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Abstract
In today’s connected society, self-tracking technologies (STTs), such aswearables andmobile
fitness apps, empower humans to improve their health and well-being through ubiquitous
physical activitymonitoring, with several personal and societal benefits. Despite the advances
in such technologies’ hardware, low user engagement and decreased effectiveness limitations
demand more informed and theoretically-founded Human-Computer Interaction designs.
To address these challenges, we build upon the previously unexplored Leisure Constraints
Negotiation Model and the Transtheoretical Model to systematically define and assess the
effectiveness of STTs’ features that acknowledge users’ contextual constraints and establish
human-negotiated STTs narratives. Specifically, we introduce and validate a human-centric
scale, StoryWear, which exploits and explores eleven dimensions of negotiation strategies
that humans utilize to overcome constraints regarding exercise participation, captured through
an inclusive storyboards format. Based on our preliminary studies, StoryWear shows high
reliability, rendering it suitable for future work in ubiquitous computing. Our results indi-
cate that negotiation strategies vary in perceived effectiveness and have higher appeal for
existing STTs’ users, with self-motivation, commitment, and understanding of the negative
impact of non-exercise placed at the top. Finally, we give actionable guidelines for real-world
implementation and a commentary on the future of personalized training.
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1 Introduction

There is growing evidence that ubiquitous self-tracking technologies (STTs), such as wear-
able devices and mobile fitness applications, can be effective tools for motivating health
behavior change, influencing people towards adopting a healthier andmore active lifestyle [3,
64, 86]. At the individual level, physically active people enjoy multiple health benefits, such
as improved muscular and cardio-respiratory fitness, reduced symptoms of depression and
anxiety, and lower coronary heart disease rates. Also, regular physical activity is proven
to help prevent and manage non-communicable diseases such as heart disease, stroke, dia-
betes, and several cancers. At a collective level, more active societies can generate additional
returns on environmental and social benefits, such as reduced use of fossil fuels, cleaner
air, and healthier economies [63]. To seize these benefits, the World Health Organization
recommends doing 75 to 150 minutes of moderate- and vigorous-intensity activity per week.
However, one in four adults does not meet the recommended physical activity levels despite
considerable personal and societal gains [63].

To achieve desirable behavior change, more and more people are resorting to STTs, to
reach their health and fitness goals. Wearables, for instance, have gained significant traction,
with their global sales skyrocketing from less than 100 million in 2015 to an estimated
1.1 billion in 2022 [82]. The concept behind such technologies is that through continuous
monitoring, they can increase people’s self-awareness of their everyday habits of physical
activity, sleep, or mental health and empower them to alter their behaviors and pursue a
healthier, more active life. Therefore, designing effective ubiquitous STTs has been a focus
for many Human-Computer Interaction (HCI), and ubiquitous technology researchers [1,
61, 69, 78]. Research has shown that technology can be strategically designed to motivate
desirable behavior change for better health and well-being. For instance, to help people adopt
positive behaviors, such as regular exercise and healthy nutrition [33, 42, 45] or avoid negative
or risky ones, such as prolonged sedentariness or even drug addiction [51, 85].

Despite this growing interest and investment in designing effective STTs for mHealth with
a focus on fitness and well-being, current technologies still suffer significant limitations:

(L1) Lack of Theoretically-founded Design: Most STTs adopt a non-theoretically-
founded approach to their design [3, 86]. Additionally, out of those that incorporate
theoretical models, few acknowledge the existence of user contextual constraints,
such as limited time or lack of confidence, that often lead to non-participation in the
desired behavior [20, 86]. However, behavior change theories can positively affect
STTs by informing design, guiding evaluation, and inspiring alternative experimental
designs [35].

(L2) Dubious Feature Effectiveness: STTs are characterized by the features they offer
to their users, such as goal setting, social sharing, or virtual rewards. However, it is
unclear which STTs’ features are more effective in achieving successful health behav-
ior change compared to others [3]. On top of that, evaluating feature effectiveness
usually entails lengthy and costly interventions and randomized control trials (RCTs)
of small samples, and there are limited publicly available qualitative scales to be
administered to larger populations in the initial development stages. Such uncertainty
regarding STTs’ feature effectiveness naturally often leads to unmet user expectations
and eventually low user engagement and subsequent attrition, as reported in previous
works [15, 30, 68].

(L3) Limited Actionable Guidelines for STTs’ Designers: While several HCI works
provide high-level insights for designing effective STTs [15, 27], there is an absence
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of actionable guidelines that translate theory into practice. In otherwords, there is a gap
between the abstract nature of behavioral theories and the concreteness of the design
process. Hence, it is up to each designer to decide how exactly abstract theoretical
concepts can be interpreted in terms of STTs’ features, leading to increased time and
effort investment or unfounded design decisions [71].

Consequently, there is an increasing demand for STTs, especially those targeted at health
behaviors, to be theoretically backed by behavioral change theories [3, 64, 66]. Behavioral
change theories attempt to interpret why human behaviors change, attributing such changes to
environmental, personal, and behavioral factors. Recently, there has been increasing interest
in the application of such theories in the health and technology domain with the hope that the
understanding of behavioral change can improve offered services and quality of life [43, 60].
At the same time, there is substantial evidence that the use of theory in designing and imple-
menting behavior change interventions can significantly improve their effectiveness [16, 55].
Apart from informing design choices, behavior change theories can help guide evaluation
strategies, inspire alternative experimental designs, evaluate qualitative data, and select target
users [36]. However, as mentioned above, there is little knowledge about how these theories
can be translated into STTs’ features or which features might be more effective in achieving
health behavior change.

To investigate how to translate behavioral change theories into concrete STTs’ features
and evaluate their perceived effectiveness, we conducted three preliminary studies of 248 par-
ticipants. These studies examined how users respond to several features carefully designed to
mirror elements from behavioral change theories. Specifically, we explored the Leisure Con-
straints Negotiation Model [40], as described in detail in Section 2, to account for constraints
a user faces in the process of adopting a certain behavior, such as exercise participation and
to make humans negotiators of their own self-tracking narrative. We designed an inclusive
scale, StoryWear, that translates behavioral theory into technological practice and employed
statistical analyses to ensure the reliability and validity of this scale.

Our results reveal that the newly-developed StoryWear scale demonstrates high reliability,
rendering it a successfulmeasurementmodel. Furthermore, ourfindings indicate a statistically
significant difference in howusers versus non-users of STTs approachhealth behavior change.
Specifically, STTs’ users showed higher commitment to physical activity and well-being and
higher interest in technological features promoting behavioral change compared to non-users.
It is worthmentioning that our results indicate that no other independent variable, such as user
gender, educational level, or age, plays a statistically significant role in the users’ preferences
toward health behavior change through wearables. Our work offers three main contributions
in the domain of ubiquitous HCI design:

(C1) Users as Negotiators of Constraints: We present for first time, to the best of the
authors’ knowledge, the importance of the Leisure Constraints NegotiationModel for
the design and development of STTs’ features. Thismodel accounts for the constraints
users face in their daily lives, such as lack of time, money, self-confidence, or social
encouragement, that inhibit or prohibit participation and enjoyment in physical activity
and well-being. By adopting such a theoretical model, we change the role of users
from passive viewers of constraints to active negotiators through them while enabling
the design of theoretically-founded STTs (L1).

(C2) The Inclusive StoryWear Scale:Wedevelop andmakepublicly available an inclusive
by-design scale, called StoryWear, for theoretically-backed HCI in self-tracking. Due
to its novel storyboards format, our scale can be administered to a broader participant
pool, including people of low technological literacy, and young or old age, enabling
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more inclusive and diverse mHealth interventions. We validate our scale through
three distinct field studies and compare the perceived effectiveness of several STTs’
features.We show that negotiation strategies and their respective features differ in their
effectiveness in motivating health behavior change in physical activity and well-being
(L2).

(C3) Actionable Guidelines for STTs’ Designers: We demonstrate that the usage of
STTs can positively contribute to the behavior change journey. Based on our find-
ings, we offer concrete design guidelines and STTs’ feature suggestions that appeal
to a broad audience based on the Leisure Constraints Negotiation Model. Such guide-
lines can help HCI and ubiquitous computing designers and practitioners focusing on
self-tracking to incorporate behavioral change theory into their design for creating
successful health behavior change interventions (L3).

We structure the rest of this paper as follows: In Section 2, we give an overview of the
related work in the fields of Behavioral Change Theories and Ubiquitous HCI Design for
mHealth. In Section 3, we present our study’s design process, scale, and methodology, and
in Section 4, we showcase our work’s most important results. In Section 5, we discuss how
our findings can be applied in designing STTs that exploit behavioral change theories, and,
finally, in Section 6,we conclude ourwork, comment on its limitations, and provide directions
for future work.

2 Related work

In this section, we present an overview of behavioral change theories (Subsection 2.1) and
mHealth ubiquitous interventions employing such theories in their design (Subsection 2.2).
To conclude, we identify research gaps in current literature and compare previous work with
the contributions of our approach.

2.1 Theories of behavior change

A deep understanding of health behaviors and their context is the foundation of most success-
ful public health programs and initiatives [31]. Therefore, mHealth interventions designed to
improve users’ health and well-being can benefit from understanding and effectively apply-
ing behavior change theories. In recent years, there has been growing interest in theories
and models of behavior change drawn from psychology, economics, and sociology [56].
These theories include but are not limited to Bandura’s Social Cognitive Theory [8], Ajzen’s
Theory of Planned Behaviour [2], or, more recently, Fogg’s Behavior Model for persuasive
design [29]. Such theories describe how behaviors develop and change over time as a factor
of psychological, social, and contextual factors such as habits and routines [22].

Amongst the most commonly applied theories of behavior change, [28] is Prochaska’s
Transtheoretical Model, also referred to as the “Stages of Change” model [70]. The Transthe-
oretical Model introduces five stages of behavior change: pre-contemplation, contemplation,
preparation for action, action, and maintenance. During the pre-contemplation stage, an indi-
vidual, with or without awareness of the problem, has no thought of changing their behavior.
Transitioning to the contemplation stage, one starts thinking about changing a specific behav-
ior. In the preparation stage, the individual creates a change plan, while in the action stage,
one starts exhibiting the newly formed behavior consistently. Finally, an individual enters the
maintenance stage once the behavior has become habitual, performed consistently for six or

123



Multimedia Tools and Applications

more months. An issue with the stages of change model is that it is possible for a person to
relapse, even after entering the maintenance stage, and fall back into earlier stages [57]. Fac-
tors, also known as constraints, that can contribute to such relapse include external weather
conditions or seasonal changes and internal factors, such as personal issues.

For years, behavior change and leisure constraints research had supported the conception
that constraints are insurmountable obstacles to behavior adoption. In other words, it has
been assumed that if an individual faced a constraint, the outcome would be equal to non-
participation in the desired activity required for change, such as exercise participation or
smoking cessation. Subsequently, that would mean that ubiquitous HCI designers who have
no control over such external factors would be incapable of designing STTs that enable users
to overcome such constraints. However, the Leisure Constraints Negotiation Model [40]
supports that leisure participation “is dependent not on the absence of constraints but on
negotiation through them”. In other words, the proposed concept is that individuals are not
bound by their constraints but can apply different negotiation strategies to strike a balance
between constraints and motivations.

Individuals employ negotiation strategies to overcome barriers to initiating exercise,
modifying their participation, and increasing their engagement in exercise [6]. Success-
fully managing these obstacles and implementing targeted strategies can strengthen positive
cognitive and emotional attitudes towards exercise, maximizing benefits at all levels [6, 52].
Effective barriermanagement leads to the decision to participate in exercise programs, which,
in turn, improves individuals’ quality of life [37]. Enhancing quality of life through sports
participation is achieved when individuals successfully utilize negotiation strategies and find
activities that resonate with them and addmeaning to their lives [41]. Integrating such negoti-
ation strategies into STTs’ designwould enable HCI designers to empower users to overcome
constraints such as lack of time, money, confidence, or social support, thereby encouraging
the adoption of healthier behaviors.

The fundamental assumption of negotiation is based on social cognitive theory [50].
According to this theory, individuals are likely to actively choose or change situations and
environmental conditions that are known to influence their behavior rather than passively
accepting unfavorable situations. In other words, the basic assumptions of negotiation are
derived from “compatible rather than competitive” perspectives, which viewpeople as “active
shapers” rather than “passive reactors” [52]. People can and often do participate in leisure
activities despite the obvious barriers. Studies have begun to show that some barriers to par-
ticipation can be overcome and that through negotiation, constraints actively shape individual
leisure expression by interacting with preferences and behavioral patterns [39, 40, 59]. How-
ever, HCI design typically does not consider contextual constraints that frequently result in
non-participation in the desired behavior.

2.2 Theoretical foundations in HCI design

Various works have proposed incorporating psychological, behavioral, and behavioral
economics theories in the HCI design of ubiquitous computing, offering considerable con-
tributions in the field of theoretically founded design.

Passive viewers versus active negotiators Early research works in the field of ubiqui-
tous technology for health behavior change include Lin et al.’s Fish’n’Steps (2006) [49],
Consolvo et al.’s Houston (2006) [17], and UbiFit Garden (2008) [18, 19]. These works
utilize the Transtheoretical Model, the Goal-Setting Theory, and the Cognitive Dissonance
Theory, among others, to design and implement RCTs for evaluating STTs’ feature effec-

123



Multimedia Tools and Applications

tiveness in improving users’ physical activity and well-being. All three report positive results
regarding theoretically-backed health behavior change interventions. Similarly, [58] explore
goal-setting, rewards, self-monitoring, and sharing to motivate physical activity through the
development and evaluation of twomobile applications, GoalPost andGoalLine. Their results
highlight the benefits of both secondary and primary goals and nonjudgmental reminders.
Additionally, they reveal motivational shortcomings with commonly used features, such
as trophies and ribbons, raising questions with regard to effective feature design. However,
none of the above theories engage with the concept of constraints and the negotiation through
them as the Leisure Constraints Negotiation model does (L1). Our contribution, therefore,
complements the above works by exploring alternative theoretical foundations for mHealth
technological intervention design (C1).

The cost of scaling up Inspired by Behavioral Economics research, [45] experiment with
the presentation and timing of choices to encourage people to make self-beneficial deci-
sions through self-tracking. Specifically, they apply three persuasion techniques, the default
option strategy, the planning strategy, and the asymmetric choice strategy, to promote healthy
snacking in the workplace, showcasing positive results with regard to the exploitation of
theoretically-founded design in STTs for promoting user well-being. While their contribu-
tions are significant in the field of ubiquitous technology research, these studies suffer from
limitations deriving from the nature of RCT-based evaluation: they have high requirements
in time and money, are usually smaller-scale, and are difficult to reproduce (L2). On the con-
trary, our work adopts a different approach to evaluation, i.e., survey-based, which is more
suitable for the early stages of technology development due to its rapid nature, reproducibility
across different settings, and low deployment cost (C2).

Unpracticed theories On a different note, numerous studies provide HCI researchers and
practitioners with insights or actionable guidelines for designing systems based on behavioral
and psychological theories. [60] explores how behavioral economics principles, such as
nudging [47], availability bias [81], and illusion of control [44], can be applied for developing
effective public health strategies that target behavior change.While the authors encourage the
interdisciplinarity between behavioral economics and wearable design, they do not provide
any guidelines for HCI design (L3).

Bringing it all together To bridge this gap, [69] and [72] propose concrete guidelines for
HCI design based on psychological theories concerning how technology designs support or
undermine basic psychological needs. Specifically, Peters et al. introduce the Motivation,
Engagement, and Thriving in User Experience (METUX) model to explain psychological
needs in the context of HCI.METUX is based on psychological research, casting light on how
technology designs support or undermine basic user needs. Similarly, Rapp et al. analyze four
design fictions to explore the diverse social and psychological long-term consequences of
health behavior change technologies. However, none of the two studies evaluate the proposed
guidelines’ perceived effectiveness through a field study, nor do they focus on emerging STTs,
such aswearables. To this end, [54] conduct a large-scale user study including data collection.
Based on psychometric and demographic variables, as well as browsing and application
use data analysis, they draw conclusions and provide design suggestions about employing
this knowledge in the design, personalization, and deployment of health behavior change
technologies. Their suggestions include tracking of a single activity, incorporation of the
user’s socioeconomic status, integration of the user’s values in the interaction or interface,
and consideration of application usage in predictive analytics. While these recommendations
are based on real-world user data, their effectiveness remains untested, and they are also not
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formalized into a concrete framework. Similarly, [48], through a series of user interviews,
identify six types of questions that users ask regarding personal informatics data, i.e., status,
history, goals, discrepancies, context and factors, and two phases of reflection, i.e., discovery
and maintenance, and provide concrete feature guidelines for each phase. However, their
interview-based evaluation does not allow for testing the reproducibility of their results under
different settings, contrary to our survey-based approach. Conversely, our work translates
theoretical concepts drawn from the Transtheoretical Model and the Leisure Constraints
Negotiation Model into STTs’ features (C1), and we evaluate their effectiveness through
three field studies (C2). Based on the studies’ results, we propose a set of concrete guidelines
for effective, theoretically founded HCI design for ubiquitous STTs (C3).

Similar to our work, a number of works have conducted field studies to evaluate the effec-
tiveness of their HCI design guidelines. For instance, [1] propose the concept of “Mindless
computing” based on dual-process theories [11, 79], and the theory of “nudging” [47]. They
also evaluate its potential and provide design considerations based on three small-scale pilot
studies. However, their design guidelines do not necessarily refer to ubiquitous STTs, rather
than HCI as a whole.

HCI transitions to ubiquity [33] focus on the design of ubiquitous wearable technologies
by exploring the design space of glanceable feedback for physical activity trackers. While
they conduct a field study to evaluate the effectiveness of their designs, they do not specify
the theoretical foundation they are based on, contrary to our approach. In related work, [26]
study the motives of regular and non-regular exercisers’ user engagement with motivational
text messages and the importance of visual presentation. Using the self-determination the-
ory [24], they provide preliminary knowledge regarding motivational messages acquired
through user surveys. Research on an individual’s intrinsic motivation in recreation and exer-
cise has shown a large effect on participants’ behavior [67, 83]. External motivation in the
same domain is related to the existence of external rewards, such as social recognition and
positive criticism [25], and is more pronounced in competitive professional sports and recre-
ational sports, such as amateur sports or leisure time exercise [4, 5]. An example of external
motivation in recreational activities is good health, which is associated with good appear-
ance and social recognition [74, 75, 84]. However, prior work focuses only on one design
element (motivational messages), and it does not propose any guidelines for developing and
structuring motivational messages.

Finally, utilizing dual-process theories of decision making [76], the theory of “nudging”
[47], and Fogg’s Behavior Model [12, 29] present the design and evaluation of the “Nudge
Deck”, a card-based, design support tool for the design of technology-mediated nudges.While
the tool is an excellent resource for assisting HCI design, it assumes equal effectiveness of
all nudging features across the population (L2). On the contrary, in our work, we evaluate
the effectiveness of each STTs’ feature based on our field studies’ results (C2).

From interviews to scales To cover the identified gaps in the literature and overcome the
limitations of RCT-based evaluation, prior research has introduced somemeasurement instru-
ments in the domain of HCI. For example, the Technology-Supported Reflection Inventory
evaluates if and how an interactive technology helps a user reflect [9], while the popular
User Burden Scale evaluates the difficulty of use [77]. Nevertheless, our contribution is com-
plementary if not orthogonal to these or similar scales in the domain since we “measure” a
distinct concept, namely the effectiveness of negotiation in health behavior change through
self-tracking technology. Inspired by these works, we designed a novel, inclusive storyboards
scale and evaluated it through different field studies as described in Section 3. To the best
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of the authors’ knowledge, this is the first scale to use a combination of the Transtheoreti-
cal Model and the Leisure Constraints Negotiation Model for the HCI design of ubiquitous
computing.

3 Study design andmethodology

Wedesigned our study to investigate the relationship between STTs and negotiation strategies
(knowledge, understanding of the negative impact of non-exercise, self-motivation, enable,
enhancement, commitment, creating pulse, socialization, time management, financial man-
agement [7]) as a means of health behavior change, motivating a more active and healthier
lifestyle. Figure 1 shows an overview of the design process.

The StoryWear Scale To collect data to investigate our hypothesis, we introduce a novel
storyboards-based scale, the so-called “StoryWear: A Storyboards Scale for Negotiation
Strategies in Wearable Computing”. First, we start from a conventional, high-validity scale
described in our earlier work [7] (Step 1, Fig. 1). This scale draws from the Transtheoreti-
cal Model and the Leisure Constraints Negotiation Model and builds upon and modernizes
previous scales on the field [5, 53]. We utilize such a scale because it is domain-specific to
physical activity and well-being and is more in line with recent technological advancements
than older scales, meaning it is more straightforward to translate its dimensions into STTs’
features. Additionally, it has been validated with Greek sample populations. The scale iden-
tifies eleven negotiation dimensions (Step 2, Fig. 1). consisting of three items each (referred
to as negotiation strategies), defined in Table 1, namely Knowledge, Negative Impact of
Non-Exercise Understanding, Self-motivation, Enable, Socialization, Enhancement, Com-
mitment, Creating Pulse, Encouragement Relations Development, Time Management, and
Financial Management.

Notice that the items within each dimension do not relate to technology in the original
scale but only reflect the actions individuals take to overcome obstacles preventing them from
performing the desired behavior. Through an iterative refinement process, we initially trans-
late these 33 negotiation strategies into an equivalent number of ubiquitous STTs’ features,
so-called “negotiation features” (Step 3, Fig. 1). For the item-to-item mapping, please refer
to Appendix A.

Specifically, in the “Knowledge” dimension, we include features that enable users to
learn more about exercise through STT, such as notifications about new books and articles
with regard to physical activity and its benefits or promotion of fitness influencers’ content.
Regarding the “Negative Impact of Non-Exercise Understanding”, our negotiation features
range from simple information provision to personalized dramatic portrayals of the effects

Fig. 1 An overview of StoryWear’s design process

123



Multimedia Tools and Applications

Table 1 Definitions for the eleven negotiation dimensions along with the individual negotiation strategies
within each dimension

Negotiation Dimension Explanation Negotiation Strategy

Knowledge Strategies to collect new infor-
mation and raise awareness about
exercise

I read books about exercise in an
attempt to learn more about it

I read articles about exercise in an
attempt to learn more about it

I engage in discussions in an
attempt to learn more about exer-
cise

Negative Impact of Non-
Exercise Understanding

Strategies to exploit emotional
reactions associated with the neg-
ative effects of non-exercise

Warnings about health hazards of
inactivity move me emotionally

Dramatic portrayals of the evils of
inactivity move me emotionally

I react emotionally to information
about health hazards of inactivity

Self-motivation Strategies to reassess personal val-
ues for exercise participation

I am considering the idea that reg-
ular exercise would make me a
healthier person

I consider the fact that I would feel
more confident in myself if I exer-
cised regularly

I consider the fact that my appear-
ance would be better if I exercised
regularly

Enable Strategies to use exercise as a sub-
stitute behavior to tackle everyday
slack

Instead of remaining inactive, I
engage in some physical activity

Rather than viewing exercise as
simply another task to get out of
the way, I try to use it as my spe-
cial time to relax and recover from
the day’s worries

When I am feeling tense, I find
exercise a great way to relieve my
worries

Socialization Strategies for finding exercise
buddies and increased socializa-
tion

I try to find people to exercise with

I try to hang out with people who
exercise

I try to persuade my friends to
exercise together

Enhancement Strategies to utilize self-
motivation means to achieve
strategic objectives in exercise

I do something nice for myself for
making efforts to exercise more
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Table 1 continued

Negotiation Dimension Explanation Negotiation Strategy

I try to set realistic goals formyself
rather than setting myself up for
failure by expecting too much

I reward myself when I exercise

Commitment Strategies of personal commit-
ment growth for practicing

I tellmyself I am able to keep exer-
cising if I want to

I tell myself that if I try hard
enough, I can keep exercising

I make commitments to exercise

Creating Pulse Strategies for creating external
stimuli to increase motivation for
exercise participation

I put things around my home to
remind me of exercising

I buy sports equipment

I buy sports clothes and acces-
sories

Encouragement Relations
Development

Strategies for the acceptance and
support from the social environ-
ment for exercise participation

I try to have a healthy friend who
encourages me to exercise when I
do not feel up to it

I try to find someonewho provides
feedback about my exercising

I try to find someone with simi-
lar interests who provides support
about my exercise

Time Management Strategies to include exercise in
the daily individual program and
save time for exercise participa-
tion

I try to manage my time more
wisely so that I have time to exer-
cise

I plan out my work and respon-
sibilities so that I have time to
exercise

I use part of my free time to exer-
cise

Financial Management Strategies for saving money
needed for exercise participation

I try to budget my money to cover
the cost of exercise

I have just learned to live within
mymeans to cover the cost of exer-
cise

I engage in financial planning to
manage the cost of exercise

of non-exercise on the individual’s health. In the “Self-motivation” dimension, we intro-
duce real-time and offline cause-and-effect linkage features that highlight the short-term and
long-term effects of exercise on the person’s health, welling, and appearance, in an effort to
motivate the users to continue their effort. The “Enable” dimension contains features that
encourage easy-to-follow or relaxing forms of physical activities that can stir the user in
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the right direction in their fitness journey. The negotiation features of the “Socialization”
dimension incorporate the social aspect of fitness and well-being by encouraging the par-
ticipation of the users’ social circle in exercising. The “Enhancement” dimension includes
features that offer material and virtual rewards to users, as well as opportunities to achieve
them through maintaining and enhancing their exercise routine. Concerning “Commitment”,
we introduce negotiation features that facilitate the user to commit to their exercise plan
through realistic goal-setting, personal and group challenges, and social sharing. When it
comes to the “Create Pulse” dimension, features include just-in-time reminders for picking
up sports equipment or notifications about new sports clothing and accessories relevant to the
user’s favorite fitness activity. In the “Encouragement Relations Development”, negotiation
features promote contact with and support from real and virtual coaches, the user’s social
circle, as well as users with similar interests. Regarding the “Time” dimension, features are
oriented towards optimizing the user’s exercise planning by utilizing just-in-time reminders,
contextualizing it to the user’s everyday routine, or adapting it to the user’s schedule. Finally,
in the “Financial” dimension, features are aimed at increasing awareness of the cost of
non-healthy life choices or budgeting and information provision for covering exercise costs.

Then, we present each negotiation feature above in a storyboard depicting a ubiquitous
STT for promoting a healthier lifestyle in terms of physical activity and general well-being
(Step 4, Fig. 1). A storyboard is “s a short graphical depiction of a narrative” [80] Storyboards
serve various purposes across different activities. When developing new technologies, they
frequently depict a conceptual scenario illustrating the functionality of a particular feature
within an application. Depicting negotiation strategies in storyboards facilitates eliciting
responses from diverse populations since storyboards provide a common visual language
that individuals can understand more easily compared to traditional means, regardless of
their technological literacy, educational level, or age, to mention a few [46]. Especially when
it comes to emerging technologies, such as wearables, which the general population might
not be fully familiarized with, a visual depiction can significantly enhance understanding of
complex technological notions. At the same time, storyboards have been proven successful
in depicting strategies based on prior work [10, 13, 65].

To develop the initial storyboard drafts, we follow the design guidelines of [80]. Specifi-
cally, each collaborator designs their storyboard sequences individually to decrease the effect
of peer-opinion influence. Then researchers gather, compare designs, and conclude with the
most appropriate depiction for each negotiation feature. Finally, according to the same design
protocol, an artist was recruited to design the 33 final storyboards. We evaluated and itera-
tively refined these storyboards following expert discussions with both Sports Science and
Computer Science researchers, as well as STTs’ users without an academic background,
which led to some minor refinements. All storyboards depict a gender-neutral stick figure
and its interaction with a ubiquitous mHealth system or application for promoting a health-
ier, more active lifestyle. Based on Truong’s guidelines, we utilize some text to facilitate
the understanding of novel applications and features. Also, we include people-like figures
in the storyboards to elicit responses related to the interaction experience, and we explicitly
indicate the passage of time only when time is relevant. Finally, we use the minimal level of
detail required to highlight the prominent features of the system.

Figure 2 shows an example storyboard from our scale depicting an item from the “Enable”
dimension of negotiation strategies, i.e., “I see exercise as a stress relief mechanism when
I feel tense”. The researchers textually translate the original item into a stress awareness
and management feature, which is then visually depicted through the presented storyboard.
Similarly, Fig. 3 presents a storyboard depicting an item from the “Commitment” dimension,
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Fig. 2 Dimension Enable - 3rd item: A feature for stress awareness and management

i.e., “I persuademyself that I am capable of exercise”. The original item is then translated into
a realistic, user traits-based goal-setting feature and visually depicted through the storyboard.

To elicit feedback about the effectiveness of different negotiation features through sto-
ryboards, each item in the StoryWear scale is followed by the question “How often would
you use this feature?” and a 7-point Likert scale ranging from “1-Never” to “7-Always”, in
accordance to the original scale [7]. We also include questions for collecting participants’
demographic information and details about their familiarity with and usage of STTs.

The full StoryWear scale, consisting of 33 storyboardsmatching the 33 itemsof the original
negotiation strategies scale, can be found in Appendix B and can be used with attribution for
further studies.

Sample and Process We recruited participants for three different preliminary studies to
evaluate the reliability and validity of the StoryWear scale and test our hypotheses with
diverse sample populations. The first sample consists of 104 recreational athletes exercising
in indoor and outdoor gyms in Athens, the capital of Greece. The second sample consists
of 40 professional swimmers training in Athens or Komotini, a university city in northern
Greece. Finally, the third sample consists of 101 everyday people who follow urban exercise
routes within Thessaloniki, the second-largest city in Greece, jogging, walking, or using
outdoor exercise equipment.

Fig. 3 Dimension Commitment - 1st item: A feature for realistic goal-setting based on user traits
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Note that we conducted the field studies amidst the Covid-19 pandemic in compliance
with the national and regional restrictions. Specifically, gyms throughout Greece were closed
during the field study; hence we reached out to past gym-goers through online commu-
nication. Similarly, professional athletes were contacted via e-mail to complete the scale.
However, everyday people following urban exercise routes were contacted in person during
their activity, taking all necessary precautions to protect public health.

4 Results

Themaingoal of this paper is to examine theperceived effectiveness of theLeisureConstraints
Negotiation Model and its negotiation dimensions interpreted as ubiquitous STTs’ features.
To achieve this, we have utilized various commonly used analytical tools and procedures, as
this section summarizes. Initially, we provide details about sample demographics and STT
usage. Then, we present the internal consistency reliability assessment for the StoryWear
scale, followed by our results concerning the perceived effectiveness of negotiation features.

Participants’ Demographics In total, our full sample consists of 248 participants, having
filtered out incomplete responses. The participants received no monetary compensation for
their participation in the study. All participants were at least 17 years old at the time of data
collection. In general, we have achieved recruiting a diverse population in terms of gender,
age, educational level, occupation, income, and marital status as seen in Table 2.

STTs Usage The majority of the participants (68.6%) use STTs, such as wearable devices,
for monitoring physical activity and physiological signals. Out of those, more than 70% own
a popular wearable brand, such as an Apple (21.4%), Huawei (23.8%), Samsung (17.9%),
or Garmin (8.9%) device. They utilize their device to monitor indicators such as distance
(48.9%), steps (48.2%), exercise duration (41.6%), heart rate (40.8%), calories (39.6%), aver-
age time-per-kilometer (24.9%), average speed (14.7%), maximum speed (12.2%), altitude
(7.3%), and water consumption (4.1%).

The rationale behind the usage, or the lack thereof, of wearable devices by the users
and non-users of our sample, respectively, varies (See Table 3). With regard to the reasons
behind the usage of wearable devices, more than one out of three participants use their
wearable to gain more control over exercise (38.1%), while a smaller percentage use them
because it was gifted to them (16.7%), for encouragement purposes (15.5%), simply out
of curiosity (11.9%), because of interest in technological advancements (8.3%), for health
issues monitoring (6.0%), through an insurance reward program (1.8%), because of doctor’s
recommendations (1.2%), or due to Covid-19 lockdowns (0.6%). Concerning the reasoning
behind non-usage, almost three out of four users do not own a device because of trust in their
own body (27.3%), high cost (22.1%) or cannot pinpoint a reason (24.7%). Fewer users report
not owning a device because of distrust (7.8%), lack of effectiveness (6.5%), past negative
experiences (5.2%), lack of technological literacy (5.2%), or lack of knowledge with regards
to wearable devices (1.3%).

Concerning their trust in the accuracy of themeasured quantities, 93.5%of the respondents
show complete or some trust in the measuring accuracy. In contrast, only 3% show distrust,
and 3.6% have no opinion on the matter. Regarding data privacy, almost half the respondents
(44.6%) have at least some concerns regarding privacy issues. However, themajority (53.0%)
still express no concern, and a small percentage (2.4%) has no opinion on the matter. On a
similar note, more than half the respondents engage in data sharing with friends (23.5%),
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Table 2 Participants’ demographic information

Frequency Percentage

Gender Men 109 44.5%

Women 134 54.7%

Age 17-39 163 66.5%

40-59 82 33.5%

Education High School graduate 84 34.3%

Vocational School graduate 40 16.3%

University graduate 91 37.1%

Post-graduate 30 12.2%

Occupation University student 44 18.0%

Private sector employee 97 39.6%

Public sector employee 25 10.2%

Self-employed 29 11.8%

Unemployed 12 4.9%

Housekeeping 15 6.1%

Retired 6 2.4%

Other 17 6.9%

Family income Under 20000 e 154 62.9%

20000-60000 e 80 32.7%

60000-100000 e 8 3.3%

Over 100000 e 3 1.2%

Marital status Married 77 31.4%

Divorced 11 4.5%

Single 112 45.7%

Widowed 7 2.9%

Domestic partnership 38 15.5%

Table 3 Participants’ responses regarding the reasons behind non-use or use of wearable devices

Reason for non-usage Percentage Reason for usage Percentage

I trust my own body 27.3% More control over exercise 38.1%

I don’t know 24.7% Given as a present 16.7%

High cost 22.1% Encouragement purposes 15.5%

I do not trust them 7.8% Curiosity 11.9%

I don’t need it 6.5% Technology fan 8.3%

I had a negative experience in the past 5.2% Health issues monitoring 6.0%

Lack of technological literacy 5.2% Insurance reward program 1.8%

Lack of knowledge w.r.t. wearables 1.3% Doctor’s recommendation 1.2%

Lockdown 0.6%
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family (18.7%), third-party platforms, such as Strava (6.6%), family doctor (3.6%), or social
media in general (1.8%).

StoryWear Internal Consistency Reliability Assessment To ensure the stability and truth-
fulness of our findings, we report here common indicators for model reliability assessment.
Specifically, we used Cronbach’s alpha (α) [21] to test the reliability of the scale for the
33 items, revealing excellent internal consistency (α = 0.967). Additionally, we utilized
the Corrected Item-Total Correlation test to evaluate the coherence between an item and the
other items in the scale and ultimately verify the reliability of StoryWear. Table 4 (column
Range of corrected item-total correlations) shows the correlation (Pearson’s r) between each
item and a scale score that excludes that item. The r-values range between .431 and .767,
indicating once again high internal consistency (r > .3) [23]. Also, in the same table (column
Range of α if items deleted), we notice that there are no items that, if deleted, would lead
to a “substantial” increase in Cronbach’s α. If there were, then the specific items could be
discarded; hence we highlight the necessity of all included items. With regards to the internal
consistency of the variables (assuming the original eleven negotiation dimensions), the alpha
indicators showed acceptable to excellent values, ranging over 0.70 [14, 38] for ten out of
eleven dimensions. One dimension (negative impact understanding by non-exercise) showed
a slightly lower score, which, although weaker, suffices for early stages of research [62].
Table 4 presents the indicators and values resulting from the internal consistency analysis.

Overall effectiveness of Negotiation Strategies Our results, as presented in Table 5, indicate
differences in the negotiation dimensions’ perceived effectiveness byour sample. Specifically,
self-motivation (M = 4.87 and St D = 1.60), commitment (M = 4.63 and St D = 1.61),
negative impact of non-exercise understanding (M = 4.44 and St D = 1.38), enhancement
(M = 4.33 and St D = 1.62), time (M = 4.18 and St D = 1.77), and enable (M = 4.04
and St D = 1.72) -listed in decreasing order of perceived effectiveness- emerged as the most
preferred dimensions (M > 4.0). While knowledge (M = 3.93 and St D = 1.50), create
pulse (M = 3.93 and St D = 1.62), financial (M = 3.80 and St D = 1.86), socialization
(M = 3.78 and St D = 1.85), and encouragement relations development (M = 3.70 and
Std = 1.70), have near neutral score (i.e., 3.5).

Table 4 Cronbach’s alpha (α), Range of α if items deleted, and Range of corrected item total correlations for
each dimension of the negotiation strategies in StoryWear

Negotiation Dimensions α Range of α if
items deleted

Range of corrected item
total correlations

Knowledge .804 .967 .499-.574

Negative Impact Understanding by Non-
Exercise

.683 .966-.968 .431-.660

Self-motivation .832 .966-.967 .589-.736

Enable .877 .966 .679-.767

Socialization .904 .966 .696-.718

Enhancement .787 .966-.967 .620-.726

Commitment .865 .966 .711-.755

Create Pulse .804 .966 .633-.674

Encouragement Relations Development .832 .966 .685-.706

Time .907 .966 .709-.743

Financial .913 .966 .689-.752
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Table 5 Mean (M) and Standard
Deviation (StD) values for each
dimension of the negotiation
strategies in StoryWear

Negotiation Dimensions M StD

Knowledge 3.93 1.50

Negative Impact Understanding by Non-
Exercise

4.44 1.38

Self-motivation 4.87 1.60

Enable 4.04 1.72

Socialization 3.78 1.85

Enhancement 4.33 1.62

Commitment 4.63 1.61

Create Pulse 3.93 1.62

Encouragement Relations Development 3.70 1.70

Time 4.18 1.77

Financial 3.80 1.86

Effect of User-related Factors on Negotiation Strategies To explore the effects of various
user-related factors, such as gender, age, occupation, and STTs’ usage, among others, we
perform independent samples t-test and cross-tabulation and the one-way ANOVA analysis.
The results (i.e., t-score for t-test and F-score for ANOVA), as shown in Table 6, indicate the
independent factors of marital status and occupation do not affect the negotiation strategies’
perceived effectiveness. Similarly, gender has a significant effect (p < 0.05) only on the self-
motivation dimension of negotiation strategies (μmale = 5.11 and μ f emale = 4.68), while
education level only has a significant effect (p < 0.05) on the time dimension (μvocational =
3.47 and μuniversi t y = 4.36). Age has a statistically significant effect (p < 0.05) on the self-
motivation (μ17−39 = 5.03 and μ40−59 = 4.54) and financial (μ17−39 = 3.99 and μ40−59 =
3.42) dimensions. Contrary to other user-related factors, the usage of STTs, specifically
wearable devices, has a statistically significant effect (p < 0.05) on the majority of the
negotiation dimensions, excluding the socialization and financial dimensions, indicating the
importance of this parameter.

Differences in effectiveness of Negotiation Strategies between Users and Non-users. As
discussed above, STT users see higher effectiveness in negotiation features compared to non-
users. However, they both rank the top negotiation dimensions similarly, with self-motivation
features having the highest mean for both groups (μusers = 5.05 and μnon−users = 4.46),
followed by commitment (μusers = 4.84 and μnon−users = 4.16), and negative impact
of non-exercise understanding (μusers = 4.64 and μnon−users = 4.01) features. How-
ever, some high-performing negotiation strategies (M > 4) for users, such as “Knowledge”
(μusers = 4.26) and ”Create Pulse” (μusers = 4.17), are rated below average by non-users
(μnon−users = 3.23 and μnon−users = 3.39, respectively) with regards to perceived effec-
tiveness, with a difference of approximately one unit. Figure 4 shows the distribution and
skewness of users and non-users’ perceived effectiveness of different negotiation dimensions.

5 Discussion

This section discusses our findings and explores how the inclusive StoryWear scale can
be applied in practice for incorporating negotiation strategies into the design of SSTs to
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Fig. 4 Boxplot comparison of negotiation strategies’ perceived effectiveness by STTs’ users and non-users

encourage fitness and well-being. To this end, it provides design implications and actionable
guidelines with regard to negotiation strategies appealing to a broader audience or tailored
to specific users.

Findings overviewOur findings indicate that StoryWear manages to translate the abstract
concepts of the Transtheoretical Model and the Leisure Constraints Negotiation Model
into concrete STTs’ features (i.e., negotiation features), captured through its inclusive sto-
ryboards format (C1). Also, our internal consistency reliability assessment (See Table 4)
demonstrates the high reliability of our scale, StoryWear, and enables its usage in future
research (C2).

Overall, participation in recreational activities “does not depend on the absence of con-
straints (although this may be true for some people) but on negotiating through them, and
such negotiations canmodify rather than exclude participation” [40]. This proposition entails
that all individuals perceive some type of constraint and that the final decision (to commit
or not to commit) is not always inclusive. In addition, constraints may lead to a modified
commitment (e.g., less time or choosing an alternative activity). If we take into account the
changes in people’s desires and preferences for the various activities and the psychophysio-
logical part of recreation and combine them with their leisure time and their style of exercise
selection, thenwe can define the guidelines concerning themaintenance, planning, utilization
and development of the various recreational constraints.

With regards to the overall perceived utility of negotiation strategies translated into STTs’
features, we notice that participants generally recognize the effectiveness of negotiation fea-
tures in overcoming constraints regarding exercise (See Table 5). Specifically, they prioritize
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features that encourage them to reassess their preconceptions regarding their physical activity
and well-being or understand the rationale behind exercise participation (e.g., health benefits,
physical appearance improvement, confidence boost, sedentarism decrease). Additionally,
they value features that enable them to understand the negative impact of non-exercise on
their body andmind and features that support them in committing to exercise through realistic
goals and training plans.

Breaking down these results by user segment (based on demographics and STT usage),
we highlight commonalities and differences across groups and negotiation features. The
differences in the self-motivation dimension showcase that men (as compared to women),
and participants in initial adulthood (17-39) (as compared to middle and final adulthood),
are more interested in the relationship between exercise and health, physical appearance, and
confidence, and the respective negotiation features. With regards to the financial dimension,
participants in early adulthood find budgeting features more effective, likely because younger
adults (< 30) possess the least wealth compared to other age groups in Greece [34]. Finally,
when it comes to the time dimension, our findings indicate that university graduates are more
appreciative of features that help them organize their daily schedule to account for exercise
compared to vocational school graduates, which may be due to differences in routine or
interest in exercise itself.

However, STT usage was the most separative factor, as there is a significant difference
between users and non-users of STTs in the way they perceive the effectiveness of
the majority of the negotiation strategies translated into technological features, except
for the socialization and financial dimensions. We conjecture that this is because the scale
distribution coincidedwith the Covid-19 lockdown and restrictionmeasurements, whichmay
have impacted the latter dimensions. Specifically, all paid forms of exercise, such as gyms and
classes, were suspended until further notice. Only free forms of exercise, such as walking
or running outdoors, were available to participants, which may have lowered the overall
effectiveness of financial negotiation features. Similarly, group training or even exercise
buddies were prohibited due to social distancing, which we assume might have impacted the
perceived effectiveness of the socialization features. We also hypothesize that the perceived
effectiveness of negotiation strategies among STT users may be partially influenced by their
predisposition towards the technology. This predisposition could stem from a confirmation
bias, where users who have already adopted STT are more likely to view these strategies as
effective due to their prior investment and belief in the technology. Further analysis within
the domain of user psychology is required to fully understand this bias.

Design RecommendationsOverall, our findings demonstrate the effectiveness of negotiation
strategies for STTs’ design regarding encouraging physical activity and well-being. We have
proven that certain strategies and their respective negotiation features have higher perceived
effectiveness than others. In the following, we provide a series of concrete guidelines on how
each strategy could be translated into relevant negotiation features beyond our representation
(C3).

Self-motivation is the most useful of all negotiation strategies, as per both wearables’
users and non-users. Therefore, to appeal to a broader user base, STTs promoting fitness and
well-being should be designed to allow users to challenge their preconceptions regarding
exercise. This can be achieved through system features that showcase cause-and-effect
linkage and projected outcome of a user’s health behavior, such as real-time or analytical
feedback, AI-based coaching, personalized training plans, and content, or cause-and-effect
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metaphors (i.e., growing gardens, virtual pets that bloom/grow with physical activity and
wither with inactivity). Such features enable users to understand how a positive behavior
change can enhance their health, confidence, and appearance to reassess and reaffirm their
relationship with exercise.

Similarly, commitment showshigh perceived effectiveness regardless of the usage of STTs.
Hence, it has the potential to appeal to the broader user base. Hence, ubiquitous systems for
self-tracking should incorporate features that reinforce the user’s sense of commitment
to physical activity. Such features include personalized and adaptive goal-setting function-
ality, multiple simultaneous goals, or graded goals and difficulty levels, personal and group
challenges and one-to-one competitions, exercise buddy functionality, or social sharing fea-
tures for taking advantage of the user’s need to maintain a certain public image regarding
exercise with their network. For a user to commit to a health behavior, the behavior has to
be challenging enough to motivate the user but not unrealistically demanding to be deemed
discouragingly impossible.

Our results also show that understanding of the negative impact of non-exercise elicited
positive effectiveness feedback from our entire user sample, rendering it a good candidate for
implementation in a real-world system for the general public. To exercise, individuals employ
negotiation strategies related to awareness of the negative consequences of non-participation,
such as the health problems that can arise, to reassess personal values for participation to
improve their physical appearance and overall health, and to prevent the negative health
effects of sedentarism and inactivity. They also use exercise to deal with everyday inactivity
and hypomobility, for example, to avoid staying inactive at home, and they make sure to
include participation in exercise programs in their weekly schedule. Positive cognitive and
affective attitudes refer to perceptions of the beneficial effects of exercise and the emotions
that develop through participation. Ubiquitous STTs promoting physical activity and well-
being should be designed to raise awareness regarding the health hazards of physical
inactivity through cause-and-effect linkage for negative behaviors, negative feedback, or
reward loss for failing to achieve set goals and information provision through dedicated,
trustworthy channels. However, features that have a punitive character should be used with
caution on a case-by-case basis, as for some users, praise might lead to better results than
scolding.

On a smaller scale, enhancement, time, and enable also elicited positive responses from
the participants overall. Hence, STTs for promoting physical activity should incorporate
features that help users incorporate exercise into their daily routine, as a means of
tension relief or sedentariness and inactivity prevention, aswell as features for rewarding
them for doing so. These negotiation dimensions could take the form of just-in-time stress-
relief mechanisms, physical and mental self-care functionality, intrinsic and extrinsic reward
schemes, and contextualized exercise goals and plans based on the user’s schedule and daily
routine.

Unlike the strategies above that are considered helpful by STTs’ users and non-users alike,
the create pulse and knowledge strategies seem to have higher appeal to STTs’ users compared
to non-users. Hence, negotiation features based on these strategies may be less preferred for
attracting new users. However, for the existing, engaged user base, such features should
be designed to create external stimuli for encouraging physical activity beyond existing
internal motivation, as well as enabling the experienced user to gain additional knowl-
edge regarding exercise. These negotiation dimensions could take the form of information
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provision, tailored content promotion, and just-in-time reminders related to exercise, among
others.

On the contrary, both users and non-users seem to find the socialization, financial and
encouragement relations development dimensions less useful. As mentioned above, this low
perceived effectiveness might be time-dependent due to the Covid-19 restrictions, especially
in terms of social distancing and fitness and wellness businesses’ suspension of operation.
Alternatively, people who have decided to exercise have probably already taken care of the
financial burden or are not interested in people’s company or social acceptance and support
from their environment because they believe their decision is beneficial for their health. So
they use these strategies to a very small extent. It is interesting to note here that while social
features seem to have lower appeal to participants, they are available in most commercial
self-tracking devices, contrary to some negotiation featureswith high perceived effectiveness,
such as self-motivation and understanding of the negative impact of non-exercise, which are
rarely encountered in such devices.

Based on our findings, we propose the following actionable recommendations for design-
ing STTs to encourage physical activity and well-being:

1. Self-Motivation

⇒ Develop features that subtly challenge users’ preconceived notions about physical
activity.

⇒ Use real-time feedback, AI-based coaching, personalized plans, and cause-and-effect
metaphors to illustrate health benefits.

2. Commitment

⇒ Create features that foster a deeper sense of dedication to fitness routines.
⇒ Implement adaptive goal-setting, personal/group challenges, exercise buddy func-

tionality, and social sharing features.

3. Negative Impact Awareness

⇒ Design components that highlight the adverse effects of a sedentary lifestyle.
⇒ Use cause-and-effect linkage for negative behaviors, negative feedback, and infor-

mation provision through reliable channels.

4. Incorporation and Rewards

⇒ Integrate features that seamlessly embed exercise into users’ daily schedules and
offer incentives for consistency.

⇒ Implement stress-relief mechanisms, self-care functionality, reward schemes, and
contextualized goals.

5. External Stimuli and Knowledge

⇒ Create features that deliver timelymotivational cues and expand users’ understanding
of fitness.

⇒ Use information provision, tailored content, and just-in-time reminders.

Uptake ScenariosTo showcase the practical implications of the StoryWear scale, we provide
two indicative uptake scenarios. For instance, to promote scientific advancement, a group
of Informatics researchers with scientific interests surrounding ubiquitous computing and
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HCI is interested in conducting an intervention to encourage adolescents to exercise more
through the use of wearable technology. To this end, they can utilize the current article and
the StoryWear scale to broaden their interdisciplinary knowledge in the intersection between
Sports Science, Behavioral Science, and Computer Science. Following, they can implement
a field study utilizing StoryWear to collect user feedback to explore how ubiquitous HCI
design incorporating negotiation strategies can be tailored to their targeted user group, i.e.,
adolescents. After all, the novel, creative format of StoryWear has better chances of appealing
to their young audience compared to traditional means. Hence, having completed their study,
they can now design an intervention with theoretically sound, user-centric components based
on their target users’ most effective negotiation strategies.

Concerning real-life adoption, a city’s committee on aging is interested in taking action
against the increased sedentariness of the city’s elderly population utilizing recent technolog-
ical advancements in ubiquitous computing. However, given the low technological literacy
of the city’s elderly population, they would like to evaluate which negotiation features might
be more successful in encouraging their target users to perform physical activity. To this
end, they can utilize StoryWear in combination with user interviews to elicit the users’
feedback on the perceived effectiveness of the various wearable components. StoryWear’s
easy-to-understand, visual format offers a more straightforward understanding than textual
descriptions incorporating technical terms. Thus, they can now decide upon the most appro-
priate negotiation features to implement, cutting down on unnecessary implementation costs
and maximizing the effectiveness of their intervention.

6 Conclusions, limitations & future work

To the best of the authors’ knowledge, the current work explores the relationship between
the Leisure Constraints Negotiation Model and ubiquitous STTs for the first time in lit-
erature (C1). Specifically, the paper contributes to the HCI and wearables community by
advancing the understanding of how different negotiation strategies can be translated into
and implemented as ubiquitous negotiation features and how the usage of STTs affects the
negotiation strategies’ perceived effectiveness. In this work, we have introduced and vali-
dated a new scale, StoryWear, representing the negotiation features above in an inclusive,
easy-to-understand storyboard format (C2). Through achieving satisfactory internal consis-
tency for all StoryWear’s dimensions, we have verified that the negotiation features and their
novel presentation format successfully represent the original negotiation strategies scale. To
this end, we provide concrete guidelines on applying the Leisure Constraints Negotiation
Model in practice for STTs’ design (C3).

Our findings indicate that self-motivation, commitment, and the negative impact of non-
exercise understanding are the most successful negotiation strategies overall, regardless of
the self-tracking practices of the respondents. However, users of STTs for exercise and
well-being express significantly higher perceived effectiveness for the negotiation features,
excluding dimensions that may depend on external factors, such as socialization and financial
dimensions, where both parties showed near-neutral perceived effectiveness. Additionally,
non-users show below-average perceived effectiveness for features belonging to the knowl-
edge, create pulse, and socialization dimensions. Our results could guide practitioners,
researchers, and ubiquitous designers in incorporating and prioritizing negotiation strate-
gies into the design of self-tracking applications to enable users to negotiate through the
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various obstacles of behavior adoption. It is important to note here that while design guide-
lines can facilitate the development of STTs, researchers and practitioners need to be mindful
of their epistemic status. Specifically, while we strongly believe in the value of empirical data
for generating design guidelines, we recommend that our guidelines be treated similarly to
“design hypotheses”, which require additional testing rather than hard truths.

While our discussion elaborates on the contributions of our work and its outputs, there
are certain limitations that we need to address. First, our study presents the perceived effec-
tiveness of various negotiation strategies translated into ubiquitous negotiation features and
implemented in storyboards. However, the actual effectiveness of the strategies may differ
when implemented in a real-world intervention. Therefore, we plan to experiment with a
number of negotiation features to evaluate their real-world effectiveness captured through
changes in the users’ physical activity and sedentariness levels. Moreover, while we have
validated the StoryWear scale in the physical activity and well-being domain and can claim
the concept’s applicability in other health behavior domains, such as smoking cessation, or
decrease in alcohol consumption, our findings and scale should be utilized after appropriate
adaptation catering to the particularity of each domain. Similarly, even though we have val-
idated StoryWear through three distinct, small-scale preliminary studies and user samples,
the utilization of the scale for different cohorts should be undertaken with caution, having
ensured the understandability and reliability of the scale for each specific cohort. For exam-
ple, during the questionnaires’ distribution, we noticed that adults in the final adulthood stage
(60+), when technologically illiterate, had trouble understanding the concepts described in
the storyboards. To this end, we intend to organize participatory design workshops to elicit
feedback frommore demanding cohorts and implement a large-scale study recruiting diverse
user cohorts. Also, we intend to repeat our study in the after-Covid-19 era to evaluate the
potential differences in the perceived effectiveness of negotiation features. Finally, had we
chosen to represent the negotiation strategies differently (i.e., translating them into features
other than the ones presented in StoryWear), we might have elicited different responses of
self-reported effectiveness, corresponding to the same high-level negotiation dimension. To
cover this gap, we provide alternative negotiation feature ideas corresponding to all negoti-
ation strategies in the discussion above.

Summing up, this work presents many insightful and significant findings and opens up
many areas for further exploration. Future work should focus on large-scale validation of the
proposed scale, StoryWear, as well as validation in minority user samples or populations in
different cultural settings or speaking different languages. Additionally, while this work has
explored the effect of demographics and self-tracking adoption on the perceived effective-
ness of negotiation features, future research can compare the effectiveness of such features
depending on alternative factors, such as personality type [32], stage of behavior change [70],
or stage of lived informatics [73] of the respondent. Finally, our results should be validated
in other health behavior domains, such as smoking cessation, discouraging drug use, or diet
monitoring, to investigate possible changes in the perceived effectiveness of the negotiation
features.

Appendix A: From negotiation strategies to negotiation features

This appendix introduces the mapping between negotiation strategies and our negotiation
features which are the foundation of our storyboards scale, StoryWear (See Table 7).
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Table 7 The 33 negotiation strategies translated into equivalent negotiation features

Negotiation Strategies Negotiation Features

1. Knowledge

I read books about exercise in an attempt to learn
more about it

Notifications about new book publications w.r.t.
exercise

I read articles about exercise in an attempt to learn
more about it

Notifications about new online articles w.r.t. exer-
cise

I engage in discussions in an attempt to learnmore
about exercise

Subscription to fitness influencers’ content
updates

2. Negative Impact of Non-Exercise Understanding

Warnings about health hazards of inactivity move
me emotionally

Warnings about health hazards of inactivity cou-
pled with exercise recommendations

Dramatic portrayals of the evils of inactivitymove
me emotionally

Personalized, dramatic warnings about health
hazards based on my fitness history

I react emotionally to information about health
hazards of inactivity

Chat-based information provision about the
health hazards of physical inactivity

3. Self-motivation

I am considering the idea that regular exercise
would make me a healthier person

Timeline visualization of fitness indicators
improvement showcasing progress

I consider the fact that I would feelmore confident
in myself if I exercised regularly

Real-time monitoring and reinforcement feed-
back on exercise

I consider the fact that my appearance would be
better if I exercised regularly

Awareness visualization of exercise effects on the
user’s body and appearance

4. Enable

Instead of remaining inactive, I engage in some
physical activity

Just-in-timemovement reminders after prolonged
sedentariness

Rather than viewing exercise as simply another
task to get out of the way, I try to use it as my
special time to relax and recover from the day’s
worries

Enjoyable exercise recommendations for self-
care

When I am feeling tense, I find exercise a great
way to relieve my worries

Stress detection feature accompanied with relax-
ation recommendations

5. Socialization

I try to find people to exercise with Group training planning for finding exercise bud-
dies

I try to hang out with people who exercise Collective, group-based exercise goals function-
ality

I try to persuade my friends to exercise together One-to-one exercise invitations

6. Enhancement

I do something nice for myself for making efforts
to exercise more

“Guilty pleasure” reward for achieving exercise
goals

I try to set realistic goals formyself rather than set-
ting myself up for failure by expecting too much

Multi-modal goal setting with gradual goal
accomplishment possibility

I reward myself when I exercise Graded virtual rewards for exercise goal accom-
plishment
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Table 7 continued

Negotiation Strategies Negotiation Features

7. Commitment

I tell myself I am able to keep exercising if I want
to

Realistic goal-setting and exercise recommenda-
tions based on user fitness profile

I tell myself that if I try hard enough, I can keep
exercising

Personal challenges, and goal-setting functional-
ity

I make commitments to exercise Adaptive goal-setting and public commitments
through social sharing functionality

8. Create Pulse

I put things around my home to remind me of
exercising

Just-in-time notifications for equipment pick up

I buy sports equipment New fitness products notifications from popular
stores

I buy sports clothes and accessories Easy clothes sizing guide tool based on measured
indicators

9. Encouragement Relations Development

I try to have a healthy friend who encourages me
to exercise when I do not feel up to it

Progress monitoring and feedback for close
friends functionality

I try to find someonewhoprovides feedback about
my exercising

Virtual or real digital trainer functionality

I try to find someone with similar interests who
provides support about my exercise

Social media connectivity for finding people with
similar interests for seeking support

10. Time

I try tomanagemy timemorewisely so that I have
time to exercise

Just-in-time notifications to exercise to help users
stick to their plan

I plan out my work and responsibilities so that I
have time to exercise

Contextualized notifications (based on work and
routine) to encourage users to exercise

I use part of my free time to exercise Personalized exercise recommendations of varied
lengths and activity types

11. Financial

I try to budget my money to cover the cost of
exercise

Recommendations of healthy-vs-unhealthy pur-
chases’ swaps for smarter budgeting

I have just learned to live within my means to
cover the cost of exercise

Virtual wallet for saving up for exercise

I engage in financial planning to manage the cost
of exercise

Contextualized visualization of exercise avail-
ability and prices in the user’s vicinity for plan-
ning ahead

Appendix B: The storywear scale

This appendix presents the finalized StoryWear Scale grouped by Negotiation dimension
in Figs. 5-15. The order of the storyboards within each dimension follows the ordering of
Table 7. For the editable version of the scale, please contact the corresponding author.
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Fig. 5 The Knowledge dimension

Fig. 6 The Negative Impact of
Non-Exercise Understanding
dimension
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Fig. 7 The Self-motivation
dimension

Fig. 8 The Enable dimension
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Fig. 9 The Socialization
dimension

Fig. 10 The Enhancement
dimension
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Fig. 11 The Commitment
dimension

Fig. 12 The Create Pulse
dimension
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Fig. 13 The Encouragement
Relations Development
dimension

Fig. 14 The Time dimension
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Fig. 15 The Financial dimension
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