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Abstract: The increasing popularity of mHealth is a promising opportunity for pain self-management.
Mobile apps can be easily developed, but understanding the design and usability will result in
apps that can retain more users. This research aims at identifying, analyzing, and synthesizing the
current state-of-the-art of: (a) the design approach and (b) usability assessment of pain management
mobile applications. A systematic literature review was conducted on 27 studies retrieved from
Medline, PubMed, EMBASE, Web of Science, and Scopus. The review revealed that most of the
apps were for chronic pain. No app was specifically for men or for the elderly. None of the studies
involved expert-based system inspection methods. Only one study used two different approaches of
automated and empirical evaluation. We mapped the identified usability issues to ISO 9241-11 and
ISO/IEC 25010, and aggregated the recommendations for improvement. Moreover, we also identified
certain issues that are solely concerned with the patient’s behavior. We organized the issues into
taxonomies of design considerations for building usable pain self-management mobile applications.
As pain is prevalent among the elderly, pain management will be much needed while moving toward
an aging society. However, we found that the involvement of the elderly in the development of pain
management mobile apps is very minimal, which may affect the utility and usability of the apps.

Keywords: healthcare; pain management; usability; mobile applications; systematic literature review

1. Introduction

Pain is a primary cause to seek physician care [1]. It is the fifth vital sign of basic body functions to
be assessed during a routine health examination [2]. Prolonged pain could turn into a chronic condition,
which is among the top six major diseases involving high societal cost [3]. It is also ranked fourth
among the top 11 global causes of disability and suffering [1]. Thus, an optimal solution is required to
ease the suffering and prevent declining mobility, which also inhibits the routine activities. To deal
with the situation, pain management provides ways to assess and manage pain effectively and improve
the quality of life [4]. Mobile technology plays an effective role in pain management by providing
mobile applications as a non-pharmacological approach to cope with chronic pain [5-8]. The role of
pain management mobile applications can also contribute to information sharing with patients by
educating them for self-management and improving their quality of life [9,10]. However, more studies
are required to measure the impact [8]. In this way, better health service and communication could be
established between the healthcare professionals and patients [11,12].

Hundreds of pain management mobile applications are available on the major mobile application
distribution platforms. Several studies have been conducted on the commercially available
pain management mobile applications, focusing on the content, functionality, and quality of the
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applications [6,7,13-17]. However, usability, which greatly affects the success or failure of any mobile
applications, is not thoroughly studied for pain management mobile applications. Only one study
focused on the usability of the commercially available mobile applications other than the quality of
content and functionality [15]. It was recommended to develop a participatory design and integrate
users’ needs to produce usable applications. A high level of usability involves low development
and maintenance costs, and results in a high retention of users [18]. Nevertheless, mobile devices
and user-centric mobile applications have made the usability evaluation more critical [18]. Thus,
understanding the design and usability requirements of mobile applications is an essential task for
every mobile application development project.

Therefore, the aim of this research is to fill the gap in the existing literature. This study will
systematically review the pain management mobile applications that are documented in the scientific
literature to identify, analyze, and synthesize the current state-of-the-art of the design approaches and
the usability features and assessment approaches of pain management mobile applications targeted
at the evaluation studies. To fulfill the research aim, this review sets out to answer some research
questions, as mentioned in the research method section. The design taxonomy, usability issues,
and recommendations/solutions will be identified to help pain management mobile application
developers and researchers easily elicit usability requirements when developing the applications.
The identified aspects will be mapped to the usability characteristic in an ISO/IEC 25010 Quality
Model to aid in the systematic usability evaluation of pain management mobile applications.

This study is part of our research project on pain management mobile applications. To the best of
our knowledge, no systematic literature review exists in this context at the time of this report.

2. Research Method

We followed the approach proposed by Kitchenham et al. [19] for conducting this systematic
literature review (SLR). This approach is adapted from the guidelines followed by medical researchers
to adhere to SLR in software engineering research [20]. This review is also guided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement [21] to evaluate the
quality of the SLR. The subsequent sections will show various steps of the research methodology, i.e.,
planning the review, conducting the review, and visualizing the review results, followed by discussions.
The Supplementary Materials shown the S1 PRISMA Checklist.

2.1. Research Questions

There are four main research questions for this review. Two of the questions are further divided
into sub-questions, as follows:

RQ1: What are the general characteristics of the pain management mobile apps with respect to pain
type, targeted population, and outcome measures?

RQ2: What are the technologies adopted by the pain management mobile applications with respect to
mobile devices, application platform, and techniques that are involved in the proposed solutions?

RQ3: What are the adopted approaches for data entry of pain management mobile applications?

RQ3.1: What are the types of pain data assessment that are adopted?
RQ3.2: What are the pain data input modes that are involved?
RQ3.3: What are the pain data input methods that are used?

RQ3.4: What is the optimal pain data input frequency?

RQ4: What are the approaches to evaluate the usability of pain management mobile applications?

RQ4.1:What methods are used to evaluate the usability?
RQ4.2:Which usability features are more targeted in the studies?
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2.2. Search Strategy

An electronic search space was defined. The electronic databases were explored by the specific
keywords to identify the potential studies for further analysis. A snowball sampling technique was
also adopted to add more relevant studies via references. Inclusion and exclusion criteria were defined
to select the suitable literature. Multiple screenings were performed to remove the redundancies
and irrelevancies by mutual consensus of the researchers. The selected articles were further assessed
quality-wise to avoid any bias.

2.3. Information Sources

Five popular scientific databases were identified to conduct the electronic search and retrieve the
potential studies for this review. The databases include Medline, PubMed, EMBASE, Web of Science,
and Scopus. Some additional records were also identified via Google Scholar.

2.4. Search Terms

As the scope of the topic is broad with no specific taxonomy, a range of relevant key
terms was defined to provide maximum coverage. Boolean combination (AND/OR) of the
keywords was used to minimize the retrieval of irrelevant literature. The keywords include

V7S Y77i

“pain management and assessment”, “information and communication technology”, “interactive

”ou v v

health communication applications”, “mobile technology”, “mobile devices”, “mobile applications”,
“smartphones”, “hand held devices”, “personal digital assistant”, “electronic diaries”, “ehealth”,
“mhealth”, “usability evaluation”, and “usability framework”. The defined search strings were used

across all of the databases.

2.5. Inclusion and Exclusion Criteria

Studies included in the review comprised the following characteristics:

The study must be a peer-reviewed publication.

The study must be published within the timeframe of 2005 to 2017.
The study must be in English.

The study subject must be humans with no age limitation.

Ol i o

The study must include details of the design and development of patient-oriented pain

management mobile applications or systems.

6. The study must involve a touchscreen portable handheld device such as a smartphone,
Personal Digital Assistants (PDA), or tablet, etc.

7. The study must involve manual entry or the partial automatic extraction of data by some
sensor devices.

8.  The study must provide information on the usability evaluation method that was involved in
that research.

9.  The study must provide results regarding user feedback on the application, and highlight the

usability issues.

Studies were excluded based on the following concerns:

1. Ifit does not fulfill the inclusion criteria.
If the study is not focused on the design, development, and evaluation of the pain management
mobile applications.

3. Ifitis a review, commentary, or editorial paper.

4. Ifitinvolves an ordinary cell phone for reminder services or for voice recognition only.

5. Ifitinvolves a physician-oriented app for decision support or assessment.
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2.6. Study Selection Procedure

Multiple screening was done with consensus, in relevance to the defined set of rules to enhance
the quality of the reported SLR and reduce the biasness in the selected studies. At first, title-based
screening was done to extract the relevant studies from the searched results, and duplicate results
were removed. Abstract-based screening was performed to select the articles for full-text review.
Studies were then examined based on the inclusion and exclusion criteria. It resulted in 27 potential
studies for this review. The visual presentation of the study selection process is shown in Figure 1.
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Figure 1. Study selection process: Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) flow diagram. From: Moher D, Liberati A, Tetzlaff ], Altman DG, The PRISMA Group
(2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement.
PLoS Med 6(7): €1000097. doi:10.1371/journal.pmed1000097. For more information, visit www.prisma-
statement.org.

2.7. Quality Assessment

A quality assessment measure was adopted to scrutinize the worth of the selected research studies
for the current review. An investigation was carried out independently by two researchers to reduce
biases. Differences were discussed to agree upon a mutual consensus. Quality and bias assessment
help provide additional reliance on the review findings. Each study was graded on an ordinal response
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scale: 0 (No), 0.5 (Partially), and 1 (Yes). Quality assessment criteria and the grades acquired by the
studies are shown in Table 1:

Table 1. Quality assessment criteria and grades.

No Quality Assessment Criteria Ordinal Response Scale Grades Acquired by the Studies

Relevancy of research design . . N

QA1 within the context of the study. 0 (No)/0.5 (Partially)/1 (Yes) 26 studies, 98%
Clearly defined aims and . . o

QA2 objectives of the study. 0 (No)/0.5 (Partially)/1 (Yes) 26 studies, 98%
Clearly stated findings and . . o

QA3 limitations of the study. 0 (No)/0.5 (Partially)/1 (Yes) 25 studies, 94%
Valuable contribution of the <20% (No)/20-80% . o

QA4 study, based on the findings. (Partially)/>80% (Yes) 23 studies, 85%

2.8. Data Extraction

The selected studies have gone through a full-text review. Necessary information was extracted
and recorded in a predefined form to get a general perception of the studies. The attributes in this
context are the title of the publication, authors, year, problem, study focus, contribution, limitation,
and future work. More data was extracted to justify the research questions. The attributes for this
purpose consisted of: application or system name, information and communication technology (ICT)
domain involved, device type, operating system, pain type, age group, gender, technology literacy
level, outcome measures, involvement of stakeholders, data input techniques, approaches for pain
data assessment, visualization techniques, frequency of data input, methods to evaluate usability,
and relevant results. The recorded data were further sorted by the year of publication to observe any
chronological trend.

3. Results and Discussion

A total of 27 papers was reviewed, and the analysis indicates that mostly, there were one or two
publications each year. In 2014 and 2015, the maximum numbers of publications were observed i.e.,
four and, five respectively. Whereas, no research work was found for the year 2008. Two publications
in 2017 were found when this research was conducted in July 2017.

3.1. Overview

RQ1: What are the general characteristics of the pain management mobile apps with respect to pain
type, targeted population, and outcome measures?

Pain Type

The term “type” has been used for different categorizations of pain, e.g., chronic or acute,
general or disease related. For clarity of discussion, we first divide pain types into two categories, i.e.,
acute and chronic pain. It was found that 25 publications presented apps for pain management
that were relevant to chronic pain, and two research papers proposed solutions for acute pain
management [22,23]. Under the chronic pain condition, three apps were for general chronic
pain type [16,24,25], and 22 apps were for disease/regional-specific pain type. Among these
22 apps, nine focused on cancer pain [26-34], four were for pain in sickle cell disease [35-38],
two were for back pain [39,40], two were for headache/migraine [41,42] and there was one app
each for musculoskeletal [43], fibromyalgia [44], juvenile idiopathic arthritis [45], pelvic pain in
dysmenorrhea [46], and neck pain [40]. This is shown in Table 2.
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Table 2. Pain management apps for specific pain types.

Pain Types Acute Pain  Chronic Pain

(€8]

General pain -
Cancer pain -

Sickle cell pain -

Back pain -
Musculoskeletal pain -
Headache or migraine -
Fibromyalgia pain -
Juvenile idiopathic arthritis -
Dysmenorrhea pelvic pain -
Neck pain -
Postoperative pain 2

[ GG SRS SR N TGN

Most of the evaluated apps were for chronic pain, with cancer pain as the prominent pain type
(under disease-specific type). Next to it were sickle cell pain and general chronic pain. Only two apps
were developed for the postoperative acute pain. This difference indicates that chronic pain is more
relevant than acute pain in patient-oriented pain management mobile apps.

Targeted Population

Selected papers were analyzed from two perspectives of a population: gender and age. There were
four women-specific studies (15% of the identified studies) [41,43,44,46]. Two articles (7% of the
studies) [25,40] didn’t specify gender, and the remaining 21 publications (78% of the studies) presented
apps for both genders.

As per age perspective, four publications (15% of the studies) [16,25,33,43] did not specify the age
group of the targeted population, and nine publications (33% of the studies) [28-30,32,34,36,38,42,45]
targeted adolescents and young adults of a mean age of 15. The remaining 14 publications (52% of the
studies) gave pain management solutions for adults, middle-aged, and aged people. Nevertheless,
we can see the explicit involvement of the elderly in only three publications (11% of studies) [22,26,27].

The majority of the apps were irrespective of the gender. There is no specific app for men.
Although pain is most prevalent among the elderly (by age groups), there is insufficient involvement
of the elder population in the design and development process of pain management mobile apps.
Adopting a user-centered development approach and involving the elderly in the usability evaluation
studies will be useful to increase motivation and acceptance among elderly for pain management
mobile apps. Understanding the requirements, uncertainties, and difficulties encountered by the
elderly, as well as addressing the technological, psychological, sociological, intellectual, and physical
aspects of a user interface specific to this age group are the challenges to overcome in this context [47].

Nine publications (33% of the studies) [16,22,23,28,30,37,40,41,45] mentioned that the potential
users had an average to high technology literacy level for mobile devices, while three publications
(11% of studies) [27,31,44] showed that the proposed app was designed for patients with low or no
technology literacy. One app was designed for patients that can have any technology literacy level [46].
The remaining 14 publications (52% of the studies) didn’t mention the expected level of the technology
literacy of the prospective users. To ensure that the low technologically literate group may also benefit,
there is a need to resolve the usability and accessibility issues faced by this group.

Outcome Measures

Nine or 33% of the publications [22-25,27,35,37,39,48] were only based on record keeping for the
pain summaries (intensity, duration, and location), while 18 or 65% of the solutions also gathered data
for the associated symptoms of pain such as fatigue, nausea, vomiting, oral problems, breathlessness
or sleep quality, etc.
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RQ2: What are the technologies adopted by the pain management mobile applications with
respect to the mobile devices, application platform, and techniques that are involved in the
proposed solutions?

The result of the year-wise technological trend with respect to the device type is shown in
Figure 2. Whereas, Figure 3 represents the year-wise trend of the involvement of information and
communication technology (ICT) domains in the pain management applications. From 2005 to
2017, there was a technology shift in the use of mobile devices for pain management solutions.
Previously, solutions used handheld devices, mainly Personal Digital Assistants (PDAs). Since 2009,
the smartphone has become a prominent mobile device for pain self-management interventions.
Smartphones provide features of both personal computing and mobile communication. This also
represents an increased trend of new platform adoption i.e., from the Palm operating system to Android,
iOS, or the Windows operating systems. Mobile applications on smartphones are flexible enough
to be operated on any advanced wireless mobile devices, with better control of the enhancement or
modification as technology advances.

Number of publications

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

=@=Perzonal Digital Aszitant =@=TabletPC =—@—3martphone

Figure 2. Year-wise trend of mobile device usage in pain management applications.

Mumber of publications

2005 2006 2007 2008 2008 2010 2011 2012 2013 2014 2015 2016 2017

=g [iternet technobogy and M obile Computing
=g |ternet Technology, Mobile Computing and Web Technology

«Internet Technology & Mobie Computing & Virtual Reality

Internet Technology, Mobile Computing, Computer Graphics (Gamification )
=g [iternet Technology &M obile Computing & Advanced Algorithms

Figure 3. Year-wise trend of information and communication technology (ICT) domains in pain
management applications.
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Figure 3 shows that Internet technology and mobile computing are the two prominent domains
that are involved in pain management solutions. Some other domains also contributed to this field
such as web technology, virtual reality, artificial intelligence, and computer graphics. The domains
together have made the solutions attractive with increased acceptability by the patients. It is also
worthy to incorporate important features such as context awareness and easy access. Data visualization,
i.e., two-dimensional (2D) and three-dimensional (3D) modeling, is another important area that is
appealing to end-user perception [49].

RQ3: What are the adopted approaches for data entry of pain management mobile applications?
RQ3.1: What are the types of pain data assessment adopted?

Pain management is dependent on pain assessment based on the analysis of self-reported
data. The analysis results in the generation of a patient report that helps the healthcare provider
to provide feedback to the patients and make the necessary judgment to proceed in the treatment
regime. Our analysis found that there are two types of assessment: (1) Static or Dynamic, which is
based on the number of questions; and (2) Standard or Customized, which is based on the nature of
questions and response set. All except three studies involved static assessment.

In [24], item response theory (IRT) and computerized adaptive testing (CAT) were used to propose
a dynamic assessment method for recording pain and secondary symptoms. When the set precision
level was achieved, the dynamic assessment was completed. In [45], there was a built-in response
loop to skip irrelevant questions as the patient proceeded with the answers. In [22], the healthcare
provider set the patient treatment plan in the system, and then operated accordingly. Although
dynamic assessment lessens the respondents’ burden, no significant difference was observed between
the two according to a survey [24]. Almost all of the apps have adopted the standard approach of
an assessment questionnaire and answers for the patients. Only three apps provided a customized
set of questions and responses for the patients. [16] introduced the concept of preliminary discussion
between the therapist and patient, and the resulting information then populates the chronic pain
intervention with the individual’s personalized goals, activities, and parameters for physical activity.

RQ3.2: What are the pain data input modes involved?

There are three modes of pain self-reporting: active, passive, and hybrid [50]. In active reporting,
a patient has to operate the application to record pain and the associated symptoms. In the passive
mode, there is either an embedded feature of the mobile device or something that is wearable to
automatically gather and record data without the active involvement of patients. In contrast, the hybrid
mode is a blend of both the active and passive functionalities [50]. Almost all of the apps had adopted
the active approach of data input from the users. None of the apps used passive data input. Only one
study proposed the hybrid mode of data input, i.e., through the inbuilt accelerometer and Global
Positioning System (GPS) technology to automatically gather the required information [16].

Proper self-reporting is the basis for the effective analysis of recorded data, results, and feedback.
Hence, simple and precise reporting methods must be adopted to make data input easier for the
patients and enhance usability [51]. Ease in app usage also has a direct impact on self-efficacy [52].
Nevertheless, with passive or hybrid input techniques, privacy is an additional concern apart from
convenience and effectiveness.

Incorporating a suitable reporting method in relation to the targeted audience is another area of
consideration. For example, the elderly population has several cognitive, physiological, and physical
limitations. Thus, their preference for data input methods could be different. It is reported that the
elderly prefer wearable devices over mobile applications, [53,54] i.e., the active mode of data inputin a
simplified way [54]. Nevertheless, the wearable device could only be helpful to input pain intensity,
whereas there are some other attributes of pain data to be input as well. SOCRATES (Site, Onset,
Character, Radiation, Associated Symptoms, Timings, Exacerbating and relieving factors, and Severity)
is a mnemonics that is used for clinical assessment of pain [15]. A mobile application should allow the
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input of these pain data easily apart from pain intensity so that the mobile application is more useful
in the clinical context.

RQ3.3: What are the pain data input methods used?

Figure 4 displays pain data input methods of the assessment questionnaire, which include the
visual rating scale, multiple choice question, body outline drawing, options list, and free text questions.

25
20
15
10
5 I .
; ]
visual rating scale multiple choice body outline option list free text
question drawing questions

Figure 4. Pain data input methods.

The result shows that a visual rating scale is the prominent data input method. Next to it are
multiple choice questions and a body outline diagram/pain drawing. Using pain drawing is a simple
method to record pain location and pain type, and has been successfully practiced for more than five
decades [39]. This technique was adopted not only for adolescents, but also across all age spectrums.
As the body outline diagram can only gather pain type and location, it requires other techniques to
support complete pain assessment. Three apps [29,30,34] utilized all of the pain data input methods
stated above to effectively record pain data and related symptoms.

Although no prominent chronological trend was observed regarding the use of the input methods,
it is notable that poor input methods will cause low usability, and may result in user frustration.
For instance, members of the aging population, which is the major age group that suffers from pain,
are considered late adopters of the mobile technology [55], and slower in the first-time use compared
to young adults [56]. A loss of muscle mass, dexterity, or visual impairments and cognitive decline
may affect the learning ability and task performance of the elderly [47]. Thus, the input method of the
pain management application must be adapted to this limitation. Nevertheless, no usability study in
terms of the pain data input method in relation to age group has been conducted.

RQ3.4: What is the optimal pain data input frequency?

As shown in Figure 5, out of 27 studies, six of them (22%) didn’t mention the frequency of input for
pain data. Among the other 21 studies: four solutions (15%) involved only one time of self-reporting
per day [31,40,42,57], nine (33%) were designed for self-reporting twice in a day [28,29,32-36,38,58],
four (15%) [27,43-45] provided an intake of pain data three times by the patients per day, and four
(15%) mentioned the record keeping of pain symptoms in very short intervals, i.e., once every two to
three hours [22,25,39,41].
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m Very shortinterval |

Hourly basis
Three Times a Day

Two Times a Day

One Time a Day 4

N Not Mentioned

Figure 5. Frequency of input for pain data.

There is no clear guideline for the frequency of input that could be retrieved from the literature.
Some researchers are of the view to adopt the scenario of pain self-assessment once a day to avoid
overburdening the patients. Some are of the view to capture pain data more frequently to support
the concept of ecological momentary assessment than relying on the recall method. The minimal and
optimal data input frequencies, as per the targeted population and type of pain they are suffering from,
remain open for investigation.

3.2. Finding: A Taxonomy of Design Concerns

Based on all of the above findings, a taxonomy of the design concerns of pain management mobile
applications is derived as shown in Figures 6 and 7. This taxonomy will be useful for the researchers
and application developers in developing pain management mobile applications. By referring to
this taxonomy, they can quickly identify the system requirements for the targeted mobile application,
in relation to the aspects of pain type, population, outcome measures, technology, and data entry.
Different design options are presented for each aspect. For example, the researchers and developers
can correlate the data input method with respect to pain type and the targeted population to provide
enhanced usability. Outcome measures and the suitable technology of the pain management mobile
application can also be chosen based upon the patients” and clinicians’ preferences. The taxonomy will
also aid the application developers with keep the highlighted design perspectives in consideration
while developing or modifying an application for pain management.

3.3. Usability of Pain Management Mobile Applications

RQ4: What are the approaches to evaluate the usability of pain management mobile applications?
RQ4.1: What methods are used to evaluate usability?

All of the studies adopted empirical methods to evaluate usability, which include a questionnaire,
interview, thinking aloud, observational notes, and email. A questionnaire is the mostly used method,
which was adopted by 16 studies [22-24,26,28,29,31-33,35,39,41-44,48]. Similarly, an interview is
also the mostly used method, and it was involved in 16 studies [23,26-31,33,34,38,41-43,45,57,58],
followed by thinking aloud (four studies) [28,34,45,57], observational notes (four studies) [23,25,34,38],
focus group discussion (one study) [33], and inquiry by email (one study) [58]. It was also found that
only one study involved an automated usability evaluation via a software activity log [26].
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Figure 6. Pain management mobile applications aspects of design concerns.
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Figure 7. Pain management mobile applications aspects of design concerns (cont.).

Less than 40% (11) of the studies followed a single usability evaluation technique: seven studies
used only a questionnaire, three studies involved an interview, and one study involved reviewing the
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videotaped session of usability testing and taking notes of the user behavior and dialogue. Nine (33%)
of the studies adopted two techniques for usability evaluation. In this regard, the studies involved
an interview in combination with a questionnaire [29,31,41-43], thinking aloud [45,57], observational
notes [38], or email [58]. Only five studies followed multiple usability evaluation methods, i.e.,
a combination of more than two usability evaluation methods. In this regard, a questionnaire,
an interview, and thinking aloud methods were involved in two studies [28,34]; one study adopted a
questionnaire, an interview and a focus group discussion [33]; one study involved a questionnaire,
an interview, and observational notes [23]; while [26] investigated usability by combining empirical
and automated methods, i.e., a questionnaire, an interview, and a software activity log. These results
are shown in Figure 8.
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Figure 8. Usability evaluation methods.

According to [59], the taxonomy of usability evaluation methods includes automatic, empirical,
formal, and informal methods. Empirical evaluation is the most commonly used method. It can be
further classified as a user study method (involving users) and a system inspection method (involving
experts). The results of this systematic review show that all of the studies had adopted empirical
usability evaluation methods, but they practiced user study methods only. None of the studies involved
expert-based system inspection methods. Although many studies involved a combination of two or
more empirical usability evaluation methods, only one study investigated usability with the methods
from two different categories, i.e., automatic (using system log) and empirical evaluation. Moreover,
the accuracy of the evaluation instruments that were used in these studies is not clear. One study [48]
used a questionnaire that is the adapted version of the System Usability Scale (SUS). In [45], an iterative
rapid design development approach was adopted that depends on the theory of the hermeneutical
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circle testing of the interface by emphasizing usability. Adopting more than one usability evaluation
approach by using validated instruments can help elicit more usability issues. However, minimizing
redundancy while adopting more than one usability evaluation approach is essential for maintaining
cost effectiveness.

The evaluation was mostly done by real-time users where almost all of the studies involved
patients for the usability evaluation. Only six studies [26,30,31,33,38,39] involved both patients
and healthcare providers. The results also revealed that some of the studies followed the iterative
development approach in which the pain management mobile application was tested by the users
and modified accordingly, in each iteration. Among these, four studies [38,39,41,45] involved two
iterations, whereas three iterations [29,34,42] and four iterations [36] were carried out in three studies
and one study, respectively. For evaluation, the potential consumers use the mobile applications for a
specified period, ranging over a few minutes, days, weeks, and several months. The minimum time
duration was 15 minutes [48], and the maximum evaluation time was four months [24].

In designing any successful product or software application, the mere inclusion of various
features is not very significant. Instead, user satisfaction and ease of use are more important to make
software usage successful. A user-centered design approach helps elicit the requirements effectively.
An evaluation of features by the end users and real-time testing via a working prototype are also
necessary before the final release of a software application [46]. When end users test software in the
real environment, it helps improve the design and increase the product’s usability [60]. In this case,
the iterative design approach can help elicit more usability issues. The user-centered design also
varies. It may involve some stakeholders in some design phases, and some can be involved throughout
the design process. An effective pain management system also involves healthcare providers and
clinical expertise in the designing and testing process. However, it has been observed from the selected
literature that only a few applications involved clinical expertise.

RQ4.2: Which usability features are more targeted in the studies?

According to ISO 9241-11 [61], usability is defined as the extent to which a user of any product
can use that product with effectiveness, efficiency, and satisfaction to achieve a specified goal, in a
particular context of use. The ISO/IEC 9126-1 [62] quality model incorporates understandability,
learnability, operability, and attractiveness as quality-in-use to measure usability. This standard has
been replaced by ISO/IEC 25010 [63], which renames some usability sub-characteristics in the ISO/IEC
9126-1 standard and introduces some new usability sub-characteristics. The usability characteristic is
divided into sub-characteristics of appropriateness, recognizability, learnability, operability, user error
protection, user interface aesthetics, and accessibility.

We categorized the terminologies that are used in the studies to measure usability, with respect to
ISO 9241-11 and ISO/IEC 25010, as shown in Table 3.

The most targeted usability features in the studies are operability and satisfaction, followed by
appropriateness recognizability / understandability and effectiveness. Seventeen studies have measured the
operability of the pain management mobile applications, 16 studies measured satisfaction, 15 studies
measured appropriateness recognizability, and 11 studies measured the effectiveness of the applications.
User interface aesthetics / Attractiveness was measured by nine studies. Efficiency and Learnability were
measured by five studies each. The least measured usability features were user error protection and
Accessibility, which were measured by four studies and two studies, respectively.
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Table 3. Mapping of terminologies used in the studies with the usability characteristics of ISO 9241-11

and ISO/IEC 25010.
Characteristics Definitions Terminologies Used in the Studies for
Usability Evaluations
“Accuracy and completeness with which error prevention, usefulness, self-care behavior
Effectiveness users achieve specified goals” [61] and syr}lptom management, momtormg and
managing symptoms, support of behavioral
training key targets
“Resources expended in relation to the
Efficiency accuracy and completeness with which completion time
users achieve goals” [61]
“Freedom from discomfort and positive usefulness, willingness to complete the survey
Satisfaction attitudes toward the use of the again, self-efficacy, likability, acceptability,
product” [61] feedback
clarity of content, ease to understand, helpfulness
of the tool in understanding the impact of pain,
Appropriateness “Degree to which users can recognize :\1}1;51;;1’:}; fo f 3: t‘i:(c))rr:;e?;;g:iliﬁiatigz oli:h:
recognizability / whether a product or system is unders tai dir? ara };rasin cor}r,{ rel%engoh
Understandability appropriate for their needs” [63] & parap & P

User interface
aesthetics/ Attractiveness

Operability

Learnability

User error protection

Accessibility

“Degree to which a user interface enables
a pleasing and satisfying interaction for
the user” [63]

“Degree to which a product or system is
easy to operate, control, and appropriate
to use” [63]

“Degree to which a product or system
enables the user to learn how to use it
with effectiveness, efficiency in
emergency situations” [63]
“Degree to which a product or system
protects users against making errors” [63]
“Degree to which a product or system can
be used by people with the widest range
of characteristics and capabilities to
achieve a specified goal in a specified
context of use” [63]

(meaning and understanding of the question),
completeness, comprehensiveness of the queries
and response set, knowledge

font size, color scheme, visual appearance and
layout, inconsistency, aesthetics

Navigation, ease of data input, ease of use,
User-friendliness, the difficulty of completing the
assessment, the responsiveness of the screens to
touch, navigation, functionalities (submit, clear,
cursor movement), user interaction, navigation of
the site, issues with the interface, complexity,
knowledge, communication and support,
feedback

memory retrieval (ability to accurately recall the
answer), complexity, workload demand

system protection against making errors, error
prevention

the color scheme for the color blind, accessibility

Accessibility is the least studied usability sub-characteristic [64], which measures the use of the
application by people with limited abilities [65]. Nevertheless, some accessibility problems may also
affect non-disabled users [64]. Although usability evaluation doesn’t mean targeting all of the issues
faced by every user [65], with technologies becoming potential and necessary solutions for the elderly’s
healthcare needs in an aging society, it is necessary to make the solutions accessible to the elderly,
who suffer from pain the most [66]. In addition, learning new skills is another challenge for older
adults due to cognitive constraints. Providing pain self-management solutions that are easy to learn
will eliminate the cognitive load and increase the acceptance of the technology among the older users.
Error prevention is also a vital component. An approach to notifying the users, for example before
making any deletion, gives encouragement to verify their task, thus leading to a low error rate and
improved usability [67]. Ironically, this much-needed usability sub-characteristic by the elderly is also
least studied (apart from accessibility).

Figure 9 shows the occurrences of usability measures in the reviewed literature.
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Figure 9. Usability measures in the reviewed literature.
3.4. Finding: Usability Issues and Solutions

This review has identified 27 unique usability issues. We also mapped the issues with the solutions
or recommendations, as reported in the literature. Five issues do not have any specific solution or
recommendation. Table 4 represents the synthesis of these findings. These findings will be helpful for
the mobile application designers and developers to deal with during the development stage to produce
more usable products. The solutions and recommendations will also be useful in the formulation or
reforming of the checklist in usability evaluation studies.

3.5. Discussion: A Usability Matrix of Usability Issues

We designed a usability matrix comprising the ISO 9241-11 and ISO/IEC 25010 standards to
categorize the usability issues, as depicted in Table 5.

Table 4. Usability issues and their solutions or recommendations.

Usability Issues Solutions/Recommendations
Additional reports were added along with the functionality of
1 The difficulty with the interpretation of the viewing web-based report and export diary data. It was also
report or confusing reports [24,42]. recommended to provide comprehensive reports to be viewed
within the mobile application rather than be externally viewed [42].
The wordings of questions were simplified and in the user manual;
definitions of certain words/terminologies were also provided
2 Confusion in understanding the [42,45].
terminology or wording [30,34,39,42,45,57]. It was also suggested that the wording of the system’s questions
and management instructions should be appropriate for the
targeted population [30,34,57].
3 Buttons not working properly [34]. The “clickable” surface area corresponding to the app buttons and

cursors was increased [34].
Keywords were made bold and underlined so that adolescents
could easily distinguish the meaning of pain assessment
4 Items with overlapping concepts [34,57]. questions [34].
Diary items were refined based on the feedback to remove the
overlapping concepts [57].
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Table 4. Cont.

Usability Issues

Solutions/Recommendations

10

11

12

13

14

15

16

17

18

19

20

Slow responsiveness of the application
[34,42].

Patients were forced to complete the entire
sequence of questions, irrespective of
whether they were not having any pain, as
patients didn’t move the slider to the “No
Pain” anchor [45].

A few participants missed inputting the
medications used, as they did not know the
generic names [45].

Difficult to locate and identify the triggers
due to the complex hierarchal presentation
and too many options to choose from [42].

Problem with retrospective entries e.g., past
midnight entry without starting a new day
or day-long constant pain entry [42].
Difficulty in diary entry due to a few
inapplicable symptoms for constant
pain [42].

Difficulties in setting the start and end time
of pain as wake or sleep time [42].

Difficulty in learning to use the application
[39,42].

Failed to review all of the response options
due to unseen or a not prominent enough
prompt to scroll down for more
responses [25].

Application very cumbersome to use
[34,38,48]

Difficulty in handling visual analog scale,
the slider was too sensitive and tricky to
use [45]

Problem in using stylus-based input, i.e.,
inputting number with stylus or selection
from word descriptor list [24,25,39,45].

The difficulty with number selection boxes
where the tapping of the arrow is required
for selection [25]

Missing “back” button to return to the
earlier screens to revise answers [25]
Frequent crashing /Software malfunction
[23,34,58]

Difficulty in selecting an area on the body
image [38] and not enough spots to
highlight the problem area on the body
diagram [45].

In order to expedite the process of data input and increase the
efficiency of the application, some measures were taken, such as an
addition of auto text or default values, alphabetically sorting the
response set, and the provision of the most frequently entered
options at the top of list. Moreover, data will be stored locally to
overcome the issue and synchronized with the server
simultaneously [42].

The addition of help features at various stages of data input to
prevent users from errors e.g. reminding patients to move the slider
to the end of the VAS if they are experiencing no pain [45].

Changes were made to the diary by putting the brands as well as
the generic names of medications [45].

Relocation of the feature to make it accessible. The question was set
to appear on the top of the screen while scrolling down to keep the
question in mind during searching. Most of the repeated triggers
were listed down in the list of the most frequently used triggers [42].

Removed the restriction on creating a diary entry if one already
existed [42].

Option to skip or remove the unusable items was provided [42].

Default items were set for daily items [42].

Provision of instruction slides on the first launch of the application
to explain its working and the addition of help buttons in various
modules [42]. In [44], the feature of audio-recorded instructions was
also incorporated to increase the accessibility for a wider number of
people, e.g., elderly people or people with any visual impairment.

All of the response options for a query were presented on one
screen to avoid the need for scrolling [25].

Navigation was streamlined to minimize the steps to move from
one module to the other [34], or the redistribution of items was done
to shorten the length of the pain diary [38]. A second response loop
was also designed, i.e,. if the answer of a question is marked “yes”,

then the diary will proceed to ask the next relevant question for
elaboration; otherwise, those nested questions will be skipped [38].

The slider was transformed to be thicker on the VAS so that it
would move more easily. In some inputs, the slider was replaced by
the radio buttons to make the input easier [45].

Some space was added for entering new pain word descriptors.
Also, word descriptors were arranged in alphabetical order, and the
scroll bar was moved away from the word descriptors for
clarity [45].

Replaced the number selection box with a pop-up number pad [25].

Back button was added to review the answers before submission
[25].
The application was reprogrammed and tested internally to resolve
the malfunctioning [34].

Zoom function in the body diagram was provided for visual clarity
[38]. In [39], it was also suggested to provide 3D visualization. In
[45], the presentation location of some of the joints was improved.

Also, labeled images of the body diagram were added in the
instruction manual. Moreover, navigation assistance indicators
were provided to move the body diagram left or right.
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Table 4. Cont.

Usability Issues Solutions/Recommendations

It was suggested in [39] that the applications should be connected
with the central healthcare systems.

The active input of a clinical expert could improve the effectiveness
and safety of the system. In that case, a threshold level should be
incorporated into the system to trigger an email alert to a registered
nurse. The nurse will then contact the adolescent to assist in clinical
decision making. Moreover, the threshold level could be established
for the system to receive additional advice from the healthcare
professional, if no improvement in pain condition is observed [30].
There must be a time-out feature in the system, in case of seeking
advice from the healthcare professionals, to communicate with their
care providers or other medical aid [30,39].

Less effectiveness and safety of a
21 standalone system without active input of
the healthcare professional [30].

» Lack of acknowledgment for the patient An alert system is also necessary to acknowledge the patient upon
[30,39]. successful transmission of pain data to the central system [30,39].
23 Over alerting Of 4rle}5)§?ted notification No specific solution recommended
24 Confusing pop-up screen messages [24]. No specific solution recommended
25 Difficult to control the slider while scrolling No specific solution recommended
down the screen [24].
26 Too small font size [39] No specific solution recommended
Color scheme not suitable for color . .
27 blinds [39]. No specific solution recommended

In ISO 9241-11, effectiveness is the accuracy to achieve a goal and the completion rate of a certain
task. Similarly, in ISO/IEC 25010, appropriateness recognizability represents the suitability of a
product according to the needs of the user that ultimately helps to achieve a specific goal. Also,
ISO/IEC 25010 defines accessibility as addressing the limitations of the users that have the widest
range of characteristics, so that the goals could be achieved in the specified context of use. Thus,
the usability issues that fall under the appropriateness recognizability and accessibility of ISO/IEC
25010 were mapped with the effectiveness of ISO 9241-11.

Efficiency signifies the effort exerted by the user to perform a task, according to ISO 9241-11.
On the other hand, ISO/IEC 25010 defines operability as the means of ease to operate and control a
product or system. Therefore, the usability issues that are identified as operability issues are mapped
with efficiency. In addition, learnability symbolizes the ability to learn the system’s usage with minimal
effort in ISO/IEC 25010. Therefore, the learnability issues are mapped against efficiency, too.

Satisfaction is meant to be the comfort and acceptability of use as per the standards of ISO 9241-11.
Similarly, in ISO/IEC 25010, appropriateness recognizability represents the suitability of a product
according to the needs of the user that eventually leads to the acceptability of the product or system.
User error protection is defined as the system’s ability to prevent a user from making errors, and user
interface aesthetics is defined as a smooth and satisfying interaction of the user with the system in
ISO/IEC 25010. These definitions relate to the ease and acceptability of use. Thus, the usability issues
that belong to appropriateness recognizability, user error protection, and user interface aesthetics are
mapped with satisfaction. It has to be noted that appropriateness recognizability is mapped to both
effectiveness and satisfaction in this matrix.

One-to-one mapping criteria have been adopted while mapping the usability issues w.r.t.
ISO 9241-11 and ISO/IEC 25010. Moreover, usability issues are mapped on the basis of the context as
specified in the studies.
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Table 5. Mapping of Usability Issues w.r.t. ISO 9241-11 and ISO/IEC 25010.
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ISO 9241-11

ISO/IEC 25010 Effectiveness Efficiency Satisfaction
A few participants missed inputting the
medications used, as they did not know Confusing pop-up screen messages [24].
the generic names [45]. Confusion in understanding the
Appropriateness Less effectiveness and safety of a The difficulty with the interpretation of the report [24]. terminology or wording [30,34,39,45,57].
recognizability standalone system without the active Items with overlapping concepts [34,57].
input of the healthcare professional. [30] Over alerting or repeated
Lack of acknowledgment to the notification [41,58].
patient [30,39].
Learnability - Difficulty in learning to use the application [39].
Difficult to control the slider while scrolling down the
screen [24,25].
Application very cumbersome to use [31,48].
Difficulty in handling visual analog scale, the slider was too
sensitive, and tricky to use [38,45].
Problem in using stylus-based input i.e., inputting number with
stylus or selection from word descriptor list [24,25,39,45].
The difficulty with number selection boxes where tapping of the
arrow is required for selection [25].
Missing “back” button to return to the earlier screens to revise
answers [25].
Buttons not working properly [34].
Slow responsiveness of the application [34,42].
Operability - Difficult to locate and identify the triggers due to the complex -

hierarchal presentation and too many options from which to
choose [42].

Problem with retrospective entries e.g., past midnight entry
without starting a new day or day-long constant pain entry [42].
Difficulty in diary entry due to a few inapplicable symptoms for a
constant pain [42].

Difficulties in setting start and end time of pain as wake or sleep
time [42].

Failed to review all of the response options due to an unseen or not
prominent prompt to scroll down for more responses [25].
Difficulty in selecting an area on the body image [38] and not
enough spots to highlight the problem area on the body
diagram [45].
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Satisfaction

ISO 9241-11
ISO/IEC 25010

Effectiveness

Efficiency

User Error
Protection

User Interface
Aesthetics

Accessibility

1. Color scheme not suitable for color
blinds [39]

Frequent crashing/software malfunction
[23,34,58].

Patients were forced to complete the
entire sequence of questions, irrespective
of the fact they were not having any pain,

as patients didn’t move the slider to the
“No Pain” anchor [45].

Too small font size [39].
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Other than the usability issues of device and application listed in Table 5, there are other issues
that are concerned with patient behavior, such as:

1.  Over-report or under-report of skill practices via self-reporting [35].

2. Missing diary entries: being away from home and forgetting to take the diary, being too busy,
forgetting to complete the diary, major illness or hospitalization, and the device being inaccessible
due to loss or theft [35,57,58].

3. Frustration in carrying the smartphone in patients with low technology literacy [44].

In [43], one-to-one communication between the patient and their healthcare provider was
suggested before starting a mobile-based pain self-management regime. It will help to establish
trustworthiness. As pain self-management is a two-way phenomenon, guidance or pain management
advice by the healthcare provider is essential for the patient to continue and adjust the regime according
to the results and feedback [22,31]. In [24], it is stated that patients can be disheartened by the feedback.
In this case, motivation is essential to make patients persist in the self-management program.

We believe that usability measures must be taken in order to address the user behavior issues
and thus retain or enhance the users’ motivation to continuously use the applications for achieving
optimal outcomes of pain management. Accommodating individual user’s behavior can be realized
through static or dynamic personalization. Static personalization can be done through one-off user
profiling and then customizing the application based on the user profile. Dynamic personalization can
be done through a user activity log that provides feedback to the personalization mechanism, which in
turn adapts the application based on the feedback. Alternatively, dynamic personalization can also
be done through predictive analytics, which predict the usage behavior (e.g. using machine learning)
and proactively adapt the application for the user. In addition, adopting voice input and other natural
language processing techniques will increase the usability of the applications too, especially to address
the visual and haptic constraints of elderly users.

4. Conclusions

Providing a self-management solution to the patients suffering from pain is vital in order
to enhance their quality of life. This review will be helpful for pain management researchers
as well as application developers, as it provides insight into the design and usability assessment
approaches of pain management mobile applications. This review enables them to understand design
considerations and resolve usability issues, specifically for elderly patients with low literacy or less
technological experience, so that they can also be benefited by this technology. The elderly are a
growing population, and have several requirements in order to sustain their living such as health
monitoring (e.g. pain management), information seeking, social interaction, etc. They can also benefit
from mobile technology to fulfill their needs. However, as old people are facing some challenges
regarding cognition complexity, motivational issues, physical impairment, and perception barriers,
it is difficult for them to accept new technology with little effort. Keeping the levels of complexity,
uncertainty, and difficulty low for them is vital in order to ensure their acceptance of the new technology,
and thus provides an alternative but essential solution to enhance their quality of life.

On the other hand, having a cost-effective hybrid mode of data input method helps prevent
overburdening the users and motivates the usage of the application. Moreover, a clearly defined
optimal data input frequency for the targeted groups as per the type of pain from which they are
suffering ensures effective pain management while relieving the users from overly or insufficient data
input. Simple, precise yet appropriate reporting is a key to the perceived usefulness of the application
by the users that will result in a high retention rate.

There are a few limitations to this study. One possible limitation is that the scope was limited
to five databases. Thus, other relevant literature has not yet been identified. A snowball sampling
can be adopted to include more literature. In addition, the study focused on patient-oriented pain
management applications only. Other applications that support physicians in their clinical decisions
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can be reviewed in the future to obtain more insights about pain management, as it is a two-way
procedure between the patients and healthcare providers.
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