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Abstract

This study uses Value-Sensitive Design (VSD) to explore user values related to smart-
watches. As the popularity of smartwatches increases, and to build responsible and ethical
solutions, it is critical to reflect on what values are most important to people and how
those values can be reflected in the design of the technology. Overall, the study includes
three interrelated parts: a conceptual, an empirical, and a technical investigation. The
three-part approach followed is the typical VSD approach. The conceptual investigation
consists of identifying key values for users, the empirical investigation consists of inter-
views and analysis based on the identified values, and the technical investigation consists
of creating prototypes and testing those prototypes in collaboration with users.

The findings of this study provide insight for research and practice. First, we identified
in the literature values that are commonly listed as important (security, privacy, transpar-
ency, sustainability, performance and reliability, control, trust, and human welfare) and
investigated their significance for smartwatch users identifying the ones that are per-
ceived as most important for them. Secondly, we integrated the values identified within
prototypes and assessed these designs with users. We refined the prototype designs using
user feedback ending up with a proof of concept that can be adopted by the industry.
Overall, the study shows a lack of knowledge about risks amongst users and how adding
layers of transparency within technology can help users make more informed choices
about their privacy and security.

Overall, the thesis takes a human-centered approach to explore the ethical issues and
user experience concerns that emerge with smartwatch technologies. By focusing on the
needs, perspectives, and priorities of smartwatch users themselves, this research provides
design recommendations that are sensitive to values and consider user preferences. The
findings from this study contribute to a growing area of research on smartwatches and
wearable technologies. They offer researchers and industry practitioners key insights into
the complex challenges posed by these increasingly ubiquitous devices. The recommen-
dations provided can help guide future work that takes a human-centered view toward
building smartwatch devices and related smartwatch management applications designed
for both usefulness and human well-being.

Keywords: Value-Sensitive Design, Smartwatch, Prototype, Security, Privacy, Transpar-
ency, Sustainability, Reliability, Control, Trust, Human Welfare
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1 INTRODUCTION

1.1 Motivation

While smartwatches offer many useful functions, they also introduce new difficulties and
ethical complexities. This thesis attempts to address these challenges through a user-fo-
cused lens that puts human interests and values first. The goal is to advance knowledge
in this emerging field and support the development of smartwatches that satisfy practical
needs while also upholding ethical principles. By looking at smartwatches through the
eyes of ordinary users, this work aims for solutions that navigate both technical opportu-
nities and moral responsibilities. The motivation of this study stems from the realization
that human values must come first, for users and producers of technology. Examining the
values and ethical considerations included in the design and usage of technology is crucial
as it becomes more and more pervasive in our everyday lives. By utilizing Value Sensitive
Design (VSD), as explained by Friedman et al. (2013) this study aims to answer the de-
mand for a stronger emphasis on the human values in the design of technology.

Incorporating values in technological innovation is very important because technology
plays a major role in our daily lives. People are highly dependent on technology for com-
munication, information access, and task management. Therefore, it’s essential that indi-
viduals reflect on the values of the devices and applications they are using to ensure that
they align with their own personal values and ethical standards. We decided to focus on
smartwatches because we see ethical issues related to them and a lack of focus on the
risks of using them by the users. A key ethical issue is privacy, where the whole industry
is based around selling personal and sensitive information like biometric data or geoloca-
tion data (Foster & Torous, 2019). Another ethical issue is the potential of discrimination,
and profiling through the leakage of this data (Wang, 2017), which need to be considered
and limited as much as possible.

We believe the producers of technology need to be more aware of their responsibility
to consider the impact their devices and applications have on human values. Companies
must recognize the potential their technology has to influence human values. By recog-
nizing this and including human values in their design and governing processes, compa-
nies can contribute to the development of more responsible technologies that are worthy
of trust (MiT Technology Review Insights, 2023; Vassilakopoulou et al., 2022).

There are risks associated with technology use, particularly in the context of smart
devices, which is also a motivation for this study. There are major concerns regarding
privacy and security that have emerged alongside the rapid growth in the usage of smart



devices. By understanding these risks, and how they can impact the users, the design of
new technology can mitigate these risks and the concerns of users.

This study aims to bring insights that can be useful for practice and for the actual de-
sign of technology investigating what values are important to users specifically focusing
on smartwatches. The study also aims to contribute to research that takes a VVSD approach
by problematizing the prioritization of values by different users. We think that the find-
ings of our thesis are interesting and can also have implications for further research and
practice. It is important that individuals have awareness of the technology they use and
knowledge of the underlying values embedded in its design.

1.2 Research questions

A key to performing a valuable study is to have a clear purpose. The research performed
for this thesis is guided by the following overarching research question (RQ):

RQ: How can a Value Sensitive Design (VSD) approach be employed to effectively
incorporate human values in the design of smartwatches?

To answer this question, we employed two supporting questions that help us answer
our research question.

SQ1: Which values are most important to users regarding smartwatches?

SQ2: What options and features can be offered to users in line with their values in
order to create a value-sensitive smartwatch?

To answer these questions, we conducted a qualitative study with users to identify their
most important values and shape those values into features for a prototype.

1.3 Thesis structure

The thesis is structured based on the requirements for Master theses defined by UiA.
First, the theoretical background is explained providing context to the VSD approach ex-
plaining what it is and why we are using it. After the background is explained, the meth-
ods used for each investigation are outlined in the research approach section. The research
approach is split into a conceptual investigation, an empirical investigation, and a tech-
nical investigation as proposed by VSD. Then we present the findings from the different
investigations, which include the findings from the initial interview, the prototype crea-
tion, the walkthrough interview, the prototype iteration, and its evaluation. The findings
are critically evaluated against our research purpose and prior literature in the discussion
section. Finally, there is a conclusion to summarize the key findings and learnings from
this study.
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2 VALUE SENSITIVE DESIGN

Value-Sensitive Design (VSD) is the approach we used in this thesis to identify, and an-
alyze the values of users and inform the design choices for the smartwatches (Friedman
etal., 2017). Friedman and colleagues defined VVSD as a theoretically grounded approach
to the design of technology that accounts for human values in a principled and compre-
hensive manner throughout the design process (Friedman et al., 2013).

The term “value” is at the center of this method, which usually means the economic
worth of something, but in this context, the definition is broadened to mean “what a group
of people consider important in life” (Friedman et al., 2013). To account for the relevant
values and mitigate the impact of biases ingrained in technical artifacts (van den Hoven,
2017), VSD deploys an iterative tripartite method which includes a conceptual investiga-
tion, an empirical investigation, and a technical investigation (Friedman et al., 2013).

The first part of the tripartite approach is the conceptual investigation which uses anal-
ysis and theory to identify the core issues (Friedman et al., 2013). Through the conceptual
investigation, values are initially identified to develop an understanding of the environ-
ment the team will be developing in (Friedman et al., 2013). As Friedman et al. (2013)
points out, a conceptual investigation is not enough to fully understand the context of the
environment where the technical artifact will be used, which calls for an empirical inves-
tigation into the contexts at hand. Empirical investigations use both qualitative and quan-
titative methods, like interviews, surveys, observations, and more, to understand aspects
such as users’ appreciation of individual values, value trade-offs, and value considera-
tions (Friedman et al., 2013). The last part of the tripartite methodology that VSD offers
is the technical investigation. The technical investigation concerns how the technology
and the technical solutions can best represent the values identified in the conceptual and
empirical investigations (Friedman et al., 2013).

To get an understanding of how to use VSD in our project we explored papers that
report on the use of VSD for smart applications or devices. For instance, Harbers and
Neerincx (2017) described the design of a virtual assistant for work harmonization in
teams using VSD explaining that it is important to address humans values such as trust,
security, and privacy during the design process of information systems in general
(Harbers & Neerincx, 2017). They identified three objectives with their design: provide
operators insight into their own workload, provide support for helping each other, and
preserve privacy. The objectives also describe the values they explicitly accounted for
throughout the design. Additionally, the functions of the objectives were described, and
their associated effects. With this, scenarios were created to show how the values are
integrated into the design. A prototype was also created and tested with professionals; all
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three objectives were well received. Strikwerda et al. (2022) explored the identification
of moral values in the design of health services aimed at disease prevention. This study
used VSD to create a preventive health check app. Relevant values were discovered with
an analysis of legislation, policy documents, and literature. A series of workshops were
conducted with e.g., moral dialogue to add more context-specific definitions of the values.
The outcome of these workshops was validated with feedback from students. Chen et al.
(2022) used VSD to evaluate a current industrial recommender system, exploring how
practitioners and users recognize different values. The study included interviews that re-
sulted in five key values: recommendation quality (including accuracy, diversity, and
novelty), privacy, transparency, fairness, and trustworthiness. A summary of values seen
from the practitioner’s side and the user’s side was created, to see differences between
them.

Overall, these prior studies emphasize the importance of incorporating human values
into the design process of smart applications and devices. Using VSD enables designers
to consider values from the early stages of the design process, resulting in products that
better align with the users’ needs, values, and preferences.
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3 RESEARCH APPROACH

In this section, the research approach is explained. The research approach follows the
tripartite VSD methodology.

3.1 Overview

This study was performed in a sequence of steps including a literature review, interviews,
data analysis, prototyping, and walkthroughs. These steps were performed in order to
follow the VSD tripartite method which includes a conceptual investigation (for which
we performed a literature review), an empirical investigation (via interviews and analy-
sis), and a technical investigation (via prototyping and walkthroughs). The study started
by examining the existing literature regarding VSD and user values in relation to smart
technology. Once this step was completed, we developed an initial understanding of the
most relevant values that were used to form interview questions for the empirical inves-
tigation. After the interviews were completed, the gathered data was analyzed and inter-
preted to create design requirements for the prototype. When the design requirements
were formed, we developed a prototype in Figma. Once the prototype was developed and
the values from the users were represented, the prototype was evaluated by a subgroup of
the same users via a walkthrough of the system. After the walkthrough was completed,
the responses and suggestions of the users were analyzed and synthesized, and the proto-
type was iterated upon. The changes to the prototype were then brought back to users to
receive feedback. The process is illustrated in (Figure 1) below. In the paragraphs follow-
ing, the steps will be described in more detail.

Technical

investigation

* Literature » Sampling * Prototyping
review « Initial « Walkthourgh
* Value interview interviews
identification « Data analysis « Prototype
iteration

Figure 1 : Our VVSD process overview
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3.2 Conceptual investigation

As a first step for our study, we reviewed related literature to understand previous work
in the field. A thorough literature review helps identify research gaps and inform the de-
velopment of the study. To conduct the review, we searched for VSD-related research
publications and applied inclusion and exclusion criteria to select a focused set of relevant
and high-quality sources. The following paragraph outlines the process used to conduct
the literature review.

A Scopus search for "value sensitive design” retrieves approximately 3000 documents
and limiting the search to only articles with that phrase as a keyword yields around 400
articles. To select articles from this pool that are relevant to our study, we applied criteria
aiming to ensure relevance and quality. The first criterion we considered was the publi-
cation year. We wanted to make sure we had up-to-date articles, only including articles
published as of 2016. The second criterion concerned the document type. To ensure qual-
ity we only included journal articles, conference papers, and book chapters. These papers
typically undergo peer review and multiple edits, which helps ensure their quality. The
third criterion we focused on was the subject area. The papers need to pertain relevance
to our field, and therefore only articles from the computer science and social science fields
were included. Finally, we only wanted articles that had one or more keywords we de-
fined, which we synthesized by reading a few VSD articles. These keywords were: value-
sensitive design, security, privacy, transparency, performance, reliability, control, trust,
smart device, and smartwatch. Over two separate searches, we ended up with 104 articles
which we whittled down to 16 articles in our screening process. This process consisted of
the following steps: exclude by title, exclude by abstract, and lastly exclude articles by
reading the whole paper.

We used the 16 articles we found and conducted backward reference searches and
added relevant articles to our list. We also got recommended articles from our supervisor,
which were added later. Additionally, we found it necessary to include articles from
Friedman as he is the pioneer of the VSD space, and Umbrello who has interesting re-
search about VSD.

The first part of the conceptual investigation is to identify key values that apply to the
technology we will be investigating. Through a literature review, eight values were iden-
tified and used in the qualitative study. The four first values were extracted from Friedman
et al. (2013), where they list 13 values related to technology. The values of privacy, hu-
man welfare, trust, and environmental sustainability were considered to be important in
this study (Friedman et al., 2013). The next three values were gathered from Umbrello
(2019), where he studies important values related to Al. Transparency, security, and con-
trol are essential values related to Al, which could also be applied to smart technology.
The last value is reliability which was found in a study by Maathuis et al. (2020) where a
web-based quality-of-life instrument designed for people with mental illnesses was made.
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A decision to combine reliability and performance into one value was made, as they often
overlap.

In system development, user involvement has been a key part of understanding the
context in which the technology is used (Kujala, 2003). Friedman et al. (2017) created a
survey of VSD methods to identify, elicit, represent, and analyze the values of users.
These methods have undergone a substantial amount of use in projects that deploy the
VSD methodology, and should be seen as core methods to engage users (Friedman et al.,
2017). The most relevant methods from this survey for this study are the user analysis, to
identify relevant users, value-oriented semi-structured interviews to elicit views about
values, and the value-oriented prototype, to visualize the results from the interviews
(Friedman et al., 2017).

3.3 Empirical Investigation

The methods deployed in this project are based on the work by Friedman and colleagues
(Friedman et al., 2017). The methodological core includes value-oriented interviews and
the value-oriented prototype (Friedman et al., 2017).

3.3.1 Study participants

For our study, we recruited participants that use smartwatches. The participants are be-
tween the ages of 20-57 years old, however, the participants in the 20-30 years range are
the majority. This relates to the fact that currently, more young people tend to use smart-
watches. Some of the study participants are relatives or friends, but most of them were
not known before, as they had at least one level of separation. It was important for this
study to contain people in different lines of work, as different circumstances can have an
effect on the values they deem important, which is why a deliberate effort was made to
represent different groups.

Table 1 below provides a comprehensive overview of the interviewed smartwatch us-
ers, and Table 2 shows the distribution. The interview group consisted of 21 individuals,
11 men and 10 women, where the age ranged from 20 to 57 years. In terms of the smart-
watch brand they use, Garmin was the most popular, followed by Apple Watch, and some
also used Fitbit or Polar.



Table 1 : Interviewed users
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ID  Gender Age Education/work Smartwatch
uol F 25 Student Fitbit

uoz M 57 Finance Polar

uo3 M 46 Finance Garmin

uo4 M 26 Finance Garmin

uos M 24 Student Apple Watch
uoe F 30 Finance Fitbit

uo7 M 52 Finance Polar

uog8 F 24 Finance Apple Watch
uog F 25 Student Garmin

ulio M 24 Student Garmin

ull F 42 Undefined Garmin

uiz M 32 Finance Garmin

Uiz M 47 Finance Garmin

ul4 F 29 Consultant Garmin

Uuis F 25 Marketing Fitbit

uie M 25 Student Apple Watch
Uiz F 20 Student Apple Watch
Ui F 25 Student Apple Watch
uig ™M 20 Student Garmin

u20 F 28 Social worker Apple Watch
uzr1 M 29 Social worker Polar

Table 2 : User distribution

Gender Amount
Female 10

Male 11

Age Amount
18-29 14
30-39 2

40+ 5
Education/work Amount
Student 8
Finance 8
Consultant 1
Undefined 1
Marketing 1

Social worker 2
Smartwatch Amount
Fitbit 3

Polar 3
Garmin 9

Apple Watch 6
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3.3.2 Interviews

The interview structure for the first interview, as Friedman et al. (2017) recommended,
was a value-oriented semi-structured interview. The first part of the interview was to sur-
vey their general use of the smartwatch. In the second part of the interview, the interview-
ees were asked directly about eight values that were identified in the literature search.
They were asked if they found the individual values to be important to them, if they could
see some current issues relating to the values, and if there was room for discussion about
why they prioritized some values higher than others. In the end, they were asked to list
the most important values to them. Giving insight into the values that are most important
to them can shape the design requirements for the prototype.

As mentioned, the interviews were semi-structured and loosely followed the interview
guide. This was to make room for follow-up questions and discussions surrounding the
questions and related topics.

3.3.3 Data analysis

The recordings from the interviews were transcribed and key points from each interview
were put into a structured Excel sheet that categorized the answers to the values. This
made it easy to get an overview of the data for each value and discover patterns. Addi-
tionally, to ensure accuracy and consistency in the transcriptions, we both used the same
transcription service (Microsoft’s transcription software built-in in both Teams and Word
Online) and reviewed each transcript carefully for errors, and edited where it was neces-
sary.

To get an overview of the users’ values before creating the prototype, we created a set
of objectives with associated functions and effects, which are connected to the identified
values. We took inspiration from parts of the Situated Cognitive Engineering approach
used by Harbers and Neerincx (2017). In practice the objective is what we want to
solve/the problem, the function is how the objective can be solved, and the effect is the
wanted outcome of the solution.

3.4 Technical Investigation

3.4.1 Prototyping a value-sensitive smartwatch

Different types of prototypes exist to fulfill different purposes in a project (Carr & Verner,
1997). Among the four main prototype types is the “prototype proper”, which is used to
clarify user needs in a controlled environment (Carr & Verner, 1997). The other types of
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prototypes are a presentation prototype, a breadboard prototype, and a pilot system pro-
totype (Carr & Verner, 1997). It could be argued that the prototype which will be used in
this project is a mixture of a presentation prototype, which aims to present the feasibility
of a product to perspective users, and the aforementioned “prototype proper” (Carr &
Verner, 1997). The other two types are not relevant for this project as they deal with issues
that arise closer to the release of the product.

The reasoning behind creating a prototype is to elicit and represent values in a system.
Prototypes can be used to validate design requirements and can be used to create alterna-
tive solutions for the system (Suranto, 2015). By creating a visual representation of the
product for the users, they can test the usability of the prototype and deliver feedback
which can be used to create additional design requirements for future iterations (Suranto,
2015). Below is a representation of the cycle of development that will be used for this
project.

INITIAL PROTOTYPE

A

USER REVIEW OF PROTOTYPE

REVISE OR REFINE NO YES OBJECTIVES
PROTOTYPE ATTAINED

Figure 2 : Prototype iteration (Carr & Verner, 1997)

Another decision to be made about the prototype is the fidelity of it. The two types to
choose from are low-fidelity prototypes and high-fidelity prototypes which have different
benefits and drawbacks. Low-fidelity prototypes are quick and easy to create, and more
examples of the same page can be created to give the users choices in the desired solutions
(Suranto, 2015). Low-fidelity only show approximate solutions and often ignore im-
portant design decisions, which could make the prototypes less useful (Suranto, 2015).
Alternatively, high-fidelity prototypes resemble the finished product and are often created
through software tools (Suranto, 2015). This will make the prototype represent the values
more accurately and allows users to explore key functionalities in the system (Suranto,
2015), which can elicit some feedback and further elaboration of their values. The
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downside of choosing a high-fidelity prototype is that it demands more of the developers
and requires more time. Despite the few disadvantages of a high-fidelity prototype, this
project will use a high-fidelity prototype to elicit and represent the values of the users, as
the functions that are proposed require more nuance than a sketch can provide.

3.4.2 Method for usability evaluation and improvement

Following the creation of the prototype, a second round of interviews was conducted to
gather feedback and get an idea of the users’ perception of the smartwatch prototype. 12
users that participated in the initial interview were chosen to take part in this follow-up
interview, to see if they felt that the values they expressed had been represented in the
prototype. The interview consisted of a use-case scenario which the interviewees were
presented with and a cognitive walkthrough of the prototype. This approach was informed
by established practices in usability testing and cognitive walkthroughs (Blackmon et al.,
2002; Carter, 2007). Throughout the walkthrough, the interviewees were asked specific
questions about the inclusions and exclusions of certain functions. They were also asked
about how they felt about features, and if it supported some of their underlying values.
The purpose of this interview was to test the interviewees with specific functions and
illustrations by visualizing their values and eliciting their reactions. By giving users a
visual representation, we hoped to receive clearer feedback on value-sensitive functions.
This way, the prototype can be iterated upon an additional time to represent users’ values.

After reviewing the results from the second interview, the prototype was revisited and
adjusted in line with the interviewees’ recommendations. Subsequently, the third and fi-
nal interview was conducted with four of the users that took part in the first and second
interviews to confirm that the adjustments made had the effect they wanted. This final
interview served as confirmation, to ensure that the modifications made addressed the
users’ concerns and aligned with their values. The insight gained from the usability test-
ing, cognitive walkthroughs, and iterative interviews was an important part of making
sure the prototype reflects users’ values (Carter, 2007).
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4 RESULTS

In this chapter, we present the results from the study that aimed to elicit user values for
the design of a smartwatch prototype. We present the results of the interviews, focusing
on the values identified by the participants and their prioritization, and then shape design
requirements based on the results. After that, we describe how and why features of the
prototype were developed, as well as the iterations upon it following the second interview.
Finally, we present the results of the final evaluation interview.

4.1 ldentified User Values
The table below summarizes the findings from the initial interview round with the users.
It shows the importance of the values we presented to the users and the number of users

who rated each value as important, not important, or conditionally important.

Table 3 : User value importance

Value Important Not Important Conditional
Performance 20 0 1
Control 13 7 1
Welfare 12 6 3
Sustainability 8 10 3
Security 7 12 2
Privacy 5 15 1
Trust 5 9 7
Transparency 4 17 0

The findings suggest that users find performance to be by far the most important value
in smartwatches. Welfare and control were also considered important, but to a lesser ex-
tent, and trust was important to many, but under certain circumstances. On the contrary,
sustainability, privacy, and security were not prioritized values for most users, and trans-
parency was the least important value. Conditionally important values refer to sentiments
that could not be placed in important or not important, as the condition for the value’s
importance was obscure. These values were not weighted heavily for the purposes of this
study.
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4.1.1 Smartwatch usage and deciding factors

Before delving into users’ values, we wanted to gain an understanding of how they used
their smartwatches, and what factors were important to them when choosing a smart-
watch. We discovered that the primary use of smartwatches among the users was for
tracking steps, training, and monitoring health.

“I use it primarily for training. It also has some health monitoring functions that
provide some reassurance. It can detect things like heart rate or pulse and other
similar things at night, which is helpful.” (U08)

The functionality of the watch emerged as a crucial factor for users when selecting a
smartwatch. However, it is worth mentioning that some users received their smartwatch
as a gift, and therefore did not have a clear answer as to why they chose a particular
model.

“I got my watch from my father, so what factors are most important is a bit diffi-
cult to say, but functionality is the most important thing for the training sessions
I'm going to do.” (U04)

By gathering this information about the users’ smartwatch usage and deciding factors,
we were able to develop an understanding of their experiences with smartwatches.

4.1.2 Security

Users’ knowledge of and concerns about the security of their smartwatches vary, and
these concerns may also be influenced by factors including their level of trust in the brand,
the type of sensitive information stored on the watch, and the potential dangers related to
how you use a smartwatch. In our study, we sought to understand whether users valued
security to be important to them.

Security was not seen as an important value by more than half of the people inter-
viewed. When questioned about the importance of security, some stated they had not
thought about it before. Some said they had nothing to hide, and others felt that it was not
important because they expected their smartwatch to be secure.

“I don’t really think too much about it, at least not in relation to my smartwatch. ”
(U02)

“No, there’s nothing secret there, so it doesn’t matter to me.” (U09)

“I expect that it’s secure, but at the same time the information that is stored on
my watch is limited. ” (U06)

However, some users did consider security to be an important value. Specifically, they
were concerned about malicious actors getting access to sensitive information, such as
their location and health data. One user explained the following:
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“The only reason I think security is important is really because of weight. I don’t
want it to suddenly be posted on Facebook, for example.” (U01)

Similarly, User 11 would consider security important because of the sensitive data on
the watch.

“If there were other things on my watch, which are a little more health related.
Then it may well be that I think security could be important.” (U11)

Another user pointed out that security was crucial as smartwatches can be used as a
payment device. Security is critical to prevent fraudulent use of the user’s payment infor-
mation.

“I know that on some watches, you can link it so that you can pay with the watch
In stores and such. If this is registered, security is important.” (U10)

The findings suggest that while many participants did not consider security to be an
important value, some did recognize the importance of protecting their sensitive infor-
mation such as health and payment information.

4.1.3 Privacy

The second value we investigated in our study was privacy. We asked the users about
what they thought about privacy related to their smartwatch and if this was an important
value to them. The majority of users did not consider privacy as an important value in
their smartwatches. Most users felt like they had nothing to hide and did not mind sharing
data if it helped improve the functionality of the watch.

“Not important for me, I don’t have anything to hide.” (U03)

“There is no problem for me that they want to use my data. So, it’s not important
to me.” (U04)

“It’s not something that is important to me. It’s okay if the purpose is to improve
the service.” (U19)

Some users, however, thought that privacy was an important value. They wanted to be
in control if their data is being shared or not and with whom. They did not want sensitive
data to be shared without their consent.

“I don’t feel the need to share all my information with them. | make sure to always
click “no” when prompted to limit the amount of data they can collect.” (U18)

“I like to be asked so that I can make a decision. It’s better than them just linger-
ing in the background collecting data without me being fully aware of them. |
prefer to have control over what information I share.” (U12)
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The findings suggest that privacy is not important for most smartwatch users. There
were two groups identified in this part of the interview, the ones that only perceive the
benefits of smartwatches, and another group that perceived great benefits and risks to
their privacy. The benefit-oriented group contained mostly males, whereas the risk-ori-
ented group consisted of mostly females. Many users are for the most part willing to share
data if it is anonymized and used to improve the watch’s services and functionality, but
some users value privacy higher and want to have control over their data.

4.1.4 Transparency

The third value we questioned the users about was transparency. This refers to the ability
of the user to understand how their smartwatch measures data and uses the data it collects.
Transparency was found to be the least important value among the users. The majority of
the users stated that it was not important to them, and most stated that they either had not
bothered investigating themselves or simply had not thought about how the watch
measures data or functions in general before.

“I haven't really thought much about how they calculate things, both steps and
kilometers and such.” (U10)

“I haven't really thought about how it does it, so it's not really important. | can't
imagine how it could be a problem.” (U16)

One user stated that if the accuracy of the data was important to them, they would
value transparency.

“Although I'm not entirely sure how it works if having precise heart rate readings
were crucial to me, then I would have made a point to investigate further. How-
ever, it's not a priority for me.” (Ul11)

A select few users considered transparency to be important to them in their smart-
watches. They explained that they wanted to have control over and an understanding of
how their data is being used and calculated.

“Yes, I've seen some videos on YouTube that show how it measures your pulse.
It's not really crucial information to have, but it's still useful in a way. So, in that
sense, it's important to know because it ensures that you're getting accurate read-
ings.” (U0O5)

Overall, transparency does not seem to be a significant value for most smartwatch
users. Users seem to prioritize the functionality of the watch and the data it provides rather
than how it is measured or calculated.
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4.1.5 Sustainability

The next value is sustainability, which concerns how the workers are being taken care of
and how environmentally friendly the smartwatch has been produced. The majority of the
users did not consider it to be an important value. Some of the users stated that they would
care if the media reported negatively about the brand they were using, and in this case,
they would have considered other brands the next time they were looking for a smart-
watch. For the most part, they were satisfied with their current brand and did not have
any complaints about, and possibly awareness, of its sustainability practices.

“It hurts to say it, but no, it’s not important to me.” (U13)

“No, I'm not. It's not something you think about when you're buying a watch; you
assume that large companies have it under control. If it were revealed that they
had performed poorly in this aspect, then one may consider it more the next time
when planning on purchasing a similar watch or brand.” (U12)

Of those who found sustainability important, the focus was on the treatment of the
workers rather than eco-friendliness. They want the workers to be well taken care of and
that they receive fair wages. Still, none of the users had conducted their own research on
their smartwatch brand’s sustainability practices before buying. They did not find sus-
tainability important enough to research on their own.

“It's important that workers are well taken care of, but whether it's produced in
an environmentally friendly manner doesn't concern me all that much.” (U05)

“It is important, but not important enough to have researched it.” (U17)

“No, I have to be honest and say that | am not very conscious about sustainability.
Had news gotten out that there were somehow very bad conditions for the work-
ers, | might have chosen to buy a different watch next time. But it was not some-
thing | investigated before | bought it and whether it is sustainable plastic or
whatnot.” (U14)

Interestingly, one of the users was studying sustainability, and therefore it has become
a very important value for them.

“I didn't really think about it when I bought it many years ago, but now | would
have been more conscious about it since I've studied circular economy and sus-
tainability and gained more awareness on the topic in recent years. So now |
would have thought about it, but not back then.” (U09)

Sustainability as a value in a smartwatch is not a top concern for the users. While some
expressed concern, it was not something they had considered before being asked about it.
Of course, they want workers to be treated fairly, but they expect the brand to have this
under control.
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4.1.6 Performance and reliability

Performance and reliability were considered the most important value among the users.
In fact, many of the users chose their smartwatch based on its performance. They use their
smartwatches to accurately track their workouts and other physical activities, as well as
getting notifications and quick access to different applications.

“Yes, of course, it's important. That is the point of having a smartwatch, that it
measures the right speed and the right time.” (U03)

“Yes, the most important thing for me is that the data my smartwatch collects is
accurate - distance, pulse, time. That's why | have a smartwatch. ” (U19)

Even though performance was very important, some users stated that they have not
compared their smartwatches’ performance to others. Other users also admitted that they
are not using all the functionality the watch has to offer, but they still valued the perfor-
mance they got out of the smartwatch.

“Yes, it's very important to me. I'm very happy with my smartwatch, but | haven't
compared it to any others to see if it's better.” (U18)

“The most important thing is that they show the correct time. The other functions
they're more of a nice-to-have. The thing is, I'm not the type of person who likes
to read instruction manuals, so it will take me some time to learn all the functions
on this watch.” (U02)

When the users were asked about what regarding the smartwatches’ performance and
reliability were important, the accuracy of measurements and the ability to perform
equally well under varying conditions were brought up.

“I've tested my watch under tougher conditions, like in a sauna. It's very important
that it's reliable.” (U04)

The users depend on the smartwatches’ ability to accurately measure their physical
activities such as steps taken, pulse, calories burned and distance. This is what they pri-
marily use their smartwatch for, and that is why it is the most important value.

4.1.7 Control

Most smartwatch users considered control to be an important value in their smartwatch.
Control refers to the user’s ability to control and interact with their device in a way they
want to and not have unexpected actions taken by their smartwatch without their consent.
The main reason users found this important was because of control-related issues they
have faced before. However, some of the users that had not had any issues with their
smartwatches also stated the importance of control, as they do want to prevent issues from
happening to them.
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“The only thing is, if I'm strength training or doing something else and my hand
is in a certain position where | bend my wrist toward the watch, | can accidentally
hit some buttons and suddenly start a walk without meaning to.” (U10)

“Yes, it's a bit important, because it's connected to my messaging system and
many apps, so it's a bit of a hassle if it suddenly sends a lot of things that | don't
want.” (U16)

One user mentioned that having physical buttons on their smartwatch gave them an
increased feeling of control, as they felt more comfortable using these buttons most of the
time, and in cases where using the touch screen was difficult.

“Yes, | like physical buttons. I only had touch before and sometimes | accidentally
hit something. But my watch now has physical buttons, and | think that's im-
portant.” (U12)

Some users did not consider control important at all. The primary reason for this was
that they had yet to encounter any sort of issues when using the watch, and they were not
concerned that any issues would arise either.

“Nothing has really happened outside of my control, so it's not that important to
me.” (U17)

Users need to have control over their smartwatches, and this study shows the im-
portance of it and how many take it for granted.

4.1.8 Trust

The value of trust was regarded as not important by most of the users. But interestingly
users elaborated on this and indicated that their trust more often is with the brand and not
with certifications as we asked about in the interview. The brand of the smartwatch is
what is trusted, rather than any specific certification or badges.

“I've thought about the water resistance, it's certified to withstand moisture, but
not waterproof. But ultimately, | bought it because of the brand and not the certi-
fications.” (U17)

“I only look at the brand, and when 1 think about it, I go for reputable brands,
which I assume have certifications that I'm not even aware of. ” (U21)

Among those who stated that trust was important it was mentioned that to be able to
trust technology to use it effectively is important. Some also said they chose one brand
over another because of trust, and one also mentioned that certifications can be a differ-
entiator for them when choosing a smartwatch, but not something they would go out of
their way to research.
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“l do a lot of research beforehand. And that’s why I chose Garmin because | know
it is a good watch manufacturer.” (U19)

“If 1 were in a store and saw several watches side by side, | would be drawn to
the one with the most certifications, but if | were looking at just one watch, I don't
think I would care about that alone.” (U01)

The findings suggest that trust as a value is not very important to the majority, but it’s
still an important factor to keep in mind when choosing a brand.

4.1.9 Human Welfare

Human welfare was important for most of the users in this study, some even claiming it
as the single most important value. Smartwatches give these users happiness and motiva-
tion, making their training easier and more enjoyable.

“The watch makes it easier to keep track of my own activity. It's something that
motivates me to do positive things like going to the gym.” (U04)

“It's motivating, at least when it comes to the workouts. You can see that you're
in shape and keep track of your progress with the watch. I think it's fun to see the
effect of the training instead of just doing it for the sake of it.” (U08)

“Yes, | use it every day and | am happy with it. | look at it all the time to see the
number of steps and use it a lot for training with heart rate and also use it for
SMS. So, | would definitely say that it provides well-being.” (U14)

Some users, however, did not consider this value to be important, stating that is does
not matter to them.

“No, my relationship to the watch is very relaxed. It's not bothersome, and it
doesn't provide anything extra.” (UQ07)

Other users mentioned that using a smartwatch can be annoying at times, but that does
not necessarily mean that they do not value human welfare. A couple of users mentioned
that it was annoying to use it to track sleep as they would have to charge it at inopportune
times or that the watch would vibrate when they were trying to sleep.

“It was fun to see sleep data and have some kind of control over sleep quality, but
at the same time, there were so many times that | was woken up by the watch's
vibrations that | stopped using it when | sleep.” (U03)

The human welfare value is highly regarded by most users, and they find value in the
smartwatch’s ability to give them happiness, motivation, and help them with their daily
routines. Even though some users find this value irrelevant, it should be prioritized highly
when creating the design requirements.
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4.1.10 Forming design requirements

After all the interviews with the smartwatch users were conducted, we set out to establish
how our prototypes can address and reflect the answers we got. To do this, we were in-
spired by parts of the Situated Cognitive Engineering approach used by Harbers and
Neerincx (2017). We wanted to create a comprehensive set of objectives with associated
functions and effects that would help us when developing the prototype.

We used the findings from the interviews to create a table with smartwatch design
objectives related to each value, including specific functions and effects.

Table 4 : Table of objectives

Value ID Obijective Function Effect

Security 1 People should be The watch should The user has more
able to lock their have an easy-to-use  control over the se-
watch. lock screen, and vis-  curity of their

ibly locked. watch.

2 People should know  The watch should The user becomes
when the watch is have icons that more aware of the
locked and un- show whether the security of their
locked. watch is locked or watch.

unlocked easily visi-
ble.

3 Cybersecurity pro-  The company The user will not be
tections should pro-  should follow best troubled by the
tect the user from practices to ensure threat of attacks.
unwanted attacks. data integrity and

protection of the
watch.

4 The user should The app should in-  The user can better
have more aware- clude a guide that protect themselves
ness of security and  explains how to bet-  from attacks.
how they can pro- ter protect their in-
tect their infor- formation
mation.

Privacy 5 People should know  The watch should The user will be-
when they are being  display an icon come aware of when
tracked. when they are being  they are being

tracked. tracked.

6 People should be The watch should People can decide

able to turn off geo-
location easily.

have an easily ac-
cessible icon to turn
on/off geolocation.

when they want to
be tracked.
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7 The user should be ~ The settings in the The user gains more
able to turn off data  watch and the app control over what
sharing easily. should have an eas-  data they share.

ily accessible button
to turn off data shar-
ing.

8 The user should be  The registration The user gains con-
able to control what  page should have trol over their pri-
features they want options that can be  vacy without having
to enable before reg- enabled and disa- to deactivate options
istering. bled to customize after they register.

their experience.
Transpar- 9 Users should be able The associated app ~ The user can learn
ency to find out how should have expla- ~ more about the tech-
sleep, pulse, and nations of how the nology they use.
steps are calculated.  data is calculated.

10 What data is used The associated app ~ People become
and how it is used should have an eas-  more aware of what
should be explained ily available over- their data is used for
to the user. view of what data and what they can

are used and how. use.
Sustaina- 11  The location where  The web page where The user becomes
bility the watch is pro- the watch is bought  more aware of how
duced and how the  should include an the watch is pro-
workers are treated ~ overview of all the  duced.
should be known by  major steps in the
the users before pur- assembly process.
chase.

12 The carbon footprint There should be an ~ The user will be-
of the watch should  overview of the car- come more aware of
be accessible to the  bon footprint of the  the carbon footprint
user. watch on the web they have.

page.
Perfor- 13 The battery time The watch should The user will have
mance & should be substan- have a page that to charge their
Reliability tial, without making  shows the user what  watch less often,
the watch heavy or ~ functionality of the ~ making it easier to
big. watch uses the bat-  use for longer dura-
tery and what tions.
amount. There
should be a battery
eco-mode.
14  The accuracy of the  The watch should The user trusts the

measurements
(pulse, sleep, steps)
should be as accu-
rate as possible.

have workout pre-
sets for many differ-
ent activities that
use different calcu-
lations to give the
user the most accu-
rate data.

watch more and has
a better experience
using it.
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Control 15  The watch should The watch should The user feels more
get feedback/confir-  have physical, ro- in control of the
mation about the ac-  bust buttons to watch.
tion that was per- press, in addition to
formed. a touch screen. The

watch should give
feedback when ac-
tions such as start-
ing a workout are
performed.

16 It should not be easy If buttons that cause  The user feels more
to accidentally do or disable actions in control of the
actions on the watch  are pressed, the user ~ watch.

should receive a
confirmation screen.

17  Itshould be easy to  The watch should The user does not
disable all alerts. have an on/off get disturbed at in-

icon/switch that eas- appropriate times
ily disables alerts of and feels more in
all sources. control.

18 The user should be  There should be set- The user feels more
able to decide how  tings that allow the  in control over the
the watch activates.  user to decide how  activation of their

the watch can acti-  watch.
vate.

Trust 19  The watch should The watch should The user feels they
follow best practices provide access to can trust the watch
and market stand- certifications. and the company
ards

20  The watch should The watch should be  The user feels they
show evidence of reviewed by known  can trust the watch
quality assurance professionals or au-  and the company

dit organizations.
These reviews
should be displayed
on the web page

Human 21  The watch should The watch should The user gets moti-

Welfare motivate the user give feedback when  vated by the feed-

you have reached back the watch
your goals and when gives
you break records

22  The watch should be The associated app  The user feels moti-

able to motivate the
user towards goals.

should have the op-
tion to input daily or
weekly goals and re-
mind the user semi-
frequently about
what they need to
do.

vated and pushed to-
wards achieving
their goals.
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A smartwatch that satisfies these objectives can meet the needs of users that have spe-
cific value concerns but also strengthen the awareness of users that are not already sensi-
tized to some of the values.

4.2 Design choices - Prototyping

All the values that were discussed in the first interview need to be covered in the design
of the prototypes. The least important values also need some representation to test the
users with practical features, rather than theoretical questions only. In this way, if there
are differences between the values expressed when encountering an actual prototype com-
pared to the values in the abstract initial interview, these will be uncovered and can be
represented in future iterations. The smartwatch covers in varying degrees the values of
security, privacy, performance and reliability, control, trust, and human welfare. Addi-
tionally, transparency and sustainability are represented in the app, along with all other
values that were identified in the conceptual investigation.

This design was guided by the objectives that were formed through the identification
and elicitation of values in the initial interview. The first step was to create a basic tem-
plate for the prototypes to shape the style and design. The watch needed a name that
reflected the value-sensitive nature of the device, and to create this name ChatGPT was
consulted to come up with potential names. After workshopping a few names and logos,
we eventually settled on AwareWatch, as this did not infringe on any copyrights (Figure

Aware\Watch

Figure 3 : AwareWatch logo

We created a baseline for developing a presentable prototype, and the app used the same
colors to unify the prototypes. Figure 4 & Figure 5 were the first screens designed for the
app and the watch, as it will be the first thing that the users see.
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Figure 4 : App welcome screen Figure 5: AwareWatch home screen

After the landing screens shown above were designed, the design requirements that
were shaped by the initial interview could be considered and implemented. In the follow-
ing sections, the first iteration of the prototype will be shown, and will also outline how
the eight core values are represented in the prototype.

4.2.1 Security

The first security measure that was implemented was a lock option on the watch (Obj 1).
This would enable the user to lock the device and need a pin code to unlock the watch the
next time it was opened. This security measure needed to be weighed against accessibil-
ity, which is why the watch only locked itself if a button on the quick-access menu was
pressed (Figure 6). If the watch automatically went into sleep mode or the lock button on
the side of the watch was pressed it would not prompt an unlock screen when activated
again (Figure 8). Another feature that was added in this section was a lock icon on the
home screen to show if it was locked or not (Obj 2) (Figure 7).
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Figure 6 : AwareWatch Figure 7 : AwareWatch Figure 8 : AwareWatch
settings page lock icon lock screen

The security features on the app were all implemented in the security settings (Figure
9). On this page, the user can change their password and enable two-factor authentication,
which is standard for any app. The feature that was unique to this app, was a guide to
information security (Figure 10). The idea behind this page was to explore whether the
user was interested in becoming more aware of the security and integrity of their data
(Obj 4). Therefore, this button/page was included to question the users’ disinterest in se-
curity when they performed the walkthrough in the second interview.
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Figure 9 : App settings page (security) Figure 10 : App security page

4.2.2 Privacy

Based on the first interview of the users, a few design requirements were formulated to
represent the value of privacy in the watch and the app. The two design requirements that
were formulated relate to privacy and privacy awareness in the prototype of the watch.
The first design requirement expressed that the user needs to know when they are being
tracked and when their location services are activated (Obj 5). The solution that was im-
plemented to fit this design requirement was an icon that is displayed on every page and
symbolizes that location services are activated (Figure 11). The second design require-
ment is related to the accessibility of enabling and disabling the location services (Obj 6).
The solution to this was to have a quick-access menu, which was located at the top of the
settings page. In this quick-access menu, the location services button could be included
(Figure 12) in addition to other frequently used buttons. An additional privacy-related
feature was added to the watch, which is the easily accessible button that enables and
disables data sharing with the company (Obj 7, Figure 13).
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Figure 11 : AwareWatch Figure 12 : AwareWatch Figure 13 : AwareWatch
gps icon gps toggle data sharing toggle

The first design requirement that was made in relation to the app was that users should
be able to find out how the data is used through a resource on the app. This was solved
by including a page that details what data is collected and used, and how it benefits the
company and the user (Figure 14). This feature would be below the settings that relate to
the sharing of data, to give context to the options. This feature represents both awareness
around privacy, but also transparency, to give a level of insight to the user. The second
design requirement that was formulated to represent privacy, was the inclusion of pre-
registration settings (Figure 15). These settings were there to adjust your level of privacy
before registering as a user, to further promote privacy in the prototype (Obj 8). This
feature also relates to the value of control, as it empowers the user to make decisions
before registering.
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Figure 14 : App prefrences page Figure 15 : App registration options

4.2.3 Transparency

Transparency was considered the least important value in the first round of interviews,
which is why there are few design requirements for representing this value. The one de-
sign requirement that was shaped by the interviews was the inclusion of accessing previ-
ous workouts to track their progression. Most users that were interviewed expressed that
they mostly use the watch for working out, so the watch needed to have a page where
workouts could be started and stopped (Figure 16 & Figure 17). The page where previous
workouts could be viewed needed to be in the app (Figure 18), as it would be difficult to
display all the data from previous workouts on a small screen. The page for this was made,
but pages for the individual workouts were not made, as it went beyond the scope of this
paper. The last thing that was considered in relation to transparency was the inclusion of
the “What the data is used for” page, which is mentioned above as it relates to privacy as
well (Obj 10, Figure 14).
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4.2.4 Sustainability

Sustainability was not as important as other values according to the interviewees. There-
fore, the prototype did not include many functions that represent these values, and the
scenario did not include any mentions of where the watch would be produced, how it
would be produced, or who would make it. We included one function in the app that tests
the findings from the interview and explores whether sustainability needs to be repre-
sented in the app. The function that was included to represent this, was on a page called
“Your watch” (Figure 19) and outlined the carbon footprint that the watch had (Obj 12,
Figure 20). These numbers were only rough estimates, as the purpose was only to explore
whether they would appreciate the inclusion of this page.
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4.2.5 Performance and reliability

Performance and reliability were considered the most important values for the users, but
creating features in the prototype to represent this value was a challenge. The two design
requirements that were created for this value could not be effectively shown by using the
prototype, so they needed to be explained in the scenario. The first of those was the ex-
tension of the battery lifetime. The solution to this demand was to include a button in the
quick-access menu which enabled battery saving mode (Obj 13, Figure 21). This mode
would disable several functions in the watch but extend the battery duration. The second
design requirement expressed the need for accurate measurements of distance, pulse, and
sleep data. This was not possible to implement in a prototype, so it was explained in the
scenario. Since performance and reliability were highly appreciated by the users, the pro-
totype needed to have an effective solution to the user interface, where little to no effort
was wasted trying to find the different functions of the watch and app. As mentioned in
4.2.2, the solution to this was to introduce a quick-access menu. This would allow users
to find the most relevant functions by swiping down on the watch (Figure 22). The front
page of the watch and the app needed to have the most relevant information on display,
while not oversaturating the user with things to look at.
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Figure 21 : AwareWatch battery saving Figure 22 : AwareWatch settings page
mode toggle guidance
4.2.6 Control

It is important for users to feel that they are in control of the smartwatch. As mentioned
in section 4.2.2, the settings page has an easily available button where you can turn off
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data sharing, as well as Bluetooth, alerts, and other important functions through the quick-
access menu. Through the interviews, some users mentioned that the watch would stop
the current workout automatically. To counteract this, a redundancy screen was added to
the workout (Figure 23) to make sure that the workout was not ended without consent
from the user (Obj 16). A second objective that was formed after the initial interview was
the need for a way to choose how the watch activates (Obj 18). The solution that was
made to solve this objective was to have a preferences menu where they can choose what
ways they want the watch to activate and deactivate as shown in Figure 24.

Users also mentioned that they liked to have physical buttons as well as a navigational
touchscreen. Physical buttons cannot be implemented in a web-based prototype, so this
was explained in the scenario. The watch would have two multi-functional buttons. The
first button was to go back to the previous page, or if pressed down for 1-2 seconds it
would lock the screen. This button also serves as an on/off button if held down for 5
seconds. The other button’s function is to accept various pop-ups that appear on the
watch, and if pressed when there is no pop-up it would navigate the user straight to the
workout page.
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Figure 23 : AwareWatch “Are you sure?”  Figure 24 : AwareWatch preferences tab
pop-up

A feature that was added to the app to represent control was the option to set your own
goals. This feature was developed because the users that were interviewed expressed
some negativity about alerts appearing too regularly. Therefore, the idea was to not send
alerts until the user had set their own goals on the health page (Figure 25). Further control
over the alerts was given to the user, through the alerts settings (Obj 17, Figure 26), alt-
hough this is common practice in the industry.
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4.2.7 Trust

During the first interview with the users, they were questioned about certifications, to
which they expressed their disinterest in the availability of seeing certifications. These
responses led us to move away from incorporating this value into the design of the proto-
type. To achieve trust in AwareWatch they either need to have positive past experiences
with them or others that can vouch for the company. Receiving certifications and adver-
tising those was the idea that was included in the scenario, to test users on the importance
of trust and how trust is gained. Certifications are not something that can be incorporated
into the design of the prototype, only if we wanted to publicly display those certifications
on an informative page in the app. However, building trust through the transparency of
the device is possible. Heightening and representing the values presented above can help
to build a positive repertoire with the user and encourage them to buy products from the
company in the future, which will be uncovered through the walkthrough.
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4.2.8 Human welfare

Human welfare, which in this case can be motivation, encouragement, or joy, is important
to a majority of users and therefore needs sufficient representation. To incorporate this
into the design, the goal is to motivate and encourage the user towards their goals. As
mentioned in 4.2.6, the users can set their own goals on the health page. By doing this,
the user agrees to receive alerts to push them towards their goals as encouragement and
motivation (Obj 2 & 22). Another design requirement was to keep track of their personal
bests and notify the user when they surpassed their records. Examples of these are calories
burned, distance traveled, steps taken, and length of workout. Giving the user something
to feel joyous about after a workout can help to motivate them for the next workout or
workday.

The functions that are considered core functionalities for a smartwatch were not de-
veloped fully, as the purpose of this paper is to create new solutions, and many of these
represent human welfare.

4.3 Evaluation and Improvement

In this section, we will describe how the walkthrough interview was conducted, what we
found out through this interview, how that information was processed to create another
iteration of the prototype, and how the third and final interview went.

4.3.1 Users” evaluation of the prototype - walkthrough

For the second interview, we wanted to test the prototype we developed on users and
decided to create a guided walkthrough. In addition to the walkthrough, we created a
scenario that the user had to envision, so all values could be asked about.

“You will now test a smartwatch that is about to be released on the market, along
with an accompanying app. We do not have a physical watch to present, so you
will have to imagine a smartwatch that is like an Apple watch, with physical but-
tons on the side. There are two buttons on the side, one that locks the watch after
it is pressed and held a few seconds and goes back to the previous page if it is
pressed once. The second button is to accept choices that the watch gives to you,
or pausing a workout if a workout is active. In addition to these buttons, the screen
will have touch enabled to navigate through the watch. The app that can connect
to the app is used for registration and various settings for the app and watch.

We are about to guide you through the watch and the app, and will be questioned
about some of the features, so do not hesitate to speak your mind or ask questions.
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The goal is to figure out how you feel about certain functions and design choices,
and not to put much weight on the visual design of the prototype. ”

This was the introductory text that we prompted the interviewees with. After this was
read to them, they were guided through the prototypes and asked questions about certain
features. They were first walked through the prototype for the watch and then walked
through the app. The interviews were not recorded, which means we do not have direct
quotes from the interviews, however, the sentiments of the users and their opinions about
features were documented.

The goal of this interview was to elicit more information about their values and test
the results we gathered in the first interview in a more practical setting.

4.3.1.1 Feedback for the Smartwatch Design

The user was shown the quick-access menu on the watch (Figure 6) and asked:

What do think about an optional lock button that prompts you to enter a pin code
the next time you try to open it?

This security option received mixed responses. Some of the users said that it was un-
necessary for them and that it would create an obstacle for their use of the watch. A small
majority of them said that it was not something they would use frequently, but it is a nice
option to have in terms of security. A few of them said that this was a nice option to have,
so they could walk away from the watch without worrying that someone else could get
access to their watch.

The next feature they were shown was also in the quick-access menu (Figure 12), and
were asked:

What do you think about the accessibility of turning on/off the GPS functions on
your watch? Is this something you would use? And do you like that it displays
whether the GPS is on/off on every page?

This question deals with privacy, through the option to turn off tracking services, and
transparency, through the visual indications that tracking services are on/off. The re-
sponses were split about this, where around half of the users did not care if the GPS was
easily accessible to toggle, and half of the responses were positive about having this op-
tion to turn it off and positive about knowing that the GPS is on or off on every page. One
user noted that this was a necessary option for them as they work in healthcare, and the
places they visit are considered sensitive information.

They were shown another button in the quick-access menu that deals with alerts.

Do you think that turning off alerts is easy enough with this button or would you
like to have a physical switch on the side of the watch to mute alerts as well?
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This feature deals with performance and reliability, and the responses were almost
unanimous. The majority said that the button in the quick-access menu is enough because
it is so easily accessible. One user said that they prefer physical buttons in general and
that having a physical switch, like the mute switch on an iPhone, could give the user
confirmation that alerts are off without having to activate the watch.

The next feature the users were shown was the eco-power option in the quick-access
menu (Figure 21).

What do you think about having an option to enable an option which depletes the
battery slower, but disables other features to accomplish this? Would you use this
option? And would you like a page where you can see what draws the most power?

The button is related to the value of performance and reliability, and the option to see
what draws power deals with transparency. All the users expressed that the option of eco-
power mode was a very positive addition. Half of the users struggled to have enough
battery throughout the day, which meant that they had to take it off and charge it at work,
which defeats the purpose of their use. One of the users also valued how easy it was to
enable the option in the quick-access menu. The option of seeing what features/apps use
the most power on their watch was also well received. Some of the users said that this is
something that they would be curious about, so having the option to view this information
would be beneficial to them.

The next feature they were shown was the workout page (Figure 17) and the redun-
dancy measure (Figure 23) put in place to make sure they do not accidentally stop their
workout.

What do you think of the workout page of the watch? Does it have enough infor-
mation on display? Would you feel in control of your watch with this workout
function?

This is a core function of the watch and deals with the value of performance and reli-
ability, and the redundancy measure deals with the value of control. According to the
users we interviewed, the workout page was fine, but with a few issues. One user said
that it needed specific programs based on what they were training, like cycling, outdoor
running, indoor running, swimming etc. Another issue that one user mentioned is the
ability to access and continue previous workouts in case they had taken a long break. The
redundancy measure that was put in place did not elicit much of a reaction, as they felt it
was natural to have available. However, one of the users said that they would disable this
if they could.

4.3.1.2 Feedback for the App Design

After these questions had been discussed with the users, we started to walk them through
the prototype for the app. First, they were shown the welcome page (Figure 4), which led
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them straight to the registration page, where they were asked to evaluate the new features
(Figure 14).

If you browse through this registration and see settings that you can adjust before
registering, would you feel more in control of your privacy? Do you appreciate
this addition or is it unnecessary?

This feature covers the values of privacy, control, and transparency. The response from
the users to this question was unanimously positive. Some of the users explained how this
would make them feel in control and more comfortable with the app, and in turn, build
trust between them and the brand. Another user mentioned that this is not a possibility
that they had considered, and it would make them more aware of their privacy. A couple
of users mentioned that they appreciated this because they do not usually browse through
the settings after registering, and often just accept choices that are given to them to access
the app faster.

Next, they were tested with a controversial feature in the app about the sustainability
overview (Figure 20).

If you enter the “Your Watch” page, you can see a page at the bottom, where you
have an overview of the sustainability of the watch. Is this something that you
appreciate?

This question that deals with sustainability and transparency received mixed re-
sponses. Half of the users explained that this was unnecessary and irrelevant to them,
while the other half explained that there is a heightened focus on sustainability these days,
so the inclusion of this feature could satisfy their curiosity in a way, but it was not some-
thing that they felt was necessary. One user explained that this is something that they
would brag about to others about, and maybe visit once themselves to become more in-
formed, but that it served no purpose after that. This is the response that we expected
based on the initial interview responses. There was little to no change between the theo-
retical and practical implications of this value.

Next, they were questioned about a page that deals with alerts and personal goals (Fig-
ure 25):

If you navigate to the “My Health” page, you'll see that there is an option to set
your own goals. If you set your own goals, you will receive notifications frequently
to push you towards those goals, but if you do not set your own goals, you will not
receive any notifications. Do you feel that setting your own goals would help you
stay motivated? What do you think about the solution of not receiving notifications
unless you set your own goals?

This is a feature that represents human welfare and control. Most of the users felt that
this feature was a nice addition, as they like to be able to set their own goals. Some users
said that they would not set their own goals, as they did not need reminders to walk or
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work out. A few of the users said that they would set their goals if it was possible to adjust
the frequency of alerts.
Then the users were guided to the workout overview, where they were asked:

If you navigate to the “Workout” page, you’ll see an overview of previous
workouts you have completed with the watch. Does this provide you with the in-
formation you would like, and does it give you control? Or are there other apps
you would rather use?

This question about a core function of the app represents control. Most of the users
explained that it did feel like they were in control, but they mostly used Strava to track
their progress. Their familiarity and dependence on Strava create a barrier for adoption
of this feature. A user explained that integration of Strava in this app would make it more
usable for them. Another user explained that this app would benefit from having anony-
mized competitions or competitions between friends. This would be a motivational factor
for them, which would represent human welfare.

After discussing the workout page, they were guided through the settings of the app
(Figure 9 & Figure 10).

Now you can navigate to the settings and access the security settings. You can see
that there are a few things you can do on this page, but there is also a guide here
that would give you a few tips on how to better protect your data. Is this something
that you would access and read, or would you ignore it? Do you like the inclusion
of such a guide?

This guide represents the values of security and transparency. The guide had not been
created, so the users were asked if they were interested in accessing it. Some of the users
said that they would ignore it, while others said that they appreciated having the option
of becoming more aware. However, the users that said that they would ignore the security
guide did not have anything against the inclusion of this feature. One notable comment
from one of the users said that whether they would read it or not would depend on how
the page was structured and formulated.

After exiting the security settings, they were asked about another feature in the set-
tings, which was the “What we use the data for” page (Figure 14).

You can navigate through the different settings pages, and then lastly enter “Pref-
erences”. Do you feel that there are enough settings here to feel in control over
the app? And what do you think about an informational page about what we use
the data for?

The settings represent privacy and control, while the “What we use the data for” page
represents the value of transparency. Most users said that there was a sufficient amount
of options to choose from. Some users elaborated and explained how they appreciated the
simplicity of the settings, and that usually, they would have to dig through a lot of pages
to find what they were looking for. In response to the “What we use the data for” page
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they were mostly positive, with a few users being indifferent. The users wanted to know
more about this and explained that an explanation of why data is collected, what data is
collected, and how the data is being used could be a difference maker for whether they
enabled data sharing or not. One of the users added that they always refuse to share data
when prompted with this question, but this information could inform them and make them
enable data sharing.

This was the end of the walkthrough, but they were then prompted with hypothetical
questions that cover the value of trust.

Let’s imagine that you are in a store, and the purpose of your visit is to buy a
smartwatch. You see familiar brands like a Apple Watch, FitBit, Samsung Watch,
and a Garmin watch, but you also see another watch that you have not heard of
called AwareWatch. The watch has several certifications about security, privacy,
and sustainability. Would these certifications affect your choice? Or would you
choose what you have already heard of?

This question required the users to reflect on how they choose what to buy. Almost
every user answered that the trust that they had already built with other brands would
outweigh any certifications that AwareWatch could display. In this question, we could
interpret that trust was very important to them as a value, but that certifications did not
cause or affect that trust, rather that it was a continuous relationship with a brand that they
had built over time. One user explained that they would choose this watch, but only after
the walkthrough and not because of the certifications.

4.3.1.3 Suggestions for Improvement from the walkthrough

Through the walkthrough, the users suggested various features that would help elevate
this prototype. The first suggestion that arose from a few users was the inclusion of a
friend function. This would allow the users to compete with friends and view their pro-
gress. Along the same line, was the suggestion of integrating Strava into this app, which
is what most users use to share their results with friends. Another suggestion, which
would represent human welfare, is the inclusion of anonymized competitions. The user
would have the option of seeing where they rank in terms of all users. The problem with
this feature is that it could have the opposite effect of discouraging users if they rank
among the bottom percentage. One user suggested having an optional competition that
would display the top 10 users of the week in terms of distance walked, number of
workouts, and other leaderboards.

When asked about the security guide and the “what we use the data for” page in the
settings, they suggested that we make those pages, to show what they would include, as
their interest was dependent on what those pages showed.

One user explained that the background lighting of the watch was essential, as people
over 50 have trouble reading without it. This is a feature that cannot be implemented as



47

we do not have a physical model, but a concern that should be considered to represent the
value of performance and reliability.

The last thing that was suggested related to the quick-access menu, was the option to
decide what buttons are available there. As the demand of the users varies, the quick-
access menu should also have the possibility of adapting to the user.

4.3.2 lteration of the prototype

A key part of developing the prototype is to test it with users and use their feedback to
iterate upon it. The suggestions that were mentioned in 4.3.1.3, were used to form a few
points of improvement for the prototype. Figures 28-31 were all developed after the
walkthrough, as these were suggestions given by the users. To improve the watch proto-
type, we used the suggestion about an adaptable quick-access menu. This page included
a checklist where the user could enable and disable the buttons that they wanted in this
menu. This option was placed in the preferences settings on the watch as shown in Figure
27.
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To improve the app, we used the suggestion by the users to develop two pages as
shown in Figure 29 and Figure 30. The first page was “How the data is used”, which was
created to explain which data is collected, how it is stored, and what the data is used for
by AwareWatch. This would give the user a heightened sense of privacy, and more trans-
parency about data collection. The second page for the app was the data security guide,
which is a page that lists measures that the user can take to ensure that their information
is safe. The inclusion of this page gives the user more control and awareness of their
security, if they choose to read it, which will be tested in the third interview.
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4.3.3 Users” evaluation of the second version of the prototype - walkthrough

The third interview was the next and final step of the process, which existed to test the
new iterated features. Ideally, there would be more iterations and tests with users, but due
to the limited amount of time, this was the last round. Four of the users that were included
in the first and second interviews were interviewed again. The first thing the users were
asked about were Figure 27 and Figure 28.

Do you feel more in control of the smartwatch if you can control what is in the
quick-access menu? Do you appreciate this feature?

The users responded positively to this feature. They said it was beneficial to choose
what they preferred to have easily accessible. One user added that they would like to have
a dark mode button on the menu and that it should be possible to have an alarm and a
calculator available.
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The next feature they were asked about was a page in the app called “What we use the
data for” as shown in Figure 29.

Do you like having a page where you can see what your data is used for?

The responses were mixed to this page but mostly positive. Two users said that they
would most likely not read it or only read it once, but they felt more secure by having this
information easily available. The other two users found the information interesting and
loved the inclusion of this page. One user explained how the transparency of what your
data is used for makes people more aware of privacy concerns and makes the user feel
safer with sharing their data.

Lastly, the users were asked about the security guide as shown in Figure 30.

Do you like the inclusion of a security guide? Does it make you feel more secure?

The users said that they think the page is a nice inclusion, but they would not be inter-
ested in reading it more than once. One user said:

“It’s a positive inclusion for those that need it and not a negative inclusion for

those who don’t need it” (U20)

Another user said that this can make them feel safer, and it can also make people trust
that the company wants people’s data to be secure. This feature, based on the responses
from the users, supports transparency, security, and trust.
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5 DISCUSSION

In this discussion chapter, we explore the values and considerations associated with the
usage of smartwatches, as identified through three interview rounds and analysis and we
discuss them against prior literature. By understanding these values and how they should
be incorporated into a smartwatch, developers and designers can tailor the smartwatches
to meet user expectations and needs. The following sections answer our two supporting
research questions about what values are most important to users, and what features can
be offered to promote a value-sensitive design.

5.1 Importance and perception of security in smartwatches

During both the interviews and analysis of the findings, it became evident that users’
knowledge of and concerns about security in smartwatches vary. While more than half of
the users did not believe that security was an important value, others did recognize its
importance, especially when considering the sensitive data that can be on a smartwatch,
such as location, health data, and payment details. This is aligned with prior literature that
identified security issues related to wearable technologies (Ching & Mahinderjit Singh,
2016). Security became significantly more important for users when they began consid-
ering the potential exposure of personal information or when their smartwatches are used
as a payment method. A recent study by Vhaduri et al. (2022), also pointed to the risks of
exposing personal information gathered from health-tracking devices, such as a smart-
watch which could pose a threat to the user. Our study highlights the importance of pro-
tecting sensitive information, alongside understanding users’ perception of security in
smartwatches.

In our prototype, we implemented security measures such as a lock screen with a PIN
code, visual indication if the watch is locked or not, and password management and two-
factor authentication in the app. With these features and the inclusion of a guide to data
security, we aimed to raise user security awareness and make the users more considerate
towards their own smartwatch security. Many users found these features unnecessary and
even mentioned that they could be annoying, while others liked them and would use them.

Considering our research questions, the importance of security as a value for smart-
watch users is significant. Users’ diverse attitudes towards security need to be recognized,
for developers and designers to tailor smartwatch features and options to meet users' ex-
pectations and needs. Additionally, providing users with information about the security
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of the watch and how they can improve their security can help address misconceptions
they may have and strengthen their perception of security.

5.2 Balancing privacy concerns in smartwatches

Through the first interview, we found that most users do not prioritize their privacy due
to feeling like they have nothing to hide, whereas a few users preferred to have control
over what data they shared. The key issue here is that users do not know what they are
consenting to. There is a lack of transparency in the industry about what their data is used
for and if it is shared with third parties. As mentioned in Krishna (2020), people think
that privacy policies provide them with protections, when it has the opposite effect of
giving companies uninformed consent to sell their information. We wanted to add a layer
of transparency in the design of the prototype, which is why we included data-sharing
settings (along with other settings) on the registration page, as well as a more detailed
overview outside of the privacy policy to explain what the different types of data and
information are used for. This is to counteract a method in the industry of employing dark
patterns that mislead and manipulate users into making decisions against their best inter-
est for the companies gain (Krishna, 2020). We found, through showing these features to
the users in the walkthrough interview, that people were positive towards these inclusions.
Most users stated that having access to these critical settings before registering gave the
users more control over what they share. Often these settings would have to be adjusted
after registering which was a burden for them. Another user stated that the overview of
how the data is used can have a disarming effect on the issue of data sharing, which meant
they would be more open to sharing data. A few users mentioned that these features in
conjunction would heighten their trust in the company. This is an interesting find, as there
was a discrepancy between what they answered in the first interview and their responses
in the walkthrough interview, which meant that privacy was a more important value than
we initially thought.

A key part of smartwatches is the information collected for the user. This biometric
and positional data is collected for the user’s benefit but also heightens the privacy risks
for the user. In a study conducted by Kang and Jung in 2021, they identify three distinct
groups of users that perceive privacy differently. One group perceived major benefits and
major risks, another perceived major benefits without major risks (benefit-oriented
group), and the last group includes users that are neutral to the benefits and risks (Kang
& Jung, 2021). Kang and Jung (2021) found that the benefit-oriented group contained
mostly males, that are highly educated and young. This is aligned with our findings as
well, as the users that stated that they do not concern themselves with the value of privacy
in smartwatches were mostly highly educated men.
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5.3 Transparency’s impact on user decision making

Transparency, as a value, was perceived as the least important among the users inter-
viewed. Most of the users either lack interest or consideration regarding how their smart-
watch uses their data and measures it. However, a few users highlighted the importance
of accurate data readings and wanted to have control over how their data is utilized. The
prototype had limited design requirements created due to the users’ low emphasis on
transparency, but we included a page where the users can access their previous workouts,
given the users’ overall focus on fitness activities. Additionally, as described in 5.2, op-
tions for and descriptions of data sharing in the smartwatch were implemented, serving
both transparency and privacy concerns. Betzing et al. (2019) underlines that although
EU GDPR gives users the right to all their personal data by law, the process of getting
this data is often over-engineered. They also found that, when related to data sharing and
collection, increasing transparency had little to no impact on consent decisions. This
might suggest prejudice, that users are not impacted by increased privacy. But could also
indicate that users are making more informed decisions, those who previously declined
might be convinced to accept, or those who previously accepted feel more inclined to
decline given the information.

While the value of transparency was less prioritized by users, it remains an important
consideration to build user trust and enhance the user’s ability to make informed deci-
sions. This was highlighted by our study, as users became more positive towards the con-
cept of transparency when they were shown the prototype. Considering this, with sup-
porting literature from Betzing et al. (2019), transparency is much more important than
we initially thought as it strengthens the user’s awareness of their privacy, makes the user
feel more in control of their data, and increases user trust.

5.4 Considerations of sustainability in smartwatch usage

Sustainability and eco-friendliness are becoming more relevant issues in the world, as
people want the planet to become hospitable for future generations. In the first interview,
the users were asked about their feelings toward the ethical practices of the industry and
the carbon footprint of the producers of smartwatches. The responses from the users in-
dicated that this value was not significantly important to them. A few users said that it
would be nice to know that the watches were made sustainably, but it was not something
that factored into the purchasing process. Despite the deprioritization of this value from
the users, this needed to be tested with a visual representation in the prototype, which was
done with an informational page that displays how and where the watch was produced,
and a function that tracks how much carbon emission was released by shipping the prod-
uct and the lifetime carbon emission by using the smartwatch. The responses to this page
were consistent with the responses given in the first interview. Most users said they had
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no interest in this function, and a few users said that they would visit this page once and
forget about it. We can extract from this that sustainability is not a critical value for smart-
watch users. Sustainability is an ethical issue, and even if the features that we imple-
mented were not received well, ethical considerations should be taken into account when
designing technology, to support societal norms by working with ethical specialists and
the users themselves (Shilton & Anderson, 2017). There is prior experience with technol-
ogy designs that explicitly promote sustainability values such as the mobile phone Fair-
phone (van de Poel, 2021) which has been quite successful in the market, and this is
something that can be also transferred to smartwatch design.

5.5 Performance and reliability as the primary value

Performance and reliability are key values that influence the users’ satisfaction and over-
all experience when using their smartwatches. In this study, this value emerged as the
most important one for the users.

Being able to utilize the smartwatch’s full functionality was brought up as a challenge
by some users. There seems to be a lack of awareness or understanding of all the features
that are packed into a smartwatch, which can result in underutilization. For the users to
familiarize themselves with the smartwatch should not be a hassle or overly time-con-
suming task. The smartwatch should help to users in maximize the potential of their
smartwatches intuitively and interactively.

Battery time was frequently brought up by the users as a crucial factor in how usable
the smartwatch is. Many users struggled to even have enough battery to last a whole day.
For users to be able to utilize their smartwatches how they want the battery usage needs
to be optimized. Providing users with an overview of battery usage enhances transparency
and makes the users able to efficiently manage their battery consumption, seeing what
functionality of the watch uses the most battery. This, alongside an easily accessible eco-
mode, could lead to users experiencing longer battery life in their smartwatches.

The users perceived performance relates to how well the smartwatch’s performance
meets their expectations. What users expect of their smartwatches varies. User experi-
ence, ease of use, and user-specific needs all influence perceived performance and relia-
bility. Actual and perceived performance can be enhanced by improvements made based
on user feedback. The reliability of the data was not tested in this study, as it did not have
any usable functions, but Maathuis et al. (2020) highlighted that through testing the data
given, the reliability and trustworthiness of the system can be heightened, showing a link
between the values of transparency, trust, and reliability.
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5.6 The significance of control in smartwatch usage

Having control over your smartwatch is crucial, and through the first interview, we dis-
covered that the user group considers control important. One user said that they always
feel in control, which is why they do not consider it important. The value of control
needed sufficient representation in our prototypes to fulfill the user requirements. The
first control-oriented feature that was created for the smartwatch was a quick-access menu
which gave the user easily accessible options to enable or disable, which initially included
a Bluetooth button, a mute button, a geolocation button, an eco-power button, a brightness
button, and a lock button. The users were positive about this inclusion, but through the
walkthrough interview, it became clear that different users have different needs, which
led us to further develop this function into a customizable quick-access menu. In this
second iteration, the user could choose which functions to have accessible in the menu,
depending on what they needed to access frequently. In the third interview, they were
shown this feature and were positive towards this inclusion.

The users were divided when it came to physical buttons, where some felt less in
control when they had physical buttons, and others felt the buttons are prone to be acci-
dentally pressed during workouts. Because the prototypes were developed in a web-based
program, physical buttons could not be represented, but they were included in the sce-
nario. The users were positive towards the physical buttons, and some users also wanted
a physical switch on the side to turn off notifications, as this heightened their sense of
control. The inclusion of physical buttons gives users more options to control their watch,
which some users are less likely to use, but others can draw benefits from.

Another feature in the app which represents control is the redundancy of asking “Are
you sure?” when stopping a workout. This was made in response to a control issue that a
user was having where workouts would occasionally be stopped accidentally. When the
users were questioned about this solution, they were either indifferent or negative towards
it and wanted an option to disable this feature. This inclusion did not have a positive
impact on the user, which is why different solutions are required to solve this issue. This
shows that an increase in control can limit accessibility and ease of use, which can cause
a value tension with human welfare.

A feature that has been mentioned in terms of transparency and privacy is the inclusion
of settings before registration. The walkthrough interview showed that users were positive
towards this and that it gives them more control and awareness. The ability to customize
their experience before signing up makes them feel more secure in the app they are using.

Users value control highly, but they have differences in how they perceive control in
a smartwatch. Customizing the smartwatch is a beneficial addition to heightening their
experience of control, both in terms of software and hardware.
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5.7 Trust in smartwatch brands and certifications

Trust is a crucial value that influences users’ perception and adoption of smartwatches.
Being able to trust the smartwatch was important for users, but not in the way presented
in the questions.

It became clear that certifications are not important for most of the users, and that
brand trust is what is important for them. The reputation of the brand, alongside other
users’ recommendations, was primarily what made them choose their smartwatch. While
certifications could be a differentiator in some cases, users rely more on brand trust and
user experience when going through a purchasing process.

When studying the value of transparency, it became apparent that it plays a role in
building customer trust, which is also supported by Chen et al. (2022). Transparency re-
garding data collection, usage, and sharing enhances user trust. As discussed in 5.2; trans-
parency can have a disarming effect on the user, building trust, and making it more likely
for the users to accept data sharing. As mentioned in 5.1, the inclusion of a security guide
was also beneficial for increasing the trust in the brand, as it showed good intentions from
the company.

5.8 The impact of human welfare in smartwatches

To represent human welfare in technology is no easy task, as people become motivated
and happy by different means. Through the first interview, we found that human welfare
in smartwatches is important for some users, whereas others see the smartwatch merely
as a tool. Since most users said that they exclusively use the smartwatch for training and
tracking their progress, the most obvious representation of human welfare in a smartwatch
is motivation. Alerts, positive feedback, and displays of progress are different features
that can help motivate users to achieve their goals. A feature that was included in the app
prototype was the possibility of setting their goals. By setting their goals they would get
occasional alerts to push them towards those goals. If the user did not set any goals, they
would not get any reminders or alerts that pushed them towards activities. The reasoning
behind this is the responses from the first interview, where the most active users saw alerts
as a nuisance, and others appreciated reminders to be more active. This solution will allow
users to customize their experience to have their desired level of motivation from the
watch and app. When the users were shown this in the walkthrough, they were positive
or indifferent, as the users that need motivation will get it. However, some users said that
it would be a nice addition to adjust the frequency of alerts, as some users want to have
this function active, but do not need alerts to motivate them. We can say that human
welfare is an important value for smartwatches, with the most important part being the
possibility of customizing parts of the smartwatch and app.
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A suggestion we received through the walkthrough interview to make users more mo-
tivated was the inclusion of competitions. One competition would be anonymized, where
you could enter, and it would show how well you had done in comparison to other users
during a week or a month. Another competition, which was also voluntary, was a top 10
ranking, where the most active users would be displayed on a leaderboard. We believe
that this would motivate the most active users, however, could demotivate and alienate
the users that did not perform as well. Therefore, we cannot decisively say if this is a
positive or negative feature as more research is needed since the risk of demotivating
users is too high, and therefore the competitions were not included in the design.

5.9 Implications for research and practice

The findings of this study have significant implications for both research and practice in
the field of smartwatch technology. It is important that researchers and practitioners un-
derstand these implications for them to be able to build upon existing knowledge and
utilize the insights gained by this study to push research further and elevate user experi-
ences. Throughout this study’s lifecycle, we have found several implications, and in this
section, we will discuss these.

The varying perceptions of security and varying needs and preferences regarding pri-
vacy indicate that user-centric design principles should be prioritized. Doing this would
help align the smartwatch with the user, as well as make them more aware of the im-
portance security and privacy has. Alongside this, transparency around data sharing, us-
age, and collection has the potential for significant positive effects, while not initially
valued by users in this study, it can help build trust with the users and make them feel
more in control of their smartwatch and their privacy. A running theme we found through-
out the data collection process was that many of the users had a lack of awareness and
knowledge regarding their own smartwatch. The smartwatches and associated apps
should provide users with information about privacy and security. By educating users
about potential risks and strengthening their awareness they will be better suited to make
informed decisions.

As for performance, there is a need for increased focus on optimizing battery life to
meet user expectations and make them able to use the functionality they want. Most users
complain about short battery time for their smartwatches, which makes them charge mul-
tiple times per day. Alleviating this barrier for adoption can have positive effects on the
users.

To encourage users to be environmentally conscious, sustainability features can be
incorporated as well as providing information about the production of the smartwatch.
However, these features need to be different from the way our prototype incorporated
them, since we received negative and indifferent feedback on this feature.
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The accessibility of our smartwatch prototype was well received by the users, custom-
izable features, and interfaces, such as the quick-access menu and physical buttons should
be added to smartwatches to enhance user control and satisfaction.

5.10 Limitations and future work

In this section, we outline the limitations of this study as well as what should be re-
searched further.

The people that interact with the technology are considered direct stakeholders, and
those who can be impacted by the technology without interacting with it are indirect
stakeholders, and in VVSD, both of these groups must be accounted for in the design pro-
cess (Umbrello, 2018), which makes it a more ethically grounded approach (Friedman et
al., 2013). This paper could not cover all the direct and indirect stakeholders, due to time
and resource restrictions. This can be considered a limitation of this work, but also an
opportunity for future work, expanding the study to cover the perspectives of diverse
stakeholders including technology companies and investors. Another limitation of the
study is that in the prototyping rounds, we were not able to include a high-fidelity proto-
type on an actual smartwatch. This would have helped users to test the suggested design
in a more natural way. This was not possible, as developing a physical prototype would
require a significant investment in both time and money and was considered beyond the
scope of this master thesis.

VSD also heavily relies on the perspective of the interviewees, which ultimately is
subjective and is influenced by their individual experiences and biases. It is crucial to
think critically about what values the users in this study find important. What a user finds
important is influenced by a variety of factors, including but not limited to: time, context,
and personal preference. What seems to have been much less recognized in VSD is that
values themselves may be subject to change during the lifetime of a product as pointed
out by van de Poel (2021). It is possible to distinguish between value changes that pri-
marily occur due to social developments and value changes that are induced by technol-
ogy (van de Poel, 2021) and this research aims to contribute to inducing some positive
value changes by raising awareness through technology. Prior research has also shown
that it is important to find ways to empower users and at the same time orient and sensitize
them, striking a balance between dynamic/adaptive and static/predefined options in the
user interfaces (Vassilakopoulou et al., 2019). This is an interesting area for further re-
search.

Although Friedman et al. (2013) and Umbrello (2019) highlighted human welfare and
control as important values in VSD, we found little to no supporting literature in the con-
text of smart devices. This study is reliant on our opinions and reflections on how and
what should be implemented, which can be affected by our biases. How the values are
represented in our features can be poor representations, which in turn can make the user
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undervalue the importance of the value. We have aimed to mitigate this risk by perform-
ing several iterations with the users. We encourage other researchers to use our study as
a basis for further research with diverse user groups to expand and potentially validate
the insights from this work. Another key aspect of the technical investigation is to exam-
ine the value trade-offs that can occur in the solutions, as features cannot always support
multiple values (Friedman et al., 2013). This is something we would have invested more
time in if we had the opportunity. The investigation of tensions and trade-offs should be
researched further.

While our prototype's transparency was positively received, its impact on user deci-
sion-making regarding data sharing remains unclear. Though transparency enables in-
formed choices, we cannot determine if it will increase or decrease consent for data col-
lection. Transparency may lead users to make more privacy-protective decisions due to
better information, but it could also have little impact if other factors drive adoption and
sharing behaviors. Further research is needed to understand how transparency shapes con-
sent in the context of smartwatches, as Betzing et al. (2019) note.
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6 CONCLUSION

This study employed the VSD framework to create a smartwatch prototype and compan-
ion app exploring ways to incorporate human values into design. This study provides a
proof of concept for how Value Sensitive Design can incorporate users into the design
process to support human values through design features. Communicating with users and
testing prototypes revealed values, features, and solutions that better align smartwatch
design with users' needs and wants. This VSD approach holds promise for developing
more human-centered smartwatch technologies.

The findings of this study provide insight for research and practice. First, we identified
in the literature values that are commonly listed as important (security, privacy, transpar-
ency, sustainability, performance and reliability, control, trust, and human welfare) and
investigated their significance for smartwatch users identifying the ones that are per-
ceived as most important for them. Secondly, we integrated the values identified within
prototypes and assessed these designs with users. We refined the prototype designs using
user feedback ending up with a proof of concept that can be adopted by the industry.
Overall, the study shows a lack of knowledge about risks amongst users and how adding
layers of transparency within technology can help users make more informed choices
about their privacy and security. By focusing on the needs, perspectives, and priorities of
smartwatch users themselves, this research provides design recommendations that are
sensitive to values and consider user preferences. The findings from this study contribute
to a growing area of research on smartwatches and wearable technologies. They offer
researchers and industry practitioners key insights into the complex challenges posed by
these increasingly ubiquitous devices. The recommendations provided can help guide fu-
ture work that takes a human-centered view toward building smartwatch devices and re-
lated smartwatch management applications designed for both usefulness and human well-
being.
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