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ABSTRACT

Rheumatic and Musculoskeletal Diseases (RMDs) affect 120 million Europeans and are responsible for
joint inflammation, stiffness, pain, and fatigue. Patient-Reported Outcome Measures (PROMs), essential
to diagnosis and treatment adjustments, are expected to revolutionise rheumatology care if mobile
apps reach clinical practice. However, patients often experience finger dexterity issues that can hinder
their interaction with mobile apps. This paper investigates the interaction of patients with RMDs with
mobile apps for self-report. We started by reviewing existing iPhone and Android apps for RMDs, to
identify common user interface (UI) components, and conducted usability experiments with 20 patients
with RMDs to record their performance. The usability experiments showed that in-line selectors are the
best-performing Ul component and that column selectors are considered the most usable by patients.
Sliders perform worse than in-line selectors, with significant differences. Results also showed little
difference between test conditions aligned with mobile UI design guidelines and those that provided
larger or more spaced targets, leading us to conclude that following existing Apple Human Interface
Guidelines and Android Material Design will lead to apps with Uls that are appropriate for patients

with RMDs.

© 2023 Elsevier Ltd. All rights reserved.

1. Introduction

Rheumatic and Musculoskeletal Diseases (RMDs) affect 120
million Europeans with a high prevalence among older adults
(~25% in some countries) [1-3]. Patients with RMDs experience
a variety of symptoms that often include: joint inflammation,
stiffness, pain, or fatigue [4-6], all of which can strongly impact
mobility and finger dexterity [7]. Many RMDs do not have a
cure, so patients need to learn to live with the condition and to
engage in self-care [8]. The care of patients with RMDs usually
consists of regular visits to the physician, where patients are
examined and answer a number of Patient-Reported Outcome
Measures (PROMs) that characterise the impact of symptoms in
their everyday life [9].

Mobile apps have the potential to support patients’ self-care,
by facilitating the collection of PROMs, promoting self-reflection,
and encouraging healthy behaviours [10,11]. In fact, collecting
PROMs remotely at home is key to supporting the improvement
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of rheumatology care, as it can help bring patients’ perspectives
and preferences to treatment decisions [12]. However, patients
with RMDs often experience finger dexterity issues that impact
data input, coarse precision, and thus impact their ability to
self-report symptoms [13].

This paper explores the interaction of patients with RMDs
with mobile User Interfaces (Uls) for self-reporting symptoms.
We started by reviewing mobile apps for iPhone and Android
to understand the most used Ul components in today’s self-
report apps for RMDs. Having gathered the most common Ul
components, we planned and conducted usability experiments to
understand the interaction of patients with them.

Our study has two main contributions. First, it presents a
systematic review of mobile apps for patients with RMDs, that
focuses on self-monitoring features and the Ul components used,
and complements previous reviews focused on general features
and content of rheumatology apps in Germany [14] or self-
management apps used in scientific studies [15]. Second, the
paper reports on usability experiments conducted with patients
with RMDs, providing recommendations on Ul design choices
that can lead to better performance for this user group, and
complementing prior work studying other population groups
[16,17].
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Fig. 1. Screenshots of four apps (RA Manager, Arthritis+Patient, Arthritis Diary, My Arthritis) for patients with RMDs that appeared in the app review. The examples
show different data collected by patients, including PROMs, glucose level, exercise and others. Moreover, it is possible to observe different Ul components used

including horizontal sliders, vertical sliders, and in-line selectors.

This paper is structured into eight sections. Section 2 reviews
the background of this study, including the impact of RMDs on
touchscreen interaction, and mobile app design guidelines to
deal with finger disability or dexterity issues. Section 3 describes
the methods of this paper. Section 4 presents the results from
the app review and Section 5 explains the Ul component selec-
tion and validation. Section 6 details the results of the usability
experiments. Section 7 discusses the results, contributions, and
limitations of this work. Section 8 concludes this work and points
to future work opportunities.

2. Background
2.1. Self-monitoring apps in RMDs

The European Alliance of Associations for Rheumatology ar-
gues that mobile apps can transform the mode and quality of
healthcare, offering patients a more proactive role in their health
and care [18]. Self-care apps for rheumatology can include symp-
tom monitoring, education, or physical activity tracking fea-
tures [12], similar to apps for other chronic conditions [19].
Using a health-related app might modify an individual’s health
beliefs and behaviours, improve knowledge and abilities in self-
care, increase self-efficacy to manage symptoms, reduce health
risk behaviours and lead to improved clinical outcomes [13].
Moreover, apps with self-monitoring features, here referred to
as self-monitoring apps, have the potential to collect information
about the patient’s disease activity at home and in everyday life,
to support care [20].

Most self-monitoring apps for RMDs enable the collection
of PROMs, encouraging patients to classify the severity of their
symptoms on a scale (Fig. 1 show different examples of apps
collecting PROMs). These self-monitoring apps provide ways to
record individual information that, once recorded over time and
visually displayed, allow the identification of patterns [12]. Pat-
terns and trends on symptom flare, treatment response and gen-
eral day-to-day management provide helpful information for the
individual in making future decisions regarding self-care. Indi-
viduals can also provide this data to their physician to inform
discussions about their disease state and treatment adjustment
decisions [21]. Furthermore, fluctuations and peaks in disease
activity are easily missed or remain unnoticed, which can have
severe repercussions in joint damage [22]. Self-monitoring apps
have the potential to provide a better understanding of disease
fluctuations in-between outpatient clinical appointments. How-
ever, patients with RMDs experience symptoms that affect their
hand dexterity, consequently influencing their interactions with
technology [13]. This warrants the need for research in this area.
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2.2. The impact of RMDs on smartphone use

Patients with RMDs are more likely to experience pain and
disability in their hands compared with the general population
or other people affected by chronic illnesses [13]. For example,
Rheumatoid arthritis causes joint stiffness, pain or swelling that
persists for over a few weeks [23]. Osteoarthritis is linked to
loss of cartilage, joint stiffness, inflammatory pain, and dysfunc-
tion [24]. Psoriatic arthritis is characterised by symptoms that
include swollen and tender joints, and dactylitis (inflammation
of an entire digit) [25,26].

Pain, stiffness, swelling, and limited movement all affect user
dexterity and present constraints to smartphone use. Even though
prior work [27] affirms that patients do not see their symptoms
as barriers to smartphone data input, it is important to consider
the input challenges of this user group, as smartphone screens are
small and require simple mechanism for data input. People with
dexterity issues may not be able to move their hand as quickly,
may lack the flexibility of movement, may be unable to touch
a button or to touch it involuntarily, or can have so much pain
that their hand movement is prevented. Therefore, attention to
design aspects of apps, such as button size, spacing, and design
components, is critical to improving usability, adherence, and
clinical outcomes [13].

Research in RMDs is scant regarding technology usability and
accessibility. Apps in the market are rarely usability tested, which
decreases their potential to be effectively used [20]. Multimodal
input approaches, drawing on electroencephalography [28], eye
tracking [29], or voice-based commands [30], which have sup-
ported other input-impaired groups, have not been explored
with patients with RMDs. Moreover, and while studies stress the
potential of digital health technologies for patients with RMDs
(e.g., [20]), there is a lack of studies that investigated smartphone
touchscreen interaction with this group.

2.3. Recommendations for dexterity and finger disability

We could not find specific recommendations for designing
Uls for patients with RMDs, however, there is general advice
that can apply to people with finger dexterity issues. In fact,
the W3C [31], Google [32,33], and Apple [34] have developed
guidelines to make user interfaces more inclusive of people with
a broader range of abilities and levels of function. The W3C Input
Modalities guidelines [31] mention that when interacting with
touchscreen technologies like the smartphone, the finger is the
pointer and that all functionalities should be accessible using
finger gestures. For people with hand dexterity issues, whose
hand precision can be compromised, the W3C Input Modalities
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Guidelines recommends providing large enough targets for users
to easily activate them, even if the user is accessing content on a
small handheld touchscreen device [35].

The Android Material Design (AMD) guidelines 3 [33] rec-
ommend touch targets to be at least 48 x 48 dp, between
7 and 10 mm, or larger “to accommodate a larger spectrum of
users”. The target spacing should be “8 dp” or more to “promote
balanced information density and usability”.

According to Apple’s Human Interface Guidelines (HIG) [34],
an accessible app supports accessibility personalisations by de-
sign and gives everyone a great user experience, regardless of
their physical abilities or how they use their iOS devices. In line
with this, the HIG introduce two guidelines that are applicable
when addressing challenges experienced by people with hand
dexterity issues. First, opt for simplified gestures instead of com-
plex ones (multi-finger, long press, or repeated press). Second,
ensure all targets measure at least “44 x 44 pt”, approximately
7 mm.

3. Methods

This section describes the steps we took in this research. We
start by describing the systematic app review, to then explain the
process of selection and validation of Ul components. The section
also explains the main decisions underlying the research as well
as the procedures and participants involved.

3.1. Systematic mobile app review

Our app review was guided by the research question: What are
the Ul components used in self-monitoring apps for patients with
RMDs?. Focusing on self-report and self-monitoring apps meant
that we excluded apps that lacked symptom monitoring features,
or that solely described the diagnosis/symptoms of RMDs. The fo-
cus on patient-facing apps excluded symptom assessment scales
or instruments designed for clinicians.

3.1.1. Search expression

After multiple discussion sessions among the authors, we de-
cided to use the following search expression, which combines
the symptom ‘arthritis’ with the most common rheumatic con-
ditions [1] (written in English or Portuguese):

“arthritis” OR “artrite” OR *“ankylosing spondylitis” OR
“espondilite anquilosante” OR “rheumatoid arthritis” OR “ar-
trite reumatoide” OR “psoriatic arthritis” OR “artrite psoriatica’
OR “osteoarthritis” OR “osteoartrose” OR “osteoporosis” OR
“osteoporose” OR “polymyalgia rheumatic” OR “polimialgia
reumatica” OR “lupus” OR “lapus” OR “sjogren” OR “myositis”
OR “miosite” OR “scleroderma” OR “esclerodermia”

’

3.1.2. App store databases

We searched the Google Play Store and iOS App Store, the
two leading mobile app stores, which account for 99% of the
market [36]. To search for the apps and collate information about
them, we used SerpAPI [37]. SerpAPI web app extracts all avail-
able information from Google Play Store and iOS App Store, is
sensitive to boolean search operators, and exports the collected
data as a JSON (JavaScript Object Notation) file. Our search was
conducted on March 2022, yielding 759 records: 469 Android
apps, 178 i0S apps, and 112 apps available for both Android and
iOS.
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3.1.3. App selection strategy

The screening of the apps was performed using Microsoft
Excel. Following the search, we converted SerpAPI's JSON file
into CSV (Comma-Separated Values) for analysis. Each app de-
scription was screened by one author, who consulted with the
remaining authors in case of doubts. The first screening resulted
in 89 apps to potentially include in the review. After installing
and using these apps, we reached a final set of 18 apps that
fulfilled the review criteria: (i) mobile apps should be designed
for patients and include self-reporting of symptoms or other
condition-related aspects (e.g., pain, medication intake, quality of
life); (ii) the language of the mobile app should be Portuguese or
English; and (iii) the app should be possible to install in Portugal.
We excluded apps that were: (i) impossible to register or use
without externally provided credentials, (ii) impossible to open
or use due to errors, (iii) incompatible with iOS 15 or Android 12
(the current operating system versions at the time), (iv) repeated
apps with a different name, or (v) developed for a purpose other
than healthcare (e.g., games).

3.1.4. Analysis

The 18 applications were used for several days to self-report
data and explore their features. During the experimentation pe-
riod, the researcher took screenshots and noted down the char-
acteristics of each of the apps on an Excel spreadsheet (18
rows x 94 columns at the end). The analysis method resembled
a thematic analysis [38], where we used open and iterative
coding to note down different characteristics of the apps. We
used columns in Microsoft Excel to code different app charac-
teristics, and we returned to previous apps each time a column
was changed or added. Apps that appeared in both app stores
were reviewed separately, to capture the Ul elements used in
the different versions. We also created a Mural! board with
screenshots of the mobile apps, organised by self-report category
and user interface element, to support visual analysis of the apps.

3.2. UI component selection and validation

The systematic app review identified six main Ul components
used to support self-report in mobile apps for patients with
RMDs. Based on these results, we started to plan usability exper-
iments, by contrasting the selected Ul component configurations
with the mobile UI design guidelines from iPhone and Android,
and an expert review session with designers.

3.2.1. Contrast app screens with mobile UI design guidelines

The first step in selecting Ul components for the usability
experiments was to contrast the uncovered Ul component config-
urations with the mobile Ul design guidelines for iPhone (Apple
Human Interface Guidelines [34]) and Android (Google Material
Design [32,33]). This helped set minimum usability standards,
ensuring all usability experiments’ conditions complied with ba-
sic Ul design guidelines from Google or Apple. The guidelines
were not definitive in some areas, either because there was no
guidance (e.g., how to display the value on horizontal sliders)
or because iPhone and Android guidelines were in some dis-
agreement (e.g., tick marks recommended for iPhone and optional
for Android); which led us to test different configurations for
the Ul components. At the end of this phase, we had a plan
for the usability experiments that we discussed with a group of
designers.

1 Mural is a virtual tool that enables teams to collaborate visually and
brainstorm solutions to their problems or challenges. The web app is available
at: https://www.mural.co/.
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Fig. 2. Screenshots of different Uls used in the usability experiments.

3.2.2. Expert review with designers

The expert review was organised in two parts. First, we made
a brief Powerpoint presentation outlining the main insights of
the app review, with a particular focus on the Ul components
used to self-report symptoms. The presenter described the most
common Ul components and how they varied in different apps,
as well as the rationale for selecting Ul components for the
usability experiments. Second, experts and researchers engaged
in a discussion about the review, the Ul components identified,
and the rationale for selecting Ul components to test. At the end
of the session, there was a final list of components to test and
insights regarding the test conditions.

The review engaged four designers with backgrounds in com-
munication design and multimedia and a track record in design-
ing user interfaces for mobile devices. All of them worked at
Fraunhofer Portugal AICOS, but had not been previously involved
in the study. Their experience spanned from 2 to 15 years, with
most of them working in mobile Ul design and user experience
for over five years.

3.3. Usability experiments

We conducted usability experiments to assess the interaction
of patients with RMDs with the most common Ul components
found in self-monitoring apps. The app review and validation
session helped identify four main Ul components - horizontal
sliders, vertical sliders, column selectors, and in-line selectors —
which we tested through usability experiments. Each of the four
Ul components was configured with different characteristics to
understand whether changes on them resulted in changes in the
performance of patients. For example, we tested horizontal slid-
ers with and without tick marks, with different ways of displaying
a value label (or with no value label), and with distinct thumb
sizes.

3.3.1. Test conditions

Participants completed 28 tests with distinct Ul component
configurations, performing three or four tasks of value input each
time. Table 3 lists all test conditions, detailing the Ul component
configurations, the numbers participants were asked to input, and
example snapshots of some of the Ul component configurations.
Test conditions were designed to align with iOS and Android Ma-
terial Design guidelines [32-34], and went beyond them in some
tests to understand if patients with RMDs required additional
accessibility accommodations.
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3.3.2. Materials and apparatus

The usability experiments were enabled by a mobile app de-
veloped at Fraunhofer Portugal AICOS specifically for this purpose
(see Fig. 2). Each app screen was composed of: instructions on
top, navigation buttons (start, next) at the bottom, and the UI
component to test in between. Pressing the start button began
counting the time of the activity and enabled the participant to
interact with the Ul component. The next button, stopped time
counting and directed the participant to the following screen. In
addition to time, the app also recorded the number of taps to
allow for the quantification of errors. Each session included 3-
4 tasks of number input, and there were similar instructions in
some of the tests to enable the direct comparison of results. The
next button helped ensure tasks were completed as expected, as
the button only became activated after the participant correctly
performed the input task. After completing all activities, a de-
tailed log of the session was created and saved to the smartphone
storage.

The study was conducted on a OnePlus 7T, an Android smart-
phone that measures 160.9 x 74.4 mm and has a resolution of
1080 x 2400px at 402 ppi. The smartphone screen was recorded
with an app and a GoPro HERO7 was attached to a tripod to film
the hands of participants interacting with the smartphone (from
above). All participants performed the tasks while sitting on a
chair in front of a table, holding the device as they typically use
their smartphone.

3.3.3. Procedure

Usability experiments were divided into three parts. First, we
introduced participants to the session, the test activities, and
how participants could interact with each task screen (start, task,
next). Participants were encouraged to clarify doubts and let the
researcher know if they felt pain or needed a break. Second,
participants engaged in a series of sessions of number input,
grouped by the Ul component being tested. Once all the tasks of a
specific Ul component were completed, participants were asked
to rate the most usable Ul component configuration. After all test
sessions, participants were asked to choose their (i) preferred Ul
component and the (ii) one that caused them the most pain.

3.3.4. Analysis

Statistical analysis was conducted in SPSS and organised in
four steps. First, we used descriptive statistics such as averages
and frequency distributions, to characterise the study sample, cal-
culate average task completion time, and average number of er-
rors, or the preferred Ul components. Second, we used Wilcoxon
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Table 1

Characteristics of participants from usability experiments.
No. Age Sex Condition Diagnosis®
P1 41-50 F OA 3
P2 41-50 F RA 45
P3 51-60 F RA 8
P4 41-50 F RA 40
P5 31-40 F RA 4
P6 51-60 F RA 6
P7 51-60 F PsA 10
P8 41-50 M PsA 7
P9 61-70 M RA, OA 12,5
P10 51-60 F OA 1
P11 51-60 F PsA 23
P12 41-50 M RA 30
P13 71-80 F PsA 50
P14 51-60 F PsA 25
P15 41-50 F RA 12
P16 61-70 M PsA 2
P17 51-60 F RA 10
P18 51-60 F RA 11
P19 71-80 F OA 8
P20 51-60 F OA 3

¢ Number of years since. OA - osteoarthritis. RA - rheumatoid arthritis. PsA -
psoriatic arthritis.

tests [39] to compare average completion times when completing
the same input tasks (e.g., selecting number 2) on different Ul
components and Ul component configurations, to determine the
influence of different visual characteristics on performance. Third,
we used the Friedman test [40] (with Bonferroni correction for
multiple tests) to compare test conditions grouped by Ul com-
ponent. Fourth, we used Spearman’s correlation coefficient [41]
to assess correlations between Ul component configurations and
the task completion time or number of errors, to test the possible
existence of an association between task completion time and the
number of gesture interactions with screen elements.

3.3.5. Participants

We involved 20 participants with RMDs (see Table 1). Sixteen
participants were female and four were male. Participant’s age
ranged from 31 to 80, with nine participants aged 51-60, and
six aged 41-50. Ten participants had rheumatoid arthritis, six
had psoriatic arthritis, and five had osteoarthritis. All participants
were right-handed (dexterous) and used the smartphone multiple
times per day.

Recruitment criteria focused on: (a) having a rheumatic condi-
tion, (b) being able to travel to the Fraunhofer Portugal AICOS of-
fices to perform the usability experiments, and (c) using a smart-
phone regularly. Participants were recruited through a Facebook
post of the Portuguese League Against Rheumatic Diseases, and
through personal networks of the research team.

The study was approved by NOVA Medical School ethics board
(no. 221/2021/CEFCM, 19/01/2022). All participants provided
written informed consent. Potential participants were presented
with the study’s goals, an overview of the activities, and a sum-
mary of the data privacy practices. Having clarified doubts and
asked questions, participants provided written informed consent.

4. Systematic mobile app review results

To determine the most common mobile Ul components used
in self-reporting apps for RMDs, we carried out a systematic
review of available apps. The following sections describe gen-
eral characteristics of the apps as well as their self-monitoring
features and Ul components used.
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4.1. Characterisation

The review captured 18 apps (see Table 2). The older apps in
the review were released in 2011 (DAS28 and Manage My Pain).
2012 and 2013 had no apps published, but starting in 2014, at
least one app was published yearly. Most apps were available for
both i0S and Android (11), four apps were only available for iOS,
and three were only available for Android. All apps were free,
except Arthritis Diary, which costed 5€.

The apps in the review targeted distinct RMDs. The most com-
monly targeted conditions were: rheumatoid arthritis (8 apps),
psoriatic arthritis (6 apps), or spondyloarthritis (4). Osteoarthritis
and Lupus had three apps each, and a few apps targeted other
conditions like Scleroderma, Sjogren syndrome, or did not target
any specific RMD.

The apps varied in terms of features.? All apps supported self-
monitoring due to the inclusion criteria. 13 apps had a medication
management module, with a medication list, reminders, or the
ability to report intakes. 11 apps had a health education module,
with information about symptoms, treatment, or news about one
or more RMDs. Eight apps had an exercise management module
allowing users to keep track of their exercise.

The usability of the apps was poor in general. Many apps
featured small buttons, checkboxes, and slider thumbs, with little
space between elements. While the apps were framed for patients
with RMDs, the Ul design did not usually comply with general Ul
design guidelines, e.g., button target size, which gave the idea that
their designers and developers did not consider the target users’
characteristics in the design of the apps.

4.2. Self-monitoring features

The apps in the review enabled patients to self-report various
condition-related aspects. Symptom monitoring was the most
common feature and was present in all of the apps. Patients could
use the apps to report: mood or stress (11 apps), pain level (10),
joint inflammation or pain (10), fatigue level (9), sleep quality (6),
or skin problems (3). The user interfaces for symptom self-report
contained a question (e.g., “How much pain have you felt?”,
“What best describes your pain?”) or a statement (e.g., “Pain”,
“Pain intensity”, “Pain score”), which was accompanied by a Ul
component for reporting that particular symptom (e.g., pain in-
tensity) on a scale (e.g., 0-10, 1-10, or 1-3). The apps sometimes
displayed multiple questions/statements and Ul components, but
most interfaces invited users to report one aspect per screen.

It was possible to report wellbeing and (physical) functionality
in eight apps. Wellbeing reporting was similar to symptom self-
report, asking users to rate how they felt, and displaying a Ul
component to collect answers. The reporting of functionality was
more varied, with some apps asking one single question about
functionality, while others presented multiple questions to obtain
a functionality score. The least common self-reporting features
were: quality of life (3 apps) or an open field to report any
information they would like (5 apps).

4.3. Employed UI components

The apps employed six Ul components to capture user self-
report data (see Table 2). The most common Ul component was
the horizontal slider’> (9 apps), which allowed users to select
a value from a range provided on the screen (e.g., 1-10), by

2 Due to space constraints we do not present a detailed list of features from
the apps in the review, however, readers can refer to prior work for an overview
of the kinds of apps available for RMDs [18].

3 The general preference for sliders can be connected with the prevalence
of PROMs in rheumatology care, where physicians regularly ask patients at the
clinic to rate their pain, fatigue, sleep, or functionality, on a scale from 1-10.
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Table 2
Characteristics of the apps reviewed.
App name App store Conditions Tracking Ul components used
(%]
E E E « ° 3] = 2
5 3 = % & g 2 = T z 3 £
g = 8 T 8 £ g 2 F £ 5 7 2 s 2 g 3
= & E £ 3 % g 8 § £ » & g ¢ 5 & 2
g & g 5 £ 2 8 8 & £ § gz g5 B» o & £ 2 g
s ¢ £ 25§88 2 & £33 £ E 3 28 ¢ £ 8 & £ ¢
& 8 £ 2= £ & 8§ 3 5 2 &2 & & o &£ 5 w o= & 2
Arthritis Diary [42,43] b 14 5 - - - X X X - - - - CB (B (B CB
Arthritis+ Patient [44] b 20 0 X X X - X X X - - HS - HS HS - BG
ArthritisPower [45,46] b 15 0 - - - X - X X - - S - - S -
Chronic Insights [47] g 21 0 - X X - - X X - X - X cs - - cS VS -
cliexa-RA [48,49] b '16 0 X - - - - - - - X - - - - - - - BG
DAS28/ACR-EULAR [50] i 11 0 x X - - - - - - x - - - - - - - BG
Elsa [51,52] b 19 0 X - - - - X X - X - X HS BG - HS HS BG
GeoPain:Home [53] g "18 0 - - - - - X - - X - - - - - - HSVS -
GRAPPA App [54] b 8 0 - X - - - - - X X - - Hs HS HS HS HS -
Jointfully Osteoarthritis [55,56] b 16 0 - - - X - - X - X - - - - - S - BG,HS
LupusMinder [57,58] b 17 0 - - - - X - - - X - X - - - - HS -
Manage My Pain [59,60] b 11 0 - - - - - X - X X - - - - - S - -
My Arthritis [61,62] b 19 0 X X - X X X X X X - - - - VS VS VS -
MySpA [63,64] i 18 0 - - X - - - X X X X X CB S - - - BG
Pain Diary [65] g "18 0 - - - - - X - - X - - - - - - HS -
RA Manager [66] i 16 0 X - - - - - X X X X X HSS - HS HS HS HS,S
RA Monitor [67,68] b 17 0 X - - - - - - X X - - HS - - HS - BG,CB
Rheumatic Monitor [69] i 21 0 X X X X X X - X X X - S - S S S BG,S

Store: g - Google Play Store, i - iOS App store, b - both Google Play Store and
HS - Horizontal Slider, S - Selector, VS - Vertical Slider.

Table 3
Usability experiments conditions, input, and Ul screen examples.

iOS App store.

UI components: BG - Body graphic, CB - Checkbox, CS - Circular Slider,

ID Tested Ul component configurations Input values Test scenarios snapshot examples

Al HS w/ tick marks 1,2,6,8

A1.2 HS w/ a static value label 1,4,8,9 6

Al13 HS w/ a value label following the thumb 2,4,6,9 n
A2.1 HS w/ tick marks & static value label (centre) 2,3,6,8 axu @ - @ o= @
A2.2 HS w/ tick marks & static value label (bottom) 1,3,7, 8

A3.1 HS w/ a thumb 1x size of AMD2 2,3,6,8 : L 0 i 0 10
A3.2 HS w/ a thumb 1.25x size of AMD2 2,3,6,9 aa ma a3

A3.3 HS w/ a thumb 1.5x size of AMD2 1,3,7,9

B1.1 VS w/ tick marks 1,2,7,9 = - =
B1.2 VS w/ a static value label 1,3,6,8

B1.3 VS w/ a value label following the thumb 2,389

B2.1 Vs w; a thumb 1x size of Al%/lDZ 2,4,7,8 g 9 s @ s @
B2.2 VS w/ a thumb 1.25x size of AMD2 2.3.7.9 i E I
B2.3 VS w/ a thumb 1.5x size of AMD2 2,4,7,8 - - -
Cl1.1 CS w/ 1x size & 1x spacing of AMD3 513

C1.2 CS w/ 1x size & 1.5x spacing of AMD3 2,51 o Label ebel

C1.3 CS w/ 1x size & 2x spacing of AMD3 1,35

2.1 CS w/ 1.25x size & 1x spacing of AMD3 1, 4,2 o

2 €S w/ 1.25x size & 1.5x spacing of AMD3 3,1, 4 L el

C23 CS w/ 1.25x size & 2x spacing of AMD3 4,2, 1

C3.1 CS w/ 1.5x size & 1x spacing of AMD3 4,1,3 Label Label Label

C3.2 CS w/ 1.5x size & 1.5x spacing of AMD3 1, 4,2

C33 CS w/ 1.5x size & 2x spacing of AMD3 3,4, 1

D1.1 IS at the centre of the screen 1,32

D1'2 ls at the bOttom Of the screen 2' 3' 1 Label Label Label Label Label Label Label Label Label
D2.1 IS w/ 1x size of AMD3 1,4, 2

D2.2 IS w/ 1.25x size of AMD3 3, 1,2

D2.3 IS w/ 1.5x size of AMD3 2, 1,3

HS - Horizontal Slider, VS - Vertical slider, CS - Column Selector, IS - In-line Selector. AMD2/3 - Google Material Design version 2 or 3.

swiping their finger from left to right. In the reviewed apps, the
left extremity was associated with the lower range value (e.g., 1)
and the right with the higher range value (e.g., 9). The horizontal
sliders in the Uls varied in terms of the screen position, presence
of tick marks, presence and behaviour of value labels, or the width
of the slider thumb (name of the element that the user drags
throughout a slider).
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The vertical sliders were similar to horizontal sliders, but
users went from bottom to top to select a value. In this type
of slider, the lowest value appeared at the bottom end, while
the highest appeared at the top. This Ul component appeared in
three apps and, similarly to horizontal sliders, varied regarding
the position, presence of tick marks, presence and behaviour of
value labels, or the width of the slider thumb.
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Another variation was the circular slider which appeared in
Chronic Insights. The interaction with the circular slider compo-
nent started at the top of the circle, and as the user swiped the
finger down the circle, the value selected advanced.

The body graphic, a map representation where users report
the area where they feel pain, inflammation, or skin issues, was
used in eight apps. The illustration of the body varied, with
some apps adopting a more medical representation, faithful to
the anatomical body characteristics (e.g., Chronic Insights), and
others resorting to cartoon-like representations of the body that
exaggerated areas of interest, such as the hands or feet (e.g., Elsa).
In some cases, the body map used showed the whole body
(e.g., GeoPain:Home), while in others, it focused on a specific
region of the body such as the hand (e.g., cliexa-RA). The apps
that recorded the inflammation in the joints amplified the hand
when the user selected it, to select the specific joints of the hand
where the user felt pain.

Selectors, sets of buttons on the screen to report different val-
ues or answers to the self-monitoring prompt, appeared in seven
apps. This Ul component had two different types: (i) column
selectors, where a series of buttons were displayed vertically
(e.g., RA Manager), or in-line selectors, where a series of buttons
were displayed horizontally (e.g., Rheumatic Monitor). The Ul
component varied from app to app, regarding the size of each
button and spacing between buttons.

Checkboxes - the square buttons with a check to indicate
their state — appear in three apps of the review. Similar to se-
lectors, checkboxes appeared together in columns (e.g., Arthritis
Diary) and in-line (e.g., MySpA) sets of buttons. The Ul compo-
nents vary in terms of the position on the screen, target size box,
or position of the text label.

5. UI component selection and validation results

Having identified the most common Ul components, we con-
trasted the app screens with the Ul design guidelines from AMD2
and AMD3 [32,33] and Apple HIG [34]. This helped pre-select
the UI components and devise test conditions, which we later
discussed with a panel of design experts. Finished the expert
review, we had a list of component configurations to test.

5.1. Results from contrasting screens with Ul design guidelines

Considering the guidelines on horizontal sliders, we planned
to test four different aspects. First, test horizontal sliders with
and without tick marks, because while Apple HIG recommends
the use of tick marks to increase the clarity and accuracy of hor-
izontal sliders [34], AMD2 considers it as optional [32]. Second,
test different placements for the value chosen in the horizontal
slider, because there is no recommendation of whether the value
should be static or move with the thumb. Third, test different
slider thumb sizes, assuming the AMD2 minimum thumb radius
of 20 dp [32], as well as 1.25x and 1.5x its size, as patients with
RMDs might need more generous thumb sizes. Fourth, we would
test horizontal sliders centred and at the bottom of the screen,
as guidelines do not recommend one or the other. Moreover, we
followed the minimum slider height of 6 dp and inactive track
minimum height of 4 dp recommended in AMD?2 [32].

The vertical sliders would be tested under similar conditions,
except for the onscreen position. Although vertical sliders are not
included in AMD2/3 [32,33] or Apple HIG guidelines [34], this Ul
component was included since it appeared in several reviewed
apps. The reason for excluding the onscreen position is that it was
already tested in the horizontal sliders.

We excluded circular sliders because they appear in only one
app and are not mentioned in either AMD2/3 or Apple HIG.
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Assessing the guidelines applicable to column selectors, we
planned to test two different aspects. One aspect to test was the
selector size, which according to AMD3 should have a minimum
height of 56 dp [33]. We used this value (56 dp) as the minimum
height and tested it against 1.25x and 1.5x of that size, assuming
patients with RMDs might need the additional button height.
Another aspect to test was the selector spacing, which should en-
able users to distinguish the selector from neighbouring elements
and information [34]. We used the minimum in-between button
spacing of 12 dp [33,34], and tested it against 1.5x and 2x of that
space.

The in-line selectors should be tested similarly to column
selectors but with two exceptions. Selector spacing does not
apply to in-line selectors, as all buttons appear in the same
line. Moreover, we needed to test centre and bottom onscreen
positions because guidelines do not recommend for one or the
other.

We excluded checkboxes from the usability experiments be-
cause guidelines recommend treating checkboxes as selectors
where users can click the square button or the label text [32].
Since we already tested two types of selectors (column, in-line),
testing another similar Ul component was deemed unnecessary.

The body graphic was also excluded from the usability ex-
periments. It would be possible to test target size of body region
selectors, but we already tested selectors did not expect to learn
more from testing selectors in a body graphic. We asked partici-
pants to choose the most appropriate body map representations,
but that qualitative analysis should be published elsewhere.

In summary, we proposed to take the horizontal sliders, verti-
cal sliders, column selectors, and in-line selectors to the usability
experiments.

5.2. Expert review validation results

After contrasting the screens with existing guidelines and pre-
selecting Ul components to test, we organised an expert review
session with designers to assess the usability experiments plan.
The session started with a Powerpoint presentation, showing
insights from the systematic app review and the rationale for the
pre-selection. Discussion ensued about the conducted work.

The experts validated the presented plan - to test horizontal
sliders, vertical sliders, column selectors, and in-line selectors —
and made two recommendations. The first recommendation was
that the usability experiments focus on the touchscreen input and
avoid any need for content interpretation to reduce the impact
on response time and potential confounding noise that could
emerge due to the need of interpretation. Even though testing
(original) app screens would provide more context for users, it
could be detrimental to measurement and comparison; thus we
chose to create screens from scratch, where participants only
saw one simple instruction to select an input value. The second
recommendation was to use navigation buttons on the screen to
support measurement and ensure the task was effectively com-
pleted successfully. Following this recommendation, we included
buttons at the bottom to signal the start and the conclusion of the
task, which enabled us to clock the time of the task and account
for errors in entering input.

6. Usability experiments results

This section presents the results of the usability experiments.
Our analysis looked at the average task completion times of the
different test conditions, contrasting it with the subjective pref-
erence of participants regarding the most usable test condition
interface or Ul components (e.g., horizontal slider vs. selector).
We also planned to analyse the average number of errors in the
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Table 4
Usability experiments results.
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Test Input Input 1 results Input 2 results Input 3 results Input 4 results Total avg

ID values Time? Err’ Time Err Time Err Time Err Time® Errd
Al.1 1,2,6,8 4,60 £+ 2,61 0,00 3,01 £ 1,02 0,00 9,09 + 4,61 0,90 453 + 2,27 0,00 531 £ 2,63 0,26
Al2 1,4,8,9 511 + 3,88 0,50 5,46 + 2,04 0,20 536 + 2,42 0,65 4,45 + 2,13 0,25 5,10 £ 2,62 0,40
Al13 2,4,6,9 3,76 + 1,51 0,15 4,02 + 1,37 0,15 3,99 + 1,81 0,25 3,95 + 1,32 0,30 3,93 + 1,50 0,21
A2.1 2,3,6,8 3,15 + 1,37 0,10 3,06 + 1,16 0,00 3,65 £+ 1,12 0,00 3,24 £+ 1,00 0,00 3,27 + 1,16 0,03
A2.2 1,3,7,8 2,62 £ 0,74 0,00 2,89 + 1,2 0,00 3,62 + 1,12 0,00 3,33 £ 1,46 0,00 3,33 £ 1,13 0,00
A3.1 2,3,6,8 3,15 + 1,37 0,10 3,06 + 1,16 0,00 3,65 + 1,12 0,00 3,24 + 1,00 0,00 3,27 + 1,16 0,03
A3.2 2,3,69 2,92 £+ 1,10 0,00 2,96 + 0,93 0,00 3,42 + 1,22 0,00 3,85 + 1,45 0,20 3,29 + 1,18 0,05
A3.3 1,379 2,81 £ 0,97 0,10 3,34 £ 2,00 0,00 3,38 + 1,66 0,10 3,11 £ 1,18 0,00 3,16 £ 1,45 0,05
B1.1 1,2,7,9 3,74 £ 2,06 0,20 6,53 + 3,77 0,45 7,82 &+ 5,04 0,15 3,53 + 1,69 0,00 540 + 3,14 0,20
B1.2 1,3,6,8 3,42 + 1,56 0,00 4,26 + 2,02 0,70 4,15 + 1,94 0,40 3,86 + 1,02 0,00 3,92 + 1,64 0,28
B1.3 2,3,8,9 3,54 + 1,69 0,35 3,40 £+ 0,95 0,00 3,98 + 1,67 0,20 3,28 £ 1,25 0,00 3,55 + 1,39 0,14
B2.1 2,4,7,8 2,58 £ 038 0,00 2,66 + 1,25 0,00 4,10 + 1,87 0,00 3,10 £ 0,73 0,00 3,11 + 1,16 0,00
B2.2 2,3,7,9 2,71 £ 1,06 0,00 3,06 + 1,62 0,00 3,51 + 1,07 0,00 3,37 + 1,27 0,20 3,16 + 1,26 0,05
B2.3 2,4,7,8 2,78 + 1,14 0,10 3,14 + 1,14 0,10 3,32 £+ 0,96 0,00 2,96 + 0,89 0,00 3,05 + 1,03 0,05
C1.1 51,3 2,03 £+ 0,64 0,00 1,89 £+ 0,77 0,00 235 + 1,18 0,00 2,09 £+ 0,86 0,00
C1.2 2,51 1,77 £ 0,60 0,00 1,89 + 0,83 0,00 1,93 + 0,89 0,00 191 £ 0,77 0,00
C1.3 1,3,5 2,04 £ 0,91 0,00 1,73 £ 0,79 0,00 1,88 + 0,79 0,00 1,88 + 0,83 0,00
2.1 1, 4,2 1,98 + 0,68 0,00 1,77 £ 0,72 0,00 1,96 + 0,76 0,00 1,91 £ 0,72 0,00
2.2 3, 1,4 1,92 +£ 0,71 0,00 1,83 + 0,66 0,00 1,68 + 0,64 0,00 1,81 £+ 0,67 0,00
2.3 4,2, 1 1,96 + 1,14 0,00 1,90 + 0,85 0,00 2,08 + 0,92 0,00 1,98 + 0,97 0,00
C3.1 4,1,3 1,99 + 1,04 0,00 1,80 £+ 1,00 0,00 2,10 £+ 0,79 0,00 1,96 + 0,94 0,00
3.2 1, 4,2 1,83 £ 0,71 0,00 1,81 £+ 0,69 0,00 1,73 £+ 0,54 0,00 1,79 £ 0,65 0,00
3.3 3,4, 1 1,82 £+ 0,76 0,00 1,67 £+ 0,63 0,00 1,82 £+ 1,10 0,00 1,77 £ 0,83 0,00
D1.1 1,32 1,83 £+ 0,64 0,00 1,67 + 0,68 0,00 1,72 £+ 0,62 0,00 1,74 £ 0,65 0,00
D1.2 2,31 1,37 £ 0,71 0,00 1,88 + 0,92 0,00 1,58 + 0,76 0,00 1,61 £ 0,80 0,00
D2.1 1,4,2 1,83 £+ 0,64 0,00 1,67 + 0,68 0,00 1,72 £+ 0,62 0,00 1,74 £ 0,65 0,00
D2.2 3,1,2 1,74 £+ 0,88 0,00 1,43 £+ 0,52 0,00 2,25 + 1,57 0,00 1,81 £ 0,99 0,00
D2.3 2, 1,3 1,46 £+ 0,53 0,00 1,55 + 0,56 0,00 1,61 £+ 0,69 0,00 1,54 £+ 0,59 0,00

2 Average time to select input (e.g., ‘1’) using specific Ul test condition (e.g., A1.1).
b

c

Average number of errors in selecting input (e.g., ‘1') using specific Ul test condition (e.g., A1.1).
Average time to complete session of multiple inputs using specific Ul test condition (e.g., A1.1).
Average number of errors in completing session of multiple inputs using specific Ul test condition (e.g., A1.1).

tasks, however, the number of errors never came close to 1 and
the differences between test conditions were too low to be useful
to support comparisons.

Table 4 provides an overview of usability experiments’ results.

The first two columns refer to the test conditions, including the
test ID, and the input values the participant entered in those
interfaces. The following columns (3-10) report the average com-
pletion time and number of errors for each of the three or four
sessions with the same test conditions. The last two columns
show the average number of errors in completing a session of
multiple inputs with a specific UI test condition.

6.1. Comparison between different Ul components

The Ul component with the best overall performance was

the in-line selector (see Table 5). Grouping the results of all test
conditions with the same Ul component, we conclude that in-line
selectors are the Ul component with the shortest task completion
time (M* = 1,69 s). Column selectors (M = 1,90 s), vertical
sliders (M = 3,69 s) and horizontal sliders (M = 3,83 s) achieve
worse performance. Differences are significant between the in-
line selector and vertical sliders (p = .042) and the in-line selector
and horizontal slider (p = .004).

Performance results are not entirely aligned with participants’

subjective preferences. When asked about the easier Ul com-
ponent, 17 participants referred column selectors, one referred
in-line selectors, and two had no presence. These results could
encourage choosing column selectors over in-line selectors, as
the differences between column and in-line selectors and not
statistically significant. Moreover, we also inquired participants
about the Ul components that cause them more pain to input

4 M stands for Mean.
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Table 5
Average task completion time grouping all test conditions from the same Ul
component.

Horizontal Vertical Column In-line
slider (A) slider (B) selector (C) selector (D)
AVG 3,83 3,69 1,90 1,69
SD 0,91 0,82 0,09 0,1

the numbers. 18 participants referred that they felt no difference
between test conditions, and two participants referred column
selectors caused them more pain. In any case, column selectors
perform as one of the best Ul component options.

In general, selectors are better than sliders for restricted an-
swer types. Considering the above-mentioned results, in-line and
column selectors will probably obtain a lower average completion
time (and preference) than sliders. However, selectors can only
fit 3-5 options for button size to fulfil the guidelines. Sliders will
thus be useful for answering PROMs that ask participants to enter
values on a scale from one to ten, something which would not
work as easily with selectors due to the limited screen size. The
differences in average task performance of horizontal and vertical
sliders are not significant (p > .05), so it is possible to use the one
that best fits the user interface.

6.2. Horizontal sliders

The horizontal slider configuration that achieved the best
performance was the horizontal slider with a value following the
thumb (A1.3: M = 3,93 s), which was 35% faster than the slider
with tick marks (A1.1: M = 5,31 s), and 30% faster than the
slider with the static value (A1.2: M = 5,10 s). However, these
differences were not significant (p > .05).
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Regarding the horizontal slider position, there was no differ-
ence. The average completion time of the task with the horizontal
slider at the centre (A2.1) or the bottom (A2.2) was essentially the
same (3,27 s vs. 3,33 s). No significant differences were found (p
> .05).

The results were also very similar concerning the thumb size.
The largest thumb size, 1.5x AMD2 recommended size (30 dp
or 4.8 mm), tested in A3.3 achieved the best performance with
an average completion time of 3,16 s. However, the average
completion times of the tasks testing the remaining thumb sizes
were only 0,11 s (A3.1) or 0,13 s (A3.2) higher, which is negligible
(p > .05).

Regarding preference, participants referred they saw no dif-
ference in ease of use between distinct thumb sizes or onscreen
positions of the horizontal slider (N = 20). When asked about
the slider value, seven participants preferred sliders to display a
static value, four preferred a value moving with the thumb, four
preferred sliders not to display a value, and five referred they had
no preference. Moreover, multiple participants mentioned during
the tests that it would be beneficial to have tick marks as a way
to support them in selecting the value faster.

6.3. Vertical sliders

The vertical slider configuration (B1.1, B1.2, B1.3) that
achieved the best performance was the slider with a value follow-
ing the thumb (B1.3), with an average completion time of 3,55 s,
which is 52% faster than the slider with tick marks (B1.1: M =
5,40 s), and 10% faster than the slider with static value. However,
the difference was not significant (p > .05).

Regarding the thumb size, there was no difference. The largest
thumb size (B2.3), which is 1.5x AMD2 recommended size (30 dp
or 4.8 mm), achieved the best performance with an average
completion time of 3,05 s; nevertheless, the other test conditions
obtained essentially the same results (B2.1: M = 3,11 s, B2.2: M
= 3,16).

In terms of preference, most participants preferred the slider’s
value to be displayed (N = 15) rather than not (N = 4). Nine
participants preferred the slider value moving with the thumb,
while six participants preferred the value to appear in a static
position. Moreover, one participant did not have a preference.
Regarding the thumb slider sizes, 15 participants did not have
a preference of slider thumb size. From the ones who had a
preference, four selected the 1.5x AMD?2 size (30 dp or 4.8 mm),
and 1 preferred the 1.25x AMD?2 size (25 dp or 3.9 mm).

6.4. Column selectors

The column selectors (C1.1-C3.3) did not achieve very differ-
ent results. The best-performing column selector, C3.3, was the
column selector with 1.5x size (84 dp, 13.3 mm) and 2x AMD2
spacing (24 dp, 3.8 mm), achieved an average completion time of
1,77 s. The worst-performing column selector, C1.1, was the 1x
size (56 dp, 8.9 mm) and 1x AMD2 spacing (12 dp, 1.9 mm), which
achieved an average completion time of 2,09 s, only 18% slower
than the faster one. The differences observed in the averages are
0.2 s or smaller and were not significant (p > .05).

As for perceived ease of use, most participants saw no dif-
ference between the tested conditions. When asked to choose
between 1x size and the spacing conditions of 1x, 1.5x, and 2x
AMD3, 17 participants did not notice any difference, and one
participant preferred each of the different spacing conditions.
When asked to choose between 1.25x size and spacing conditions
of 1x, 1.5x, and 2x AMDS3, 15 participants did not notice any
difference, two participants chose 1x spacing, two participants
chose 2x spacing, and one participant chose the 1.5x spacing.
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Finally, when asked to choose between 1.5x size and spacing
conditions of 1x, 1.5X, and 2x AMD3, 13 participants did not
notice any difference, five preferred 1x spacing, one preferred
1.5x spacing, and one preferred 2x spacing. In summary, most
participants saw no difference between test options and the ones
that did chose distinct options, leading one to conclude that
participants did not feel a condition was radically better than the
other test conditions.

6.5. In-line selectors

The in-line selectors (D1.1-D2.3) also achieved very similar
results. The in-line selector with the best performance, D2.3, the
in-line selector with 1.5x size of AMD3 (84 dp or 13.3 mm),
achieved an average completion time of 1,54 s, only 0,2 s bet-
ter than the worst-performing in-line selectors (D1.1 and D2.1).
These differences are negligible (non-significant: p > .05) and
mean that the position and size of the in-line selector did not
influence the end performance in the conditions tested.

As for perceived ease of use, there was some dispersion. When
asked to choose between the bottom or centre-aligned options,
10 participants said the centred option was easier to use, seven
did not see a difference, and three considered the slider po-
sitioned at the bottom of the screen as easier. Regarding the
in-line selector size, 18 participants did not express a preference
and two preferred in-line selectors with a size 1.25x the Google
recommended (70 dp or 11.1 mm).

7. Discussion

This paper explored the interaction of patients with RMDs
with mobile Uls for self-reporting symptoms, through systematic
app review and usability experiments testing 28 Ul component
configurations. Our results complement previous reviews that
analysed the features and content of rheumatology apps in Ger-
many [14] and self-management apps used in scientific stud-
ies [15], by analysing the Ul components used in self-monitoring
apps in the i0OS App Store and the Google Play Store. The usability
experiments followed general guidelines from Apple HIG, Google
AMD, and W3C, and enabled us to confirm that these guidelines
are sufficient for this group. Moreover, the usability experiments
complement previous work studying other population groups
(e.g., [16,17]), with results that can guide the design of user
interfaces for patients with RMDs.

The systematic app review revealed that apps for patients
with RMDs had a variety of features, including self-monitoring,
medication management, health education, or exercise manage-
ment, which aligns with previous work [14,15]. In terms of self-
monitoring aspects, our review uncovered that apps mainly fo-
cused on tracking symptoms, from mood to pain, and less on
wellbeing, functionality, or quality of life. Self-report was made
through a diversity of Ul components that included sliders (hor-
izontal, vertical, circular), column and in-line selectors, check-
boxes, and body graphics.

We observed a variety of usability issues in the mobile apps in
the review, including small buttons and spacing that would fail to
meet mobile Ul design guidelines. The lack of user involvement,
identified in prior work [14], might have led to these usability
issues, which is why Yuqing and Hong [70] argues that health-
care professionals, patients, and developers should collaborate to
develop high-quality, evidence-based apps that meet the needs
of patients and the perspectives of health professionals.

Results from the usability experiments showed that in-line
selectors are the best-performing Ul component and that column
selectors are considered the most usable by patients. The hori-
zontal and vertical sliders perform worse than in-line selectors,
with significant differences.
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Slider thumb test conditions are not significantly different,
meaning the smaller slider thumb size used, the AMD2 [32] rec-
ommend size (20 dp, 3.2 mm) can be employed. This thumb value
is aligned with previous work (14 mm square) that tested swipe
target sizes with older adults [16] and people with Parkinson’s
disease [17].

Column and in-line selectors test conditions were also very
similar, meaning the smaller tested target selector and spacing
can be used. The target size of 56 dp (8.9 mm) of AMD3 [33]
is aligned with the recommendation from Apple HIG (44 dp),
and Leitdo and Silva [16] (14 mm square). The spacing size of 8 dp
(1.3 mm) of AMD3 [33] is also aligned with previous work [16]
(0 to 10.5 mm).

7.1. Recommendations for design

The first and main recommendation that emerges from this
work is to follow Apple HIG and AMD guidelines. Participants
were able to use all the Ul component configurations tested, and
did not benefit substantially from the accessibility adaptations
made. Yet, to obtain the best input interaction performance, we
suggest that the following three recommendations are applied.

Design sliders (horizontal or vertical) that show the value,
with a thumb size of at least 20 dp, and include tick marks if
possible. Usability experiments’ results did not show significant
differences between showing the slider’s value on a static or
moving position, but these test conditions outperformed sliders
without displaying the value, which aligned with participants’
preferences. The tested thumb sizes achieved similar results, thus
it is possible to use the AMD2 recommended thumb size (20 dp,
3.2 mm) for this user group. Participants mentioned on multiple
occasions that tick marks made easier the task of choosing a value
in the slider.

Design column selectors with at least 56 dp size and 12 dp
in-between spacing. Usability experiments showed that the dif-
ferent column selector test conditions performed very similarly,
and most participants considered all test conditions to be equally
usable. These results mean that the AMD3 recommended size can
be used with this user group.

Design in-line selectors with at least 56 dp size, positioned
at the centre if possible. The results from usability experiments
showed similar results for the different in-line selector test condi-
tions. Half of the participants referred that they preferred in-line
selectors at the centre, which might be a reason for positioning
the element in that way.

7.2. Implications for medical practice or industry

We believe our study has two implications for practice or
industry. Regarding healthcare delivery, the study suggests that
patients with RMDs should be able to use self-monitoring apps
that respect existing design guidelines. Even though patients with
RMDs face finger dexterity issues that would encourage larger
target sizes and spaces [13], applying existing general guide-
lines from Apple HIG or AMD was enough to guarantee that
our participants could attain appropriate performance. This con-
firms that healthcare professionals can safely prescribe (usable)
apps to patients, without expecting major accessibility issues in
self-reporting. However, before prescribing an app, we suggest
hospitals or clinics first to conduct usability tests with the apps, or
to engage designers or researchers in assessing whether existing
guidelines are respected in a specific app (in line with [71]).
Having done this, it should be possible to prescribe and use the
app without significant accessibility barriers.

Results are also positive for industry developing mobile apps
for RMDs. Acknowledging that patients with RMDs could per-
form appropriately with user interfaces that followed existing
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general design guidelines means that companies might be able
to reuse patterns and Uls created and tested for other groups
of users. Moreover, we believe our study will help companies
choosing between different Ul component configurations, as we
have contrasted these in the usability experiments.

7.3. Limitations

Our app review has three main limitations. First, we reviewed
apps in English and Portuguese, excluding apps available in other
languages from being captured. Second, we were restricted to the
apps published in the Portuguese iPhone App Store and Google
Play Store, excluding apps from vendors that chose to publish
their apps only for a specific region or country. Third, our search
focused on the official stores for the iPhone and Android. These
limitations might have restricted the amount of apps we uncov-
ered and consequently the Ul components identified. In future
work, it would be interesting to conduct the review in different
countries and languages, ensuring that more local apps would be
captured and considered as part of the review.

The usability experiments also had three main limitations.
The first issue is related to the homogeneity of our study sam-
ple. Our results were derived from a sample of 20 right-handed
participants, unevenly distributed between sexes, from one coun-
try in the south of Europe, with low disease activity (medi-
cated/controlled RMDs), who regularly use a smartphone. Whilst
ours was a sizeable sample, it would have been ideal to involve a
larger number of participants, evenly distributed between right-
and left-handed, and men and women. Second, we did not per-
form the usability experiments with a control group, which would
have been helpful to rule out confounding factors (e.g., age),
and help understand if specific results would also apply to more
mainstream user groups that do not have RMDs. Third, we did not
use real-world mobile app screens, which reduced the ecological
validity of the study. We opted to use the screens we designed
to have more detailed metrics and less noise in the average
completion time, however, in future work, it would be interesting
to see how the results translate in real app user interfaces when
screens have more context, distractions, and options.

8. Conclusions and future work

This paper examined the interaction of RMDs’ patients with
mobile user interfaces for self-reporting symptoms. By carrying
out a mobile app review, this study identified the most com-
mon mobile components used in self-reporting apps for RMD
conditions: horizontal sliders, vertical slides, circular slides, body
graphics, selectors and checkboxes. Building upon these findings
and following a validation through an expert review, 28 tests with
distinct Ul component configurations were designed to assess
user performance with the different Ul components and config-
urations. The tests were divided into four main test conditions,
each focusing on a different type of Ul component - horizontal
sliders, vertical sliders, column selectors, or on in-line selectors -
that 20 patients with RDMs tested through usability experiments.

Our results showed that in-line selectors are the best-
performing Ul component and that column selectors the most
usable according to patients. Sliders perform worse than in-
line selectors, with significant differences. Existing Apple Human
Interface Guidelines and Android Material Design are appropriate
to use, as the larger targets and spacing conditions tested do not
lead to significantly better results.

The results from our work suggest that medical professionals
should be able to prescribe mobile apps to patients without
expecting them to encounter significant accessibility issues, pro-
vided that apps respect existing design guidelines. Industry devel-
oping mobile apps for patients with RMDs should be able to draw
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on previous patterns and designs created for other population
groups, and benefit from knowing the Ul component configura-
tions that best work for patients with RMDs that we uncovered
in this study.

Given the limitations of our sample, in future usability ex-
periments, it would be valuable to recruit a more diverse and
balanced sample of participants, not only in terms of handedness
and sex but also in what concerns disease activity. Adding to
this, to eliminate confounding factors and enhance the reliability
of the findings, it would be important to have a control group.
Furthermore, to improve the quality of the evidence and the eco-
logical validity of the study, it would be worth investigating user
performance with a more comprehensive list of Ul components
and configurations from real-world mobile app screens. All in
all, further studies would yield more robust and lend increased
generalisability to the results.
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