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ABSTRACT

Research has highlighted the need for customization of health-
related technologies. However, few studies have examined its im-
pact on wearable healthcare devices. We present a co-design study
where we learned about people’s preferences and ideas for cus-
tomized glucose monitors. We worked with people who have Type
1 Diabetes and learned about their challenges with current glucose
monitors and ways to address them in physical product design. To
understand people’s perception towards using customizable glu-
cose monitors, we prototyped one simple example toolkit, DiaFit,
consisting of multiple modular accessories for assembling glucose
monitors. We invited participants to try DiaFit and learned about
their acceptability of customizable glucose monitors. We conclude
with preliminary lessons learned about customization as an ap-
proach to addressing individual differences in the context of health
technologies.
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1 INTRODUCTION

Type 1 Diabetes (T1D) is a chronic condition in which the pancreas
produces little or no insulin and has implications for the overall
well-being of an individual [2]. The prevalence of type 1 diabetes
(T1D) is increasing worldwide [40]. While there is no cure for T1D,
people can manage their condition by monitoring their blood glu-
cose levels using wearable devices such as glucose monitors. The
monitors can be a part of the insulin pump or separate devices
such as a digital monitor or a smartphone. While such monitor-
ing devices are typically designed to address functional needs, for
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example, providing useful visualizations of tracked health informa-
tion, the “social accessibility” needs related to the combination of
form and function are under-explored. The monitoring devices do
not always meet the subjective needs of the users [21]. For exam-
ple, commercially available budget glucose monitors such as True
Metrix are known to have portability issues. They are bulky, heavy
to carry, and can hurt users in scenarios such as when engaged
in playing contact sports [19]. Similarly, the audio-based feedback
is often either too loud or too subtle, not offering enough level of
control to ensure the privacy of use [24]. Due to these challenges, re-
searchers in the area of design for health have suggested facilitating
customization by building bespoke solutions [20].

In our work, we explore customization as a modification of the
presentation and functionality of a given product [8]. Researchers
have highlighted that it is crucial for designers of self-monitoring
devices to facilitate the customization of digital and social func-
tionalities (i.e. physical form and aesthetics) to avoid unnecessary
workarounds and to meet users’ needs and desires for long-term
engagement [10]. However, although we understand the potential
benefits of offering customization to enhance personal engagement
with wearables, we know relatively little about how the strategy
works and how it will be perceived by people [13].

Diabetics’ behaviours, self-care methods and their experience
with wearables such as insulin pens and pumps have been ex-
tensively researched (e.g., [1, 5, 19, 31]). There are also several
conceptual design ideas suggested for wearable glucose monitors
(e.g., [32, 35-37]). However, these ideas are not implemented or
studied. Within this space, the primary contribution of our work is
in developing an initial understanding of the design and acceptabil-
ity of customizable glucose monitors.

In this paper, we present a small co-design [29] study which
consisted of three parts. We first conducted a brainstorming ses-
sion with people who are diagnosed with T1D and learned about
their challenges with the current glucose monitors. They also de-
veloped ideas for glucose monitors that addressed their concerns.
Our discussions with them revealed three key design aspects that
were important for them to be able to customize: portability, feed-
back and privacy of use. Informed by that, in the second step, we
synthesized the design ideas suggested by the co-designers and
built a simple toolkit, DiaFit, consisting of accessories and feedback
modules that can be assembled together to create varied glucose
monitor designs. Lastly, we conducted 30-45 minute evaluation ses-
sions using DiaFit and gained insights related to the acceptability
and understandability of customizing glucose monitors. We con-
clude by discussing lessons learned related to people’s acceptability
towards customization to make room for individual differences and
preferences.
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2 RELATED WORK

In this section, we briefly cover studies that have highlighted chal-
lenges with glucose monitor uses and efforts related to the cus-
tomization of diabetes-specific health technologies.

2.1 Challenges with Technology for T1D

Adults with T1D are adopting, carrying, and using devices in var-
ied and individualized ways to suit their everyday lives [20, 28],
and demonstrate a need and desire for bespoke and personalized
self-care devices [33]. For example, Holubova et al. [11] have sug-
gested that physically active people with T1D tend to conceal that
information from others and could benefit from a technology that
would not be an obstacle during physical activity and would not
call attention to itself. Other studies, such as the one by Riddell et
al. [25] and Messer et al. [17] have shown that their participants
indicated that the monitors interfered with sports and outdoor play.
Issues such as the size and the weight of the devices, the possi-
bility of dislodging the device and difficulty with monitoring the
screen were a few of the challenges experienced while playing
sports. Glucose monitors are also used by people to track hypo-
glycemia or hyperglycemia [12, 34], and for that it is important that
the monitoring is reliable and provides sufficient feedback. How-
ever, due to insufficient control over feedback mechanisms, people
are compelled to deliberately take wrong actions such as silencing
alerts [24]. Another issue faced by diabetics is the stigma from their
communities and their workplaces [16]. Perceived stigma causes
self-consciousness [22, 27], and as a result people often attempt
to hide their devices [21]. However, the companion monitors are
typically big and bulky and difficult to hide under clothes [39].
The use of monitors also leads to social worries such as the alarm
ringing at inconvenient times and creating a sense of being differ-
ent [4, 24, 39]. Some users may also experience altered perceptions
of body image [26] and therefore attempt to hide their devices.

Our work builds on these projects and explores how customiza-
tion of glucose monitors may alleviate people’s concerns and ad-
dress their needs. Our preliminary brainstorming study gained
further insights into these challenges and gathered feedback in
terms of design ideas to address the challenges.

2.2 Customizable Technologies for T1D

Activities such as hacking, tinkering, repairing and crafting are
growing in popularity [3] and serve as pathways for designing,
customizing and manufacturing technologies for T1D. For example,
at the lower fidelity end, people create cases for carrying T1D
devices [6] and free style stickers [7] for their glucose meters. At the
higher fidelity end, DIY groups such as Nightscout have modified
continuous glucose monitors (CGMs) to upload data to “CGM in the
Cloud” and communicate with other devices such as smartphones
and smartwatches [38]. There have also been moves to use CGMs
and insulin pumps in conjunction with programmable devices such
as Raspberry Pi to develop more advanced T1D technologies [15].

Our work builds on these efforts from the community and dis-
cusses customization ideas for addressing portability, feedback and
privacy needs by allowing people to create varied monitor con-
figurations. Our vision of leveraging modularity in design could
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allow people to configure form and feedback and evolve it over
time based on changing needs and developments in technology.

3 INTERVIEW AND BRAINSTORMING

We conducted interview and brainstorming sessions to gain in-
sights into how people with T1D envisioned their monitors should
look and function. The session consisted of two parts. First, par-
ticipants engaged in a semi-structured interview (20 minutes) in
which we discussed their past and current experiences using T1D
devices in everyday life. Second, participants were invited to take
part in a brainstorming session (30 minutes) based on the PICTIVE
method [18, 30], and they created sketches and models either by
altering existing researcher-created sketches and 3D models or
by creating new ones (Figure 1a). Using thematic analysis [9] we
qualitatively analyzed the interview responses and generated ar-
tifacts (sketches and models, Figures 1b-d) to identify high-level
themes (e.g., need for multi-modal feedback mechanisms and varied
monitor sizes) that can inform the design of customizable glucose
monitors. Five volunteer adult participants (A), ages 31-56 years
(one male, four female) took part in these sessions and had 1 (two
participants), 2, 15, and 39 years of experience with T1D.

3.1 Brainstorming Results

Three main themes emerged from analyzing the interview responses
and the artifacts created by our participants: portability, feedback
mechanism, and privacy of use. From these, we inferred the main
design goals for prototyping future technologies to support cus-
tomization of physical health devices.

3.1.1 Portability. We noted that although all participants knew
that they should carry their monitors with them at all times, they did
not do so when engaging in certain activities such as going to the
gym or gardening. Similar to past findings [17, 25], the participants
mentioned several problems with carrying a monitor. For example,
although A5 uses her smartphone as a monitor, she prefers not to
carry it because she does not want to be disturbed while working
out. A5 also added that she did not carry her monitor with her
during gardening since the Bluetooth connection would typically be
lost and therefore the device did not provide the necessary feedback.

To address issues with portability participants suggested various
ideas for wearable monitors that could be worn on different parts
of the body (Design Goal 1): most common was the wrist (5 of
5), the second was the ear (3 of 5), and third was on a finger (3 of
5). All suggested designs were attached to or worn on the body,
and not carried in the hand. Most of the participants designed
prototypes with non-traditional forms such as rings, bracelets, and
necklaces. Participants also suggested devices that could adapt to
varying contexts, such as making something simply functional or
more ornamental depending on the occasion. Some example ideas
suggested by our participants are shown in Figure 1b-d. These
devices were considered less obtrusive because they are slimmer,
can be concealed under clothing, offer flexibility in placement on
the body, and draw less attention.

3.1.2 Feedback. Participants told us that they check the monitors
whenever they feel the need. However, these feelings alone are not
always reliable and, therefore, some form of alerting feedback is
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