaction. Whereas we assume that performance-oriented users’ relatedness need satisfaction
excels due to their prior deficits in social belongingness, persons are more likely to adopt a
mastery goal when their relatedness needs have been previously satisfied (Anderman and
Anderman 1999; Janke et al. 2015). That is, adoption of mastery goals is less caused by
relationship or other social goals but rather by skill development and improvement related
motives (Anderman and Anderman 1999; White and Duda 1994). Since mastery-oriented
persons’ relatedness need should be hence already satisfied, the social interaction affordances’
impacts on relatedness need satisfaction should remain neutral.

Hog(a/b): The relationship between social affordance enactment and relatedness need
satisfaction is moderated by users’ goal orientations so that the relationship is a)
stronger for users high in a performance goal orientation but b) neutral for users high
in a mastery goal orientation.
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3.5 Controls

To control the relationships discussed so far, we consider a battery of potential alternative
explanations for the net benefits gained as reported in prior motivation and motivational IS
literature. Precisely, we control for demographic variables, including age (Kappen et al. 2017;
Matallaoui et al. 2017) and gender (Bol et al. 2018; Koivisto and Hamari 2014). We further
control for physical activity variables, including exercise self-efficacy (Wu et al. 2015) and levels
of physical activity in terms of frequency (Zhou et al. 2017). Moreover, we control for system-
relevant variables including months of using the system (Koivisto and Hamari 2014; Stragier et
al. 2016), frequency and intensity of use (Burton-Jones and Straub 2006), and type of
subscription (free vs. premium). Lastly, we control for social network-relevant variables
including the number of users followed and followed by, network exposure (Hamari and
Koivisto 2015; Zhou et al. 2017), and comparative evaluation (Blanton et al. 1999).

4 RESEARCH METHOD

4.1 Research Case: Strava

The developed model and hypotheses are tested with users of the popular physical activity
tracking application named Strava. Strava (www.strava.com) was launched in 2009 and is
available as web-based and mobile application. At the end of 2018, Strava reports a 36 million
active userbase across 195 countries and a total of two billion uploaded activities with one
million new users joining every 30 days and 15 million activities uploaded each week. Strava
offers the focal motivational affordances (self-quantification, exercise control, social) in its free
version so that Strava users and hence participants can readily report their associated
experiences and perceptions. Moreover, we opted for Strava as focal case as user stories indicate
varying motivational impacts (see e.g., Barratt 2017; Smith 2017; Smith and Treem 2016).

Strava users can record and store their physical activity data with the mobile Strava application
or synchronize their data from designated devices such as wearable fitness trackers or bicycle
computers. These activity recordings usually entail their GPS-based route, time, heart rate, and
additional activity metrics which users can utilize for self-monitoring purposes and for detailed
performance analyses. For instance, Strava automatically compares the recorded metrics for
identical activities (i.e., running the same route) visually displaying one’s performance
improvements. Users can also analyze their recorded metrics in detail such as by comparing
heart rate by ascent or pace by mile. Exercise guidance is facilitated by Strava’s training diary in
which recorded activities are automatically entered providing an overview about one’s activities
over time. Moreover, while performing sports, users can also receive audio performance
feedback from the mobile applications. Users can also take part in regular activity challenges,
such as a ‘May 10k’ where users run ten km during the month and receive a badge as virtual
reward. A particularly noteworthy feature of Strava is “segments.” Segments are GPS-based

19 Strava press release “Strava Upload Rate Surges 5X, Total Uploads Surpass 2 Billion” retrieved May, 7t 2019
from: https://blog.strava.com/press/strava-upload-rate-surges-5x-total-uploads-surpass-2-billion/
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tracks, for example a steep part of a trail, created by Strava users. When a user is active on this
particular segment, Strava uses this data and ranks a user’s performance against others users’
performance on this segment. Fastest users receive the “King of the Mountain” or “Queen of the
Mountain” virtual trophy. Like in other social networks, users can also connect with other Strava
users and follow their activities. Once connected, other users’ activities are automatically
displayed in one’s newsfeed which they can comment or can give “kudos” enabling social
comparisons and social recognitions.

4.2 Measurement Instrument

The measurement instrument of this study is depicted in the appendix. Whenever possible, we
relied on established and content-valid measurement instruments of prior literature.

Items for the focal affordances were adapted from Rockmann and Gewald (2018) to the Strava
context. The items were instructed by the stem ‘When I use Strava, I use features that allow me
... in order to assess enacted affordances of the Strava application (Burton-Jones and Straub
2006). Items for the dispositional goal orientations, mastery and performance goals, were
taken from established psychology literature on Achievement Goal Theory (Conroy et al. 2003;
Elliot and McGregor 2001). Respondents were instructed to think about their sports and
exercises when responding to these items. To assess basic psychological need satisfaction in the
three dimensions of autonomy, competence, relatedness, we relied on items of prior literature
(Conroy et al. 2003; Elliot and McGregor 2001) and adapted them to our context by adding the
stem ‘When using the Strava,...”before assessing the items. Lastly, items for our final dependent
variable perceived benefits were developed for this study. To this end, we compiled a list of
benefits associated with using a fitness app. A recent, in parallel developed study of Hassan et
al. (2019), likewise developed such items and share high similarity with those developed for our
study so that content validity for these items is further supported.

All items were assessed with Likert-7 type scales anchored on ‘strongly disagree’ to ‘strongly
agree’ (affordances, goal orientations, and benefits) or ‘very untrue’ to ‘very true’ (psychological
need satisfaction).

4.3 Sampling Strategy and Demographics

Respondents were recruited using an online panel provided by Amazon Mechanical Turk
(MTurk). MTurk gained attraction as a viable and reliable source for empirical research (Jia et
al. 2017) including IS research (e.g., Lowry et al. 2016) and motivational IS research in the
physical activity context (e.g., James et al. 2019b; Pettinico and Milne 2017). Following recent
guidelines on MTurk (Jia et al. 2017), responses were restricted to the United States as such
responses provide reliable results similar to regular consumer panels (Steelman et al. 2014).

Our sampling strategy proceeded as follows. As we seek to understand the motivational impacts
of using a motivational IS, only participants using Strava were allowed to take part in the survey.
To filter out non-users, a screening question was incorporated asking about whether they are
currently using Strava. Of the 624 persons opening the survey, 110 were accordingly directly
terminated (resulting n=514). We recorded IP addresses as well as MTurk user IDs to ensure
unique responses and removed 89 suspicious responses due to non-unique IP addresses and/or
Worker IDs (resulting n=435). Assessment of the social affordances’ impact requires that

Robert Rockmann 159



Paper X

participants are connected with other users in Strava (i.e., have ‘followers’). 293 participants
responded to our filter questions that they are connected with other users and 132 not which
have been consequently dropped from the dataset. To further safeguarding data quality, we
incorporated instructed response items as attention traps (Lowry et al. 2016) and removed those
participants who have not answered correctly to at least one attention trap (James et al. 2019a;
James et al. 2019b). Lastly, we dropped responses with more than five missing answers across
the survey.

This final dataset (n=286) is characterized as follows: 60.4% are male and the average age is
32.4 years (SD 7.96 years). On average, participants use Strava already for 11.5 months (SD 14.1
months) and when it comes to sports, 63.3% use Strava ‘often’ or ‘always’. Participants’ number
of followers in Strava is at a median of 16 followers. Asking about their general frequency of
performing sports, 78.4% answered with ‘several times a week’ or ‘almost every day’. Although
official demographic data of Strava are not available, the sample’s characteristics adhere to
studies assessing Strava or comparable applications (Hamari et al. 2018; Higgins 2016; Stragier
et al. 2018).

4.4 Preliminary Analyses

We used Structural Equation Modeling with Partial Least Squares (PLS) to analyze the data
using the software SmartPLS 3.2.8 (Ringle et al. 2015).

4.41 Measurement Instrument

We conceptualized the three affordances (i.e. self-quantification, exercise control, social
interaction) as well as ‘growth need satisfaction’ as higher-order constructs which are
represented by the specific lower-order constructs as visualized in Figure 5 (Edwards 2001;
Wright et al. 2012). Technically, these are second-order reflective, first-order reflective
constructs (Hair et al. 2014). For their construction, we followed the suggested two-step
approach by first obtaining the latent variable scores of the lower-order construct that are used
as the manifest variables of the higher-order construct in the second step (Hair et al. 2014).
Details are provided in the appendix.

Construct CR AVE 1 2 3 4 5 6 7 8

1 Self-quantification 0.932 | 0.874 0.935

2 Exercise control 0.850 | 0.739 0.331 0.860

3 Social interaction 0.918 | 0.848 0.307 0.674 0.921

4 Mastery goal 0.860 | 0.672 0.629 0.448 0.451 0.820

5 Performance goal 0.907 | 0.765 0.211 0.512 0.698 0.450 0.874

6 Growth satis. 0.920 | 0.853 0.676 0.404 0.378 0.663 0.277 0.923

7 Relatedness satis. 0.869 | 0.689 0.508 0.429 0.544 0.563 0.416 0.580 0.830

8 Benefits 0.920 | 0.658 0.709 0.461 0.423 0.667 0.308 0.649 0.657 0.811

Table 4. Measurement model evaluation

Accordingly, we evaluated the measurement model for validity and reliability as follows (Table
4). Indicator reliability was achieved as all item loadings are greater than 0.707 (0.781-0.892)
and are significant (p<0.001). Construct reliability was achieved as values for Composite
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Reliability (CR) and for Average Variance Extracted (AVE) are above 0.7 and 0.5. Construct
reliability is further supported by values for Cronbach’s Alpha between 0.760 and 0.859.
Discriminant validity is supported as 1) each item loads highest on its designated construct, and
2) as the Fornell-Larcker criterion is fulfilled given that the inter-variable correlations are
smaller than the root of the corresponding AVE as demonstrated in the diagonal lines (Chin

1998).

4.4.2 Common Method Bias

Common method bias (CMB) can be of concern when relying on self-reported data obtained
through a single method (Podsakoff et al. 2003). To mitigate the potential influence a priori, we
stressed anonymity, the academic purpose of the survey, that there are no wrong or right
answers, and randomized item ordering (Podsakoff et al. 2003). We performed a series of tests
to observe the potential influence of CMB, in particular Harman’s single factor test (Harman
1976), assessment of the correlation matrix (Pavlou et al. 2007), collinearity assessment (Kock
2017), and the Unmeasured Latent Method Construct (ULMC) technique (Liang et al. 2007;
Williams et al. 2003). None of these tests gave indications that CMB is of concern (see appendix
for details).

4.5 Structural Model Analysis

Given the adequateness of the measurement model’s properties, we analyzed the structural
model and the interaction effects for hypotheses testing. Analysis involved assessment of the
coefficient of determination (R2) as well as assessment of the path coefficients including their
strengths, significance levels, and effect sizes (f2).

Our analyses started with the model including the twelve control variables related to
demographics (age, gender), physical activity (frequency of physical activity, exercise self-
efficacy), system use (experience in months, frequency of use, intensity of use, subscription
type), and user’s social network (number of followers, number of followed others, network
exposure, comparative evaluation). Because none of these control variables exerted a significant
influence on the dependent variable net benefits, we removed the control variables from further
analyses to keep the model parsimonious (see Appendix for full results).

We proceeded by analyzing the main effects model (i.e., without moderating effects). Results
are presented in Figure 6). The three affordances explain jointly 49.8% in growth need
satisfaction and social affordances additionally explain 29.6% of the variance in relatedness
need satisfaction. Growth need satisfaction and relatedness need satisfaction, in consequence,
explain 54.0% of the variance in net benefits reported. Moreover, all relationships are significant
at least 10% level and in assumed direction so that the results support all main effect
relationships hypothesized (i.e., Hia/b, H2, H4, H6, H8).
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Figure 6. Structural model results

4.6 Mediation Analysis

Moreover, we performed mediation analyses to examine whether growth need satisfaction and
relatedness need satisfaction mediate the impact of the affordances on net benefits. We found a
partial mediating effect for self-quantification affordances and control affordances on net
benefits via growth need satisfaction. For the social affordances, we found full mediation effect
via growth need satisfaction and relatedness need satisfaction.

4.7 Moderation Analysis

Having analyzed and confirmed the main effects (i.e., direct relationships) of our proposed
model, we investigated the assumed moderating effects of user’s mastery and performance goal
orientations for the relationships between the affordances and need satisfactions. To this end,
we developed a series of models for each of our moderating hypotheses. Significant interactions
are plotted in Figure 7 to aid interpretation (Aiken and West 1991). Detailed statistics are
reported in the appendix.
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Figure 7. Moderating effects

5 DISCUSSION

This research was motivated by the lack of physical activity prevailing in many societies (WHO
2018a) and the inconclusive picture of the motivational effectiveness of motivational IS reported
in the literature (Koivisto and Hamari 2019). To better understand the motivational benefits
people report from using such IS, we focused on the core elements of motivational IS — the
‘motivational affordances’ (Zhang 2008). Two gaps in the literature were identified: the
psychological processes underlying the motivational affordances’ impacts and how inter-
individual motivational differences account for variations in these processes. To fill these gaps,
we utilized motivation-theoretical underpinnings of Self-determination Theory (Ryan and Deci
2017) and Achievement Goal Theory (Ames 1992; Nicholls 1989) to develop a research model
that explains how users’ motivational benefits emerge from the enacted motivational
affordances. Based on an empirical study with 286 users supporting most arguments developed,
this research contributes to motivational IS literature by 1) explicating the psychological
processes underlying the motivational affordances and 2) interpersonal variations due to
individual differences. Below, we outline our specific contributions.
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5.1 Contributions to Research and Theory

Prior literature concerned with the motivational outcomes of motivational IS sometimes
reported conflicting results reporting positive, neutral, or even adverse effects. Scholars
frequently pointed at an inhibited understanding of the motivational IS due to 1) lacking focus
on the particular affordances, 2) underlying motivational mechanisms, and 3) role of individual,
motivational differences. This paper took upon these gaps and derives according contributions
to research and theory (Figure 8) that we discuss in the following lines.

Psychological process Individual differences Motivational characteristics

m NS : m q m {;aals m Need%}

The motivational impact of the Individual differences in motivation Motivational affordances satisfy distinct
motivational affordances takes place moderate the extent to which needs and facilitates attainment of
through the extent to which needs are motivational affordances satisfy needs. distinct goals.

satisfied.

AFF — Motivational affordance | NS — Need satisfaction | Ml — Motivational impact | ID — Individual difference

Figure 8. Research contributions

5.1.1 Psychological Processes Underlying Motivational Affordances

Previous research investigating the impacts of motivational affordances analyzed different
consequences such as subjective well-being (James et al. 2019a; James et al. 2019b), perceived
benefits (Hassan et al. 2019), or continued use (Hassan et al. 2019; Suh 2018). In consequence,
however, literature draws different, sometimes even opposing conclusions about the
motivational impacts for each affordance. Self-quantification affordances, for example, were
found to be related to subjective well-being in one study (James et al. 2019b) but unrelated in
another study (James et al. 2019a). As such, the underlying processes how affordances affect
motivational outcomes is not well understood and scholars consequently call for analyzing the
motivational processes and mechanisms through which motivational IS produce the anticipated
impacts (Koivisto and Hamari 2019). Processes linking affordances with outcomes investigated
in the literature so far involve the impacts on IS-related perceptions (i.e., usefulness and
enjoyment beliefs) (Suh 2018) or the type of feedback (i.e., informational, social, affective) users
obtain from the affordances (Hassan et al. 2019). This research, in contrast, elaborated upon a
core assumption underlying motivational affordances: the support of users’ motivational needs
(Zhang 2008). Although scholars take upon this key tenet in linking motivational affordances
with a particular outcome (James et al. 2019b; Suh 2018), there is scarce empirical evidence
how these affordance actually support motivational needs (Xi and Hamari 2019).

As discussed, this paper theorizes distinct linkages between the individual affordances and the
specific needs for autonomy, competence, and relatedness. Depending on the extent to which
these three needs are satisfied, users realize higher motivational benefits from their fitness
tracking technology use, as represented by reported enhancements in physical activity
motivation and behavior. Moreover, when considering basic psychological need satisfaction as
the antecedent, a multitude of alternative explanations (e.g., demographics, exercise self-
efficacy, activity levels, usage experience) have no significant effect on these actualized
motivational benefits; this, in turn, strengthens the finding that psychological need satisfaction
is a core motivational mechanism promoting the benefits. With these results, this dissertation
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responds to the call to identify the underlying psychological processes with which these
affordances exert motivational impacts (Koivisto and Hamari 2019).

In consequence, we posit that any neglect of such underlying processes might result in otherwise
inconclusive associations between particular motivational affordances and outcomes.
Incorporation of the need satisfaction process, on the other hand, brings researchers into the
position to link the motivational affordances with a brought variety of motivational outcomes.
Our contention is grounded in the key tenets of SDT and the vast amount of empirical evidence
that has shown how satisfaction of these three needs mediates the motivational impact of the
social environment and hence accounts for a broad variety of motivational outcomes at different
levels (Ryan and Deci 2017)

5.1.2 Moderating Role of Inter-Individual Motivational Differences

Besides the psychological processes underlying the motivational impacts of the motivational
affordances, we also explain and provide evidence that the motivational effectiveness is
contingent upon inter-individual motivational differences. Whilst it is well-known that persons
are individually motivated, pursuing their behaviors for different reasons and for different goals,
prior research often neglected the role of inter-individual motivational differences when
studying various phenomena related to motivational IS. Scholars consequently called for
considerations of the individual differences. The few studies incorporating this personal aspect
examined how individual differences in motivations and goals result in enactment of particular
motivational affordances (James et al. 2019a; Stragier et al. 2018) or in varying importance
users assign to these affordances (Hamari et al. 2018). Less well understood is, however,
whether —and if so how and why— such inter-individual differences influence the motivational
impacts of the motivational affordances (despite a first indication in James et al. 2019b). This
missing understanding might be an additional cause of the inconclusive results about the
motivational IS reported in prior literature. Hence, a gap in research concerning the inter-
individual differences in the affordance-outcome relationships was identified which limits our
understanding as to whether certain affordances provide more or less motivational benefits for
certain users.

Our research contributes with a theoretical explanation of how motivational goals of the users
moderate the relationship between enacted affordances and need satisfaction. Because users are
differently motivated and differ in the goals pursued (e.g., mastery and performance), not all
motivational affordances have the same motivational impact for every user. Rather, each
motivational affordance supports the attainment of particular goal and users enacting those
motivational affordances that correspond with their goal, the likelihood of goal attainment
increases and optimal motivational outcomes emerge. This theoretical approach essentially
follows a ‘person-situation interaction’ logic (Diener et al. 1984) that responds to the call of
Nacke and Deterding (2017).

We extend motivational IS research on the role of individual differences. Whereas prior research
found that individual differences in motivations and goals influence the perception and
enactment of motivational affordances (Hamari et al. 2018; James et al. 2019a; Stragier et al.
2018), our research differs as that it reveals that the motivational impacts of the enacted
motivational affordances are also vary because of these inter-individual differences. Whilst our
first contributions added to knowledge concerning the underlying psychological processes, our
second contributions further enhances this knowledge by explaining and revealing inter-
individual differences.

Robert Rockmann 165



Paper X

5.1.3 Motivational Characteristics of the Motivational Affordances

The theoretical concept of motivational affordances (Zhang 2008) is at the core of motivational
IS. As discussed, however, the motivational effectiveness of motivational affordances is not well
understood (Hamari et al. 2014a; Hamari et al. 2014b; Koivisto and Hamari 2019). Analyzing
the motivational impacts of the motivational affordances inherently requires an understanding
about the motivational nature of the motivational affordances. The literature on motivational IS
posits that motivational affordances center on supporting “one’s motivational needs” (Zhang
2008, p. 145). However, an identification of the motivational need supported by motivational
affordances is missing so far.

This research conceptually identifies the needs and goals each motivational affordance targets
(see Table 3) and provides supporting empirical evidence. Motivation literature, in particular
SDT, posits that optimal motivational outcomes emerge to the extent a person’s need for
autonomy, competence, and relatedness are satisfied. Following this, we mapped each
motivational affordance against the need for autonomy and competence (growth needs) as well
as relatedness and empirically validated these specific associations. In similar vein, we also
identified the goals each motivational affordance is most likely to facilitate. To this end, we used
two goals that are established in the motivational literature, namely mastery goals (competence
development) and performance goals (competence demonstration) (Ames 1992; Nicholls 1989).
Using this distinction, we mapped each motivational affordance accordingly. The empirical
study illustrates both the theoretical and empirical utility of the two goal dimensions. In
consequence, scholars are now better equipped with a deeper understanding about the
motivational characteristics of the motivational affordances, in particular the needs they most
likely satisfy and the goals they most likely facilitate. Thereby, further research can make
according predictions and arguments revolving the motivational affordances.

5.2 Implications for Practice

Designing effective motivational IS demands sufficient awareness and incorporation of
motivational psychology (Koivisto and Hamari 2019). The results of this paper provide
implications for providers and users to achieve the anticipated benefits of fitness tracking
technology use.

Vendors of fitness tracking technology face intense competition in the market and hence need
to possess a distinct understanding of the motivational effects of the incorporated motivation
affordances and about their target group to develop fitness tracking technology that fulfills its
expectations. Because individuals have different physical activity goals, they require
individualized ‘motivational environments’ that fit their exercise-relevant goals. This paper
provides the patterns between the users’ goals, corresponding affordances and resulting
motivational effects which facilitates the understanding of distinct user-profiles and assists in
the development and invention of motivational affordances. The results also suggest that these
affordances might be dynamically adjusted according to the goal orientations of the users to
provide optimal motivational environments. For instance, for users with a strong performance
goal orientation, those features should be brought to the fore, which provide means to compare
and compete with others. Thereby, vendors need to consider the motivational processes
underlying feature use so that features should be designed in such a way that they satisfy the
psychological needs for autonomy, competence, and relatedness. The developed mapping above
provides guidance for vendors on how to target each psychological need.
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For users, this paper suggest that users can create their individual motivating environment by
selecting and engaging with those affordances that best fit their personal goals. Although results
suggest that using the self-monitoring affordances is motivating and beneficial for all users,
exercise controlling features, such as virtual rewards, and social interaction features are
particularly motivating for users with a strong performance goal orientation.

5.3 Limitations and Further Research

As with any empirical studies, we need to acknowledge certain limitations in our study that,
however, provide fruitful avenues for further research.

Adverse effects of motivational information systems. In this paper, we applied a positive view
on fitness tracking technology. That is, we sought to understand how the motivational
affordances promote increased motivation and physical activity (i.e., perceived benefits) via
satisfaction of the three basic psychological needs — autonomy, competence, and relatedness.
However, anecdotal user stories and scholars provide indications about potentially adverse
motivational effects, including demotivation, overuse, cheating, or peer pressure (Barratt 2017;
Schmidt-Kraepelin et al. 2019). To this end, SDT points also at need thwarting (Ryan and Deci
2017) which could be readily integrated into the theoretical approach and model developed here.

Additional motivational outcomes. In similar vein, our study focused on one specific outcome
of fitness use, namely increased motivation and physical activity (i.e. net benefits). However,
there are additional outcomes that need to be studied, including well-being outcomes like
subjective vitality as recently studied in the fitness app context (James et al. 2019a; James et al.
2019b). However, BPNT suggests that need satisfaction mediates important motivation
outcome variables. Adhering to this line of thought, we believe that these outcomes can be
readily integrated into the theoretical approach and model developed here.

Additional motivation-relevant individual differences. In this paper, we paid attention to
fitness app users’ achievement goal orientations. We focused on two dimensions: mastery and
performance goals. Recent advancements in AGT tend to suggest a further distinction between
an approach and avoidance dimensions resulting in an 2x2 achievement goal framework.
Following this distinction, we applied an approach dimension of these goals. An avoidance
perspective could yield additional insights. Moreover, given our theoretical frame of AGT, we
also need to acknowledge other potential goals and motives fitness app users follow which could
yield additional insights such as goal specifity as applied by Hamari et al. (2018) or the self-
determination continuum as applied by James et al. (2019b).

Additional user differences and zoom-in. Our study provides an overview on the relationships
between affordances, individual differences, psychological mediators and outcomes. However,
our theoretical approach neglects further important details such as network structures and size,
etc.

In addition, different stages of usage experience; affordance usage, need satisfaction, and
outcomes may vary in their influence based on the physical activity experience (i.e. athletes vs.
beginners), or fitness app system experience (Stragier et al. 2016).

Different demographical user groups and contexts. Our methodological approach is narrowed
to the single research context of fitness apps and Strava in particular. As outlined in the sample
characteristics, the data consists of quite active fitness app users and physically active
individuals aged around 30 years. Children and older adults may differ in their fitness app use.
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Long-term assessment, changes in affordance use and goal pursuit. In this paper, we applied
a cross-sectional survey. Several scholars call for long-term investigations to better understand
the effectiveness of motivational systems (Stepanovic and Mettler 2018). This raises the
interesting question how individuals adapt themselves to the motivational affordances. On the
one hand, fitness app users may adjust their affordance selection and use over time. On the other
hand, fitness app users may adopt a different goal orientation. In this study, we considered
achievement goal orientations as dispositional tendencies of the individual. Yet achievement
goal orientations can also be situational and be influenced by the goal structure in which one
engages. Hence, further research can investigate how users adapt their affordance sets and/or
their goal orientations and how these adaptations in turn shape variations in motivational
outcomes gained.
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APPENDIX

Measurement Instrument

The measurement instrument of this study is depicted below. Whenever possible, we relied on
established and content-valid measurement instruments of prior literature.

Items for the focal affordances were adapted from Rockmann and Gewald (2018) to the Strava
context. The items were instructed by the stem ‘When I use Strava, I use features that allow me
... in order to assess enacted affordances of the Strava application (Burton-Jones and Straub
2006). Items for the dispositional goal orientations, mastery and performance goals, were
taken from established psychology literature on Achievement Goal Theory (Conroy et al. 2003;
Elliot and McGregor 2001). Respondents were instructed to think about their sports and
exercises when responding to these items. To assess basic psychological need satisfaction in the
three dimensions of autonomy, competence, relatedness, we relied on items of prior literature
(Conroy et al. 2003; Elliot and McGregor 2001) and adapted them to our context by adding the
stem ‘When using the Strava,...”before assessing the items. Lastly, items for our final dependent
variable perceived benefits were developed for this study. To this end, we compiled a list of
benefits associated with using a fitness app. A recent, in parallel developed study of Hassan et
al. (2019), likewise developed such items and share high similarity with those developed for our
study so that content validity for these items is further supported.

All items were assessed with Likert-7 type scales anchored on ‘strongly disagree’ to ‘strongly
agree’ (affordances, goal orientations, and benefits) or ‘very untrue’ to ‘very true’ (psychological
need satisfaction)

Construct ‘ Item Source
Affordances When I use Strava, I use features that allow me ...
SM1 ... to monitor my sport behavior.
SM2 ... to document information about my sport activities.
Self-monitoring
SM3 ... to keep track of my exercise activities.
SM4 ... to record my physical activities.
PA1 ... to run statistics on my trainings.
Performance PA2 ... to examine performance metrics in detail.
analysis PA3 ... to perform statistical analysis of performance metrics.
(Rockmann
PA4 ... to statistically analyze my sport performance indicators. and Gewald
. . . 2018
EG1 ... to get guidance how to better perform physical exercises. )
EG2 ... to get taught how to improve my physical activity.
Exercise guidance
EG3 ... to receive instructions while doing physical activity.
EG4 ... to get supervised to reach my physical activity goals.
RW1 ... to make my physical activity rewarded.
RW2 ... to get more rewards if I try harder.
Rewards
RW3 ... to obtain virtual rewards (badges, trophies) for my physical activity.
RW4 ... to earn virtual rewards as a token for my efforts in physical activity.
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SC1 ... to compare my performance with the performance of others.
SC2 ... to compare myself with others regarding what I have accomplished in
exercising.
Social comparison
SC3 ... to find out how I am doing in exercise compared to what others have
done.
SC4 ... to compete with others.
SR1 ... to earn compliments from others for my physical activity.
SR2 ... to earn respect of others for my physical activity.
Social recognition
SR3 ... to get recognized from others for my sport behavior.
SR4 ... to get noticed by others for my physical activity.
Goal orientations
MG1 It is important to me to perform as well as I possibly can.
Mast 1
astery goa MG2 I prefer challenging goals so that I'll improve a great deal.
orientation
- . " (Conroy et al.
MG3 I'm willing to take on a difficult challenge if it helps me reach my goals. 2003; Elliot
PG1 It is important for me to perform better than others. and 1\)/1CGregor
2001
Perf 1
e- orm.ance goa PG2 It is important to me to do well compared to others.
orientation
PG3 To be honest, I really like to prove my abilities to others.
Psychological needs When using Strava, ...
AUT1 I feel free to choose how I do my physical activities.
Aut
utonomy AUT2 I feel free to make my own decisions for the way I'm doing sports.
satisfaction
AUT3 I feel like I am the one who decides what physical activities I do.
COM1 1 feel confident that I can do sports well.
Competence (Chen etal.
. P . COM2 I feel capable at what I do. 2015; Gunnell
satisfaction
et al. 2013)
COM3 1 feel competent to achieve my exercise goals.
REL1 I feel connected to the people who I interact with.
Relat
ca edl}ess REL2 I feel I share a common bond with other users.
satisfaction
REL3 1 feel a sense of camaraderie with other users I'm connected with.
Motivational outcomes
BEN1 Using Strava has helped me being physically active.
BEN2 I gained motivation to exercise from using Strava.
BEN3 Using Strava has helped me to achieve my goals.
Perceived benefits Self-developed
BEN4 Strava has helped me to improve my sports performance.
BEN5 Using Strava makes my sport more enjoyable.
BENG6 In sum, Strava is of benefit for my sports.

Table 5. Measurement instrument

Hierarchical Component Models

In line with James et al. (2019a; 2019b), we applied hierarchical component models (HCM; also
called ‘higher-order constructs’) for the classes of motivational affordances enacted. In general,
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HCM are constructs at a higher level of abstraction where a multidimensional ‘higher-order’
(also termed ‘second-order’) construct is developed consisting of ‘lower-order’ (also termed
‘first-order’) constructs (Hair et al. 2014). For instance, the construct ‘self-quantification
affordances’ is a higher-order construct consisting of ‘self-monitoring’ and ‘performance
analysis’ lower-order constructs. Application of HCM allows to enhance model parsimony as the
number of variables and relationships are reduced but also prevents collinearity and
discriminant validity issues when the constructs are otherwise highly correlated (Hair et al.
2014). The same arguments apply to the higher-order construct ‘growth need satisfaction’
consisting of the lower-order constructs ‘autonomy need satisfaction’ and ‘competence need
satisfaction’ as also argued by motivation literature (Hagger et al. 2006; Ntoumanis 2005;
Standage et al. 2005).

Operationally, we followed the procedure described in Hair et al. (2014) to develop the
according hierarchical component models. We followed the ‘reflective-reflective’ type of HCM
as the corresponding lower-order constructs are all conceptualized with reflective
measurements and because the corresponding lower-order constructs are highly correlated, the
higher-order constructs are also measured with a reflective model (Hair et al. 2014). Operational
development of HCM proceeds in two steps (Hair et al. 2014).

The first step is the extraction of the latent variables scores for the lower-order constructs (e.g.,
‘self-monitoring’ and ‘performance analysis’) which afterwards serve as the indicators for the
higher-order construct (e.g., ‘self-quantification affordance). Hereto, the lower-order constructs
are developed as usual and an additional higher-order construct is created to which all
indicators of the underlying lower-order constructs are jointly assigned (i.e., repeated indicators
approach).

In the second step, the higher-order construct is modeled within the structural model and
utilizes the just extracted latent variables scores as its indicators (Hair et al. 2014). These higher-
order constructs are then evaluated like regular constructs meaning that construct reliability
and validity must be ensured. According validation is described in the main article.

Common Method Bias Evaluation

Common method bias (CMB) can be of concern when relying on self-reported data, particularly
when data for dependent and independent variables are obtained from the same source, from
the same context, and/or using the same method (Podsakoff et al. 2003). Despite having
incorporated several means to mitigate the influence of CMB during data collection, we
performed a series of analyses to observe the influence of CMB in the data as presented in the
following. These analyses were conducted using the manifest variables of all first-order latent
variables.

Harman’s single factor test. First, we ran Harman'’s single factor test (Harman 1976). In
this test, all items of the model are entered into an exploratory factor analysis and the unrotated
factor solution is analyzed. According to this test, a substantial amount of CMB is present when
only one factor emerges or when one general factor accounts for the majority of the variance
(Podsakoff et al. 2003). In our case, this test revealed a non-single factor structure and only
11.99% of the variance is explained by a single factor which is not the majority. Despite its
widespread application in the literature, however, the suitability of Harman’s single factor to
reliably detect the presence of CMB has been strongly contested (Aguirre-Urreta and Hu 2019;
Schwarz et al. 2017).
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Correlation of latent variables. Second, we examined the correlation matrix as proposed
by Pavlou et al. (2007). According to this test, extremely high correlations (r > 0.9) are an
indicator of CMB. In our data, we did not observe such high correlations as the highest
correlation is 0.743. Moreover, this correlation appeared for ‘self-monitoring’ and ‘performance
analysis’ construct which serve as lower-order dimensions of the higher-order ‘self-
quantification affordance’.

Collinearity assessment. Third, we performed a collinearity assessment as suggested by
Kock (2017). In this test, the variance inflation factors (VIF) for all latent variables are observed.
VIF values above 3.3 would be an indication of CMB. In our data, such high values are not the
case.

Unmeasured Latent Method Construct (ULMC) technique. Fourth, we applied the
ULMC technique (Williams et al. 2003) in PLS as per Liang et al. (2007). This test involves the
creation of a latent variable that represents a “method effect” and which is entered into the
structural model (Liang et al. 2007; Richardson et al. 2009; Schwarz et al. 2017; Williams et al.
2003). This method effect construct consists of all indicators (i.e., assessed items) of the study
(Schwarz et al. 2017). Moreover, all indicators are additionally transformed into single-item
constructs. Then, the respective influence of the theoretical construct is compared to the
influence of the method effect factor. In our data, the resulting ratio of 1:403 is much smaller
compared to prior research (e.g., 1:42 in Liang et al. 2007).

In sum, the results of the tests performed do not indicate that CMB is of great concern in our
data.

Structural Model Results Including Control Variables

Path coefficient T-value Effect size

Growth need satisfaction (R2 49.8% / Rzadjusted 49.3%)

Quantified-self affordance - Growth need satisfaction 0.599 10.940%** 0.627 (large) Yes
Exercise control affordance = Growth need satisfaction 0.137 1.985% 0.020 (small) Yes
Social affordance - Growth need satisfaction 0.102 1.800T 0.011 Yes
Relatedness need satisfaction (R2 29.6% / Rzadjusted 29.4%)

Social affordance > Relatedness need satisfaction 0.544 11.597%%* 0.421 (large) Yes
Net benefits (R2 56.5% / Rzadjusted 54.2%)

Growth need satisfaction - Net benefits 0.366 5.691%%* 0.174 (medium) Yes
Relatedness need satisfaction - Net benefits 0.417 5.853%%* 0.204 (medium) Yes
Controls:

Age > Net benefits 0.018 0.516 (n/s) - No
Gender <> Net benefits -0.041 1.013 (n/s) - No
Sports frequency - Net benefits -0.019 0.433 (n/s) - No
Exercise self-efficacy > Net benefits 0.060 1.026 (n/s) - No
Subscription type (free, premium, n/a) > Net benefits 0.000 0.009 (n/s) - No
Frequency of use > Net benefits 0.086 1.282 (n/s) - No
Intensity of use > Net benefits -0.010 0.170 (n/s) - No
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System experience in months - Net benefits 0.078 1.419 (n/s) - No
Number following - Net benefits 0.053 0.538 (n/s) - No
Number followers = Net benefits 0.033 0.397 (n/s) - No
Network exposure - Net benefits -0.044 0.706 (n/s) - No
Comparative evaluation - Net benefits 0.007 0.140 (n/s) - No
#**¥% p < 0.001; ** p < 0.01; * p < 0.05; T p < 0.10; n/s = not significant

f2 >0.02 (S; small), >0.15 (M; medium), >0.35 (L; large) (Cohen 1988)

Table 6. Full model results including control variables

Moderation Analyses

Because moderation effects are usually small, a conservative interpretation for f2 is 0.005
(‘small’), 0.01 (‘medium’), and 0.025 (‘large’) (Kenny 2015). Results are depicted below.

Model Path Effect size Support
H3a | Quantified-self affordance x Mastery goal > Growth need satisfaction

Quantified-self affordance - Growth need satisfaction 0.436%** 0.242 (medium)

Mastery goal > Growth need satisfaction 0.394%** 0.209 (medium)

Quantified-self affordance x Mastery goal 2 Growth need satisfaction 0.024 (n/s) - No
H3b | Quantified-self affordance x Performance goal > Growth need satisfaction

Quantified-self affordance - Growth need satisfaction 0.650%** 0.747 (large)

Performance goal - Growth need satisfaction 0.129** 0.209 (small)

Quantified-self affordance x Performance goal 2 Growth need satisfaction 0.031 (n/s) - No
Hs5a | Exercise control affordance x Mastery goal 2 Growth need satisfaction

Exercise control affordance = Growth need satisfaction 0.130* 0.536 (large)

Mastery goal > Growth need satisfaction 0.609%** 0.025 (small)

Exercise control affordance x Mastery goal 2 Growth need satisfaction 0.027 (n/s) - No
Hs5b | Exercise control affordance x Performance goal > Growth need satisfaction

Exercise control affordance = Growth need satisfaction 0.386%** 0.139 (small)

Performance goal - Growth need satisfaction 0.099 (n/s) -

Exercise control affordance x Performance goal 2 Growth need satisfaction 0.178%** 0.065 (large) Yes
H7a | Social affordance x Mastery goal > Growth need satisfaction

Social affordance - Growth need satisfaction 0.088 T 0.011

Mastery goal > Growth need satisfaction 0.636%** 0.560 (large)

Social affordance x Mastery goal 2 Growth need satisfaction 0.073 T 0.012 (medium) Yes
H7b | Social affordance x Performance goal > Growth need satisfaction

Social affordance - Growth need satisfaction 0.448%** 0.141 (small)

Performance goal - Growth need satisfaction 0.067 (n/s) -

Social affordance x Performance goal 2 Growth need satisfaction 0.284%%* 0.170 (large) Yes
Hoa | Social affordance x Mastery goal > Relatedness need satisfaction
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Social affordance > Relatedness need satisfaction 0.358%** 0.173 (medium)
Mastery goal > Relatedness need satisfaction 0.408%** 0.222 (medium)
Social affordance x Mastery goal = Relatedness need satisfaction 0.026 (n/s) - No

Hogb | Social affordance x Mastery goal > Relatedness need satisfaction

Social affordance > Relatedness need satisfaction 0.538%** 0.224 (medium)
Performance goal > Relatedness need satisfaction 0.107 (n/s) -
Social affordance x Performance goal 2 Relatedness need satisfaction 0.185%** 0.080 (large) Yes

#**¥% p < 0.001; ** p < 0.01; * p < 0.05; T p < 0.10; n/s = not significant
Direct 2 >0.02 (S; small), >0.15 (M; medium), >0.35 (L; large) (Cohen 1988)
Moderation f2 >0.005 (S; small), >0.01 (M; medium), >0.025 (L; large) (Kenny 2015)

Table 7. Moderation Effects
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