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Abstract. Mobile health (mHealth) applications help reduce the burden of infor-
mal caregivers. However, limited mHealth applications are fully adopted by infor-
mal caregivers. Research has suggested that cultural tendency may affect the moti-
vations and willingness of informal caregivers to adopt technological tools. Our
study aims to explore how we can incorporate Hofstede’s five cultural dimensions
and Aaron Marcus’s matrix of culture-centric interface design guidelines into
mHealth application design for senior informal caregivers in Taiwan. Through
participatory design sessions, we examined senior informal caregivers’ percep-
tions of our mHealth app user interface (UI) design. Our findings include lessons
learned from participatory process with senior informal caregivers, translating
Aaron Marcus’s guidelines to mHealth app UI elements and design considera-
tions of mHealth app. We conclude by offering suggestions for future research
aiming to incorporate culture-centric design guidelines into mHealth app design
for senior informal caregivers from specific cultural background.
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1 Introduction

With the continuous decline in birth and death rates, one in six people in the world will be
over 65 years old by 2050 [1]. Technology-assisted health promotion for elderly is seen
as a feasible way to solve related issues. However, the adoption rate of mHealth apps
among informal caregivers remains relatively low [2]. The critical reasons include the
lack of ease of use and accessibility of mobile apps, especially the lack of consideration
of cultural influence on interfaces and process design for the elderly [3]. Therefore, this
research aims to explore and establish a culture-adaptive design guideline for mHealth
apps used by Taiwanese mid-aged informal caregivers. To address this, we engaged
senior informal caregivers in participatory design sessions using a mHealth app, Jubook
(Jubo FEJifEiL)), to gain insights into their perspectives on the design for mHealth app.
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2 Literature Review

2.1 mHealth Apps for Elders: Design Emphases and Challenges

Health-related mobile apps can provide task-related help as well as care for caregivers’
mental well-being. Common features such as tracking caring information, providing
practical solutions, facilitating communications can reduce the burden of caregiving
tasks [2, 4, 5]. The majority of the current mHealth related research is conducted in
the laboratory and more field studies should be carried out to understand the needs of
informal caregivers. As Skolik (2018) pointed out that mHealth apps need to be made
together with the informal caregiver in the early design stage to develop a more user-
centered design and increase the effectiveness of the intervention [5]. Thus, participatory
design is a suitable approach to engage seniors and gain insights into their lives in order
to improve the quality of design for older people [6].

2.2 Benefits and Importance of Culturally Adapted User Interface

The Uls design of mHealth apps should also consider different users’ cultural back-
grounds as they may be affected by cultural traits [7]. Research suggests that caregiver’s
cultural identity can affect their willingness to use related assistance tools [3, 8]. Given
the importance of culturally-adapted Uls, it’s crucial to establish culture-based design
guidelines tailored to users of different cultures. Hofstede proposed five cultural dimen-
sions - power distance (the relationship between authority and subordinates), collectivism
versus individualism (the value of prioritizing group cohesion or personal pursuits), fem-
ininity versus masculinity (the role distribution between two genders), uncertainty avoid-
ance (the level of tolerance of unpredictability), and long- versus short- term orientation
(the focus on the future or the present and past) [9]. A country’s score on each cultural
dimension is interpreted relatively to other countries. Enlightened by Hofstede’s culture
model, Marcus combined his definition of UI with culture-related design guidelines into
a matrix that maps culture dimensions to user-interface components [10]. He proposed
that UI can be generalized by five components, including metaphors (fundamental con-
cepts communicated through various content forms), mental models (structure of data,
functions, tasks, etc.), navigation, appearance, and interaction [11].

3 Methods

This study adopted exploratory qualitative methods to investigate how culture-centric
design guidelines can be incorporated into mHealth application designed for senior infor-
mal caregivers in Taiwan. The main purpose of the mHealth app used in this study is to
continuously monitoring elders’ vital signs (e.g., blood pressure). The app has a total of
three primary functions, including health reminders, health data monitoring, and medi-
cal device integration. We conducted participatory design sessions in the field with five
senior informal caregivers to examine their thoughts on our mHealth app UI design. Our
inclusion criteria include those who: (1) age between 50 and 65, (2) had informal caregiv-
ing experience with aging parents, and (3) had no prior exposure with our app. Figure 1
shows the demographics, care experience, and the level of technology familiarity of our
five participants (three female). They age between 52 and 60 years old.
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Five Senior

Informal

Caregivers
Participants P1 Female/ 53 P2 Male/ 58 P3 Male/ 56 P4 Male/ 60 P5 Female/ 52
Care Recipients’ Female/ 85 Female/ 85 Female/ 81 Female/ Aged 80  Female/ Aged 69
Gender/ Age/ Relationship Mother-in-law Mother Mother Mother Mother-in-law
Care Period On-going On-going On-going 2011~2018 2011~2013
Tech Familiarity Strongly confident  Little confident Confident Confident Little confident

Fig. 1. Participants overview

3.1 Participatory Design Sessions

Informed by Marcus [11], we first generated a design guideline matrix based on Tai-
wanese culture design principles by mapping Taiwan’s score on each of Hofstede’s five
cultural dimensions with Marcus’s matrix of culture-centric interface design. We then
built a menu of mHealth app UI elements based on the matrix for participants to use
during participatory design sessions (Fig. 2). Taiwan corresponds to Power Distance:
High (PDH), Collectivism (CO), Femininity (FE), Uncertainty Avoidance: High (UAH),
and Long-term Time Orientation (LTO) in comparison to the United States [12].

Each participatory design session involves three steps. First, participants were intro-
duced the main functions of the app to get familiar with it. This provides an opportunity
to have convergent discussions on design decisions. Second, the participants designed
interfaces using our pre-defined UI elements through collage on paper. The researchers
helped draw the interfaces on papers according to participants’ design feedback. Partici-
pants provided feedback on the appearance, flow, content, and functionalities of our app.
When they had difficulty giving feedback, we provided them with the pre-designed Ul
elements to choose from. This allows participants to disclose their perceived priorities
in terms of functionalities, and helps elaborate their concerns in a more concrete and
easy-to-understand manner. Third, participants examined their collage in its entirety for
consistency to see if more adjustment is needed. They were expected to make UI ele-
ments design on four pages (homepage, measurement, record, and device pairing). Both
paper and digital versions of the collages were available.

3.2 Data Analysis

We systematically collected feedback on our culture-centric app UI designs and delved
into participants’ experience throughout the participatory design process. Our sessions
resulted in a 4 h 50 min of video data. We transcribed each design session’s video
verbatim, and conducted affinity diagram following the structure of Hoftstede’s five
cultural dimensions.
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The Matrix of Culture-Centric Interface Design Our UI Components Designed
Guidelines for Taiwanese Culture Following the PDH Guidelines

Power Distance: High (PDH) |

» Require clear information hierarchy between 5 )
elements on user interface

Metaphors

« Value the importance of awards, logos d

» Need information security and show restrictions

Vital Signs | Blood Sugar

>0

Mental Models

« Provide limited options with almost no
customization

Appearance Create symmetrical and central-aligned layout Device Pairing _UserPreference
» Focus on expertise and authority

Navigation

« Use severe error messages Homepage Main Functions Block

Interaction | o ide navigation guide with Wizard

Fig. 2. Example of translating the power distance cultural dimension into UI design elements for
Taiwanese culture

4 Results

4.1 Feedback from Participatory Design Sessions

We present participant feedback on general design as well as the app’s four main pages
in the following. In terms of general design, we found that most participants favored
rounded corner buttons, which relates to the Femininity (FE) dimension. Participants’
color preferences, on the other hand, could not be allocated to a single cultural dimension
as they ranged from pinkish colors (P1), dignified colors (P2), natural colors (P3), to
vivid colors (P4 and P5). They also held different opinions toward the text tones of the
health reminders in the app, ranging from close and warm (P1 and PS5) to serious and
professional (P3).

Homepage. Most participants (P1, P2, P4, and P5) expressed a preference for a flat
information hierarchy when it came to the design of Homepage core functions. They
intended to find what they were seeking for with a single glance rather than digging
through multiple layers (Fig. 3a). This was in line with the cultural dimension of UAH.
Participants had mixed reactions toward the design of the app’s health reminder, the
corporate logo, and the graphics. The decision on whether or not to include the corporate
logo was related to the PDH cultural dimension. Some preferred to see the company
logo displayed (“I can keep in mind who I'm working with.”-P2), while some felt it
unnecessary (‘“you don’t see Apple’s logo in Apple’s apps.”-P3). They also tend to have
difficult recalling what they said sometimes during the process. Furthermore, participants
mentioned adding various types image they would like to display on the homepage
(e.g., cartoon-like graphics, photographs) — they are unable to be classified into a single
cultural dimension. P4 opted to use a camera image of a doctor to illustrate the software’s
trustworthiness, which matched the PDH cultural dimension but went against the FE
cultural dimension. P1, on the other hand, preferred a pleasant avatar of a cartoon figure
to reduce the stress of caregiving.
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(a) Button hierarchy (UAH) (b) Instant feedback on (¢) Social comparison (CO) (d) Substitution of icons by
Doctor’s image (PD) abnormal data (LTO) texts (UAH)

Measurement = Records

Congratulations!

Care recipient’s overall performance is great
compared to local aging communityl

36.5 LEARN MORE

140/90

§  Temperature 104802022 >

36.5¢

Blood Pressure  11Jan 2022 >

72 120/ 80 mmtig

11Jan2022 >

Oxygen Saturation
98

Blood Suqar Yesterday >

Fig. 3. Illustrations of participant suggestions on the app’s four main pages

Measurement Page. The measurement page consists of current vital sign data input
blocks and a memo textfield. Participants (P1, P3 and P5) frequently mentioned the
importance of showing instant feedback (Fig. 3b) on the abnormal data inputted (7
want to know how (her blood pressure is) higher than yesterday and what I can do about
it.”-P3). It corresponded to the LTO cultural dimension as the caregivers expected the
data to present its value in a more futuristic manner.

The memo textfield is designed for informal caregivers to note down the symptoms
or events causing fluctuations in data. However, four participants (P2, P3, P4, and P5)
indicated the importance of specificity - they expected to know what to note (P3 and
P5), who would view the notes (P4), and what would happen if leaving it blank (P2).
This was in accordance with the cultural dimension of UAH.

Record Page. The record page consists of a data picker and historical vital sign records
shown on a daily basis. All five participants pointed out the need to include additional
information about whether the numerical data falls within the normal medical reference
range. In addition, participants (P1, P2, P3 and P5) further selected a pre-designed Ul
element containing a short description of how the data was compared to the local aging
community (Fig. 3c). This was in accordance with the CO cultural dimension.

When it comes to the design collage activity on this page, some participants (P1,
P3, and P4) struggled. P1 and P3 used other mHealth apps before, and the design of
the record page was quite different, making it difficult to adapt to our app. The features
requested by participants included showing the most recent inputs rather than displaying
the data by dates (P1), displaying data with the trend graph, and enabling customizable
dashboard of the records (P3). P4 proposed designing an obvious button that navigates
to all abnormal data in the past from a doctor’s perspective.

Device Pairing Page. The device pairing page consists of Bluetooth device pairing
instructions, device connection status, and pairing buttons. During the first step of the
participatory design activity, all participants had trouble navigating on this page. Some
(P1 and P2) claimed that the technology of remote data entry is quite complex for them,
and that they required additional assistance. Besides, P2 had problem understanding the
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term “Bluetooth”. However, the current remote connection instruction was neglected by
all participants due to the length of text. This shows a discrepancy between UAH cultural
dimension and senior users’ memory abilities.

In terms of device connection status and pairing buttons, most participants (P1, P2, P3
and P4) opted to replace the icons with texts (Fig. 3d) as they had trouble understanding
their meanings. Furthermore, some participants appeared to be hesitant when trying to
tap on an icon because they were afraid of activating irreversible process by accident.
These all corresponded to UAH cultural dimension.

4.2 Reflection on Participatory Design Sessions

We conducted interviews with senior informal caregivers at the end of participatory
design session to further understand their feelings and experience toward the design
procedure and collage activity. Most participants said that the pre-designed Ul elements
menu aided them in making quick and easy decisions. We have tested whether partici-
pants can envision their preferred redesign of the app without any references or support
at the beginning of the session, yet they felt frustrated when thinking about the colors
and font/button design. They mentioned avoiding designing UI elements that are too
micro (“As long as the app is easy-to-use, I am fine with everything about it. But for the
minor things, like colors, I think seniors including me, won’t pay attention to it.”-P1).
Furthermore, P1 and P3 found the digital prototype more realistic (higher fidelity) than
paper prototype. The participants thought the paper prototypes drew by the researcher
during the session were only served as a way to concrete their ideas.

5 Discussion

5.1 Applicability of the Culture-Centric Interface Design Guidelines

Aaron Marcus’s matrix of culture-centric interface design helps researchers analyze
whether the interfaces are culturally appropriate. However, challenges remain when
translating Aaron Marcus’s design guidelines to UI design for mHealth app. We found
the design guidelines contradicted one another sometimes, making interface design chal-
lenging to implement. According to Hofstede’s culture index, Taiwan has tendency
toward PDH and FE. It suggests that while people prefer adorable visual style under
FE, they simultaneously prefer formal image presentation under PDH. We observed the
conflict when participants mentioned their preferences for health reminders, the corpo-
rate logo, and the graphics. Moreover, some Ul design element preferences and features
suggested by participants are unable to be classified into the Taiwanese cultural design
guideline, such as the trend graph for vital sign data. One possible reason is that the
research on Taiwanese cultural design preferences remains limited. Another potential
reason is that technological modernization may increase cultural diversity. Therefore,
further research is needed to provide more design examples for explaining the guidelines,
and examine whether cultural tendencies change or not in this fast-changing information
environment.
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5.2 Implications for Vital Sign Data Visualization

Our participants offered several recommendations regarding the presentation of vital
signs data for mHealth App design. First, provide a trend graph of prediction demon-
strating on a weekly or monthly basis is desirable. Second, incorporate social comparison
information to illustrate how users rank in contrast to one another. This provides users
a comparison point, and eases unnecessary on data fluctuations. Last, create a social
support system, particularly reminders or instructions from doctors directly. Partici-
pants indicated the mHealth app needs to serve as a link between health institutions and
informal caregivers, instead of just a digital note-taking tool.

5.3 Suggestions for Participatory Design with Senior Informal Caregivers

We collected three primary lessons learned that researchers should pay attention to when
conducting participatory design sessions with seniors. First, be attentive to seniors’ facial
and gestural reactions. It’s important to use appropriate terms based on their age and
background during communication, prepare easy explanations of technology terms, and
help participants recall the key statements they said throughout the process. Second,
both paper and digital prototypes are found useful for different purposes in the redesign
tasks. Paper ones helped facilitate communication and interaction while digital ones
provided more detailed and realistic representations of seniors’ design decisions. Last
but not least, it is helpful to provide participants appropriate amount of the pre-designed
UI elements to engage them in the Ul component collage activity. It worked better to
invite participants to compose their collage freely compared to asking participant to
make design changes based on existing UI interface.

6 Limitations, Conclusion and Future Work

Our study examines the mHealth interface design guidelines that conforms to Taiwan’s
cultural tendency based on Aaron Marcus’s matrix of culture-centric interface design, and
we investigated how Taiwanese culture impacts on senior informal caregivers’ interface
preference. Our results indicated that there were some design traits participants shared
in common that conform to Taiwanese culture design principles. We also provide sug-
gestions for conducting participatory design with senior participants and several design
implications for mHealth app. Our study has two primary limitations. Aaron Marcus’s
design guidelines are mainly for web, so the design guidelines may not be applicable on
mobile in some cases. In addition, the transition from Culture Interface Design Matrix
to design decision is interpreted by the research team. Thus, potential bias may exist.
Our future work includes iterating the design of mHealth app, and conduct co-design
sessions with more samples to generalize our findings.
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