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question is explored through the Persuasive Systems Design model. Based on interviews and workshop feedback from
physicians, six persuasive principles were chosen for a redesign of an existing asthma self-management solution. The prototype
was evaluated for potential acceptability by user proxies. The Personalization and Simulation persuasive principles were
perceived as most acceptable for pediatric, digital asthma self-management.
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ABSTRACT

This work explores the acceptability of various persuasive
design principles for pediatric users of a digital, asthma self-
management solution. While persuasive design methods
have been shown to motivate adherence to digital self-
management, effective persuasion is highly context-
dependent. The gap in research on persuasive design for
younger users of asthma self-management applications raises
the question of which persuasive principles are acceptable
for this group’s unique context. This question is explored
through the Persuasive Systems Design model. Based on
interviews and workshop feedback from physicians, six
persuasive principles were chosen for a redesign of an
existing asthma self-management solution. The prototype
was evaluated for potential acceptability by user proxies. The
Personalization and Simulation persuasive principles were
perceived as most acceptable for pediatric, digital asthma
self-management.

Author Keywords
Persuasive systems design; mHealth; Behavioral change
support systems; Pediatric care; Asthma.

CSS CONCEPTS

* Human-centered computing~Human computer
interaction (HCI)~HCI theory, concepts and models *
Applied computing~Life and medical sciences~Health care
information systems

INTRODUCTION

Asthma is the most common chronic disease among children
worldwide, affecting approximately ten percent of school-
age children in Sweden alone [39]. Even in patients with mild
conditions, symptoms and lung function often vary in
intensity depending on exposure to triggers like exercise,
allergens, and weather changes. Due to this variability,
asthma management requires continuous assessment of
patient symptoms and lung function to identify necessary
treatment adjustments. Self-management interventions, in
which the patient is provided with the tools and education
required to manage their condition, are recommended for
effective, long-term asthma control [14].

Self-management of chronic diseases is increasingly
facilitated through mobile health applications (mHealth).
The ease of use and accessibility afforded by mHealth makes
it an attractive alternative to other self-management
interventions like diaries or school-based aid for children.

However, its effectiveness in promoting medication and
asthma testing adherence (both major factors in positive
health outcomes) in patients of all ages is inconsistent
[16,18,26]; moreover, few publicly available mHealth apps
are explicitly designed for children [17,28]. As the reviews
identifying these trends are dated between 2012 and 2016,
more work may have been done since then on improving
adherence to pediatric mHealth; however, exploring this
context may reveal alternative avenues to motivating self-
management.

Improving adherence means designing systems that shape
patients’ habits, and ultimately attitudes, towards self-
management. Persuasive design is an approach that
integrates behavioral change theory into the design of user
experiences [11]; it is commonly used in mHealth to
motivate a range of healthy behaviors, including asthma self-
management [16-18,26]. For this persuasion to be effective,
understanding user context must be an integral part of the
design process; factors such as lifestyle, personality, and age
can all influence how a user responds to persuasion [29].

Oinas-Kukkonen and colleagues’ Persuasive Systems
Design (PSD) model [29] is an influential, context-
dependent approach to designing and evaluating persuasive
technology. PSD offers 28 principles to use as motivators in
the persuasive system; however, selecting which of these
will be effective for the intended users and target behavior is
based on the use-, user-, and technology context. PSD has
been used to integrate persuasive principles into a variety of
health-based persuasive systems [1, 35]; however, this does
not include digital, self-management solutions for pediatric
asthma (as far as the author is aware). Limited work on
evaluating persuasive design for pediatric self-management
perpetuates the issue of lacking research into children and
mHealth, and consequently poorer adherence rates for
treatment.

Therefore, this research evaluates the potential acceptability
of various persuasive design principles for 10-12 year old
users of digital asthma self-management solutions. The
intention is to explore which persuasive principles may be
suited for improving treatment adherence in pediatric asthma
patients, based on their unique context. More than half of
children in Europe aged 9-16 own smartphones [25],
meaning that the apps they use should be designed for them,
not their guardians. Context definition and selection of



persuasive principles were done together with pediatric
asthma care specialists and followed the process outlined in
the PSD model [29]. Then, the selected principles were
integrated into an existing asthma control assessment design
in the AsthmaTuner mobile app. Finally, the potential
acceptability of the principles in the redesigned prototype
was evaluated by asthma care specialists.

AsthmaTuner

This work was done in collaboration with the digital health
startup AsthmaTuner [23]. The AsthmaTuner mobile app
and companion digital spirometer help asthmatics manage
their condition together with their physician. The primary
self-management tool in the app is the Treatment Check: an
asthma control assessment that results in a tailored
medication recommendation. As the Treatment Check tool
should be used regularly by patients, it is a good candidate
for a persuasive redesign aimed at motivating this target
behavior. This work allows AsthmaTuner to explore
methods for better engaging their younger users.

Delimitations

The design approach of this work is user-centered and
collaborative, however pediatric asthma care specialists were
involved instead of 10-12 year old asthmatics. This was
primarily due to the ethical challenges of interviewing a
vulnerable group about sensitive health information.
Substituting end users with expert proxies is not ideal, but is
necessary when the target group is difficult to involve [3].
While this may mean a less accurate representation of user
experiences and contexts, pediatric asthma specialists have
also observed a wider range of patient types than may have
been available for this work.

Additionally, the specialists involved in the interviews and
workshop are all either employed by AsthmaTuner or have a
stake in the company. Participants in the final evaluation
were not directly involved with AsthmaTuner, but do treat
patients with the app. However, there is no glaring conflict
of interest.

Finally, this study does not evaluate whether adherence
improved as a result of the redesign. This would have
required ethical approval and several weeks of testing, which
was not possible within the scope and timeline of this thesis.

RELATED WORK

Persuasive Health Technology

Persuasive technology, a term coined by behavioral change
researcher B.J. Fogg, is any computer system intended to
“change behavior or attitudes or both (without coercion or
deception)” [11] (the absence of coercion or deception is a
critical part of designing for persuasion and is discussed
further in the Ethical Considerations). Persuasive design
plays an important role in m- and eHealth for chronic disease
management, where maintaining user adherence continues to
be a barrier to effective treatment [16]. In order to motivate
users to perform target behaviors, systems employ methods
called persuasive principles: Tailoring (information is

tailored to user characteristics), Reduction (complex tasks
are reduced into simple steps), and Reminders (users receive
reminders to perform the target behavior) are principles
commonly used in persuasive health technology [38].

While not all persuasive m- and eHealth follow frameworks
during design, doing so standardizes the process and allows
for easier evaluation of their effectiveness [38]. One example
is Fogg’s influential behavioral model (FBM) [10], which
suggests that effective persuasive systems boost users’
ability and motivation to perform a task and must include an
appropriate trigger for the intended action. Sittig and
colleagues [36] incorporated trigger messages based on this
theory into the diabetes management app capABILITY;
however, to facilitate the development of capABILITY, the
study also involved the relatively unused persuasive design
framework GuideView [19]. While FBM offers a foundation
of behavior change theory in which to base the persuasive
design, it is more of a conceptual model than a standalone
framework to guide the design process.

Oinas-Kukkonen’s popular PSD model [29] offers a
practical approach to persuasive system design that remains
rooted in behavioral change theory and defining user context.
Senette and colleagues [35] followed PSD to design an app
aimed at improving the lifestyle habits of menopausal
women. Combined with participatory design, the authors
could identify persuasive principles to employ that were
considered acceptable during user evaluation of the app.
Similarly, Bartlett and colleagues [1] evaluated the
acceptability of different persuasive principles for an app
aimed at motivating COPD patients to physical activity; the
authors designed three prototypes for evaluation, using the
PSD model to guide the process. As far as the author is
aware, there are no studies explicitly evaluating the
acceptability of persuasive principles in engaging preteen
asthmatics to self-management. However, PSD’s focus on
defining user context provides a framework within which to
explore the experiences of this demographic and how they
influence treatment adherence.

Digital Asthma Care for Children

While pediatric asthmatics generally respond well to
mHealth self-management solutions, treatment adherence
rates remain poor. Research into the attitudes of patients,
parents, and physicians towards asthma self-management
reveals several common influences on treatment adherence:
physician-patient relationships, parental and family attitudes
towards treatment, and patient asthma education [9,30].
Digital solutions that employ behavioral change strategies
like reminders, education, and consistent physician-patient
contact have been found to improve adherence [30].

Tae-Jung Yun and colleagues [41] designed a system to
facilitate asthma  self-management through SMS
communication between physicians and their younger
patients (10 years and older); while not referenced as such in
the study, this is an example of the Reminder persuasive
principle. The authors found that receiving self-management



related questions and true/false asthma knowledge questions
via SMS led to improved health outcomes and patient
understanding of the condition. Kenyon and colleagues [21]
used reminders as well as a financial incentive (the Reward
persuasive principle, again not referenced as such) in a
mobile app to motivate asthma self-management in 5-11 year
old patients from poorer backgrounds; the study found
significant improvements in adherence and health outcomes.
Similarly, Mosnaim and colleagues [27] improved asthma
treatment adherence in adolescents from minority
backgrounds by tailoring physicians’ feedback and education
to a population with low health literacy. While [21] and [27]
focused primarily on the users’ socioeconomic background,
the results are an example of the importance of considering
context when choosing persuasive principles.

A few strategies like SMS and in-app reminders have been
found effective at improving adherence in multiple studies
[20,21,27,41]; however, there remains an unexplored gap for
the acceptability of other persuasive principles in the context
of pediatric self-management. [21] and [27] indicate that
there are more opportunities for improving adherence
through persuasion by exploring user context.

DEFINING THE PERSUASION CONTEXT

Designing for persuasion begins with understanding a user’s
context when interacting with the system. The PSD defines
context through three dimensions: Intent, Event, and
Strategy.

Intent

The intended behavioral outcome of this design is weekly
use of the Treatment Check tool by asthmatic children aged
10-12 years old, who have been prescribed AsthmaTuner by
a physician; this frequency of use is defined by asthma care
specialists involved with AsthmaTuner.

Event

The event involves the use context, user context, and
technology context [29]. The use context is relevant when the
user is interacting with the persuasive system (i.e. testing
their asthma control level); in this case, mood, physical
location, privacy, and features of the task involved are all
factors that affect persuasiveness. Conversely, the user
context is independent of the task of self-management, but
includes user-dependent factors that may affect system
persuasiveness, such as social influences, goals and
motivations, and lifestyle. Finally, the technology context is
the medium through which the persuasive message is
relayed, meaning the device, application, system
implementation, etc. and any technical challenges involved
[15]. In this paper, the use and user contexts are defined
through the interview results, and the technology context is
considered in the design process.

Strategy

The persuasive message relies on users feeling that regular
self-management offers greater benefits (health, social, etc.)
than disregarding it; this is also defined by asthma care
specialists at AsthmaTuner. The strategy involves both direct

and indirect routes of persuasion [29] (for example,
explaining the effect of treatment on asthma versus allowing
users to personalize the interface, respectively).

Methodology

Interviews

To define the user and use contexts of 10-12 year old
asthmatics, semi-structured interviews were conducted with
three pediatric asthma care specialists; the specialists served
as proxies to the intended end users. Interviews are a standard
and commonly used data collection method in user-centered
design; the semi-structured format produces richer
qualitative results by allowing for follow-up questions about
participant answers [6]. Access to physicians was very
limited due to Covid-19 vaccine rollout; therefore, the
decision was made to interview a smaller sample of
participants who were available for longer interview and
workshop sessions. Each participant agreed to be
interviewed for 45 minutes.

Interview questions were based on insights from a review of
previous work on pediatric patient, parent, and physician
attitudes towards asthma self-management. According to
research, the major predictors of treatment adherence in
children and adolescents are consistent physician-patient
relationships, parental and family attitudes towards
treatment, and patients’ comprehension of their condition
[9,30]. Several interview questions explored these themes,
while others were more open-ended to allow for participants
to offer any alternative perspectives on adherence and self-
management. The purpose of the interviews was to collect
data with which to define the use and user contexts;
therefore, the questions also indirectly referenced the factors
involved in both contexts. Interviewees were briefed on the
study background and told to share their experiences and
insights on 10-12 year old patients.

All data was transcribed and context themes were identified
through the KJ method [33]. Participants are referred to as
P1, P2, and P3.

Use Context

The following are use context factors discussed by the
interviewees. These factors are situational and describe the
user’s self-management experience when interacting with
the AsthmaTuner system.

Emotional reactions to system use

All interviewees noted that patients are excited and curious
when they first receive AsthmaTuner and the companion
spirometer. This appears to be due to a combination of
several factors: the tool is novel compared to traditional
solutions; patients are allowed to use an app on their phone,
an activity which otherwise might be limited by their parents;
and having a tool intended for their own personal use gives
patients independence in their self-management. As
mentioned by P1, “In the beginning they think it’s really cool
to have an app, and their own device, and they can actually
do something themselves.”



However, the interviewees have noticed that after about a
week the initial interest begins to wane. From that point on,
engagement appears to be less rooted in entertainment value
and more in recognizing the effect of successful treatment.
P2 explained how patients who were followed up with eight
weeks after starting AsthmaTuner were especially happy
with their progress because they had started seeing a positive
effect on their asthma and their life; for example, one patient
was excited that they could now meet their friend’s cat
without its fur triggering a flare-up. By this point patients
also tend to become more inquisitive about their asthma:

When you have a meeting with them kinda soon [after
starting AsthmaTuner] then they have some questions
like “What do you mean with that symptom question?
Why doesn’t it change if I have this percentage of lung
function? | have a cold now but it says-’ They have so
many then and they’re actually starting to get it.

Unfortunately, self-management outside of a study usually
involves yearly check-ups with the doctor, meaning that
many of the early milestones are forgotten by the time of the
appointment.

Parental involvement

Parental influence on children’s engagement in self-
management is well-documented [9,30], and responses from
the interviewees reflect previous findings. In the
interviewees’ experiences, parents (or guardians) are still
significantly involved in self-management of 10-12 year
olds. Self-management is a collaborative effort, with patients
often relying on their parents to remind them to test and take
their medication. Parents even get involved during testing by
explaining complicated language or urging their children to
read carefully.

Education

Asthma education that promotes awareness and
comprehension in patients has been found to improve
treatment adherence [30]. While the interviewees echoed this
from their own experiences, they stressed that education is
truly effective when explaining why regular treatment is
important. Without this context, the theory tends to be lost
on patients, as explained by P1:

You have your asthma, these are the symptoms, these are
the meds that help, that’s it...I think it’s hard to motivate
a 10 or 12 year old by talking about theoretical concepts
like airway inflammation. In very general terms, yes.

P2 stressed the importance of using the medical realities to
provide meaning to patients’ self-management and in turn
motivate why they should adhere to it. They also noted that
physicians can forget that patients do not all have the same
level of ‘general knowledge;” some may feel like they have
seen it all before, while others are left confused about what
an asthma diagnosis and treatment means for them.

Task-related factors

All the interviewees referenced aspects of the self-
management task that influence patients’ adherence. On the
one hand, the process of assessing asthma control involves a
straightforward series of steps. P1 and P3 agreed that this was
beneficial for younger patients because they wanted to skip
instructions and instead learn hands-on.

On the other hand, there is a certain level of regulation when
using a standard method for asthma control assessment that
is not entirely suited for younger patients. P2 noted that
patients tend to have the most trouble when recording their
symptoms because the questions set by international
guidelines [14] use language that is too advanced. This can
be especially disarming when patients are used to more
accessible language from their physician and the rest of the
app:

When you’re talking to the kid, in the clinic, you’re
talking to them in a certain way, and then when you get
the symptom questions from here, you want to change
them, just so they understand what they’re asking.

User Context

The following are user context factors discussed by the
interviewees. These factors are independent of AsthmaTuner
and instead focus on users’ overarching experiences as
young asthmatics.

Lifestyle

The level of activity in a patient’s lifestyle is considered a
significant influence on treatment adherence by all
interviewees. From their experience, patients with active
lifestyles are easier to motivate because they trigger their
asthma more regularly during exercise and therefore directly
see the benefits of reducing their symptoms through
treatment; the feeling of being triggered also affirms to them
that they have asthma. Meanwhile, patients who are
sedentary do not necessarily face performance challenges
due to their asthma and consequently have fewer
opportunities to see the practical benefits of self-
management, as described by P1:

Some kids aren’t motivated, they just want to sit in front
of their computer and they’re going to as few...sports or
PE lessons as possible at school and trying to avoid any
type of physical activity, and then you can’t - it’s really
difficult to motivate, because they don’t trigger their
asthma that often, that much, either.

Without a payoff, these patients may not understand the
purpose of treatment or believe they need it.

Attitude and skepticism

Patients tend to have varying attitudes towards their asthma,
based on previous treatment experience and the attitudes of
authority figures around them. P2 and P3 described how
patients with severe asthma are more likely to be bored or
fatigued by their condition than milder cases; this stems from
the chore of daily management as well as the stress of regular



doctor’s visits and new treatments. An apathetic approach
can mean these patients are less receptive to introducing new
tasks into their treatment routine and less open to discussing
their asthma.

Another attitudinal challenge to adherence is patient
skepticism about whether they even have asthma. Often this
is actually due to a successful treatment plan which reduces
symptoms and leads to patients assuming they are ‘cured’
and do not need medication. Moreover, if a patient ever
received an inconclusive asthma diagnosis (whereby further
treatment is required to ‘wait and see’), then, according to
P2:

These kids, they remember this, even like twenty years
later they’re gonna like, ‘Oh well the doctor wasn’t sure
if I even have asthma, so I’m not sure if I should take this
medication...but I do when | have symptoms, because
then I think it helps. But they don’t even know if I have
asthma’...It’s not like a blood test that says ‘Yes, you got
it,” then they’re like ‘Oh ok.’

While patients are sensitive to clinicians’ skepticism, they
are particularly influenced by parental attitudes towards
asthma treatment. Most 10-12 year old patients will echo
their parents’ sentiments, suggesting that patients with
parents who question the diagnosis or are wary of giving
their child medication have poorer treatment adherence.

CHOOSING PERSUASIVE PRINCIPLES

The second phase of PSD involves selecting the persuasive
principles that will be used in the system. Persuasive
principles are methods by which the system motivates the
user to perform the intended behavior; for example, the
Reward principle is employed when an incentive is offered
to the user. The PSD lists 28 principles, however not all are
suitable for the system. The Event definition (Intent,
Contexts, and Strategy) should motivate the selection of
acceptable principles [4].

Methodology

Interviewees P2 and P3 were also involved in selecting the
principles through a workshop. In order for the participants
to offer informed insights into which principles may be
acceptable for 10-12 year old AsthmaTuner users, the results
of the interviews were synthesized into three personas and
introduced at the beginning of a workshop; this also allowed
the participants to confirm that the themes identified in the
qualitative data were an accurate representation of their
responses. During the workshop, participants discussed
which personas would benefit from nine pre-selected
principles.

Personas

Personas are a common method for representing qualitative
data wherein mock users are built from data insights. The
traditional reasoning for data-driven personas is that they
help motivate design decisions by allowing designers to
consider the impact on different types of real users [6]. While
the method’s success in this purpose has been debated,

personas have alternatively been found effective in
“[activating] the pre-understanding” of other users [2]. In
this work, the personas acted as a common thread throughout
the rest of the study, by which workshop and final evaluation
participants could reflect on their own understanding of the
target group.

The use- and user context factors served as the basis for three
personas:

e Nadine (12), who never received a conclusive diagnosis
and is skeptical that she has asthma (see Figure 1);

e (Oskar (10), who is treating his asthma because his
doctor said it would improve his football performance;

e Lisa (11), who has severe asthma and adheres to self-
management because her parents tell her to

The personas were presented to workshop participants as
digital cards and included information about the personas’
home life, their likes, their reason for using AsthmaTuner,
and the regularity of their self-management habits. After
reviewing the personas, the participants agreed that they
were reflective of their observations of 10-12 year old
patients.

Hello! My name is Nadine
and I'm 12 years old

At home, Nadine lives with... her two parents

Nadine likes to... play computer games online with
her friends and read fantasy books.

Nadine uses AsthmaTuner because... her doctor
wants to monitor her asthma, but she never got a
definite diagnosis. Nadine doesn't think she has
asthma, and doesn’t understand why she has to use
AsthmaTuner.

Nadine is in the habit of... forgetting to use
AsthmaTuner. On the occasion that she does
remember for several weeks, she doesn't really
notice a difference in her symptoms.

Figure 1. “Nadine” persona used in workshop to represent
patients who are skeptical about their asthma. Photo: Julia M
Cameron on Pexels.

Workshop

The purpose of the 1.5 hour workshop was to co-evaluate the
potential acceptability of persuasive principles for 10-12
year old AsthmaTuner patients. Ultimately, insights from the
discussion between participants drove the selection of
principles to incorporate into the app design. Out of the 28
principles listed in PSD, 9 were pre-selected for discussion
during the workshop (see Table 1). The other principles were
filtered out because they were either already implemented as
an AsthmaTuner feature or considered irrelevant to the intent
and context.

Principle PSD definition [29]

Tailoring System presents information that



reflects users’ needs, wants, etc.

Personalization System content and services can

be personalized

Simulation System simulates to users positive
effect of target behavior

Authority System takes on a role of authority
or references authority figures

Social role System takes on a social role

Social comparison | System allows users to compare

their performance to others’

Competition System allows users to compete
Praise System uses positive, affirming
language

Similarity System reminds users of

themselves

Table 1. Persuasive principles discussed in workshop

The two workshop participants were first briefed on
persuasive design and persuasive principles to give context
to the discussion. Before the workshop, they also received a
deck of digital cards that included a definition of each pre-
selected principle, an example from an app or website, and a
quote from the interviews that had motivated the inclusion of
that principle in the 9 pre-selected (see Figure 2). The use of
cards was inspired by previous work showcasing the
method’s effectiveness in persuasive co-design and co-
evaluation workshops [8,31].

Tailoring

ided by the

Figure 2. Tailoring persuasive principle card with definition
from [29], example, and related quote from interview.
Screenshot: Kry mobile app.

Due to Covid-19 restrictions, the workshop was remote and
held through video call. All resources were available to
participants in a collaborative digital whiteboard. During the
workshop, participants took time to individually move
‘stickers’ representing each persona to the persuasive
principle cards they felt were acceptable for them. The
workshop concluded with the participants explaining why
they had placed the stickers on those principles; this typically
developed into a discussion if there was inconsistency
between participants’ choices.

Results

There was unanimous agreement that the Praise and
Similarity principles would be persuasive for all 3 personas.
The participants believed Praise to be an effective motivator
for patients of all ages. Similarity was considered useful in
the context of 10-12 year old patients in order to address
issues of uncertainty around medical jargon, as explained by
P2:

They would feel more like ‘oh this is an app for me that |
can use and that [ understand’ instead of being a bit scared
of the app, not sure that they’re using it right. They don’t
even know if they’re supposed to trust the treatment plan
because they don’t know if they actually understood the
symptom questions.

The Social Comparison and Competition principles were
initially recommended for all 3 personas by P2 and only for
the “Oskar” persona by P3; the latter felt that Oskar’s
predisposition to sports lent itself better to gamification-
based persuasion. However, after discussion the participants
agreed that the true benefit to these principles is rooted in
allowing patients to connect with their peers, as described by
P2:

To see that other kids have asthma and how they are
feeling and what they are doing. | think they would be
motivated to see that they’re not by themselves.

Furthermore, the risk of introducing competitiveness into
self-management was called into question. The participants
felt that Competition would have to be independent of
personal health outcomes to avoid the danger of comparing
treatment progress.

P2 chose the Authority principle for Nadine and Lisa because
these personas were not internally motivated, and thus could
benefit from a better understanding of why treatment is
important to them. Leveraging Authority could reference
back to the important asthma information the doctor had
given these types of patients, to remind them what might
happen to their condition if they do not adhere to treatment.
P3 was skeptical of Authority, and felt that the Social Role
principle was a lighter option for integrating the physician-
patient relationship into the app:

I think authority is a really fine balance...maybe it’s a
better approach as | understand the social role, maybe the
app could have a role more like the doctor and reminding
in a fun way.

Both participants agreed that Tailoring and Personalization
were suited to one persona each (Oskar and Lisa,
respectively). They believed Tailoring to be more effective
for Oskar because he had a clearer personal motivation for
self-management (i.e. his interest in sports); however,
adapting for different interests could help illustrate to
patients that asthma affects more than just physical



performance. Personalization seemed better suited for Lisa
as a patient who is tired of being reminded that she has
asthma, because it would allow her to focus on more fun
aspects of self-management and in time “befriend her
asthma,” as described by P2.

The Simulation principle drew concern from the participants
about the likelihood of false promises for treatment
outcomes. As explained by P3:

If you make sure they understand that this is a potential,
that potentially they could be like this or the effect could
be like this, but there are no guarantees. You never make
the child disappointed.

They felt that the principle could be persuasive for the Oskar
persona, who has a practical treatment goal (i.e. improving
in football), and the Nadine persona, who lacks a reference
for how treatment could benefit her. However, simulating too
great of a positive outcome would only disappoint patients
and create another barrier to adherence.

REDESIGNING THE PERSUASIVE SYSTEM

The next stage involved integrating the persuasive principles
into the system by redesigning the existing AsthmaTuner
Treatment Check flow.

Technology Context

According to the PSD, the third contextual influence on
persuasion is the technical medium [29]. However, software
implementation of the redesign is not within the scope of this
study; therefore, besides designing for a mobile interface
common among AsthmaTuner users, technical challenges
were not considered. AsthmaTuner is used on mobile iPhone
or Android devices, so the prototype is designed for an
iPhone X interface.

Methodology

The selection of principles to include in the new design was
based on the workshop feedback and the scope of the
Treatment Check flow. While all 9 principles could undergo
further evaluation, ultimately Authority, Personalization,
Social Role, Simulation, Praise, and Similarity were chosen
for the redesign. As for the remaining three: Tailoring is
already commonly used in mHealth and shown to be
effective in improving adherence, while Social Comparison
and Competition would have required adding features
outside of the Treatment Check.

The design process followed the commonly used double
diamond model [4], however due to time pressure only one
iteration was performed. The double diamond method is
cyclical: a deliverable is meant to go through several
iterations of ideation, design, and evaluation. However, the
resulting prototype in this study is still a work in progress

! Character designs courtesy of AsthmaTuner’s lead
designer, Isabella Smolarski.

and the design should be revisited based on the results of the
evaluation (this is expanded on in the Discussion).

The ideation stage aimed to identify opportunities for
integrating the persuasive principles in the existing flow.
Based on existing examples of persuasive features in other
apps and suggestions offered during the workshop, several
concepts were sketched for each of the principles. Figure 3
shows an alternative design for the Social Role principle,
where a virtual doctor character walks the patient through the
Treatment Check. Ultimately this seemed too obtrusive and
text-heavy, so in order to avoid worsening cognitive
acceptability this feature was not included.

Hey! This is just you ly doctor g
mascot giving you a little note here.
Hope it's helpfull

Figure 3. Alternative design concept for Social Role principle.

The final stage of hi-fi prototyping involved an iteration of
designing, building, and a simple think-aloud usability test
with P2, who participated in the interviews and workshop, to
evaluate that the integrated principles still allowed for a
smooth user experience and aligned with the postulates.

Result

The result of the first redesign is a hi-fi prototype of the
AsthmaTuner Treatment Check with the following
persuasive principles: Authority, Personalization, Social
Role, Simulation, Praise, and Similarity. The Treatment
Check follows the standard asthma control assessment
process: firstly, the patient measures their lung function by
breathing into their companion spirometer; secondly, they
record any asthma symptoms from the past week; finally,
they receive a tailored medication recommendation based on
their inputs [14]. The prototype maintains these steps.
Additionally, the visual design observes the company design
system.!



The following are features that integrate the persuasive
principles into the redesign:

e Personalization is the first principle to appear in the
flow as theme and character customization. The user can
choose between a light or dark theme and the design of
an ‘asthma avatar.’

e Simulation is conveyed through a storyline between
assessment steps: the asthma avatar appears in a series
of animations that illustrate how triggers can lead to
poorer lung function and more symptoms, which are
ultimately remedied with regular treatment (see the final
animation in the series in Figure 4).

e Social role is also dispersed through the flow as subtle
messages to the user from the system. For example,
when the user records their asthma triggers, “Got it!”
and “Tell me more...” texts appear at the top of the
screen, as if the system were responding.

e Similarity is limited to the symptom questions, where
the jargoned text is lightened by dividing the four
questions into individual, swipeable cards that include
simpler summaries alongside the phrasing set by
international guidelines.

e Authority appears towards the end, when the doctor’s
role in the medication recommendation is emphasized.
The recommendation appears as a message from the
doctor, complete with their actual name (see Figure 4).

e Praise is already present at certain points in the current
implementation Treatment Check, however this
evaluation focuses on praising the user for having
controlled asthma (i.e. a positive assessment result) (see
Figure 4).

Calculating asthma contral... Treatment check donel

Excellent, your asthma is under controll
Contralled Asthma

i)

o stay in control, take these everyday:

Even when your asthma gets worse,

there’s no need to fret.

AL

Based on your lung test and symptoms,

Dr. Doctorsson's recommended the

Buventol Easyhaler
2 as needed

F
:j.. Max 12 per day

right medication to keep your asthma

under controll

You

r asthma control can change so be sure to
come back next week to test yourself again!

Show treatment tips v

Mvh, Dr. Doctorsson

Figure 4. Examples of Authority (yellow), Simulation (pink),
and Praise (blue) persuasive principles in redesign. The other
elements are part of the original Treatment Check design.

EVALUATING POTENTIAL ACCEPTABILITY

To evaluate the potential acceptability of the persuasive
principles in the context of the asthma control assessment,
pediatric asthma specialists, who were not involved in the
interviews or workshop, tested the prototype as expert
proxies for the earlier personas. Due to extremely limited
availability of physicians with relevant experience, only two
participated in the evaluation.

Methodology

Acceptability is commonly used in healthcare as a metric for
how a medical intervention addresses the needs and abilities
of a target group [34]. However, the definition tends to be
inconsistent between studies, with many lacking any explicit
definition or theorization. Based on a review of such studies,
Sekhon and colleagues [34] concluded that acceptability is
“a multi-faceted construct that reflects the extent to which
people delivering or receiving a healthcare intervention
consider it to be appropriate, based on anticipated or
experienced cognitive and emotional responses to the
intervention, ” the authors go on to identify seven
components of acceptability, though this evaluation is based
on the overarching proposed definition.

LTS

To gauge patients’ “anticipated...cognitive and emotional
responses” to the design, two asthma specialists performed
think-aloud walkthroughs of the prototype and answered
semi-structured interview questions. A think-aloud requires
the participant to verbalize their thoughts as they interact
with a system; [40] found the method suitable for evaluating
both overall acceptability and that of specific elements in an
intervention.

One challenge involved how to support the asthma
specialists to act as expert proxies for 10-12 year old
asthmatics. Therefore, the three personas were used once
again to a) define the end user that the participant had in mind
and b) provide them with concrete user needs on which to
evaluate acceptability. Each participant chose the persona
that they felt best reflected their patient experiences. While
the use of personas in evaluating mHealth has not been
reviewed, the method has been effective in the design of
acceptable interventions [22,37]. Additionally, in a review of
personas in heuristic evaluation, [12] found similar results
between participants who used personas compared to those
who did not.

Each 25 minute session began with a short introduction to
the project. The participants then selected their persona and
performed a think-aloud of the prototype. This was followed
up by the semi-structured interview questions. The
participants are referred to as P4 and P5.

Results
Both participants felt that the prototype would be generally
acceptable for their chosen persona, in terms of cognitive and



emotional reaction. P4, who chose Oskar, thought he would
be “excited” to use itand would find it “really easy to follow
the steps, and...easy to understand what to do.” Similarly,
P5, who chose Lisa, said it is acceptable for her because it is
“so easy to understand.” The current design of the
AsthmaTuner Treatment Check has already been found to be
acceptable, so the overall perception is likely based on
existing elements from the original design. However, the
positive response suggests that the persuasive design
changes did not affect the overall acceptability.

The participants’ insights on specific principles reveal the
perceived acceptability of the redesigned elements. The
Simulation principle design involved placing the trigger
tracking feature towards the beginning of the flow, instead of
at the end. Both P4 and P5 praised this in its potential to
improve patients” understanding of their asthma; for
example, P5 suggested that it would be easier for patients to
recognize “that it’s not only pollen that makes [your asthma]
worse.

The participants also appreciated the avatar selection
(Personalization principle), although P4 simply felt that this
would appeal to children, without further insight. P5
explained the appeal as “it’s like you have a friend in the
app”; this description suggests that the Personalization
design element also fulfills the Social Role principle.

While P5 thought the multi-step design of the symptom
questions was cognitively acceptable, P4 raised concerns
about the increased number of steps in the Treatment Check
flow, explaining that, “sometimes they just want to make the
lung function test and then it’s so many steps they have to go
through before they come there.” PSD has eight postulates
for persuasive design, one of which states that “Persuasive
systems should aim at unobtrusiveness” [29]; P4’s
comments suggest the design’s shortcoming in this aim.

Finally, P5 drew attention to another opportunity for
employing the Similarity principle when they noted that
children and parents tend to refer to asthma medication by its
packaging color rather than the name; however, they warned
that that type of language is not professional for a medical
app.

DISCUSSION

The aim of this work was to evaluate the perceived
acceptability of certain persuasive design principles for 10-
12 year old users of digital asthma self-management
solutions. While these principles were evaluated in the
context of an asthma control assessment design, they were
chosen based on a broader definition of user and use context.
Therefore, the question of which persuasive principles may
be acceptable for the target group is answered through a
discussion of results from all phases of this study.

Perceived Acceptability of Persuasive Principles

Tailoring, Reminders, Rewards, and Reduction are
persuasive principles that have already been employed in
digital, pediatric, asthma care [20,21,27,41], including

AsthmaTuner [23]. By defining the specific context of 10-12
year olds who self-manage their asthma, this work explored
further persuasive options for this target group.

Acceptable principles

The Simulation principle was perceived as acceptable for the
target group when employed for patient education, but its
acceptability for goal-setting requires further exploration.
The importance of both approaches was emphasized during
the interviews and workshop: asthma education has been
found to improve adherence [30] and this was echoed by the
participants, while setting lifestyle goals was suggested to
combat apathy among patients who do not recognize the
purpose of treatment. During the workshop, the Simulation
principle was discussed as a method for showing patients the
link between asthma treatment and lifestyle improvements;
however, the participants warned about false promises and
the emotional unacceptability of disappointing patients.
Consequently, the prototype design instead featured the
Simulation principle in the context of educating about
asthma flare-ups and responding with correct treatment. The
purpose of integrating this into the asthma control
assessment flow was to help patients recognize the role of
each task in a positive health outcome. The participants’
affirmation of the cognitive acceptability of the design in
helping patients to understand their asthma suggests that the
Simulation principle may be effective in this regard.
However, the possibilities for Simulation (or alternative
principles) in goal-setting should not be disregarded. In a
study on personal informatics, Rooksby and colleagues [32]
found that behavior change, such as increased exercise, did
not occur as a result of using personal trackers, but rather
because the trackers supported longer-term goals; in other
words, personal tracking is prospective. Indeed, interviewee
P2’s anecdote about the patient who was satisfied with their
treatment because it allowed them to visit their friend
without a flare up from their cat contributes to the notion that
tracking habits are built on emotional engagement in
personal milestones.

The use of the Personalization principle in the asthma control
assessment was perceived as emotionally acceptable for the
target group, especially those with more severe asthma.
According to interviewees P2 and P3, these types of patients
tend to be fatigued by their condition and treatment, due to
the chore of daily management as well as the stress of regular
doctor’s visits. During the workshop, the participants agreed
that Personalization is better suited for the Lisa persona
because it may let her engage in self-management without
placing too much focus on her condition; as P2 put it, she
could “befriend her asthma.” In the prototype evaluation,
both participants felt the Personalization design would
appeal to their personas, but P5, who chose Lisa, explained
that choosing an avatar was like having “a friend in the app.”
While this language may be more reminiscent of the Social
Role principle, the level of engagement implied by ‘making
friends’ with one’s asthma suggests emotional acceptability
of the Personalization principle; this is especially important



for Lisa-type patients, who, according to the observations of
the participants, are disillusioned by asthma’s presence in
their life. However, the option to change the theme colors in
the prototype was not referenced during the evaluation,
which suggests that Personalization should be paired with the
Social Role principle in order to trigger this type of friendly
engagement; this can be explored further in future work.

Principles for further investigation and design

The Praise, Authority, Social Role, and Similarity principles
were either not directly acknowledged during prototype
evaluation or were not perceived as acceptable by at least one
participant. Praise and Authority were not acknowledged;
however, this does not necessarily mean that they are
unacceptable. The designs may have been too subtle, so
perhaps a comparative study between the current
AsthmaTuner app and the prototype would draw more
attention to smaller changes. The emphasis on these
principles as powerful motivators by workshop participants
suggests that they are good candidates for further
investigation. Social Role was also not directly referenced,
but as mentioned in the previous section, the language
around ‘making friends with one’s asthma’ through the
Personalization avatar selection may mean an effective
pairing between these two principles. Finally, while the
Similarity principle has potential for making clinical jargon
more accessible and recognizable to pediatric patients, as
noted by workshop and prototype evaluation participants, its
acceptability in this context also relies on adhering to clinical
guidelines [14] and postulates of persuasive design [4].

In further iterations of the double diamond design process,
alternative concepts should draw on feedback from physician
participants; however, it would also be valuable to explore
persuasive design implementations in other systems
designed for children, such as educational apps [24].
Furthermore, despite the intentionally narrow context
definition of 10-12 year olds with asthma, previous research
on designing for children [5,13] may prove valuable in better
meeting persuasive design postulates like ease of use and
cognitive consistency [29].

Ethical Considerations

Designing for persuasion raises questions about the ethicality
of motivating behavior and attitude change [7], especially in
a group as vulnerable as pediatric patients. Granted, the
intent of this system is to motivate behavior that leads to
improved health outcomes; although, how that behavior is
motivated must be determined with sensitivity and ethical
considerations. During the workshop, the participants
warned against the risks involved with certain principles,
such as unrealistic expectations of treatment outcomes
through Simulation or unhealthy comparison through
Competition. These concerns were considered in the process
of selecting principles for prototype design; however, next
time a more rigorous approach, such as Value-Sensitive
Design [7], should be used.

Physician Perspectives

Due to ethical limitations, this study was not done directly
with end users. Instead, asthma care specialists acted as user
proxies, offering their insights on context and acceptability
based on extensive experience with pediatric patients. On the
one hand, the physicians may have had insights on a wider
range of patients, including those that would have otherwise
been difficult to involve in a study (for example, Nadine-type
patients who are skeptical of their asthma diagnosis). On the
other hand, physicians do not have access to the patients’
daily lives, when much of the habit-building of self-
management occurs; therefore, they could only speak from
their observations and patient accounts during clinic visits.
For a more complete definition of user context, daily self-
management by pediatric patients should be observed.

Furthermore, it should be noted that although the evaluation
participants were able to identify at least one persona that
represented patients they had treated, P5 noted that it was
“not S0 easy” to assess the prototype as a proxy for a younger
user. Involving more physicians in the entire design process,
from interviews to evaluation, may have given participants
more time to reflect on their experiences with pediatric
patients and resulted in a more informed assessment of the
redesign. Unfortunately, full schedules and limited
availability made it unfeasible to include all five physicians
in the entire design process.

Despite the challenges, physician perspectives are necessary
in the development of acceptable mHealth. Within asthma
self-management, the physician-patient relationship plays an
important role in treatment adherence [9,30]; therefore, it is
valuable to involve physicians in the development process to
leverage their influence. Additionally, they can guide on
clinical regulations that may influence design.

CONCLUSION AND FUTURE WORK

In  conclusion, out of the evaluated principles,
Personalization and Simulation were perceived as most
acceptable for 10-12 year old users of a digital, asthma self-
management solution. More specifically, Personalization
may improve emotional acceptability by promoting
engagement without focusing on condition, especially when
combined with the Social Role principle. Simulation may be
cognitively acceptable in educating patients on cause and
effect of the asthma control assessment. To confirm this, an
acceptability study must be performed with the target group.
Furthermore, the Praise, Authority, Social Role, and
Similarity principles should be explored further, either in
more targeted evaluations of the respective redesigned
elements or alternative prototype designs. Finally, an
overlooked aspect of the user context was the role of family
in pediatric self-management; future work could focus on the
acceptability of using parental influence in persuasive
design.
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