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Abstract

Background: Electronic health (eHealth) has been widely adopted in chronic disease management. Prior studies focused on
time-based reminders as a cue to facilitate behavior change intentions, ignoring the development of automatic cue-behavior
associations via other cue types.

Objective: Hence, this study utilized avatar appearance as a visual-based cue to help establish the automatic association
between appearance transformation and health behavior to form habits without intention.

Methods: To better understand users’ attitudes and experiences toward applying changes in avatar appearance to develop
cue-behavior associations for hypertensive patients. Fifteen participants were recruited in a 14-day experiment. After exclud-
ing one participant who dropped out of the experiment, others were randomly assigned to two groups. One group consisted
of a visual-based cue (a virtual plant) and basic behavior change techniques (BCTs). The other group only included basic
BCTs. Attitudes and experience outcomes were collected by interview, and qualitative data were analyzed using thematic
analysis.

Results: 57% of participants had been diagnosed with hypertension for more than five years, and more than 50% of parti-
cipants have experience using mobile apps or wearables. 66% of participants did physical activity more than three times
every week. The result shows that tailored time-based reminders, blood pressure monitoring, and daily dietary intake
were the most attractive features. Additionally, hypertensive participants have positive attitudes toward avatar appearance
as a visual-based cue to develop cue-behavior association, which enhances self-management motivation.

Conclusion: This study proposes a visual-based cue design for habit formation and conducts a qualitative method to explore
hypertensive patients’ perceptions. The findings offer insights from user’s perspectives into hypertensive patients’ attitudes toward
visual-based cues and perception of the connection between avatar appearance and health behavior for self-management.
Subsequent discussions present eHealth design guidelines of habit formation from intention, automatic cue-behavior association,
and self-management perspectives.
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Introduction
Hypertension (high blood pressure) is a prevalent chronic
disease, which is a leading risk of stroke and myocardial
infarction.1,2 Long-term blood pressure (BP) control could
minimize the incidence and mortality of cardiovascular dis-
eases in hypertensive patients.1,3 Prior studies have shown
that healthy lifestyle behaviors, such as physical activities,
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healthy diet, and weight loss would be effective strategies
for BP control.2,4,5 For instance, walking 10000 steps per
day has shown beneficial effects in reducing BP,6

aerobic exercises have a significant effect on BP,7 and
2300 mg of sodium intake per day is recommended by
the Dietary Guidelines for Americans.1 However, the
World Health Organization (WHO) reports that around
75% of hypertensive patients cannot maintain ideal BP
control.2 Lack of long-term maintenance of self-
management habits is considered one of the major factors
in the low rate of BP control.2

Normally, habits are developed through the establish-
ment of cue-behavior associations, in which specific beha-
viors are repeatedly triggered by cues in a specific
context.8–10 Dual Process Theory argues that behavior
results from two sets of processes: one is the unconscious,
impulsive, and automatic process, and the other is the con-
scious, intentional, and reflective process.11 Therefore,
three key factors were summarized to form habits in prior
studies: (a) intention, (b) cues, and (c) positive reinforce-
ment.8,9,12 Intention motivates goal-directed behavior in
the reflective process, which requires specific and detailed
action planning. Cues are stimuli that cause impulses and
intentions, triggering both reflective and automatic pro-
cesses. And positive reinforcement accelerates the associ-
ation between cues and behavior by rewarding. As shown
in Figure 1, action is driven by individuals’ intentions ini-
tially, and these goal-directed behaviors are determined
by conscious control in the reflective process. In addition,
cues trigger behaviors in two parts. Explicit cues stimulate
behavior by drawing human attention (e.g. reminders), and

implicit cues (e.g. physiological signals, surrounding environ-
ment) evoke associative memory in the automatic process.
Through consistent repetition in a stable context, the cue-
behavior association is developed, which potentially be accel-
erated by positive reinforcement (e.g. internal and external
rewards). Finally, unconscious, unaware, and automatic habit-
ual behaviors are formed in the automatic process. To achieve
a low-cost, popular, and convenient manner of chronic disease
management, electronic health (eHealth) is demonstrated to
facilitate behavior change by adopting ubiquitous technology
(e.g. smartphones and wearables).13–17 Various behavior
change techniques (BCTs) have been integrated into eHealth
solutions to form habits, such as goals and planning, virtual
rewards, and prompts and cues.

Implementations of goal-directed intentions

Goals and planning are widely used techniques in physical
activity eHealth solutions, which motivate intentions to
change behavior.18 Individuals intend to change behavior
through goal setting, conducting activities, and self-rewarding
after goal achievement.19 According to studies,19–21 applying
proximal, specific, and difficult goals shows better perform-
ance than long-term and easy goals; meanwhile, detailed plan-
ning of action (i.e., where, when, how, and who features)
could further specify the intention. Consolvo et al. explored
user experience on goal sources and goal timeframes when
setting goals for encouraging physical activity.22 Different
goal sources were presented in this study, such as self-set,
assigned by experts, and cooperative set. According to their
findings, most participants preferred to self-set their goals.

Figure 1. The process of habit formation through consistent repetition.
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On the contrary, chronic disease patients would choose goals
guided by their physicians. Prior studies demonstrated that
patients expected detailed and valuable recommendations
from physicians.23 Self-setting goals might not be appropriate
in situations where patients lack the necessary expertise.
Therefore, prior studies adopted general lifestyle guidelines
as a potential approach for self-management among chronic
disease patients.

Authorities have published various reports on non-
pharmacological intervention approaches to instructing physi-
cians and patients with chronic diseases.1,2,5 These quantified
standards with the clinic trail evidence are recommended for
clinic treatment. Increasing physical activity and controlling
dietary supplements are widely applied behavioral strategies
for chronic diseases, such as hypertension and diabetes.16,24,25

According to studies from the American College of
Cardiology,5 aerobic exercise could reduce systolic blood pres-
sure (SBP) by 5–8mmHg in adults with hypertension, and life-
style modifications have been evaluated to contribute to a
reduction in daily sodium intake by approximately 25%,
which can have positive effects on blood pressure control. In
addition, studies demonstrated that the Dietary Approaches to
Stop Hypertension (DASH) diet is an effective plan for
lowing blood pressure,26 which could reduce SBP by around
11 mm Hg for hypertensive patients. The DASH eating plan27

suggests 2100 kcal energy, 567 kcal fat, 378 kcal protein,
1155 kcal carbohydrate, 4700 mg potassium, 500 mg magne-
sium, 1240mg calcium, and 3000mg sodium in daily servings.
Existing eHealth solutions are widely used for chronic disease
self-management.28 However, the effectiveness of these
eHealth solutions is insufficient,28 which may be improved by
integrating quantified standards into the eHealth systems.

Implementations of positive reinforcement

Virtual rewards (e.g. points, trophies, and badges) are used
as positive reinforcement, which boosts engagement for
eHealth solutions.29 Positive reinforcement stimulates the
successful performance of behavior and makes pleasurable
emotions in order to promote the repeated performance of
the behavior.8,10 Prior studies have shown that intrinsic
and extrinsic rewards could enhance user immersion and
motivate engagement.30 Virtual points, badges, and trophies
are commonly utilized gamification elements that serve as
intrinsic rewards to provide positive feedback on behavior.
For instance, Lee et al. proposed a gamified mobile game
to enhance physical activity levels, which included puzzle
games that could earn virtual points by winning the
game.29 Fuemmeler et al. metaphorized physical activity as
an adventure game in which users could collect virtual
badges by completing expeditions.31 Additionally, motiv-
ational text messages could be an intrinsic reward to
prompt repeated behavior. Oppezzo et al. encouraged
sharing information in social networks by sending motiv-
ational messages to reinforce sharing behaviors.32

Implementations of cues

In addition, reminders or notifications are commonly used
implementations of prompts and cues.33 Cues refer to internal
and external events or features that trigger impulse and inten-
tion.8,10 Time-based cues (e.g. push notifications and remin-
ders) are strategies with higher perceptibility to prompt
reflection and intention for behavior change. However, some
researchers argue that most existing studies focus on applying
strategies to change goal-directed behavior rather than the
automatic process of habit formation, which ignores other
cues that trigger associative memory in everyday life.34 For
instance, Stawarz et al. compared the difference between a
time-based reminder and an event-based trigger on habit for-
mation.33 They argued that event-based cues (e.g. “Please
remember to go for a walk after lunch”) had benefits for devel-
oping cue-behavior association rather than a fixed time-based
reminder, since the latter may cause users to rely on self-
tracking technology instead of automatically forming uncon-
scious connections between cues and behavior. Some implicit
cues influence behavior without deliberation, such as visual-
based cues and physiological-based cues (e.g. heart rate, audi-
tory, olfaction). For instance, the size and color of plates could
manipulate users’ perceptions via attention bias.34 Food may
be perceived larger portion on small plates than on a large
plate. Thus, implicit cues may activate user behavior subcon-
sciously rather than attracting conscious attention, which
requires investigating how other types of cues in eHealth are
perceived by users.

Avatars, visualized representations of users, can reflect
individual behavior consequences, which are commonly uti-
lized gamification elements.30 On the one hand, the changes
in avatar appearances have been shown to influence self-
concept and lead to behavior change.35–37 For instance,
Mönninghoff et al. proposed a future-self avatar to represent
users’ physical activity and diet intake behavior, which aims
to enhance awareness of self-efficiency.38 Users altered their
behavior when the appearance of avatars became worse. On
the other hand, prior studies have demonstrated that changes
in avatar appearances are effective methods of boosting user
engagement.17,39–41 It is widely applied to different health
behaviors (e.g. physical activity38,42 and diet management16)
and different contexts (e.g. diabetes,43 medication adher-
ence,44 and survivors of childhood cancer31). Therefore,
changes in avatar appearances serve as a visual-based cue
that stimulates user behavior in a subtle and intuitive way
that reduces user attention and cognitive processing, which
potentially prompts the automatic process of cue-behavior
association for habit formation.

Research aims

Existing studies have assessed the effectiveness of adopt-
ing BCTs for hypertension in the short-term.28,45 To
achieve long-term behavior change goals, researchers
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argue that current research lacks exploration of engage-
ment and user experience.46,47 According to the findings
of the Sharpe et al. study, engagement not only refers to
investigating which BCTs could enhance the engagement
of interventions but also means encouraging the collection
of user attitudes in the early stages of intervention devel-
opment.47 In addition, Oinas-Kukkonen46 argued that
despite existing studies applying the BCTs in interven-
tions, the description of implementations was vague, and
few studies reported on the user experience of these
techniques.

Therefore, this study conducts a qualitative method to
explore user attitudes toward utilizing BCTs in the self-
management of hypertension. Specifically, this study
focuses on exploring user perception of changes in avatar
appearance for developing cue-behavior associations in
forming self-management habits for hypertensive patients.
Our research objectives include the following: (1) to
explore hypertensive patients’ attitudes toward the visual-
based cues for developing self-management habits; (2) to
investigate the experiences of hypertensive patients on
associating avatar appearance with health behavior for
their self-management; (3) to propose the design guidelines
of habit formation for hypertension self-management. Two
versions of Android mobile apps were designed in this
study by integrating several effective BCTs and avatars.
A two-week empirical study was conducted to investigate
the user experience of avatars as visual-based cues.
Fifteen participants with hypertension were recruited.
Findings have suggested implications from the design per-
spective, which can be serviced as practical guidelines for
future habit formation eHealth design.

Methods
To develop mobile applications to facilitate comparative
studies: one that adopted avatar appearance as a visual-based
cue and another one without avatars. Fifteen hypertension
patients were recruited to experience the apps in two weeks.

Implementations of BCTs

Prior studies showed that quantified measurements were
lacking in most of the eHealth applications, resulting that
the users were wondered if the task was finished or not.
In contrast, medical advice could provide detailed and
quantified measurements to the patients for their therapy,
which serves as a beneficial standard to follow. As a
result, medical advice from famous hypertension manage-
ment communities was extracted and integrated into our
study as the goal of blood pressure management. In this
study, we focused on three kinds of hypertension manage-
ment behaviors: moderate physical activities, healthy diets,
and continuous blood pressure monitoring.

According to investigating the popular sports among
Hong Kong residents,48 hiking, jogging, bicycling, swim-
ming, and dancing were included as the recommended
sports in this study. Meanwhile, with the guidance of
WHO and the American College of Cardiology,2,5 90–
150 min of aerobic exercise is recommended per week.
Considering specific and proximal goals may potentially
improve goal performance, the physical activity goals
were set to daily tasks with 30 min.

Dietary intake is also a crucial part of hypertension man-
agement. According to DASH diet recommendations,27

seven kinds of ingredients (calories, fat, proteins, carbohy-
drates, potassium, magnesium, and sodium) were consid-
ered to be the goals in this study. The detailed intake
recommendations for meals are described in Table 1.

Moreover, continuous blood pressure monitoring was
also recommended by the medical communities but often
neglected by the patients. According to prior studies,5

patients are recommended to sit quietly or lay down for
5 min before blood pressure measurement. Therefore,
tailored reminders were sent to individuals based on
their wake-up time, which included content with instruc-
tions for accurate measurement of blood pressure and
hypertensive management tips. Table 2 shows the imple-
mentation of BCTs in this study.

Study design

The standard features are daily medical advice-guided goals,
self-reporting of physical activity, dietary intake, and blood
pressure, notifying with tailored time-based reminders, and
motivational messages. A virtual plant serves as a visual-
based cue, which was an additional feature of the interven-
tional group. Figure 2 presents the major difference
between the home page in the two versions.

The standard hypertension management system (control
group) only included self-management goals extracted from
medical advice with a time-based cue (reminder). Several

Table 1. Ingredient intake recommendation by DASH.27

Nutrients Daily serving

Calorie 2100 kcal

Fat 567 kcal

Protein 378 kcal

Carbohydrate 1155 kcal

Potassium 4700 mg

Magnesium 500 mg

Sodium 3000 mg
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BCTs implementations were designed for this app, such as
daily tasks with a progress bar and tailored time-based
reminders based on the individuals’ wake-up times. In the

dietary management function, an open-source database
was adopted that could transform the food into ingredients
with certain weights.

Table 2. Implementation of BCTs in this study.

BCTs Components C I

1.1 Goal setting (behavior) Medical advice-guided goals, such as daily physical activity tasks, dietary
intake goals

√ √

1.4 Action planning Planning of physical activity types and duration, dietary intake types √ √

1.6 Discrepancy between current behavior
and goal

Discrepancies between daily dietary intake and the DASH diet
recommendations

√ √

2.2 Feedback on behavior Inform users of daily calories intake √ √

2.3 Self-monitoring of behavior Ask users to record daily behaviors via tasks √ √

2.7 Feedback on outcome(s) of behavior Inform users whether they finished the daily tasks √ √

7.1 Prompts/cues Tailored time-based cues √ √

7.8 Associative learning Virtual plant status stimulates daily health behaviors in order to establish the
association

√

10.10 Reward (outcome) Prompts motivational messages or virtual rewards after finishing tasks √ √

C: control group; I: intervention group.

Figure 2. The difference between the layouts of the home page in the control group (a) and the intervention group (b). The major
component of the intervention group is an avatar (c) and the transformation of avatar appearances (d).
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The achievement of lifestyle modification goals in the
intervention group was guided and facilitated by a visual-
based cue (avatar). As shown in Figure 2(c), the major com-
ponent of the home page layout was the virtual plant. The
design of the avatar has been demonstrated to enhance per-
suasion and self-affirmation.49 Different goals were trans-
formed into different virtual rewards to make the avatar
live better, such as sunlight, moisture, and fertilizers. In par-
ticular, each goal was tailored with different reward ingre-
dients to fulfill the avatar’s needs. When the avatar stays
healthy for a certain period, its level and appearance will
be updated (shown in Figure 2(d)).

Participants and recruitment

As shown in Table 3, N= 15 participants (8 female, 7 male)
were recruited from posters, aged 31–80 years old. The
inclusion criteria were that the participant should use
Android mobile phones and be diagnosed with hyperten-
sion by the physician. Fifty-seven percent of participants
had been diagnosed with hypertension for more than five

years. Most (10/15) participants did physical activity
more than three times every week. Furthermore, 6 partici-
pants identified as having employment status and being
less than 60 years old. Participants were randomly assigned
into two groups: the intervention group (an app with a
visual-based cue) and the control group.

Procedure

Before the experiment, participants were invited to partici-
pate in a 60-min pre-test session. Firstly, we explained the
study objectives and experimental procedures to the partici-
pants. After obtaining signed consent from each participant,
an entry survey was conducted to collect participants’
demographic information, duration, and frequency of phys-
ical activity per week, and average time of physical activity.
Meanwhile, an interview was conducted to explore partici-
pants’ attitudes toward hypertension management, the bar-
riers to maintaining self-management, past experience with
mobile apps, and expectations for eHealth. Finally, to better
assist users in experiencing the proposed design and

Table 3. Participants’ demographics.

No. Age range Gender Employment status PA frequency (days/week) Average time of PA (minutes)

P1 71–80 Male Retired 7 20–40

P2 41–50 Female Employed None None

P3 61–70 Female Retired 7 41–60

P4 31–40 Female Employed 3–4 20–40

P5 41–50 Male Employed None None

P6 61–70 Female Retired 3–4 20–40

P7 51–60 Male Employed 3–4 20–40

P8 61–70 Female Retired 3–4 >60

P9 61–70 Female Retired 3–4 20–40

P10 61–70 Male Retired 7 20–40

P11 41–50 Male Employed 1–2 41–60

P12 61–70 Male Retired 1–2 >60

P13 61–70 Female Retired 3–4 20–40

P14 61–70 Female Retired 3–4 41–60

P15* 31–40 Female Employed 1–2 20–40

PA: physical activity.
*Participant who dropped out of the experiment.
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understanding their attitudes toward the barriers faced in
maintaining long-term self-management habits with the use
of eHealth solutions, participants are required to engage with
the developed app for a period of 14 days. The Android app
was installed based on the participants’ assigned groups,
with instructions on how to use the application. During the
two-week experiment, participants were required to self-report
daily tasks through the assigned Android app. The weekly
survey was hosted on an online questionnaire platform, and
a text message with the link was sent to participants separately.
After twoweeks, participants visited the lab again for a 60-min
offboarding session, which included a semi-structured inter-
view. The overall experience with the assigned app, attitudes,
and experience with visual-based cues was collected. All lab
sessions were audio recorded with the participant’s agreement.

Data collection and analysis

After excluding the participants who gave up during the
experiment, 14 valid data were kept. Interview data were
manually transcribed into text by two research assistants
who are native speakers of Mandarin and Cantonese. The
final proofreading was done by first three authors. To illus-
trate insights from the results, first three authors coded and

analyzed qualitative interpretations of interview data using
thematic analysis.50 The identified themes were reviewed
and revised by the senior researchers.

Results
According to the semi-structured interview in the entry
session, more than 50% of participants have experience
using mobile apps or wearables. Step count is the most com-
monly used function for self-monitoring. Most participants
(10/14) received medical advice from physicians or attended
public lectures hosted by authorities. Findings focus on
exploring participants’ attitudes and experiences with the pro-
posed strategies for habit formation based on the offboarding
interview and weekly survey. The results show that tailored
time-based reminders, blood pressure monitoring, and daily
dietary intake were the most attractive features.

Goals and time-based reminders

Medical advice-guided goals were perceived as appropriate
proximity and specificity goals. As shown in Table 4, most
participants emphasized that daily tasks with quantified
goals are easier to achieve, especially when they are busy.

Table 4. Participants’ attitudes toward goals and time-based reminders.

Intervention group Control group

Specific and
proximal goals

“150 h per week is the physical activity goal. But I will be
lazy and not do it sometimes. If this goal can be split
into three periods per week, it would be better.” (P3)

“I think it’s good to have a small goal every day. Achieving
a goal every day will make me happier and more
motivated.” (P14)

“It is not necessary to exercise every day. I hope to decide
which days to do exercise according to my own
situation.” (P4)

“I think the target given by the system will be better, which
is a kind of scientific suggestion.” (P11)

“I hope to provide some personal information (e.g. age,
height, and weight) that could be used to set
personalized goals.” (P1)

Comparison “The amount of exercise is below the standard or matches
the standard. In terms of diet, eating certain foods that
are above the limit (turning red) reminds me not to eat
too much.” (P6)

“I can see how far I am from the standard. If you don’t
provide this standard, I don’t know.” (P12)

“Analyze what I have eaten, compare it with the amount
and calories recommended by the doctor, and provide
feedback.” (P7)

“If you have a record, you can remind yourself that if the
record is poor (compared with the standard), you must
perform better, and if the record is good, you must keep
it.” (P14)

Time-based
reminders

“I recorded breakfast mostly because there are reminders
in the morning.” (P5)

“This app reminds me to monitor my BP. Because I didn’t
pay much attention to it before I received the
notifications.” (P14)

“Nutritional intake labels. Remind me not to eat too much
salt.” (P6)

Zhu et al. 7



One participant from the control group highlighted that the
goals provided by the system were perceived as the standard,
which could be specific medical advice for them. Moreover,
comparing individuals’ behavior with the standard has posi-
tive effects on goal achievement, which is presented by all
groups. The process of self-reflection is also discovered
during the comparison. Time-based reminders are the most
accepted feature by participants. It contributes to knowledge
acquisition and goal achievement.

In addition, participants also demonstrated that they
expected to add more healthy dimensions to their self-
management goals, such as sleep and emotion monitoring:
“I hope to connect my work status, life status, and my
health status. I think it would be better if there was other infor-
mation that could be enriched besides exercise and dietary
intake, such as sleep.” (P11) Some participants tried to
adjust their goals by testing their hypotheses since the assigned
app only provided static medical advice-guided goals: “I tested
it. If I eat too much salt, my blood pressure will go up. I will
check or test it according to my own records.” (P14)

Visual-based cues (avatar) and virtual rewards

Table 5 shows the participants’ attitudes toward visual-based
cues, rewards, and levels among the two groups. Most partici-
pants perceived the metaphoric linkage between the avatar and
the individual’s health status. The transformation of the
avatar’s appearance was expected to have higher-level
changes in the intervention group. The result could be
explained by the fact that the average age of participants in
this group is younger than that of the control group, and
they also have more prior experience with mobile apps.
Participants were motivated to maintain physical activity and
self-management habits by changing their avatar’s appear-
ance. However, personalized avatar customization was pro-
posed by some participants since it might lead to more
motivation and engagement. Meanwhile, the transformation
of avatar appearances in developing cue-behavior associations
may be influenced once participants have formed healthy life-
style habits.

Virtual rewards and levels were effective gamified ele-
ments to boost engagement. Participants perceived the rela-
tionship between virtual rewards (sunlight, moisture, and
fertilizers) and levels of avatar; meanwhile, the positive
effects on behavior consequences were recognized. In add-
ition, participants expected various types of virtual rewards,
such as rewards for long-time achievements. Combined short-
term and long-term achievement rewards could enhance
engagement and boost their motivation for habit formation.
However, participants with retired status argued that they
would not change their lifestyle for upgrades or virtual
rewards. The established self-management habits and routines
may be one of the reasons.

Interestingly, one participant was concerned that chan-
ging avatar appearances and rewards might lead to potential

stress, which conflicts with the medical advice to maintain
healthy emotions. “It made me feel stressed because high
blood pressure is generally more affected by emotion. I
don’t think this gamification design is suitable for hyperten-
sive patients.” (P2)

Barriers to maintaining the self-managed habits

Participantsmentioned obstacles to self-management. Firstly, the
issue of irregular medication was frequently mentioned, espe-
cially among participants with employment status who had
limited time. Busy work and disrupted routines were leading
risk factors for medication adherence. Moreover, some of
them are worried about the side effects of long-term medication.
Therefore, participants preferred non-pharmacological therapy
or traditional Chinese medicine.

Sometimes I forget to take medicine. Even if I set the alarm,
I didn’t have the medicine with me when it alerted, and I
will forget it later. (P4)

Basically, there is no difficulty taking medicine every
morning. But if I go abroad for business, I will forget. (P7)

Medicines should not be taken for a long time. I hope to try
Chinese herbs. (P13)

Secondly, despite the participants who were currently
employed having a strong desire to change their behavior,
they struggled to maintain regular physical activity due to
a lack of time. On the other hand, retired participants
were bothered by other complications that meant not
every physical activity was suitable for them.

I’m busy during the daytime. When I go home, I have to take
care of my kids, which makes it more difficult. I don’t have
time until 23 o’clock, but it’s time to go to bed. (P5)

The doctor suggested me to jog more. But it was too hard
because my leg has some issues, so I replaced it with
walking or stretching. (P6)

Lastly, dietary intake was influenced by other external
factors, such as cooking by other family members or social
activities. Even if participants hoped to control sodium
intake, it was difficult to trace without nutrition labels.

My mother cooked. We communicated about sodium intake
reduction, but nothing has changed. (P5)

Meals cooked by other family members. I don’t know how
much salt they have used. (P7)

Social activities increased a lot after I retired. (P3)
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Discussion
This study proposes a visual-based cue design for habit for-
mation, and hypertension is presented as a case to explore
how chronic disease patients would perceive the proposed
method. The qualitative findings reveal that participants
found it easier to achieve daily tasks when specific goals
were established. Moreover, participants expressed their

desire to expand their self-management goals to include
additional dimensions of health, such as monitoring sleep
and emotions. In terms of hypertensive patients’ attitudes
toward the visual-based cues, a strong connection
between the avatar and their own health status was per-
ceived, highlighting the significance of this metaphoric
linkage. In addition, the results indicate that tailored time-

Table 5. Participants’ attitudes toward gamified elements.

Intervention group Control group

Avatar “I will do all the tasks according to my avatar status, and I
feel that I have achieved the small goal of each day. It
feels like a metaphor for people’s health conditions. It
increases my interest. However, it probably won’t work as
expected when I have a habit.” (P3)

“The avatar is vivid. This kind of visual image has given me
a lot of encouragement. If these elements were added, I
would prefer to keep using them.” (P14)

“Whether that character is a plant or an animal or whatever
makes no difference to me as long as I see my score go
up. If completing a task can give me a piece of a puzzle
and eventually finish the whole image of the puzzle, I
think it will be more interesting.” (P4)

“I don’t like play games. I may feel annoyed if I have to do
tasks to take care of this avatar. I don’t need motivation.”
(P12)

“It grows bigger or smaller, blooms, and when I finish the
task, it gives me a kind of encouragement” (P6)

“I think the target given by the system will be better, which
is a kind of scientific suggestion.” (P11)

“If the graphic design is more beautiful, maybe I will take a
look at it when I have time. But I won’t change my
lifestyle.” (P7)

Virtual rewards “Not enough to push me to keep using it. Useful rewards for
me are warnings, such as what happens if there is not
enough sunshine. Telling me the consequences of not
maintaining a healthy life are more motivating for me.”
(P1)

“I don’t think I need any rewards either. I know that
exercise is good for my health, so I will exercise.” (P8)

“Rewards (sunlight, water, or fertilizer points) are visual
points, but I feel great when I get a high score.” (P3)

“Multiple rewards if there are some encouraging words.”
(P11)

“It’s also good to exchange the virtual rewards for a
physical doll. I can share these IP (rewards) with other
social software, and I feel very motivated.” (P4)

“In addition to congratulating me on completing the task, I
can get points, which can make the role upgrade more
motivating for me and encourage me to continue to do
more exercise.” (P14)

“It can bring motivation. Encourage me to keep doing it and
not be lazy. There are some special rewards. For
example, you have used the app for five days, and it gives
you some special rewards. Adding some random things
will make it more immersive.” (P5)

Levels “Leveling up works for me. I’m happy to see that I’ve
reached level 7 and I’m getting high marks.” (P3)

“There will be some motivation, and the plants will grow
better if I do more exercise.” (P8)

“This form of upgrade doesn’t work for me. I’m not going to
make any changes to make it level up. I still follow my
habits.” (P7)

Zhu et al. 9



based reminders, blood pressure monitoring, and daily
dietary intake were the most appealing features. On the
other hand, participants also mentioned some barriers they
encountered in maintaining self-management habits. The
demands of busy work and disruptions in routines were
identified as risk factors for medication adherence.
External factors, such as family members preparing meals
or social activities, also had an impact on dietary intake.

To better reflect the proposed design and contribute to
future eHealth design for habit formation, we discuss impli-
cations from perspectives of designing intention, automatic
cue-behavior association, and self-management. By align-
ing behavior change strategies with the suggested design
implications for the habit formation eHealth design, our
findings could serve as a guideline for future studies (as
shown in Table 6).

Design for intention

When designing eHealth solutions for self-managed habit
formation, it is crucial to consider not only the general
goals of the non-pharmacological interventions but also
adapted goals that align with individuals’ health status.
Physician’s medical advice that includes various critical
interventions has been demonstrated to reduce blood

pressure, such as weight loss, sodium reduction, or
increased physical activity,2,28 which proposes an ideal
guideline for chronic disease. Despite clinic medical
advice providing professional, multidimensional, and cus-
tomized instructions for patients, it is challenged by
ambiguous and long-term goals, vague information, and
sufficient expertise requirements when utilized in eHealth
solutions.

Clear, quantitative, and narrow properties should be
applied to medical advice-guided goals. These specific
requirements could reduce learning barriers and increase
self-efficacy to perform a specific behavior.19,20 Interview
results reflect that participants prefer to set reduction
targets to avoid the influence of internal and external
factors, such as laziness, lack of knowledge, or being
busy at work. In addition to implementing medical advice
by reducing complex activities to multiple specific goals,
participants perceive it easier to use the eHealth solution
to do decision-making based on quantified goals. For
instance, general medical advice suggests reducing
sodium intake. However, patients report that they do not
know the standard for sodium intake, and it is hard to
measure the sodium content of each food. Through self-
monitoring, the proposed design provides scientifically
quantified goals and feedback, which could assist in

Table 6. Design implications for the habit formation eHealth design.

Habit formation eHealth design Behavior change strategies Design implications

Design for intentions Goal setting Set clear, quantitative, and narrow medical advice-guided goals.
Set personalized and adaptive goals.

Gaps between progress
and goals

Compare standard medical advice with individual behaviors.

Provide meaningful feedback to
enhance reflection.

Social support Provide platforms to support communication.
Provide role models and comparisons for patients with similar
situations.

Time-based reminders Tailored reminders to respond to disrupted events and unhealthy
behavior.

Design for automatic
cue-behavior association

Changes in avatar
appearance

Provide tailored, implicit, and metaphoric avatar appearance.
Concern characteristics of target user groups.

Virtual rewards Provide different reward properties to stimulate engagement,
including internal motivation and tailored information.

Others Self-monitoring Provide multi-dimensional health data monitoring (e.g. physical
activity, sleep, nutrition, physiological signals, and emotion).

Self-experimentation Provide prediction to assist validation of patients’ hypotheses of their
lifestyle modification.
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deciding whether to reduce the intake of some foods.
Additionally, our findings reveal that integrating personal
health status and phases into goals to provide adaptive
goals has benefits for individual habit formation. Existing
studies have proposed rule-based adaptive goals to
enhance physical activity levels, such as increasing 10%
goals each week.32,51 However, this rule-based goal
setting fails to achieve fully personalized goal adjustment
based on individuals’ circumstances. Future studies could
assess individuals’ status based on behavior data through
advanced technology to provide tailored and adaptive
goals in the appropriate context.

Comparing standard medical advice with individual
behaviors is another key insight found in this study,
which highlighted the importance of medical advice-guided
goal-setting design. Individuals seek feedback by compar-
ing it with the standard in order to understand and reflect
on their behavior. However, one limitation of clinical con-
sultation is that patients perceive pervasive and valueless
feedback.23 Patients may struggle to understand why and
how to modify their behavior without detailed explanations.
They desire to know the gap or progress of goal achieve-
ment and adjust their activities to enhance goal effects.
Previous studies have utilized visual feedback to represent
users’ overall status and the gap with standard medical sug-
gestions.52 In contrast, this study proposed detailed and
explicit feedback (visualized progress bar) for each key
medical recommendation, aiming to help users understand
the consequences of their actions and compare them to
standard and quantitative medical advice. Some participants
adjusted their daily diets based on this visualized feedback
during the experiment.

Time-based Reminders integrated with goal-setting
could enhance goal performance and assist decision-
making, which is consistent with findings from other
research.28,53 Two types of reminders are reported by parti-
cipants, including behavior reminders and alerts when stan-
dards are exceeded. Behavior reminders (e.g. medication
reminders) are mentioned frequently by patients with
limited time since their routines are easily disrupted by
various situations. Moreover, participants present that
alerts are acceptable when they maintain unhealthy behav-
ior for a few days, or their health condition is predicted to be
dangerous. It is necessary for them to monitor and under-
stand their health conditions. Therefore, customized remin-
ders are recommended to explore the chronic disease
context to satisfy the complex requirements of patients, as
most of them may have complications.

Community-based social support could potentially
improve adherence. Most participants explore chronic
disease-related knowledge from physicians or authorities.
However, seeking suggestions from people in the same situ-
ation is also found to be a possible solution in this study.
Individuals reflect on their behavior by learning lifestyle
modification methods from others in similar situations.

Prior studies have demonstrated the effectiveness of social
support techniques in eHealth solutions,31,32,54 which
aligned with the findings in this study.

Design for automatic cue-behavior association

Despite the positive attitudes expressed by all participants
toward avatar appearances as the visual-based cues for
habit formation, user demographic information such as
age or available time should be considered a moderator in
future design.

Personalized, implicit, and metaphoric avatar appearance
transformation, in this study, represents the user’s health condi-
tion and progression of medical advice goals. Most participants
accepted that the changing of avatar appearances could
enhance their motivation to self-management. In addition,
avatar appearances serve as an implicit cue that links self-
management behavior with visual change, allowing the cue-
behavior association to develop without the need for additional
attention. Although the metaphorical information of the avatar
could be perceived by all participants, the randomness of the
avatar’s appearance is only highlighted by the participants
with younger ages. Unpredictable outcomes could enhance
individuals’ curiosity, encouraging them to keep using the
app. These participants may have more experience with
mobile applications, which may be one of the reasons. They
can easily predict the shape changes of avatars based on their
experience. In terms of retirement groups, those with less
experience with mobile applications perceive a vivid trans-
formation of the avatar’s appearance. In contrast, older partici-
pants with retired status are less affected by the virtual avatar
since they have a constant lifestyle routine. Future studies are
suggested to consider the target group’s characteristics.

Different reward properties have the potential to stimu-
late engagement. On the one hand, rewards could be the
means of knowledge acquisition. Information related to
chronic diseases could inform patient guidance, which
could improve patients’ health literacy. On the other
hand, personalized recommendations could be the reward.
Individuals receive tailored feedback based on their behav-
ior, which could enhance self-reflection and facilitate life-
style modification.

Others

In addition to design suggestions for intention and cue-
behavior association in eHealth solutions, some interesting
findings are explored in this study.

Multi-dimensional health data monitoring has been discov-
ered to play a vital role in future lifestyle modification eHealth
solutions. Almost all participants expected the need to track
their health condition in multiple dimensions, such as physical
activity, dietary intake, sleep, and emotion. In particular,
emotion has an influence on blood pressure control, which
pay much attention by hypertensive patients. What’s more,
the mutual effect may be found between different dimensions.

Zhu et al. 11



Most prior medical advice is evidenced by quantitative and
one-dimensional standards (e.g. aerobic exercise could
reduce systolic blood pressure by 5–8 mm Hg in adults with
hypertension5). The mutual effect of multi-dimension may
influence the effectiveness of medical advice. Future research
could focus on predicting the connection between different
health data through multimodal deep learning.

Conducting self-experimentation is one of the characteris-
tics of chronic disease patients. Self-experimentation for
behavior change was proposed by Karkar et al., which is a
process for formulating and testing proposed hypotheses.55

In this study, some patients performed this process since they
hoped to test whether specific foods would make their blood
pressure unstable. Due to the complexity of managing
chronic diseases and the fact that individuals may have differ-
ent complications, patients cannot receive detailed explana-
tions of their individual conditions. They could only explore
their personalized plans through self-experimentation.
Therefore, future work could apply a self-experimentation
strategy for chronic disease that integrates big data to create a
digital twin of patients to predict the results of patients’hypoth-
eses and assist lifestyle modification.

Limitations

In this study, dietary preferences and lifestyle habits are
restricted in the Hong Kong context, which requires more
regional exploration in the future. Findings show that differ-
ent demographic information about participants is a poten-
tial moderator for eHealth solutions. We will consider more
detailed groups in the future to explore the user experience
of chronic diseases based on varied demographic traits.

Conclusions and future work
This study proposed that visual-based cues could help form
self-management habits for hypertension. Results from this
study show that medical advice-guided proximal and specific
goals could be an effective strategy for chronic disease man-
agement. In addition, avatar appearance changes could be a
visual-based cue to develop cue-behavior associations but
were limited by demographic traits.

Currently, the medical advice applied in this study is
based on general recommendations based on the authority’s
reports. Future studies will apply advanced technologies
such as deep learning (DL) and natural language processing
(NLP) to transfer medical advice based on the user’s input
to detailed and valuable sub-goals in order to achieve perso-
nalized self-management of chronic disease.56 Meanwhile,
we found that patients try to verify the influence of different
lifestyles on blood pressure control. Future work could use
digital twins57 to establish an individual disease prediction
model that can present the influence of different lifestyles in
an intuitive way. The results of the current study show that
retired patients (the elderly) perceived the gamification

design as less impressive. The revisit results indicated that
a lack of mobile application experience might be a potential
barrier. Hence, we plan to conduct a large-scale survey to
explore mobile application experience among the elderly
with chronic diseases (e.g. an elderly-centered design
approach58) to explore their preferred design elements and
interactive features. In addition, more empirical studies
should investigate the mechanisms of visual-based cues
and other types of cues in order to support self-management
habit formation in different contexts. This will contribute to
improve the design and development of future habit forma-
tion studies for chronic disease management.
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