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Abstract—Chronic arthritis (CA) represents a group of mus-
culoskeletal diseases that require frequent physical therapy and
a well-monitored medication regime to improve or maintain
disease status. To support patients in this disease management,
health apps may provide a solution. However, patients with CA
differ in their disease trajectory, needs and preferences. There-
fore, in this paper, we investigate the tailoring of motivational
mHealth features for the heterogeneous group of patients with
CA. An exploratory study was carried out, consisting of semi-
structured interviews and focus groups with 34 patients with CA
and six health professionals. Through qualitative analysis, we
first derive a typology distinguishing patients of the Defeatist,
Worrier, Warrior and Cruiser type. Each type is characterized
by their own disease management needs and coping strategies.
Next, we unveil how each patient type has different preferred
motivational strategies. These findings may inform healthcare
informatics researchers who wish to tailor mHealth applications
and interventions to the diversity of patients characterized by
musculoskeletal diseases and chronic pain.

Index Terms—Chronic arthritis, mHealth, personalization, tai-
loring, motivational design, patient profiles

I. INTRODUCTION

Chronic Arthritis (CA) is an umbrella term for inflammatory
diseases that affects 22.7% of the US and 23.7% of the
EU population [1]. Symptoms include joint pain, swelling,
stiffness and joint destruction, resulting in progressive immo-
bility [2] and chronic pain. Effective drugs to treat CA are
available but require a long-term commitment. In addition,
patients are recommended to participate in physical activity
to improve mobility, cardiovascular endurance, movement
control and muscle strength. Moreover, patients are required
to keep a close watch on their disease parameters in order
to identify changes and adapt medication intake or exercise
regimen timely. In sum, managing CA is a lifelong, complex
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and demanding activity. Understandably, patients often fail to
comply with this enduring treatment regimen [3]-[5].

A possible (partial) solution to support patients with CA in
their disease management may come in the shape of health
apps that include features to support and motivate them to
perform behaviors that promote disease management. The use
of mHealth and self-care applications has seen a worldwide
increase [6]. Specifically for arthritis patients, myriad appli-
cations exist [7]-[9] to support them in disease management.
However, research on long-term adoption of these apps for
patients with arthritis is lacking. In general, research suggests
that the adoption of self-care technology is suboptimal [10],
and that compliance to eHealth interventions is low [11]. One
limiting factor may be the generic nature of many of these self-
care apps and their inability to tailor features at the individual
level. In the domain of mHealth, it has been convincingly
argued that a one-size-fits-all approach is not sufficient, and
that tailoring motivational features or persuasive strategies
to user types [12]-[14] or patient group [15] is warranted.
Thus far, most tailoring of such features has centered on
personality traits or gamer types or existing health behavior
models. To the best of the authors’ knowledge, the tailoring
of motivational features towards specific patient typologies,
characterized by chronic pain and musculoskeletal disease, has
not yet received attention. Therefore, this paper reports on
an exploratory investigation of patients with CA and health
professionals, and their preferences for motivational features.

Our first contribution is theoretical; through a qualitative
analysis of semi-structured interviews and focus groups with
patients and health professionals, we introduce four different
CA patient types (Defeatist, Worrier, Warrior and Cruiser) and
establish their relevance in the context of healthcare informat-
ics. Our second contribution is more applied, we demonstrate
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how each patient type aligns with different preferences for
motivational strategies, and how this can inform the design of
personalized future interactive applications.

II. BACKGROUND

In this section, we present more information on CA and
the different methods used by health professionals to typify
patients with CA, on the basis of disease activity, pain and
activity avoidance versus persistence. Next, we present current
persuasive strategies, and how these have been tailored towards
different users. Finally, we end with related work by other
researchers in the domain of mHealth, self-care and CA.

A. Profiling Patients with Chronic Arthritis

CA is characterized by its fluctuating and progressive na-
ture; inflammations come and go but gradually worsen over
time. Therefore, every person with CA has a unique trajectory;
some achieve stabilization of disease progression early on,
others continue deteriorating at a rapid pace [16]. Besides a
loss in mobility, pain is also characteristic of the disease. Acute
musculoskeletal pain is triggered by an inflammation of joint
or vertebra. But the pain often persists after the acute phase
has waned. This chronic pain, defined as pain that persists
longer than three months [17], may trigger secondary effects
such as fatigue, anxiety, and even depression.

Given the diversity of CA disease trajectories, providing
the same treatment to every person is neither effective nor
feasible, and may even impede recovery [18]. To tailor
interventions, health professionals have investigated how to
profile patients with CA. Below we discuss different models
used in CA patient profiling, along with the associated
instruments.

1) Profiling on the basis of disease activity: To better
understand disease activity and to control for phases of
inflammation, patients with CA are regularly requested to
provide a Disease Activity Score (DAS), where they are asked
to indicate the number of tender or swollen joints (typically
out of 28). In combination with a global health assessment
and blood markers of inflammation [19], values are combined
into one score between 0 and 10. A DAS28 greater than 5.1
indicates patients are in the active disease phase, less than
3.2 suggests low disease activity, and less than 2.6 suggests
remission. More refined DAS instruments for subtypes of CA
exist as well, e.g., the BASDAI (Bath Ankylosing Spondylitis
Disease Activity Index) [20] features six items measuring
discomfort, pain, and fatigue specifically for these patients.
The BASFI (Bath Ankylosing Spondylitis Functional Index)
[21] features 10 questions regarding physical activity.

2) Profiling on the basis of Avoidance-Persistence models:
Based on the observation that some persons develop a “more
substantial psychological overlay to their pain then others,”
[22] in 1983 already, the Fear-Avoidance model (FAM) was
formulated [23]. In particular, FAM highlights how negative
appraisal of pain may lead to catastrophic cognitions. This
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Recovery

Avoidance/escape
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catastrophizing

Fig. 1. The Fear-Avoidance model by [23], [28].

then leads to fear and avoidant behaviors, and possibly hyper-
vigilance to bodily sensations, see Fig. 1. In contrast, when
pain is perceived as non-threatening, persons are likely to
confront this pain and maintain daily activities and movement,
through which functional recovery is promoted.

While not developed for patients with CA per se, FAM
has received much recognition [23], [24], and many health
professionals in CA tailor interventions based on the level of
avoidance versus confrontation of pain. Persons are reassured
and encouraged to remain engaged in activity despite pain
[25], to avoid catastrophizing and triggering this fear avoid-
ance spiral.

On the basis of FAM, six distinct activity patterns among
patients with chronic musculoskeletal pain can be distin-
guished: pain avoidance, activity avoidance, task-contingent
persistence, excessive persistence, pain-contingent persistence,
and pacing (dividing daily activities into smaller tasks) [26].
Based on the combination of different of these activity pat-
terns, different patient types can be distinguished. Noteworthy
is that recent models [24], [27], next to fear-avoidant types,
also highlight the existence of a patient type that shows
excessive persistence, not respecting physical limits. Excessive
persistence is dysfunctional as well, as it may result in a
number of potential injuries to muscle fibers, nerves, bones,
and ligaments. For clinicians, it is important to understand the
patient and to negotiate between reassuring and encouraging
patients to confront pain, yet not to persist in excessive,
detrimental activity.

In sum, different theories and models have been found helpful
by therapists and physicians to tailor interventions for different
patients with CA patients. Given the need for health profes-
sionals to understand the type of patient in front of them and
to tailor intervention strategies towards the patient type, this is
equally valid for interactive technologies designed to support
patients with CA in their disease management.

B. Interactive Technologies to Support and
Motivate Patients with CA

There have been several attempts at supporting physical
therapy for patients with CA through technology, aiming to
lower the effort needed to participate in physical therapy and
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to motivate patients to sustain in disease management. Many
older studies relied on a personal computer to deliver physical
therapy through a website, e.g., [29]-[32], via an additional
pedometer to log steps [31], or using a webcam to providing
feedback during physical therapy execution [33]. With the rise
of mHealth, also smartphone apps for patients with CA have
boomed. Several researchers have investigated what patients
with CA want from such apps.

Revends et al. [34] collaborated with 26 patients with
rheumatoid arthritis, on a mobile internet service, and iden-
tified several key features to support physical activity for
patients with rheumatoid arthritis: up-to-date and evidence-
based information, self-regulation tools, social interaction,
personalized set-up, attractive design, and access to the internet
service. Geuens et al. [35] also investigated patients with CA
preferences for mHealth features to support self-management.
They found that patients preferred features related to support-
ing active and direct disease management, (e.g., medication in-
take and detecting and alarming of bad posture), helping them
to keep a close watch on their disease status and inform their
health professionals (e.g., providing a means to log and report
disease-related data) and receiving personalized information
(e.g., offering tailored information based on the patient’s health
data). Gupta et al. [9] found that in order to help patients
with CA in self-managing their physical activity behavior they
especially preferred visualizations of their progress towards
daily physical activity goals. These authors also articulated
that personalization of treatment strategy is paramount, due to
differences in disease related parameters and personal goals.

This finding is also echoed by Swann-Sternberg and col-
leagues [8], [36] who investigated how to build technologies
to support people with chronic and musculoskeletal pain and
particularly focused on removing the psychological barriers
for movement. The authors also found personalization in terms
of types of pain, abilities, goals, types of motivation, to
permeate throughout all other findings [36].

Past research has also attempted to classify persuasive and mo-
tivational features in technology, (e.g., websites [37], mobile
applications [37], [38], and wearables [39]) at a more generic
level. Taxonomies such as the Behavior change taxonomy
[40], Persuasive System Model [41], or the Motivational
Design Lenses of mHealth [42] are models or frameworks that
encompass a collective of strategies, heuristics or features that
aim to motivate diverse users to exhibit or sustain a certain
behavior. Such strategies may vary from providing task support
[43], over social influence principles [44] to gamification [45].
While not discounting the value of such work, there may
be a complementary need for a more situated understanding
of motivational strategies, and how they are perceived by a
diversity of users [46], [47], to account for the heterogeneity
in audiences and contexts-of-use.

In order to address the need of health professionals to profile
the patient with CA [26], [27] to devise an appropriate inter-
vention strategy, and in order to answer to the call of health app
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designers to personalize interactive technologies for patients
[9], [35], [48], we set forward to investigate differences among
patients with CA and their preferences for motivations features
embedded in mHealth.

III. METHOD

The research described in this paper aims to study dif-
ferences in patients with CA and preference of motivational
mHealth features, by means of an open, explorative qualitative
study with patients with CA and health professionals. As
illustrated in Fig. 2, 31 interviews with patients with CA were
conducted. This relatively high number of participants (for a
qualitative study) was to ensure that the heterogeneity present
among patients with CA was sufficiently captured, and thus
that saturation in the analysis could be reached. In parallel,
two focus groups with six patients with CA and six healthcare
professionals (nurses, physical therapists and rheumatologists)
were organized.

A. Procedure Semi-Structured Interviews

The interview started with open questions about how pa-
tients were managing their disease, with the aim of gaining
insight in what patients did to manage their disease and
why they carried out specific disease management actions.
After the semi-structured start of the interview, the interview
continued by asking to rate 26 possible motivational features
of mHealth applications for patients with CA, on a Likert
scale (1 being least favorable, 5 being most favorable). These
features were selected from the Lenses of Motivational Design
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for mHealth [42], which lists 26 motivational principles in
seven different categories. Each motivational principle was
contextualized for patients with CA via a short description of a
possible implementation, which was read aloud (see Table I).
After patients were asked for a score, they were also asked
why they were giving this score and were encouraged to
provide additional information. This allowed investigating the
underlying reasons affecting the preference for each feature.
The duration of the interview varied between 8 and 31 minutes.
The full details of the quantitative results are reported in [35].
Participants Interviews: Patients for the interviews were
recruited at the outpatient CA clinic at the University Hospital
Gasthuisberg in Leuven, Belgium. Ethical approval for this
research was obtained from the Social and Societal Ethics
Committee of KU Leuven with protocol number S-59012
Inclusion criteria were 1) participants should be at least
18 years old and 2) participants should be diagnosed with
CA. Participants were given information about the study and
were asked to sign a consent form detailing the collection,
processing, and analysis of data. In total, thirty-one patients
with CA (14 females), aged 23-71 (M =51, SD = 12.16), were
interviewed over the course of four months. All interviews
were conducted one-on-one although during three of the
interviews a translator or family member was present. Since
participants were registered and in timely follow-up at the
university hospital, we also had access to their disease status
as reported by their rtheumatologist (see Table II). BASDAI
features six items measuring discomfort, fatigue, and pain on
a 1-10 Likert scale, 10 is worst. BASFI features 10 items
regarding physical activity on a 1-10 scale, 10 is worst.

B. Procedure of Focus Groups

In addition to the individual interviews, two focus group
sessions were organized. We followed the focus group protocol
from [49] to mitigate unbalanced power dynamics which might
occur in focus groups between healthcare professionals and
their patients. In particular, six themes were introduced and
attitudes were asked for: sensors, other data, sharing, short
term feedback, long term feedback and therapy.

Participants for the focus group sessions were purposefully
recruited from the pool of interview participants, as well as via
referrals from a national patient organization for patients with
CA. Medical personnel was recruited via purposeful sampling
from the rheumatology division’s staff at the University Hos-
pital Gasthuisberg in Leuven, Belgium. In total, six patients
with CA, two rheumatologists, two physical therapists and two
specialized nurses participated in the focus groups.

C. Analysis of the Interviews and Focus Groups

All interviews and focus groups were recorded and tran-
scribed verbatim. Afterwards, the qualitative data was coded
according to the QUAGOL [50] method, bearing resemblance
to grounded theory in that it is characterized by an iterative
process of data analysis and interpretation.

TABLE I
STATEMENTS USED TO POLL FOR PATIENT PREFERENCES.

ABILITY

Reduction: You are asked to enter measurement results in an
app. The app automatically calculates several useful disease-
related scores instead of you having to calculate these scores
by hand.

Tunneling: You want to be able to walk a distance of five
miles in a few months. The app calculates the right exercise
schedule to guide you towards this goal.

Instruction: You are required to perform a set of exercises.
The app provides detailed instructions on how to perform each
exercise.

Goal Setting: You are able to choose your goal and the app
will guide you towards this goal.

Rehearsal: Sensors measure whether you are executing an
exercise the right way. You are able to perform the exercise a
few times before the measurement is actually started.
Reminders: You are required to take your medication at fixed
intervals. The app reminds you when you need to take your
medication.

INFORMATION

General Information: You are able to read general informa-
tion about arthritis in the app.

Macro Tailoring: The information in the application is spe-
cific for your type of arthritis.

Micro Tailoring: The information in the application is specific
to you personally.

Simulation: The app is able to predict possible causes of pain
from the collected data.

AWARENESS & INSIGHT

Logging: You are able to save information about your condi-
tion in the app to show to your physician.

Tracking: The app automatically collects data relevant to your
disease.

Self-monitoring: You are able to consult graphs and data
based on your own data.

INCENTIVIZATION

Rewards: You are able to collect rewards based on your
execution of exercises.

Praise: You are encouraged during your physical therapy
through motivational messages.

Recognition: The app shows other users that you have been
taken the most steps this week.

SOCIAL SUPPORT

Social identification: You are able to view limited data of
other users with the same condition.

Social comparison: You are able to compare yourself to other
users.

Competition: You are able to challenge other users to, for
example, walk the longest distance.

Cooperation: You are able to work together with other users
to achieve a common goal.

Social facilitation: While you are executing your exercises,
family and friends are able to send you motivational messages.

CREDIBILITY & STYLING

Personalization: You are able to personalize the app, for
example, change colors, set a profile picture, choose what is
shown.

Suggestion: The app detects bad posture and suggests to
correct your posture.

Verifiability: The app shows scientific articles that describe
the design and development of the app.

Expertise: The app shows physicians, therapists and re-
searchers who helped create the app.

Surface credibility: The app does not contain advertisements.
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TABLE II
PARTICIPANTS IN INTERVIEWS AND FOCUS GROUPS.
(*: ALSO PARTICIPATED IN FOCUS GROUP)

Participant Sex Age Diagnosis BASDAI ~ BASFI
(years) (years)
Patient 1 M 48 33 2.60 2.50
Patient 2 F 48 30 7.80 6.90
Patient 3 M 54 26 3.30 5.70
Patient 4 M 59 9 0.80 0.50
Patient 5 F 34 9 — —
Patient 6 M 55 39 1.80 5.70
Patient 7 M 66 47 3.40 4.10
Patient 8 F 71 46 4.40 5.00
Patient 9 M 47 22 6.40 9.50
Patient 10 F 51 18 3.60 2.90
Patient 11 M 45 10 3.50 5.20
Patient 12 M 23 10 0.80 0.00
Patient 13 F 58 27 7.00 6.70
Patient 14 M 63 44 0.00 0.00
Patient 15* F 41 12 7.10 8.10
Patient 16 F 59 14 6.50 7.30
Patient 17 F 56 7 4.00 2.20
Patient 18 F 69 34 2.70 1.90
Patient 19 M 38 1 — —
Patient 20 M 39 15 1.10 1.40
Patient 21 F 38 14 3.70 2.30
Patient 22 M 57 14 5.80 5.70
Patient 23 F 41 16 5.40 4.40
Patient 24 F 61 9 7.00 5.90
Patient 25 F 46 14 5.10 5.30
Patient 26 M 29 8 1.30 0.00
Patient 27* M 59 41 4.70 2.20
Patient 28 M 54 27 7.20 6.40
Patient 29 M 49 27 3.80 7.00
Patient 30 F 67 14 6.90 6.90
Patient 31* M 48 27 1.20 1.90
Patient 32* M 69 - - -
Patient 33* F 45 - - -
Patient 34* M 63 - - -
Nurse 1 F - - - -
Nurse 2 F - - - -
PT. 1 M - - - -
PT. 2 M - - - -
M.D. 1 F - - - -
M.D. 2 M - - - -

1) Establishing patient types: First, 15 interviews were
coded twice in an open-coding round by one researcher to
establish a coding dictionary. During this initial coding, codes
from previously coded interviews were constantly compared to
new interviews. After coding these 15 interviews, three inter-
views were independently coded by two other researchers, one
researcher with expertise in grounded theory approaches and
one physical therapist, experienced with qualitative research
and psychotherapy. This was done to adjust and improve the
coding tree. Next, the entire dataset was coded using the im-
proved coding dictionary. In a next step, codes were organized

into overarching concepts. These concepts were discussed and
refined in two iterations with the other researchers. A next
iteration was carried out, comprised of selective (i.e., axial
coding) where the prior interviews were selectively coded, as
well as the new data from both focus group sessions. Four
types of patients were identified (see Fig. 3). Each interview
was then again coded by two researchers independently, who
analyzed all transcripts and classified all patients. Inter-coder
reliability was assessed using Cohen’s Kappa and was found
to be K.904 which is excellent [51].

2) Establishing preferences for motivational design: Af-
ter categorizing each patient with respect to patient types,
adhering to the method of constant comparison [50], each
interview was again coded using these categories and their
underlying concepts. Collected data about how they rated
each of the 28 motivational principles was re-analyzed. The
average Likert rating of each motivational principle for a
certain patient type was compared to the average rating of all
patients of a motivational principle, allowing to establish the
motivational principles that were favored or disliked by each
patient type. From this re-inspection, the different preferences
and implications for design were identified.

IV. RESULTS

In this section, we first discuss the patient typology derived
from the qualitative analysis. Next, we discuss the preferences
and attitudes of these four CA types towards motivational
mHealth features.

A. CA Patient Typology

As can be seen from Table II, patients with CA in this
study differed significantly from each other with respect to
their medical disease status. Scores varied from 0.00 to 7.20
on the BASDAI (M = 4.02, SD = 2.26) and 0.00 to 9.50
on the BASFI (M = 4.02, SD = 2.66). Disease duration was
found to be between 3 and 49 years (M = 23, SD = 13 years).
However, patients with CA differed not only in medical
disease status but equally in self-reported pain severity and
level of disability, their willingness to engage in activity,
perception of control over the disease, and their mood. On
the basis of these differences, we identified four patient types
(see Fig. 3).

Patients of the Defeatist type
This first patient type is characterized by a low medical
disease status, high levels of pain and high levels of disability.
Patients of the Defeatist type are no longer willing to engage
in activity and voice a low belief in arresting the disease and
gaining back control over their life. Not surprisingly, these
patients appear depressed and frustrated over their situation.
Patients of the Defeatist type have high BASDAI and BASFI
scores (ranging from 6.40 to 7.00 on the BASDAI and 5.90
to 9.50 on the BASFI). They have had the disease for many
years and have experienced it worsen over the years without
any improvement.
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Defeated

Medical disease status Low
Reported pain severity High
Reported level of disability High
Activity engagement Low
Perception of disease control Low
Affect/Mood Depressed/Frustrated

Worriers

Low/Medium/High

Warriors

Low/Medium/High

Cruisers

Medium/High

Medium/High Medium/High Low/Medium
Fluctuating Low Low
Fluctuating High High

Low/Medium Medium/High High

Axious/Vigilant Combative Optimistic/Confident

(risk of avoidance)

(risk of persistence)

Fig. 3. Four types of patients with CA and the dimensions influencing them.

P9: “In the past, I had the feeling I would never
walk again. I stayed like that. The rheumatologists
have been looking for a solution for four, maybe five
years. .. still nothing. I receive those injections but
[my condition] still hasn’t improved.”
P19: “It’s too late for physical therapy. My entire
spine is fused together.”
As a result, patients of the Defeatist type are characterized by
a disbelief that disease management actions would help and
express a reluctance to engage in self-management activities.

P9: “I got prescribed physical therapy but I didn’t see

any improvement and it only caused more pain, so

I stopped going. It costs me and the society money

and I don’t see improvement, so I don’t go.”
Instead, they express a reliance on medication to lower pain
and mitigate disease progress.

P9: “I take so many pills that I need to eat a
sandwich just to be able to swallow all of them.”

These patients have become fearful and/or ‘avoidant’ of pain,
which has a significant impact and limits them in their daily
physical activity and mobility.
P9: “Today, I'm feeling well, I'm not feeling any
pain. But there is no way that I would force myself
to do exercises today and then spend the next three
months in my bed due to pain. When I’'m feeling
well, there’s not a chance that I will do physical
therapy.”
P24: “When I move, I feel pain, so I rest most of
the time.”

In sum, patients of the Defeatist type have given up on
improving their disease status via physical therapy exercises.
In fact, they avoid activity for the fear of pain. They feel as
nothing helps and mainly resort to medication to numb the
pain they frequently experience.

Patients of the Worrier type
The second patient type is characterized by medium medical
disease status, fluctuating moments of high pain severity

and high disability. However, patients of the Worrier type
are still willing to engage in activity at moments where the
disease and pain is less acute. Patients express less control
over how the disease will progress and report anxiety over
interactions with medication and comorbidities with other
diseases. Patients of the Worrier type also demonstrate
vigilant behaviors.

Patients of the Worrier type have divergent BASDAI and
BASFI scores (ranging from 0.80 to 3.40 on the BASDAI
and 0.00 to 4.10 on the BASFI), but most importantly, they
emphasize the fluctuations and tend to focus on the bad
moments. The pain, and particularly the fear of pain has a
significant impact on them and limits them in their willingness
to engage in daily physical activity and movement.

P16: “When I feel pain, I lie on my couch and watch
TV. I don’t have the courage anymore. I do only the
absolutely necessary like cooking and the laundry.
I try to walk my dog as minimally as needed, very
short and other people shouldn’t bother me.”

P28: “Of course, you think about it a lot. It’s there
when you wake up and when you go to sleep. [...]
About the pain, your entire body is fused together.”

Patients also expressed the catastrophizing and the anxiety on
how their disease will progress over time and how it will affect
their life and the life of the people around them.

P3: “Also, when you feel something you haven’t felt
before. If I would be able to compare my symptoms
to those of other patients... Now, I contribute all
pain I feel to my condition but maybe the cause
is something else that isn’t related to my disease...”
P24: “I think about it a lot. I’'m afraid my condition
will only get worse. My husband helps me a lot,
but he’s not getting younger. That’s something that’s
always on my mind, how my life will continue.”

Worriers also show a need to be reassured that they are taking
appropriate action, both with respect to implications on the
short term and long term. Patient 3, for example, describes
the need to write down effects to be able to share this with
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their MD, and their wish to compare their symptoms to other
patients:

P3: “I started writing downside effects since I started
that new drug. Just for a few days. That way I can
ask the doctor if other patients also experience these
symptoms. I take painkillers every day? When you
feel that it’s not enough, you take more. But if I
take more, my stomach starts acting up and I get
even more problems.”

During the focus groups, these patients insisted on a way to
communicate with their physician.

P12: “I write down all my symptoms in a sort of
diary. It helps me to manage my disease. Actually,
I write down more in my diary than I mention [at
the hospital].”

In sum, Worriers are motivated to manage disease status,
but mostly through circumstantial actions such as vigilant
monitoring and charting of disease parameters and seeking
reassurance. They do engage in physical therapy but remain
wary of the possible consequences.

Patients of the Warrior type

A third patient type is characterized by medium medical
disease status, similar to patients of the Worrier type. They
also report momentary high levels of pain, but they do
not report high levels of disability. These patients show a
high willingness to remain engaged in activity, despite the
presence of pain. They are confident, perhaps overconfident,
to exercise, and show an overall combative mood.

Patients of the Warrior type have divergent BASDAI and
BASFI scores (ranging from 1.80 to 7.10 on the BASDAI
and 1.40 to 8.10 on the BASFI). They also report high levels
of pain severity, but do not find themselves limited in their
physical activities. In fact, they actively seek out physical
movement as they are convinced of the beneficial effect.

P15: “I try to walk as much as possible. They are
mostly short walks. I bought a small dog especially
for that purpose, so I would be obliged to get out
the door and go walking.”

Patients of the Warrior type endure and confront pain.

P11: “T am not prescribed physical therapy but I
do it anyway. I try to do that three times a week
because it reduces pain and helps me bear the pain.
I’ll also experience pain less frequently. The stiffness
afterward is no problem. I’'m also motivated to keep
going because I really see improvement. I also try
not to lose courage. I try to do everything I did
before.”

These patients with CA follow their prescribed therapy and
express good motivation and confidence in knowing what to
do to improve their disease status. Patient 23 describes:

P23: “Some weeks are difficult when you experience

a lot of pain. Pain is tough, especially at night. Stress

is also an important factor for me. [...] Physical

therapy is essential for me. I attend physical therapy

three times a week and over the years I have put to-

gether a whole catalog of physical therapy exercises

that I can do at home each day. I also do yoga each

week, that’s something I would recommend to other

patients as well.”
However, excess physical activity can also be detrimental to
disease status and can lead to increased pain. Patients of
the Warrior type should be able to identify excess physical
activity or should be reminded during physical activity not
to exaggerate. During the focus group one of the health
professionals articulated this to one of the patients:

P.T.1: “Compare [your body] to a car that needs fuel.

You should have a warning light that tells you when

you need to refuel.”
In sum, patients of the Warrior type also acknowledge the
effect of pain on their life, but rather than engaging in pain
avoidance and/or vigilant behaviors, they engage in physical
actions that can improve their disease status. However,
Warriors show a tendency to ignore pain warnings, and may
engage in excessive physical activity.

Patients of the Cruiser type

The last patient type is characterized by medium or low
medical disease status, low levels of pain severity and
disability. Cruisers show a high willingness to engage in
activity, and perceive themselves as being in control, having
a confident, optimistic attitude towards the disease.

Patients of the Cruiser type have BASDAI and BASFI
scores ranging from 0.80 to 4.40 on the BASDAI and 0.50
to 7.00 on the BASFI. These patients are rarely bothered by
their condition and seem like they cruise through life, often
unmindful of their condition.

P18: “T don’t think about my condition that often.
I’'m lucky that my medication works.”
P21: “It has become a recurring theme in my life,
but it has become a routine. I can do everything I
want; I only experience a bit of pain from time to
time.”
Patients of the Cruiser type do express moments of pain but
do not show worry.
P22: “I only think about my condition when I feel
pain. I don’t worry about it. I don’t think about
my condition, absolutely not. It’s not like that is
going to solve anything. I have been living with my
condition since 92, you don’t think about it, it has
become a routine. I don’t complain when my knees
are swollen, I visit the doctor and take some more
medication.”
These patients with CA seem to have learned to manage their
disease and cater their life around the limitations that the
disease provides them. While Cruisers express less motivation
to intentionally act in disease management activities such
as physical therapy, it should be noted that they often have
developed beneficial habits that include physical movement.
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P21: “T have to participate in physical therapy but
that’s mainly to reduce stiffness. So I don’t really
do any physical therapy without my therapist. Apart
from yoga. And some swimming and cycling, typi-
cally an hour each week.”

They have adapted life and or medication regimen in such a
manner in such a manner that they do not put much (mental)
energy in the disease. Patient 32 describes this knowledge
when asked about pain experienced after strenuous physical
activity:
P32: “I will never reach that point of experiencing
pain because I have learned what my limitations

2

are.

In sum, patients of the Cruiser type have developed a
beneficial lifestyle that reconciles the disease with activities
they find meaningful. Different from Warriors, they seek to
minimize their effort in disease management.

B. Preferences for Motivational Features According to the
Different Patient Types

From the above analysis, it becomes apparent that
motivational mHealth features may need to be tailored
towards the different patient types. Due to differences in
medical disease status but equally differences in pain severity
and level of disability, willingness to engage in activity,
perception of control over the disease, and mood, patients
will respond differently to the different motivational features.
Here we discuss how patients with CA rated the motivational
features differently between patient types, organized according
to the categories of the Lenses for Motivational Design for
mHealth in Table L.

Ability

This category groups motivational features that support
patients with CA active behaviors to engage in physical
activities (see Table I).

In general, except for the Defeatist, patient types were
positive toward features that support physical activity. Patients
from the Defeatist type emphasized that they would not engage
in physical activities.

I: “You want to be able to walk a distance of five
miles in a few months. The app calculates the right
exercise schedule to guide you towards this goal.”
P9 (Defeatist): “For my personally? A one, for sure
I am not going to do it.”

P19 (Defeatist): (ironically) “This could be inter-
esting. A five? Not for me! But for other people
perhaps? [...] I will explain it this way: today I am
good, I am not in pain, so I am not going to force
myself today to do exercises in which I can lie down
on a bed for the next three months. If I'm feeling
good, there’s not one hair on my head thinking of
doing exercises. Up, down... All I know. Is that I am
so grateful that I have not suffered from my back for
two months now.”

Patients from the Worrier type were more positive towards
ability related motivational features, yet they expressed doubt
about the ingenuity of such technological system and voiced
a preference for support by physical therapists.
I: “Sensors measure whether you are executing an
exercise the right way [...]”
P3 (Worrier): “I don’t know if that... then it must be
very ingenious, [...] I have some reservations about
it because the physical therapist always says, ‘You
can do that [Exercise], but if you feel that you can’t
go any further, then you stop.” But if that app says,
further, further... I would personally think that that
is difficult to make. There are so many variants of
arthritis, it may be that it is difficult to build.”
PS5 (Worrier): “I am more a person of personal
contact, an app... that is not really that...”
Patients of the Warrior type and Worrier type were most in
favor of such strategies.
P23 (Warrior): “At our workplace, they tried that for
a while, something on their back that detected their
posture and indicated whether it was good or bad. I
think that would be a good one for me to have. So
in that sense these are things that I would say yes
to.”
P25 (Cruiser): “These exercises, the posture, I would
for sure pay attention... If I am sitting wrongly
(imitates computer voice): ‘Sit up straight!’”

Disease insight
This category groups features that allow patients with CA
to keep a closer watch on their disease and communicate to
professionals (see Table I). These features were particularly
liked by Worriers. They liked being able to document their
disease progress and being able to use this in communication
with physical therapist, to further their understanding.
P3 (Worrier): “For sure, this seems handy. Because
now, every two weeks I take some notes, because of
side-effects, but this way, you can constantly save
information.”
P12 (Worrier): “This seems useful because we only
see the doctor every couple of months. This way, I
can better indicate how I feel in the long run. Then,
they [the health professionals] know more and can
make my treatment more aligned.”
It appears that such strategies may help reassure and avoid
catastrophizing. However, such strategies may equally feed
into hyper-vigilance. Strategies to further disease insight were
also particularly liked by Warriors. Defeatist and Cruisers were
somewhat less enthusiast about this category, but for very
different reasons. Whereas Defeatist indicated they saw no use
for this out of general frustration, Cruisers saw no use as they
were not bothered much by their disease.
I: “The app automatically calculates several useful
disease-related scores instead of you having to cal-
culate these scores by hand.”
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P9 (Defeatist): “Sure, go ahead (ironically) 1 don’t
care at all. Because I am high on Morphine. For me,
not, I will not do this anyway.”

P32 (Cruiser): “No, and why won’t I do this?...
Because it doesn’t bother me. I have a high blood
pressure and the doctor said, measure your blood
pressure regularly. That I will do. But for my back?
It doesn’t bother me. So then, I will not make an
effort to log all this.”

Information
This category groups those features that provide either general,
tailored (disease-related, at the group level), or personal infor-
mation on arthritis to the patient. Here scores vary depending
on the degree of how tailored information is offered. Although
patients of the Defeatist and Worrier type gave high scores to
motivational features in the information category, there were
some doubts as to whether the provided information would be
accurate.
P9 (Defeatist): “I don’t believe that [that the app can
tailoring information to an individual level]. There
is not a single person in this hospital who can tell
me what is causing my pain so I don’t think an app
would ever be able to provide me with that type of
information.”
P3 (Worrier): “I would just Google information.
[About more tailored information] I think physicians
have to evolve to be able to provide me with
personalized information. They always tell me they
‘suspect this and that’ but they are never sure. So if
a physician isn’t able to be accurate, I don’t think
an app could be.”

Some patients with CA relied on their rheumatologist to pro-
vide them with information and only trusted that information.
P5 (Worrier): “I’d rather ask this kind of information
from my physician. Other than that, I don’t really

need information.”
Contrary to P5, P3 (see above) and P23 do not rely on their
physician for information.
P23 (Warrior): “[About general information] I can
just get that information somewhere else.”
Patients of the Cruiser type were in favor of motivational
features of the information category claiming the information
to be useful for them.
P30 (Cruiser): “General information, I would give
it 4 out of 5. Tailored for my kind of condition, I
would give it 5 out of 5. And personalized for me,
even better also 5 out of 5.”

Incentivization

This category groups features that aim to increase motivation
by providing rewards or praise. All patient types except the
Defeatist type were unanimous in their dislike for incentiviza-
tion, claiming that they do not need to be motivated to adhere
to therapy.

P18 (Cruiser): “Rewards are not necessary for me,
I do my physical therapy because it’s good for my
health.”

P3 (Worrier): “Those rewards are not going to take
away my pain.”

P30 (Warrior): “That’s for children. Although, it
might be useful for some people... maybe children
with CA.”

Social support

This category contains features related to interaction, sharing,
cooperating and comparing with others through an mHealth
application. These features scored lowest of all categories.
Patients of the Worrier, Warrior and Cruiser types want to
keep their condition private and don’t need others to support
them in their therapy.

P22 (Warrior): “When I’m exercising, I’m exercising
for myself. I don’t need to involve others.”

P3 (Worrier): “The people in my surroundings know
my condition [...]. I don’t want to bore them with
my condition.”

P26 (Cruiser): “This is a medical condition and is
differently for everyone. I would not like to share it
on the internet.”

P9 (Defeatist): “That’s something I would love to
see! I have been in the hospital for nine months and
not even my own mother visited me. So I don’t think
anyone would want to interact socially.”

Credibility & Styling

This category contains features related to how the application
can increase perceived credibility and or be styled to personal
liking. Scores diverged for the different features: whereas
surface credibility was highly valued by all patients, for other
features patients were indifferent. Among patient types, few
differences were found.

I: You are able to personalize the app, for example
change colors [...]

P18 (Cruiser): “This is OK for me, but it is not
necessary, a 3.”

I: The app shows physicians, therapists and re-
searchers who helped create the app.

P3 (Worrier): “I only know one rheumatologist in
one hospital. If this application would be used na-
tionwide, I wouldn’t recognize the people in the app
anyhow.”

V. DISCUSSION

Our findings show that a tailored approach is needed to
target different types of patients with CA. These findings are
in line with the conclusions of Gupta et al. [9], [52], Singh et
al. [8], [48] and Swann-Sternberg et al. [36] all of whom, too,
remark the importance of tailoring or personalizing treatment
to individual patients or patient groups. Our typology also
echoes the different profiling types that health professionals
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and in particular more recent models on Fear-Avoidance [22]
and Endurance [24], [26], [27]. In addition to fear-avoidant
types characterized by pain avoidance, activity avoidance,
catastrophic cognitions and hyper-vigilance in lesser or milder
degree (i.e., Defeatist and Worrier), we also found a patient
type that risks excessive persistence (i.e., Warrior) and a
patient type that has reconciled lifestyle with the disease
through task-contingent persistence and pacing (i.e., Cruiser).
Hence, the Defeatist-Worrier-Warrior-Cruiser typology con-
firms that a personalized, tailored approach is needed for
mHealth interventions with patients with CA.

In addition, we have shown how these four types of patients
exhibit different preferences for different motivational features.
In the next section, we will address implications for design
stemming from our findings. These recommendations provide
persuasive strategies which target the needs of each patient
type and aim to improve the patient’s condition.

A. Implications for Design

Based on our typology of patients with CA, the following
design implications can be derived.

1) Defeatist: Patients of the Defeatist type suffer from their
disease and lack an overall sense of control. They feel as
though their condition cannot improve. These patients might
benefit from motivational features that increase their perceived
control over the disease, e.g., providing small steps towards
improvement or providing accurate and rapid feedback. Next,
providing rewards and praise may stimulate them to make
the first steps towards improvement. In addition, it may help
reduce social isolation, i.e., by providing an online platform
to talk and exchange information with peers.

2) Worrier: Patients of the Worrier type also suffer from
low control over disease progress and particularly fear their
disease will get worse. They often avoid exercising and
physical activity for fear of increased discomfort from pain
and stiffness. These patients may benefit from motivational
features that offer reassuring information regarding disease
progression and the beneficial effect of exercising on their
disease status. In addition, these patients welcome disease
status tracking features and features to log disease status, e.g.,
diaries, to be able to share this with physicians, to alleviate
worries about their condition getting worse. However, caution
is needed not to play into catastrophizing thoughts and to
trigger hyper-vigilance. Finally, it is suggested to provide
continuous guidance and feedback during exercises to reassure
patients of the worrier type they are doing well, and to remind
them of the positive effects of physical movement, both in the
short run as well as long-term disease progression.

3) Warrior: Patients of the Warrior type try to do anything
they can to improve their disease status. They are motivated
to work hard to achieve this goal. These patients might
benefit from motivational features that provide guidance and
instruction during exercises to ensure that are conducting
exercises correctly. Next, these patients welcome goal-setting
as a means to extend physical exercise schemes, and to
suit their ambitious therapy schedule. In addition, they like

increased tracking and self-monitoring of their disease status,
including simulations, to see what is beneficial. For this type,
however, it is important to highlight excess activity, and to
remind that this is detrimental to their disease status.

4) Cruiser: Patients of the Cruiser type do not think or
worry about their disease often. They do not want to put
much mental energy into their condition. These patients might
benefit from motivational features that provide easy ways to
track, for example, their infrequent pain episodes or to track
appointments with their physician and physical therapist. To
further reduce the effort needed to manage their disease, they
welcome any automation in filling out questionnaires prior
to consultation based on prior collected data. In addition,
it is advised to allow them to disable features they feel do
not benefit them (but might benefit other patient types, such
as notifications about bad posture, sharing with others, and
medication reminders).

B. Limitations and Future Work

While the patient typology presented here is tailored to
patients with CA, we argue that it may have broader use for
patients characterized by chronic musculoskeletal pain. Hence,
it may be useful for other chronic conditions that also induce
(muscle) pain and require physical therapy. Such pathologies
may equally benefit from targeting similar patient types, and
thus, offers a way to tailor motivational strategies to deliver
tailored mHealth interventions.

Future work could also investigate how such patient pro-
filing relates to user-centered design approaches [53], and
in particular the practice of creating personas, to inspire the
design of interactive systems. At the same time, we acknowl-
edge the limitations of this first exploratory, qualitative study.
Further work is needed to validate the typology with different
samples of (CA) patients. Moreover, we acknowledge that
in this study, we focused on preferences of patients. Further
research with health professionals is needed to understand how
the tailoring of motivational features may interact with specific
therapies. For example, the preference of Worriers for a diary
and logging, may trigger hyper-vigilance and may, from a
therapeutic perspective, be less desirable.

VI. CONCLUSION

In this paper, we applied a qualitative study to establish
four CA patient types. Moreover, we provide insight into
which mHealth features are suitable for each patient type
to support them in their disease management. We translated
these insights into implications for the design of mHealth
applications. We hope these findings may inspire healthcare
informatics researchers to create apps tailored to the needs of
patients with musculoskeletal diseases and chronic pain.
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