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Abstract

Background: Usability has been touted as one determiner of success of mobile Health (mHealth) interventions. While multiple
systematic reviews of usahility assessment approaches for different mHealth solutions for physical rehabilitation are available,
thereisalack of synthesis of this portion of the literature.

Objective: To summarise systematic reviews examining usability assessment tools in mHealth interventions including physical
rehabilitation.

Methods: An umbrella review was conducted according to a published registered protocol (CRD42022338785). A topic-based
search was conducted of Pubmed, Cochrane, IEEEXplore, Epistemonikos and Web of Science from January 2015 to April 2023
for systematic reviews investigating usability assessment tools in mHealth interventions including physical exercise
rehabilitation. Eligibility screening, data extraction and assessment of the methodological quality (AMSTAR?2) was completed
and data tabulated for synthesis.

Results: A total of 12 systematic reviews were included of which three (25%) did not refer to any theoretical usability
framework. The sample referenced a total of 32 usability assessment tools and 66 custom-made, as well as hybrid, measures.
Information on psychometric properties was included for nine instruments (28%) with satisfactory internal consistency and
structural validity. A lack of reliability, responsiveness and cross-cultural validity data was found. The methodological quality of
the systematic reviews was limited with eight studies (67%) displaying two or more critical weaknesses.

Conclusions: There is significant diversity in the usability assessment of mHealth for rehabilitation and a link to theoretical
models is often lacking. There is widespread use of custom-made measures and pre-existing measures often do not display
sufficient psychometric strength. As a result, existing mHealth usability evaluations are difficult to compare. It is proposed that
multi-method usability assessment is employed and that, in the selection of usability measures, there is a focus on explicit
reference to their theoretical underpinning and acceptable psychometric properties. Clinical Tria: PROSPERO
CRD42022338785; https.//www.crd.york.ac.uk/prospero/#recordDetails
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Abstract

Background: Usability has been touted as one determiner of success of mobile Health (mHealth)
interventions. Multiple systematic reviews of usability assessment approaches for different mHealth
solutions for physical rehabilitation are available. However, there is a lack of synthesis in this portion
of the literature which results in clinicians and developers devoting a significant amount of time and
effort in analysing and summarising a large body of systematic reviews.

Objective: To summarise systematic reviews examining usability assessment instruments, or
measurements tools, in mHealth interventions including physical rehabilitation.

Methods: An umbrella review was conducted according to a published registered protocol. A topic-
based search was conducted of Pubmed, Cochrane, IEEEXplore, Epistemonikos, Web of Science and
CINAHL Complete from January 2015 to April 2023 for systematic reviews investigating usability
assessment instruments in mHealth interventions including physical exercise rehabilitation.
Eligibility screening included date, language, participant, and article type. Data extraction and
assessment of the methodological quality (AMSTAR?2) was completed and tabulated for synthesis.
Results: A total of 12 systematic reviews were included of which three (25%) did not refer to any
theoretical usability framework and the remaining most commonly referencing the ISO framework.
The sample referenced a total of 32 usability assessment instruments and 66 custom-made, as well as
hybrid, instruments. Information on psychometric properties was included for nine instruments
(28%) with satisfactory internal consistency and structural validity. A lack of reliability,
responsiveness and cross-cultural validity data was found. The methodological quality of the
systematic reviews was limited with eight studies (67%) displaying two or more critical weaknesses.
Conclusions: There is significant diversity in the usability assessment of mHealth for rehabilitation
and a link to theoretical models is often lacking. There is widespread use of custom-made
instruments and pre-existing instruments often do not display sufficient psychometric strength. As a
result, existing mHealth usability evaluations are difficult to compare. It is proposed that multi-
method usability assessment is employed and that, in the selection of usability assessment
instruments, there is a focus on explicit reference to their theoretical underpinning and acceptable
psychometric properties. This could be facilitated by a closer collaboration between researchers,
developers, and clinicians throughout the phases of mHealth tool development.

Protocol registration: PROSPERO CRD42022338785;
https://www.crd.york.ac.uk/prospero/#recordDetails

Keywords: Usability, quality evaluation, mobile health, physical exercise, rehabilitation, overview,

umbrella review, psychometrics.
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Introduction

The development of mobile health (mHealth) [1,2] solutions has seen exponential growth in recent
times, driven particularly by the global pandemic [3,4]. Mobile health has been heralded as a tool to
provide access to quality rehabilitation input for patients outside of the time they are able to spend
with clinicians [5] and for patients in geographically remote areas [6]. Furthermore, similar to the
observed trend of increased health information seeking on the internet [7], the democratisation of
access to rehabilitation could be achieved by individuals actively seeking standalone mHealth
solutions.

However, there is also increasing awareness that mHealth solutions available to clinicians and their
patients often lack quality evaluations [8,9]. Many mHealth solutions only have short-term (<30
days) data from small sample sizes to support their effectiveness [10]. Moreover, only limited
standardised outcome measures are typically utilised [11,12].

Usability is one key aspect commonly included in the evaluation of mHealth solutions [5,9,11].
Usability has been touted as a determiner of the success of mHealth interventions [13]. Usability is
often delineated from two related concepts. First, the concept of utility which captures a system’s
ability to meet user needs [14]. Second, user experience is commonly understood as a broader
concept of the experience of utilising a mHealth solution and may include measures of user beliefs
[15]. However, usability may or may not be part of how user experience is captured, and many
different definitions of usability appear in the literature [15-17].

The diversity in definitions of usability is mirrored by the diversity in usability models or
frameworks. The five most commonly cited models of usability are that of ISO9241-11 [18] and its
revision [19], ISO/IEC25010 [20], Nielsen’s usability model [21], and, in the context of health in
particular, the People At the Centre of Mobile Application Development (PACMAD) model [14,22].
These models identify factors such as efficiency, or the resources expended to achieve a task,
effectiveness, the level of accuracy and completeness of a task achieved using a mobile solution, and
satisfaction or positive user interaction whilst operating the mobile solution as components of
usability. The key difference between the PACMAD and the aforementioned frameworks is that these
and other factors such as errors, are seen as arising from three different sources - the user themselves,
the task, and the context. This could be argued to be of particular importance for mHealth, where
users may experience limitations such as perceptual or cognitive (aging) barriers [23]. These
additionally impact on task demands and therefore represent an important consideration in the design
of mHealth tools.

Usability assessment has been included in several good practice guidelines for the development of

https://preprints.jmir.org/preprint/49449 [unpublished, peer-reviewed preprint]
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mHealth solutions [24-28] as well as in many evaluation frameworks [29,30], and can be regarded as
a crucial step for evaluation at different stages of the typical mHealth development cycles. To date,
however, no accepted standard for the assessment of usability of mHealth solutions exists. This
means that researchers and developers of mHealth are faced with difficult decisions when designing
mHealth evaluation procedures that strike the balance between responsiveness, reliability and
validity and are unable to compare existing solutions for the purpose of innovating. Further,
clinicians are unable to be guided in their prescription of mHealth solutions and there are significant
barriers for consumers to engage with existing solutions.

Numerous systematic reviews have explored usability assessment approaches for various mHealth
solutions in the context of physical rehabilitation. However, there is a lack of synthesis in this area of
the literature. This may contribute to clinicians and developers needing to devote a significant
amount of time and effort in analysing and summarising a large body of systematic reviews. An
umbrella review can act as “a means for a rapid review of the evidence to address a broad and high-
quality evidence base” [31]. Specifically, an umbrella review allows for a broader scope compared to
individual systematic reviews which may focus on individual treatment options or individual
conditions [32—34]. Hence, the aim of this umbrella review was to provide a ‘user-friendly’ summary
of the use of usability assessment instruments, or measurement tools, for researchers, clinicians, and
consumers of mHealth irrespective of the specific area of application (e.g., diabetes, tuberculosis,
sleep). Specifically, the objective was to summarise systematic reviews that investigated usability
assessment instruments in mHealth interventions including those related to physical exercise
rehabilitation. It is envisaged that such a summary will firstly aide researchers, developers, and
clinicians to gain an overview of usability assessment instruments without needing to explore
primary literature. Secondly, the presented summary may aide the development of mHealth usability

assessment standards.
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Methods

The umbrella review protocol was developed based on the Cochrane Handbook of Systematic
Reviews of Interventions [33] and other relevant methodology sources [e.g., 34] and was registered
with PROSPERO (CRD42022338785). StArt software [35] was utilised for the first and second level
screening of results datasets and extracting relevant information.

Inclusion criteria

Based on the objectives of the study, the following inclusion criteria were formulated; (i) Articles
published between 01/01/2015 and 27/04/2023. The date range reflected the launch of Apple
ResearchKit in 2015 which accelerated mHealth development and research [36]; (ii) containing data
on human participants; (iii) with the ‘unit of searching’ [33] being “systematic reviews” [37,38] in
order to reduce the effect of cumulative bias that may arise when including non-systematic reviews;
(iv) examining usability assessment instruments of mobile applications for health professionals and
for healthcare consumers and (v) published in the English language to enable all contributing authors
to perform screening, extraction and synthesis of the search results. No post-hoc modifications were
made to the inclusion criteria. Systematic reviews of usability assessment instruments of other
(mobile) solutions such as wearables, sensors, Virtual Reality, blockchain, Internet of Things (IoT),
simulated data or solutions for healthcare professionals only were excluded.

Search methods and search terms

The following databases were searched with a combination of the search terms mobile application*,
mobile app, usab*, usab* criteria, usab* evaluat*, systematic review, mhealth, mobile health,
physical exercise: Pubmed, Cochrane, IEEEXplore, Epistemonikos, Web of Science and CINAHL
Complete combined using Boolean operator OR and AND and customised for each database in
accordance with their filtering specifications. The results sets were imported into StArt [35].

Data collection and analysis

A preliminary search of existing systematic reviews was conducted prior to finalising the search
terms in order to scope the extent and type of existing evidence [33] .The subsequent final search
terms produced a results set that was more refined in focus and feasible in terms of the size of the
expected results set. Following the removal of duplicates, two-level screening was performed: Title
and abstract screen was performed by the primary author [SH] and a randomly selected subset of
articles (n=118, ~10%) was screened by a second author [VS], kappa .87. Second-level, full text
screening was performed by the primary author [SH] using StArt for data extraction from the final
results set. A data extraction form including basic reference details, as well as information such as
population of interest and interventions studied, was discussed and agreed upon by three authors

[SH, GA, NS] prior to data extraction (see review protocol PROSPERO CRD42022338785 for more
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detail).

Quality assessment was completed using AMSTAR2 by the primary author [SH] and a second author
[VS] separately, kappa .823. Any disagreement was discussed and resolved via consensus. In line
with recommendations by Shea et al. [39], a discussion to determine AMSTAR?2 critical domains for
the present overview occurred among two authors [SH, NS]. Criteria 2, 4 and 7 were retained on the
premise of constituting critical criteria as defined by the original publication [39]. The original
critical criteria 9, 11, 13 and 15 were classified as non-critical for the purpose of the present
overview due to pertaining to meta-analytic steps which none of the included systematic reviews
performed. Instead, the following criteria were classified as critical: Criterion 5 due to the variety of
study designs and target user groups/clinical contexts included within the systematic reviews;
Criterion 16 due to the context of mHealth usability where the borders between academic enquiry
and commercialisation are more blurred and funding could constitute a significant source of
bias/conflict of interest. A summary rating was produced according to recommendations by Shea et
al. [39].

Finally, in order to gauge potential skewing of the data caused by significant overlap of primary
studies contained within the systematic reviews included in the present overview [40], overlap
assessment was achieved via citation matrix [41,42] for the systematic reviews including the System
Usability Scale (SUS) as an exemplar. The SUS was chosen given it is one of the most-well known
instruments [43]and preliminary searches of the literature demonstrated its frequency of use and
reference.

Data availability

Lead authors of protocols of systematic reviews were also contacted. If pre-print manuscripts were
available, these were included in the present overview. Systematic reviews not able to be obtained
through the authors of the protocol were listed separately for the purpose of the overview [33]. All
data accessed and created as part of the present overview are included as part of the article and its

Supplementary Files.

https://preprints.jmir.org/preprint/49449 [unpublished, peer-reviewed preprint]



JMIR Preprints Hach et a

Results

The initial database search returned 1479 results which were reduced to 1375 after removal of
duplicates (see Figure 1). Title and abstract screening resulted in 27 articles included for full text
screening. Fifteen of the full text articles retrieved (see Supplementary Table S1) were ineligible
because they did not review usability assessment measures, include sufficient detail on usability
assessment instruments (e.g., including binary information only), did not include a literature review
or examined non-health mobile service categories (see Figure 1).

A total of 12 systematic reviews examining usability assessment instruments were included. Data
was extracted (see Supplementary Table S2) as per the registered protocol. Across the systematic
reviews included, there was coverage of primary studies from the start of records to 2020. Three of
the systematic reviews included examined usability assessment instruments within a specific target
user group (e.g., diabetic users [44]; users living with a mental health concern [45,46]). The
remaining nine systematic reviews [47-55] focused on usability assessment instruments employed
across different target user populations. Usability models/frameworks referenced included ISO [20]
(referenced in [44,48,49,55]), Nielsen [21] (referenced in [45]) and the framework by the Canadian
Institutes of Health Research (CIHR) and the Mental Health Commission Canada (MHCC) [56]
(referenced in [47]). Three (25%) of the systematic reviews [46,50,51] included in the present
overview did not refer to any theoretical framework (see Supplementary Table S2).

The systematic reviews included identified a total of 32 usability assessment instruments (see Table
1) and a further 66 custom-made usability assessment instruments as well as hybrid custom-made
instruments (see Supplementary Table S3). The most commonly referenced usability assessment
instrument was the System Usability Scale (SUS) [57], followed by the IBM Computer Usability
Satisfaction Questionnaire [58], and the Usefulness Satisfaction and Ease of Use (USE)
Questionnaire [59].

Data regarding the psychometric properties of nine instruments (28%) [57,58,60—65] was included in
the systematic reviews as detailed in Table 1. Internal consistency was generally good across these
instruments, content validity was provided through expert panel or focus groups [57,58,60,61,63-65]
and exploratory and/or confirmatory factor analyses were employed in evidence of structural validity
[57,60,61,64,65]. Details on convergent validity were included for three instruments [60,61,65] (see
Table 1). Importantly, there was no evidence of reliability, responsiveness or cross-cultural validity
assessment for the usability assessment instruments referenced most often (i.e., SUS, IBM Computer
Usability Satisfaction Questionnaire and USE Questionnaire).

Further, eight of the systematic reviews [13,44-46,48-50,54](67%) referred to usability assessment

https://preprints.jmir.org/preprint/49449 [unpublished, peer-reviewed preprint]
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methods other than assessment scales. These included focus groups, heuristic evaluation, think-aloud

protocols as well as other methods (see Supplementary Table S4).

'
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Figure 1: PRISMA flowchart

Quality assessment of the systematic reviews using AMSTAR?2, revealed that eight articles (67%)
[44-46,48-50,54,55] exhibited at least two critical weaknesses (see Figure 2), three systematic
reviews (25%) [47,51,52] were affected by one critical weakness and one review (8%) [53] had only
non-critical weaknesses. The most frequently unfulfilled assessment criteria included: the sources of
funding enquiry for the included studies (AMSTAR Ciriterion 10); accounting for risk of bias when
interpreting results (AMSTAR criterion 13); use of a satisfactory technique for assessing risk of bias
(AMSTAR criterion 9); and inclusion of a review protocol (AMSTAR criterion 2) (see
Supplementary Table S5).

Finally, visualisation of citation overlap for systematic reviews including primary studies utilising
the Systems Usability Scale (SUS) showed minimal overlap with four (10%) of 41 primary studies
included in two of the systematic reviews (see Supplementary Table S6). With the exception of the
citation of the original publication of the SUS instrument [i.e., 57], all other references included in

the overview were unique to one of the systematic reviews included.

AMSTAR?2 domains “Yes”, « » “No”, and “No
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Note: * denotes critical criterion as determined for the present overview
Figure 2: Overview of methodological quality of reviews according to AMSTAR?2
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Discussion

The exponential growth of research evidence related to the effectiveness of mobile solutions for
rehabilitation [66-69], and the proliferation of technological solutions that afford new modes of
treatment delivery [70,71] underscore the critical need for high quality mHealth usability evaluation.
Usability attributes such as efficiency, learnability and memorability [21] are particularly important
to consider for mHealth users who may face challenges due to neurological compromise [72], age-
related issues [23], or limited technology experience [13]. This umbrella review aimed to summarise
usability assessment instruments for mHealth researchers, clinicians, and consumers to guide the
development, assessment, and selection of high quality mHealth tools.

The review identified, firstly, significant diversity and common use of custom-made instruments
when usability assessment instruments were employed to evaluate mHealth tools for rehabilitation.
Secondly, there was a notable lack of theoretical grounding for selection of the assessment of
usability. Thirdly, a scarcity of psychometric data for widely utilised instruments for mHealth
usability assessment was evident in the systematic reviews included.

Heterogeneity of instruments, including non-standardised instruments

Regarding the first critical point, a wide range of different instruments for the assessment of usability
was evident across the systematic reviews included. This range included adaptations of pre-existing
usability assessment instruments for the context of mobile applications [73,74] as well as assessment
instruments, such as the Mobile App Rating Scale (MARS) [62], specifically designed for usability
assessment of mHealth tools. In addition, both completely custom-made instruments and hybrids [cf.
75] of pre-existing instruments with custom elements was prevalent in the mHealth usability
literature.

While the use of hybrid assessment instruments and adaptations of pre-existing assessment
instruments may increase flexibility and thereby possibly improve the experience for respondents,
the fact that most studies are limited in sample size prevents validation of hybrid and adapted
instruments [51]. Alternative approaches to increasing flexibility and improving respondent
experience while ensuring psychometric integrity are needed instead. A good example of this may be
seen in the creation of a hybrid version of the SUS with the inclusion of pictorial elements which
increased respondent motivation [75]. Importantly, acceptable validity, consistency and sensitivity
was also evidenced allowing future users of the hybrid measure to place greater trust in the quality of

the data.
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Theoretical underpinning

Secondly, and similar to what has been found to be the case for individual-level studies assessing the
usability of specific mHealth tools [47], this review revealed that some systematic reviews
examining the broader literature related to usability assessment lacked connection to theoretical
models of usability. This observation resonates with previous criticisms of the quality of reviews of
health-related mobile applications [8] as well as research exploring technology adoption in fields
beyond mHealth [76]. The latter exposed a reliance on a wide array of theoretical models of
technology adoption in the literature and in some cases several within one review. To address this, it
has been suggested that generic models for different service categories (e.g., information,
transaction) be developed [76]. A theoretically grounded, generic guide for mHealth usability
assessment could similarly promote broader adoption and enhance comparison of usability across
studies and use cases.

Psychometric properties and psychometric testing

Thirdly, systematic reviews included in our overview also reported significant limitations regarding
the psychometric properties of pre-existing instruments. For example, the MARS tool, which has
been put forward as an instrument for standardised use in mHealth usability assessment [51], lacks
structural validity. Moreover, other constructs such as internal consistency and criterion validity have
been documented as significant areas of future work for measuring the implementation of
interventions [53], with usability assessment playing a significant role.

While consistent with previous research, the present umbrella review did not specifically search for
psychometric evaluations of usability assessment instruments; instead, it relied on summaries of
psychometric evaluations presented as part of the included systematic reviews. As a result, it is likely
that psychometric evaluation of other instruments is available. For example, psychometric evaluation
of the popular USE questionnaire [59] is available and, consistent with our observation, has been
shown to be affected by a lack of reliability and validity [77]. Furthermore, outside of the academic
literature, there is a still greater portion of mHealth solutions on the market that likely will not have
undergone empirical evaluation of usability.

While some of the acceptable psychometric information was referenced for the System Usability
Scale (SUS) [e.g., 78], both the IBM Usability Satisfaction Questionnaire and the USE questionnaire
appear to lack reliability assessment. Reliability, or the freedom of measurement error [79], may be
regarded as crucial with regard to any metrics which are gathered following, rather than during, a
user’s interaction with an application. The inability to separate true change in users’ estimate of the

usability of mHealth tools from random variation, or measurement error, originating from recall bias
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[9,80,cf. 81], for example, means that mHealth tool iterations [82] are unable to be evaluated
appropriately.

Moreover, the widespread use of custom-made and hybrid assessment instruments leads to the loss of
the original instrument’s integrity and compromises its already-documented psychometric strengths
[83]. Consequently, establishing the validity of results from individual usability investigations
becomes challenging and comparison across studies is difficult. Hence, there is an urgent need to
assess the accuracy and appropriateness [84] of individual usability assessment instruments to
capitalise on the promise of mHealth tools in rehabilitation [5,6].

Another important psychometric aspect of usability assessment instruments that the systematic
reviews included in the present overview highlight as missing from the published literature is
responsiveness. mHealth development usually involves iterative design and testing cycles [e.g.,
30,82] with associated formative and summative usability evaluation [45]. Across the life of mHealth
development, iterative cycles are likely to span different stages of development and be undertaken in
different clinical contexts [54,85]. Integrating usability assessment into this process requires
instruments that are generic enough to capture user responses to a wide variety of mHealth strategies
but also fine-grained enough to possess sufficient responsiveness [79].

Finally with regard to the argument of lacking psychometric assessment, none of the pre-existing
mHealth usability assessment instruments referenced as part of the literature included in this
overview appear to have been informed by a breadth of cultural perspective or undergone cross-
cultural validity testing. Given the global potential of mHealth to address inequities in access to and
outcomes from rehabilitation [5,6], it is particularly important to establish cross-cultural validity of
the usability assessment instruments employed in mHealth development. In addition, with the
pervasiveness of technology, there is a certain element of unpredictability of the context in which
mHealth tools will be trialled and used ‘in the wild’ [86,87]. For that reason, an alternative argument
could be made for innovative, culturally responsive methodology for mHealth tool design including
usability testing [88]. A key difference in such attempts is user participation at multiple stages of
development and responsiveness to expanding the stages of development as guided by stakeholders.
This process likely includes constant negotiation and may be resource heavy but is arguably needed
if the aim is to create mHealth solutions impacting indigenous outcomes, for example [89,90].
Considering the identified issues, including lack of theoretical grounding, common use of custom-
made assessment instruments and the scarcity of psychometric data for widely utilised mHealth
usability assessment instruments, multi-method usability assessment appears paramount. This is

consistent with recommendations made by a number of research groups [44,55,85,91] and reinforces
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the argument often advanced in favour of Ecological Momentary Assessment approaches, which are
recognised for their advantage over retrospective assessment [80]. It is therefore proposed that
standards be developed which specify the timepoints in the mHealth life cycle at which usability
assessment is completed, with an emphasis on what methods to use. Moreover, these standards
should mandate that individual assessment instruments are grounded in a theoretical framework and
possess a minimum threshold for psychometric properties [e.g., 53,92].

Recommendations

The establishment of a universal usability scoring system or algorithm would further facilitate the
integration of these assessments into an overall framework [93]. It has been observed that, at present,
less than half of existing evaluation frameworks include such a scoring system, but that such systems
could support funding decisions [29] and advance the vision of prescribable mHealth applications
[10]. While technological advancement often outpaces academic enquiry necessitating new
approaches to mHealth evaluation frameworks [94], usability factors are enduring [16] and investing
resources into establishing standards will therefore be valuable.

Limitations

In the context of an area of practice where the lines between commercial and academic work are
blurred and usability assessment constitutes a common practice in the global commercial
environment [95], the present overview is limited in only including English language systematic
reviews published within the academic literature indexed in the databases included. Furthermore, the
quality of the included systematic reviews was found to be limited and the fit of the AMSTAR?2 tool
with methodological papers is not perfect. However, AMSTAR? could be argued to be more detailed
compared to instruments developed for umbrella reviews specifically [31] and, in line with the
AMSTAR?2 recommendations [39], the authors modified the list of critical criteria to reflect the
specific aim of the overview. Finally, with regard to the review’s methodology, two limitations are of
note. First, while the search syntax for the present overview included the keyword ‘physical
exercise’, for pragmatic reasons, no validation step was included to confirm that all mHealth tools
examined as part of the primary studies included within the systematic reviews included a physical
exercise component. Regardless, the observations presented here are valid for mHealth tools for
rehabilitation overall and provide valuable guidance to developers, researchers and clinicians.
Second, for practical reasons, data selection could only be performed by the primary author [SH]
with a subset of articles being screened by a second author [VS]. However, agreement on study

selection was high (>80%), supporting the quality of the review.
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Conclusions

There is considerable variety in approaches to, and instruments for the assessment of usability in
mHealth for rehabilitation, many of which lack theoretical foundation. Clinicians are therefore
advised to critically evaluate mHealth literature and solutions, paying particular attention to the
population(s) in which usability testing was performed and the specific usability assessment
instruments employed. Future research efforts should be focused on producing high quality
systematic reviews and psychometric evaluations of usability assessment instruments. A
collaborative effort between researchers, designers, and developers is essential to establish mHealth
tool development standards. These standards should stress the incorporation of usability assessment
instruments underpinned by a robust theoretical base. The present overview represents a valuable
reference tool in this endeavour. Inclusion of multi-method usability assessment within the wider
mHealth development cycle could also be part of these standards, which will ensure that we can
capitalise on the widely heralded promise of mHealth to promote access to and outcomes from

rehabilitation.
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Tables

Table 1: Ovew1ewppﬁ,m@hq]g%a§§,¢§m}¢mﬁcales identified by reviews included within the present overview

database searching

Psychometric properties as identified by systematic reviews included in the present

In _ 4/170\ overview

Refe Systematlc Review(s) Count Internal Reliabilit Content Structural  Cross- Criterion,  Responsiv

renc identifying scale doupiscanes removed  validity  validity cultural convergent e-ness

e y (n = 10d@ntraclas validity ,

(Cronbach s Corr- concurrent
o) elation) , discrim-
nn Records excluded during title Inant
] Records screened and abstract ScrnnningN Vahdlty
a adaptation uri 018 1 NR N R NR NR NR NR
Apt?bott’s leale 74] ]YH } i§3}5§2 : (n= 1548)
After Scenario [96] Inal etal. (2020) 1 NR NR NR NR NR NR NR
Questionnaire
app adaptation [74]  Nouri et al. (2018) 1 NR NR NR NR NR NR NR
Brief DISCERN Full text articles excluded,
app adaptation [97]  Nouri et al. (2018) 1 NR with ré&Rons NR NR NR NR NR
CRAAP (n=15)
checklist . -
Eage of Use and [98]  Kien et al. (2018) 1 NRNO Teviewyor usabilgy NR NR NR NR
Usefulness Full text articles assessment  measures
Scale (EUUS) assessed for eligibility (n=12)
Enlight [99] Az K%eghah etal. (2021) 1 NRinsufficientNR dethik NR NR NR NR
inf‘lllf‘lﬂf‘l on IICC\I"\:I;"‘\I

Health [60] Azad-Khaneghah etal. (2021) 2 85-92  No  Ex Exploratory  No Correlation Statistically
Information Muro-Culebras et al. (2021) assessmen measur&a{el & & Confirm- with the significant
Technology (e.g., binary informati@stor atory Factor Poststudy difference
Usability only) (n=1) analysis  Analysis System was demon-
Evaluation - No literature review usabl!lty _strated yvlth
Scgle (Health- . question- intervention
ITUES) included (n=1) naire group

Refe stematic Review(s) Count Inte¥agtined Relgihealtfontent Structural — Cross- Criterion,  Responsiv

Styglies 'nﬁjy Hﬁ%ﬁﬂ%@%ﬁ\éerv'ew comf¥tdic y cervigalidity  validity cultural convergent e-ness
e (n=12 y (Intraclas validity ,
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(Cronbach s Corr- concurrent
o) elation) , discrim-
inant
validity
Health IT [100 Nouriet al. (2018) NR NR NR NR NR NR NR
Usability ] Vera et al. (2019)
Evaluation
Model (Health-
ITUEM)
app adaptation [73] Nouri et al. (2018) NR NR NR NR NR NR NR
Health-Related
Website
Evaluation
Form (HRWEF)
app adaptation [74]  Nouri et al. (2018) NR NR NR NR NR NR NR
Health On the
Net (HON) code
IBM Computer [58] Azad-Khaneghah et al. (2021) .89 No Expert No NR No No
Usability Georgsson (2020) panel
Satisfaction Ng et al. (2019)
Questionnaire Wakefield et al. (2017)
Zapata et al. (2015)
ISOMETRIC [101 Azad-Khaneghah et al. (2021) NR NR NR NR NR NR NR
]
iSYScoreindex  [102 Muro-Culebras et al. (2021) No No Expert No NR No No
] panel
app adaptation [103 Nouri et al. (2018) NR NR NR NR NR NR NR
Kim Model ]
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Refe Systematic Review(s) Count Internal Reliabilit Content Structural Cross- Criterion, = Responsiv

renc identifying scale consistenc 'y validity  validity cultural convergent e-ness

e y (Intraclas validity ,

(Cronbach s Corr- concurrent
o) elation) , discrim-
inant
validity

Measurement [61] Muro-Culebras et al. (2021) 1 .97 No Focus Exploratory  No Convergent No
Scales for (usefulness) group Factor &
Perceived 91 Analysis discriminant
Usefulness and (ease of use) validity
Perceived Ease
of Use
Mobile App [63] Muro-Culebras et al. (2021) 3 .90 .79 Expert No No No No
Rating Scale Nouri et al. (2018) panel
(MARS) Vera et al. (2019)
Mobile App [62] Muro-Culebras et al. (2021) 2 .90 .66  (1-2 Expert No No No No
Rating Scale Nouri et al. (2018) months) panel &
(user  version) .70 (3 focus
(UMARS) months) groups
NASA  Task [104 Zapataetal, (2015) 1 NR NR NR NR NR NR NR
Load Index ]
(TLX)
NICE guidelines [90]  Azad-Khaneghah et al. (2021) 1 NR NR NR NR NR NR NR
tool
Perceived [105 Azad-Khaneghah et al. (2021) 2 NR NR NR NR NR NR NR
Useful and Ease ] Inal et al. (2020)
of Use
Questionnaire
(PUEU)
Post-Study [106 Inal etal. (2020) 3 NR NR NR NR NR NR NR
System ] Niknejad et al. (2021)
Usability Scale Vera et al. (2019)
(PSSUS)/PSSU
Q
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Refe Systematic Review(s) Count Internal Reliabilit Content Structural  Cross- Criterion,  Responsiv

renc identifying scale consistenc 'y validity  validity cultural convergent e-ness

e y (Intraclas validity ,

(Cronbach s Corr- concurrent
o) elation) , discrim-
inant
validity

Quality [107 Azad-Khaneghah etal. (2021) 1 NR NR NR NR NR NR NR
Assessment tool ]
for Evaluating
Medical Apps
(QAEM)
Quality of [108 Azad-Khaneghah et al. (2021) 2 NR NR NR NR NR NR NR
Experience ] Nouri et al. (2018)
(QOE)
Questionnaire [109 Georgsson (2020) 2 NR NR NR NR NR NR NR
for User ] Saeed et al. (2020)
Interaction
Satisfaction 7.0
(QUIS)
app adaptation [1]10 Azad-Khaneghah et al. (2021) 2 NR NR NR NR NR NR NR
Silberg score ] Nouri et al. (2018)
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Refe Systematic Review(s) Count Internal Reliabilit Content Structural  Cross- Criterion,  Responsiv
renc identifying scale consistenc 'y validity  validity cultural convergent e-ness
e y (Intraclas validity ,
(Cronbach s Corr- concurrent
o) elation) , discrim-
inant
validity
Software [111 Azad-Khaneghah et al. (2021) 1 NR NR NR NR NR NR NR
Usability ]
Measurement
Inventory
(SUMI)
System [57] Azad-Khaneghah etal. (2021) 10 911 No Focus Exploratory  No No No
Usability Scale Georgsson (2020) group & Confirm-
(SUS) Inal et al. (2020) atory Factor
Muro-Culebras et al. (2021) Analysis
Ng et al. (2019)
Niknejad et al. (2021)
Nouri et al. (2018)
Vera et al. (2019)
Wakefield et al. (2017)
Zapata et al., (2015)
Telehealth [112  Georgsson (2020) 3 NR NR NR NR NR NR NR
Usability ] Inal et al. (2020)
Questionnaire Niknejad et al. (2021)
(TUQ)
Telemedicine [64] Wakefield et al. (2017) 1 96 (Video No Expert Exploratory  No Significant No
Satisfaction and visits) panel Factor discriminant
Usefulness 92 (Use & Analysis validity
Questionnaire impact) (Hispanics
(TSUQ) ] non-
Hispanics)
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Refe Systematic Review(s) Count Internal Reliabilit Content Structural  Cross- Criterion, = Responsiv

renc identifying scale consistenc 'y validity  validity cultural convergent e-ness

e y (Intraclas validity ,

(Cronbach s Corr- concurrent
o) elation) , discrim-
inant
validity

The  mHealth [65] Muro-Culebras et al. (2021) 1 .895 No Expert Exploratory  No Correlation No
App Usability .829 panel Factor with
Questionnaire .900 Analysis PSSUQ &
for interactive Sus
mHealth  apps
(patient version)
(MAUQ)
The mHealth App [65 Muro-Culebras et al. (2021) 1 .847 No Expert Exploratory  No Correlation No
Usability ] .908 panel Factor with PSSUQ
Questionnaire for 717 Analysis & SUS
stand-alone
mHealth apps
(patient version)
(MAUQ)
Usefulness, [59 Azad-Khaneghah et al. (2021) 4 NR NR NR NR NR NR NR
Satisfaction and ] Inal et al. (2020))

Ease of Use
Questionnaire
(USE
questionnaire)

Kien et al. (2018)
Ng et al. (2019)

NR: not reported as part of the systematic reviews included in the present overview.
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PRISMA flowchart.
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Overview of methodological quality of reviews according to AMSTAR2.

AMSTARZ domains
For reasons of clarity, the original question has been
reduced to some extent.

“Yes", " ¥ “No”, and “No Meta-
analysis conducted” answers (%)
20 40 60 80

=

100

Components of PICOY

Review protocol

Explanation of study design?

Comprehansive literature search strategy

Study selection in duplicate?*

Data extraction in duplicate?

List of eacluded studies amd justify the exclusions?™

Study characteristics?

\.I:II:EHJF‘\L“.&LHMI—I-

Satisfactory technigue for assessing risk of blas?

—
=

. Sources of funding for included studies?

[
-

. Appropriate methods tor meta-analysis ¢

[
P

. Assess potential impact of risk of bias on the results?

ja
[

. #ccount for risk of bias when interpreting/discussing ?

"
.

. Satisfactory explanation forfdiscussion of heterogenaity?

it
WA

. Publication bias assessed and discussed?

[
&

. Potential sources of conflict of interest?*

Mote: * denotes critical criterion as determined for the present overview
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Supplementary files.
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