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Abstract

Although patients express an interest in using mobile health (mHealth) interventions to manage their health and chronic conditions,
many current mHealth interventions are difficult to use. Usability testing is critical for the success of novel mHealth interventions.
Researchers recognize the utility of using qualitative and quantitative approaches for usability testing, but many mHealth researchers
lack the awareness of integration approaches from advances in mixed methods research that can add value to mHealth technology.
As efficient usability testing proceeds iteratively, we introduce a novel mixed methods design developed specifically for mHealth
researchers. The iterative convergent mixed methods design involves simultaneous qualitative and quantitative data collection
and analysis that continues cyclically through multiple rounds of mixed methods data collection and analysis until the mHealth
technology under evaluation is found to work to the satisfaction of the researcher. In cyclical iterations, early development is
more qualitatively driven but progressively becomes more quantitatively driven. Using this design, mHealth researchers can
leverage mixed methods integration procedures in the research question, data collection, data analysis, interpretation, and
dissemination dimensions. This study demonstrates how the iterative convergent mixed methods design provides a novel
framework for generating unique insights into multifaceted phenomena impacting mHealth usability. Understanding these practices
can help developers and researchers leverage the strengths of an integrated mixed methods design.

(JMIR Mhealth Uhealth 2019;7(4):e11656) doi: 10.2196/11656
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Introduction

Published studies indicate that mobile health (mHealth)
interventions are beneficial for patients across various diseases
and age groups [1-4]. Academics and clinicians have an
increasing interest in harnessing these mHealth interventions
to improve health outcomes. Although patients express an
interest in using mHealth to manage their health and chronic
conditions, many current mHealth interventions are difficult to
use [5]. Hence, developers of mHealth need efficient and
effective approaches for development, but usability research
methodology remains in a relatively nascent stage of
development [6]. Usability testing is critical for the success of
novel mHealth interventions. Although researchers recognize

the utility of using qualitative and quantitative approaches for
usability testing, many mHealth researchers lack the awareness
of integration approaches from advances in mixed methods
research (MMR) [7] that can add value to mHealth technology.

This paper advances the existing literature about the combined
use of qualitative and quantitative research for mHealth by
advancing a specific, integrated approach to mixed methods
design appropriate to mHealth. When using qualitative and
quantitative procedures without integration, researchers miss
the opportunity for added value. Mixed methods methodologists
express this as 1+1=2, as the quantitative and qualitative
procedures are conducted as 2 independent studies with no
particular synergy [8]. By using integrated procedures identified
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in the field of MMR, researchers can aspire for and achieve
added value, as expressed by 1+1=3 [8,9].

The purpose of this paper is to articulate and illustrate the
features of an iterative convergent mixed methods design. As
efficient usability testing proceeds iteratively, we introduce a
novel mixed methods design developed specifically for mHealth
researchers. It offers a novel framework to generate unique
insights into multifaceted phenomena related to mHealth
usability. Understanding these practices can help developers
and researchers leverage the strengths of an integrated mixed
methods design.

Background

Mobile Health
Effective health care strategies are required to ensure the right
patient receives the right treatment at the right time.
Advancements in mobile phones and tablets have led to the
emergence of mHealth. The Global Observatory for eHealth of
the World Health Organization defines mHealth as “medical
and public health practice supported by mobile devices, such
as mobile phones, patient monitoring devices, personal digital
assistants, and other wireless devices” [10]. Recent advances
allow seamless integration between smartphones and medical
devices. This integration enables smartphones to store and
analyze objective measurements such as heart rate, lung volume,
and medication adherence. Advancements in machine learning
and artificial intelligence have the potential to use these
measurements, in combination with data collected via
smartphones, to improve our understanding of disease etiology
[11,12].

The significance of mHealth is highlighted by its ability to
deliver timely care over distance to manage diseases. It is
particularly important for rural areas with limited access to
health care [13,14]. Moreover, mHealth strategies can enhance
treatment outcomes while mitigating health care costs [15,16].
Hayes et al [16] illustrated why mHealth could reduce physician
visits, resource consumption, and emergency room visits. The

literature continues to evolve on applications of mHealth. For
example, several published studies indicate that mHealth
interventions are beneficial for patients across various diseases
and age groups [1-4]. However, research on the development
and usability methodology of such interventions remains in a
relatively early stage.

Human-Centered Design
The International Organization for Standardization (ISO)
9241-210 standard defines human-centered design (HCD) as
“an approach to systems design and development that aims to
make interactive systems more usable by focusing on the use
of the system and applying human factors/ergonomics and
usability knowledge and techniques” [17]. The ISO uses the
term HCD instead of user-centered design as it” addresses
impacts on a number of stakeholders, not just those typically
considered as users” [17]. However, in practice, these terms are
often used synonymously.

HCD has 4 defined activity phases: (1) identify the user and
specify the context of use, (2) specify the user requirements,
(3) produce design solutions, and (4) evaluate design solutions
against requirements. The process model of HCD as defined in
ISO 9241-210 is illustrated in Figure 1.

Researchers advocate for involving patients during development
who are going to use the mHealth intervention to meet the
patient’s needs and facilitate successful uptake. Testing mHealth
interventions with patients reveals preferences and concerns
unique to the tested population [5,18,19]. Developing an
mHealth intervention with insights from stakeholders will
potentially improve the process and outcome of mHealth
interventions. The main goal of HCD is to increase the usability
of mHealth technology.

This study offers an in-depth account of the HCD’s fourth
activity phase, evaluate design solutions against requirements.
This clarifies that this framework intends to focus on usability
testing as one component of the more extensive design process.

Figure 1. Human-centered design activity phases (ISO, 2010).
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Usability
The ISO defines usability as the extent to which a product can
be used by specified users to achieve specified goals with
effectiveness, efficiency, and satisfaction in a specified context
of use [20]. Although this definition was published in 1998, it
has been updated in 2018 without any changes to the core
concepts. The definition is widespread and generalizable [21,22].

mHealth involves the interaction between multiple user groups
through a system. As a result, the usability aspect is vital for
the effective, efficient, and satisfactory use of mHealth
interventions. Although patients express an interest in using
mHealth to manage their health and chronic conditions, many
mHealth interventions are not easy to use [5,23]. Difficulty in
using an mHealth intervention may limit the user retention rate.
A high dropout rate is one of the most significant barriers to
mHealth adoption [24,25]. The majority of mHealth app
publishers (83%) have less than 10,000 users who have used
the app at least once a month [26]. These numbers are
discouraging as according to a 2018 estimate, the average
mHealth app costs $425,000 to develop [26]. By putting a more
significant emphasis on usability, iterative improvements can
reduce costs and enhance the long-term use and adoption of
mHealth interventions [27-29].

Researchers recommend frequent and iterative usability testing
to respond to users’ preferences, technical issues, and
shortcomings [18,30,31]. It is also important to ensure that errors
in understanding or using the intervention are addressed before
testing the intervention in an efficacy trial [32]. A systematic
review investigated the usability evaluation processes described
in 22 studies related to mHealth applications [33]. The results

suggest that the adoption of automated mechanisms could
improve usability and stress the importance of adapting health
applications to users’ need [33]. Including insights from key
users of mHealth has the potential to improve the process and
the outcome of the intervention [34].

Contemporary iterative development methods, such as
prototyping, reduce the challenges that evolve during the
development lifecycle [35]. Prototyping is defined as creating
a simulation of the final mHealth technology that is used for
testing before launch. Furthermore, researchers suggest
including patients who are going to use the mHealth
interventions to assist in the development of the intervention
[5,18,19,33].

The ISO 9241-11 established usability standards [20]. These
standards provide a measure of patients’ experienced usability.
It focuses on effectiveness, efficiency, and satisfaction [20]. It
is easier to quantify effectiveness and efficiency compared with
satisfaction. Brooke developed the System Usability Scale (SUS)
[36] and noted that “if there is an area in which it is possible to
make more generalized assessments of usability, which could
bear cross-system comparison, it is the area of subjective
assessments of usability” [36]. Thus, the SUS was developed
to quantify satisfaction (users’ subjective reactions to using the
system) [36]. The SUS is an affordable and effective tool for
assessing the usability of products [36]. It contains 10 statements
that are answered on a 5-point Likert scale (Multimedia
Appendix 1). Although this scale was developed in 1996, it is
relevant and applicable to current research because it is short
and easy to use. Many contemporary mHealth studies have been
successful in combining both ISO and SUS to assess usability
[37-39]. Table 1 describes the ISO 9241-11 usability constructs.

Table 1. Usability constructs and descriptions.

DescriptionMetricsConstructsa

Time to read the scenarios and to begin performing tasksTime to learn and useEffectiveness

Time to enter the data necessary for the execution of a taskData entry time

Time to accomplish given tasksTasks time

Time of having the response to the requested informationResponse time

Installation time of applications or its updateTime to install

Number of errors made while reading scenarios and during the task executionNumber of errorsEfficiency

The percentage of participants who correctly complete and achieve the goal of each taskCompletion rate

The System Usability QuestionnaireUsability scoreSatisfaction

aAdapted from Moumane et al [40].

Mixed Methods Research
MMR is gaining popularity and acceptance across disciplines
and the world [41]. It draws from multiple scientific traditions
and disciplinary backgrounds. MMR is defined as “the type of
research in which a researcher or team of researchers combines
elements of qualitative and quantitative research approaches
for the broad purposes of breadth and depth of understanding
and corroboration” [42]. MMR combines both closed-ended

response data (quantitative) and open-ended personal data
(qualitative) [41].

Although quantitative research historically has predominated
in health sciences research, many contemporary phenomena in
health care are difficult, if not impossible, to measure using
quantitative methods alone [43]. The goal of qualitative research
is to produce a deep understanding of a phenomenon. It can also
be used to generate a hypothesis regarding a phenomenon, its
precursors, and its consequences [44]. When the study
phenomenon of interest is multifaceted and complex, a mixed
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methods approach is appropriate [43]. The National Institutes
of Health best practices guideline and many mixed methods
researchers advise distinguishing the quantitative purpose, the
qualitative research questions, and the mixed methods questions
[45]. Consequently, MMR can capitalize on the strengths of
both methods, the depth of qualitative research and the breadth
of quantitative research. The resulting mixed data can be
integrated to balance the strengths and limitations of either
method to provide a more comprehensive understanding under
potentially complementary sources of evidence [43].

Understanding the principles and practices of integration is
essential for leveraging the strengths of MMR. Fetters and
Molina-Azorin [7] defined integration as the linking of
qualitative and quantitative approaches and dimensions together
to create a new whole or a more holistic understanding than

achieved by either alone. Fetters et al examined vital integration
principles and practices in MMR [46]. They provide approaches
to integrating both research procedures and data in the design,
methods, interpretation, and reporting dimensions of research
[46]. Table 2 provides the relevant dimensions of MMR
integration and illustrates how researchers can integrate those
dimensions. These dimensions are relevant to mHealth, and
additional information about MMR dimensions is explained
elsewhere [7]. Through increasingly sophisticated approaches,
MMR is viewed as an opportunity to address the highly
complex, compelling, and even wicked research problems facing
researchers in the health and social sciences [47]. Investigation
of novel mHealth technologies is an important example of a
highly complex research challenge that can benefit from a
systematic mixed methods approach.

Table 2. Relevant dimensions of the mixed methods research integration.

Mixed methods researchers integrate byIntegration dimensionsa

Citing a rationale for conducting an integrated mixed methods research study (eg, offsetting strengths
and weaknesses, comparing, complementing or expanding, developing or building, and promoting social
justice)

Rationale dimension

Composing an overarching mixed methods research purpose and stating qualitative, quantitative, and
mixed methods aims or multiple mixed methods aims with quantitative aims and qualitative questions

Study purpose, aims, and research questions
dimension

Scaffolding the work in core (eg, convergent, exploratory sequential, and explanatory sequential), ad-
vanced (eg, intervention, case study, evaluation, and participatory), or emergent designs.

Research design dimension

Sampling through the type, through the relationship of the sources of the qualitative and quantitative
data (eg, identical sample, nested sample, separate samples, and multilevel samples), and through the
timing (eg, same or different periods for collection of the qualitative and quantitative data)

Sampling dimension

Collecting both types of data with an intent relative to the mixed methods research procedures (eg,
comparing, matching, diffracting, expanding, constructing a case, connecting, building, generating and
validating a model, or embedding).

Data collection dimension

Analyzing both types of data using intramethod analytics (eg, analyzing each type of data within the
respective qualitative and quantitative methods and core integration analytics), using 1 or more core
mixed methods analysis approach (eg, by following a thread, spiraling, and back-and-forth exchanges),
or employing advanced mixed methods analysis (eg, qualitative to quantitative data transformation,
quantitative to qualitative data transformation, creating joint displays, social network analysis, qualitative
comparative analysis, repertory grid/other scale development techniques, geographic information systems
mapping techniques, and iterative and longitudinal queries of the data).

Data analysis dimension

Interpreting the meaning of mixed findings (eg, where there are related data and drawing metainferences
or conclusions based on interpreting the qualitative and quantitative findings) and examining for the fit
of the 2 types of data (eg, confirmation, complementarity, expansion, or discordance). When the results
conflict with each other, using procedures for handling the latter including reconciliation, initiation,
bracketing, and exclusion.

Interpretation dimension

aAdapted from Fetters and Molina-Azorin [7].

Importance of Mixed Methods in Usability Testing
Usability is a complex phenomenon. It is challenging to
investigate usability comprehensively using only quantitative
methods or qualitative methods in isolation, so-called
monomethod approaches [6]. The alternative to using a
monomethod approach is using diverse methods to generate a
complete picture and reveal hidden patterns and novel
relationships between variables and concepts [43]. To identify
and resolve usability issues, various researchers emphasize the
importance of using multiple methods and sources of data
[18,48]. Although many studies collect both quantitative and
qualitative data to test usability [49-51], mHealth researchers

could benefit from advances being made for integration in mixed
methods studies [46,52].

Despite the recognized and intuitive value of using mixed
methods for mHealth usability testing, mixed methodologists
have yet to articulate specific designs that guide the development
and testing of mHealth interventions. A core MMR study design
that is attractive for usability testing is the convergent design
[52]. Also called by some authors as a concurrent parallel study
[53] or, historically, a concurrent triangulation design [54], the
convergent mixed methods design features the collection and
analysis of both types of data and then merging of the data for
the final interpretation [41].
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The Iterative Convergent Mixed Methods Design

Owing to the iterative nature of usability testing, we propose a
new variation of the convergent design specifically for mHealth,
namely, the iterative convergent mixed methods design. We
define an iterative convergent mixed methods design as an
approach involving simultaneous qualitative and quantitative
data collection and analysis that continues cyclically through
multiple rounds of mixed methods data collection and analysis
until the mHealth technology under evaluation is found to work
to the satisfaction of the researcher. In cyclical iterations, early
development is more qualitatively driven but progressively
becomes more quantitatively driven; see Figure 2 [55]. Thus,
the iterative convergent mixed methods design involves

simultaneously collecting and analyzing qualitative and
quantitative data and, as critically important, taking into
consideration the iterative nature of mHealth technology
development.

In the following, we articulate the features of an iterative
convergent mixed methods design appropriate for mHealth
intervention development and usability testing that incorporates
an iterative process and is conducted according to the user’s
health care and usability needs. Leveraging a specific mixed
methods design can help fully integrate the 2 forms of data to
enhance the understanding of the usability of mHealth
interventions.

Figure 2. Evolution in an iterative convergent mixed methods design from qualitatively driven to quantitatively driven.

Methodology

Fetters et al recommend considering the design, data collection
procedures, interpretation, and analysis for achieving integration
in a mixed methods study [46]. The iterative convergent design
includes integration in various dimensions: the research
aim/question, data collection, data analysis, and data
interpretation. As illustrated in Figure 3, the results of each
iteration inform further development of mHealth technology.
These integration dimensions, as applied to usability testing,
are discussed in more detail below.

Step 1: Integration in the Research Aim/Question
Dimension
An iterative convergent mixed methods design should have an
MMR aim as well as specific quantitative research aims and
qualitative research questions.

Mixed Methods Aim
The mixed methods aim is to illustrate, explore, and measure
how to improve the usability of an mHealth intervention. A
mixed methods aim should imply both qualitative and
quantitative data collection methods. For example, illustrate
and explore imply qualitative data collection, whereas measure
implies qualitative data collection [7].

Quantitative Research Aims
Appropriate quantitative research aims include measuring
effectiveness, efficiency, and satisfaction, as illustrated in Table
3. These constructs provide a measure of patients’ experienced
usability. Effectiveness, efficiency, and satisfaction can be
compared across iterations to identify the most usable mHealth
technology.
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Qualitative Research Questions
As illustrated in Table 3, appropriate qualitative research
questions include clarifying and characterizing our
understanding of mHealth intervention usability. Qualitative
inquiry is particularly valuable for understanding how and why
a phenomenon occurs, a theory explaining a phenomenon, or
the nature of someone’s experience [56]. In usability testing,
specific applications can include how and why participants
make certain choices when using a prototype or their overall
assessment of the utility. Usability testing may require or suggest

a theory for its utility. The quality of the user’s experience is
critical for an mHealth developer who is creating a desirable
user-friendly system.

A recent study by Beatty et al [50] illustrates the mixed methods
process as they collected both quantitative and qualitative data
to determine the usability of a mobile app for
technology-facilitated home cardiac rehabilitation. Quantitative
data included the SUS and task completion rate, whereas the
qualitative data included questions about the functionality of
the mobile app [50].

Figure 3. The iterative convergent mixed methods research design.
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Table 3. Matching of the construct’s quantitative variables and qualitative questions in a joint display depicting mixed methods of data collection.

Qualitative questionsQuantitative variablesConstruct

How did you learn to use the app? How can we reduce the time it takes to learn the app? What
was your experience using the app? How can we reduce the time it takes to use the app?

Time to learn and useEffectiveness

How can we reduce the time it takes to enter the data?Data entry time

How can we reduce the time it takes to complete the task?Tasks time

How do you feel about the app response time?Response time

What are your thoughts about the time it took to install the app? The time it took to pair the
medical device, if applicable?

Time to install

What can we do to help users avoid the same error?Number of errorsEfficiency

What can we do to enhance the completion rate?Completion rate

How often would you use the app? Why? Why not?; How do you feel about the complexity of
the app?; How can we simplify it?; Do you have any recommendations to make the wording and
interface easier to use? ; Would you need the support of a technical person to be able to use this
system? How would you contact them: phone, email, or messaging? ; How did you find the inte-
gration of various functions in this app? How can we make it better?; How did you feel about
the consistency of the app?; How can we simplify it?; Did you have any troubles when using the
app? Where? How can we fix it? ; Did you feel confident when using the app? How can we make
you more confident?; Did the app capture issues of importance to you?; Are there other ways to
gather similar information?

Usability scoreSatisfaction

Step 2: Integration in the Data Collection Dimension
During usability testing, users will be asked to provide feedback
optionally on paper and, later, on working prototypes. Testing
usability with 5 participants will generally be sufficient for
identifying significant issues for each version [57]. During each
session, participants will be given specific tasks. Both
quantitative and qualitative data will be collected during and
after the completion of the tasks. Researchers have 3 key
strategies for integration during data collection: matching,
diffracting, and expanding.

Matching
The matching integration strategy involves intentionally asking
qualitative questions that address the scales or constructs of
quantitative instruments such that both instruments will elucidate
data about the same concepts or domains [7]. For example, the
constructs of both the ISO standards and SUS used during
quantitative data collection can be matched with similar or
related qualitative questions to generate related quantitative and
qualitative data, as illustrated in Table 3. A mixed methods data
collection joint display includes the major constructs of inquiry
in the first column. The latter 2 columns include the quantitative
data, for example, scales or items, and the qualitative data, for
example, qualitative questions or observation types. For
example, Beatty et al [50,58] used matching by integrating the
task completion time (quantitative) with asking “I noticed that
the _____ feature took you longer than some of the others. Tell
me more about that?” (qualitative). They also expanded on the
SUS by asking open-ended questions regarding the user’s
experience with the mHealth intervention.

The qualitative questions in this table include both general and
specific questions. Depending on the development needs, more
general questions may be used initially, whereas later, more
specific questions may be asked. When data become available,
the same table structure can be populated with the findings; see

Step 4: Integration in the Data Interpretation Dimension. The
ordering of the columns is flexible according to specific project
procedures.

Diffracting
The diffracting integration strategy involves intentionally asking
qualitative questions that will address different aspects of the
quantitative data, in the case of mHealth, the usability measure
[58]. The intent is to obtain different cuts of data that will reveal
information about different aspects of the usability that will not
be addressed with the quantitative scales or items that are being
collected [58]. Hence, for the ISO measures of effectiveness,
efficiency, and satisfaction, qualitative questions might explore
other facets, for example, animations, color patterns, sounds,
and font size.

Diffracting can be used to address external factors to the user;
such as the ease of connecting to the internet or connecting
medical devices via Bluetooth. It is also important to develop
an mHealth intervention that is energy efficient. mHealth
interventions that require frequent charging of the smartphone
or medical device are not recommended. Finally, developers
should ensure that adequate resources are available to address
medical and technical difficulties related to the mHealth
intervention.

Expanding
The expanding integration strategy occurs when the findings
from the 2 sources of data diverge and expand upon the
phenomenon of interest by addressing both different aspects of
a single phenomenon as well as a central phenomenon of interest
[46]. Expansion involves intentionally asking qualitative
questions that will be the same as the quantitative scales, while
also measuring and asking qualitative questions that will address
different aspects of usability. In essence, it reflects a hybrid
strategy of using both matching, an area of overlap, and
diffracting by looking at different aspects or facets of mHealth
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during the collection of data. Each of these integration strategies
could be used effectively in usability testing.

Quantitative Data Collection

Current prototyping platforms, such as InVision and Adobe
XD, integrate with Lookback to enable recording of the user’s
interaction with a smartphone. These allow recording of the
participant’s voice, nonverbal reactions, and mobile phone
screen display. The researcher asks participants to complete a
set of tasks and assess effectiveness, efficiency, and satisfaction.
The researcher records the time to learn and use mHealth
technology, data entry time, task completion time, response
time, and time to install the mHealth technology. The researcher
also records the number of errors and task completion rate. After
completing the tasks, the researcher administers the SUS to
assess the user’s satisfaction with the mHealth technology.

Qualitative Data Collection

The methods appropriate for assessment generally involve
semistructured interviews during or after the participant’s use
of the prototype. Researchers can utilize cognitive testing, also
called cognitive interviewing [59-61]. The researcher asks
participants to use the system while continuously thinking out
loud as they move through the user interface [62]. Thinking
aloud questions include “Tell me what you are thinking,” “What
are you looking at?”, or “What’s on your mind?”. The goal is
for the users to make their thoughts transparent to the
researcher. Verbal probing is another alternative for eliciting
additional information about mHealth technology. It is a more
active form of data collection in which the cognitive interviewer
administers a series of probe questions specifically designed to
elicit detailed information beyond that which is typically
provided by respondents [59].

Another alternative to these approaches involves a postuse
debrief where the interviewer observes the user going through
the mHealth intervention, notes decisions made, and, after use,
enquires about decisions made along each step of the way. The
strength of this approach is that the user can go through the
version naturally without disruption as a real user would.
However, the downside is the risk that the user may forget what
specific thoughts or motivations influenced their decisions
during real-time use. Postuse debrief questions may include (1)
whether the tool captured issues of importance to the user, (2)
whether the tool was easy to use and understand regarding
question wording and interface, and (3) whether there were
other ways the system could be improved.

A different option involves the collection of observations to
record information about behavior. This can be done in real
time through the collection of notes while observing or through
recordings of the user’s interactions and using video elicitation
interviews [63]. Video elicitation interviews question the user
about their experiences and choices at certain points while
interacting, for example, specific choices made and reasons for
leaving a screen or returning to it. Tobii Pro can allow the
researcher to track eye movements that convey behavioral
patterns of use while interfacing with the mHealth technology.

Semistructured interviews and cognitive interviewing are
suitable in the early stages of development. The goal is to

identify bugs in the system, that is, anything that is dysfunctional
or suboptimal. In later stages, verbal probing and video
elicitation interviews are recommended to obtain specific data
about the engineered changes.

Step 3: Integration in the Data Analysis Dimension
There are 2 approaches for an integrated analysis: an interactive
analysis strategy or an independent intramethod analysis [64].

Interactive Analysis Strategy
The interactive analysis strategy [64], also called a
crossover-tracks analysis [65], means that the researcher
considers the qualitative and quantitative findings, in real time,
as the data are collected and analyzed. That is, the data are
openly, actively, and interactively considered in the context of
each other. Metaphorically, the data are talking to each other.

Independent Intramethod Strategy
The independent intramethod strategy, also called a
parallel-tracks analysis [65], means that the researcher uses an
intramethod (ie, within method) qualitative data analysis strategy
separately or independently to the quantitative data analysis
strategy. First, each type of data is examined using a strategy
appropriate for the type of data, for example, statistical analysis
of quantitative data and thematic analysis of the qualitative data.
After the separate/independent analysis, the findings are then
integrated to draw an overarching interpretation, so-called
metainferences in MMR methodology [65].

For an iterative convergent design, the research can and likely
will use both strategies depending on the stage of testing. The
interactive analysis strategy is preferred, especially during early
prototype testing when the number of users will invariably be
smaller and there is an urgency for identifying major issues. As
statistical analyses will not be feasible or necessary, this
approach allows rapidly assessing user rankings of certain
features, for example, using the SUS as well as their qualitative
experiences with the system.

In later cycles of testing, the analysis may shift to a more
independent intramethod analysis strategy. As a higher number
of users engage and real-time automated digital user data
emerge, the interactive analysis approach may become more
challenging to conduct. Moreover, the independent intramethod
analysis may be preferred when the scale of testing expands
such that blinded quantitative data collection becomes more
important. Doing so can enable the researcher to avoid validity
threats to the data quality that could occur by changing the data
collection approach or by sharing patterns with users in real
time. For example, Kron et al [66] linked the qualitative findings
from learners’ reflections on their experiences after completing
the qualitative and quantitative analyses.

Combined Independent and Interactive Data Analysis
The third option can involve an iteration of both interactive and
independent data analyses, that is, user survey and interview
data conducted in real time can be looked at interactively,
whereas automated data collection that accumulates as the
number of users expands may be brought into the results of the
interactive analysis after being examined independently. The
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exact approach may vary and evolve according to development
needs.

The Fit of the 2 Types of Data When Considered
Together
Comparing both the qualitative and quantitative findings allows
researchers to examine the similarities, differences, or
contradictions. This comparison also allows researchers to obtain
an expanded understanding of when the qualitative and
quantitative findings from the analyses are merged for an
interpretation. Similarities occur when there is convergence or
confirmation between the qualitative and quantitative findings.
Differences occur when the 2 types of data illustrate different,
nonconflicting interpretations, so-called complementarity [67].
There is an expanded understanding, namely, expansion, when
qualitative and quantitative finding provides a broader
understanding of a central commonality [7,46]. Contradictions
occur when there is discordance or divergence between the
findings of the qualitative and quantitative data. To handle
discordance, Fetters et al recommend gathering additional data,
reanalyzing existing databases to resolve differences, seeking
explanations from theory, or challenging the validity of the
constructs [7,46].

Step 4: Integration in the Data Interpretation
Dimension
A key challenge in mixed methods studies is how to merge the
qualitative and quantitative data. A very promising approach
of growing popularity among mixed methods researchers is the
creation of a joint display [68]. Table 4 provides an example of
presenting matched quantitative and qualitative data through a
joint display. This joint display is derived from a randomized
multisite mixed methods trial designed to compare a medical
student’s attitudes and experiences regarding the intervention,
a virtual human-computer simulation program teaching
communication skills, or a control, a computer-based learning
module focused on teaching communication skills [66]. The
data collection for this project included usability-focused
questioning [8].

Joint displays allow researchers to integrate data through visual
means to draw out new insights beyond the information gained
from the separate quantitative and qualitative results [46,68].
Joint displays are commonly built by organizing quantitative
and qualitative findings of a related construct or topic in a table.
When matching has been used during data collection, this
process follows naturally. In the case of mHealth, the joint
display might include the usability constructs, user’s perceptions,
and an image or even a video representing the task [69]. For
example, SUS and ISO metrics can be used to populate the
numerical score and SD in the quantitative column. In addition,
themes and representative quotations can be used to populate
the qualitative column. In the final column, metainferences, an
interpretation in consideration of the qualitative and quantitative
findings, are made about the findings when analyzed together.

Step 5: Developer Updates the Mobile Health
Intervention
After merging the data and drawing interpretations about their
cumulative meaning (making metainferences), an iterative

convergent mixed methods design then involves the results
being communicated to the developers who will include the
recommendations in the new iteration of the intervention.
Moreover, as the developers make changes, they may also have
specific questions to be answered in the subsequent cycle of
iterative convergent data collection. Thus, newly emerging
questions are added into subsequent rounds of data collection.
In general, both qualitative and quantitative data (task
completion rate, task completion time, number of errors,
completing rate, and the SUS questionnaire) should be compared
with each iteration for new mHealth versions.

Step 6: Iterative Evaluation
As illustrated in Figure 3, after 1 cycle of iterative evaluation,
the next step is to develop a new version that has incorporated
the findings from the previous evaluation. For example, Beatty
et al [50] compared the task completion success rate and SUS
across iterations of the mHealth intervention. The procedure
will be similar by going back to Step 2: Integration in the Data
Collection Dimension. With the new iteration, there will be new
questions to ask, sometimes more general and sometimes more
specific, depending on what changes were made. Furthermore,
a new iteration is also required when the researcher introduces
a new feature or functionality to the mHealth intervention.

On the basis of the results of the usability test, many changes
may be required. The researcher should prioritize these changes
while focusing on the user’s needs. Generally, the magnitude
of data collection and intensity will change. In the early rounds
of development, the qualitative component of the mixed methods
evaluation will weigh more heavily for identifying the
macrolevel changes (Figure 1). This is more of a qualitatively
driven mixed methods approach [64]. In subsequent iterations,
as the prototype moves from paper to digital prototype to
product, changes may depend much more heavily on the
quantitative automated analyses that can accumulate with
increased numbers of users, a quantitatively driven approach.
Hence, in later cycles, the quantitative data may help identify
problems, whereas the qualitative data can be used to identify
solutions.

Reaching Closure in an Iterative Convergent Mixed
Methods Design
Many researchers use the concept of saturation when conducting
usability testing [70,71]. Saturation represents the point at which
the researcher stops collecting data based on the criterion of not
finding new information relevant to the development of the
mHealth application. Researchers also have the option for
longitudinal evaluation by comparing user satisfaction with the
new mHealth technology with the result of the SUS across
iterations. Similarly, qualitative data about specific features can
be compared as well. After usability testing, the final prototype
of the mHealth intervention can then be included in a pilot study
for final refinement before launching it in a larger trial. During
these subsequent phases, the iterative convergent mixed methods
design will naturally continue, even into the trial.
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Table 4. A joint display adapted from Kron et al’s MPathic-VR mixed methods trial comparing a virtual human simulation and a computer-based
communications module that illustrates medical students’ attitudes and experiences in both trial arms.

Interpretation of mixed
methods findings

Computer Based LearningMPathic-VRDomains

Qualitative reflection; illus-
trative quotes

Attitudinal
item, mean
(SD)

Qualitative reflection; illus-
trative quotes

Attitudinal
item, mean
(SD)

Intervention arm comments
suggest deeper understand-
ing of the content than
teaching using memorization
and mnemonics as in the
control, a difference con-
firmed by higher attitudinal
scores

“This educational module
was useful for clarifying the
use of SBAR and addressing
ways that all members of a
health care team can im-
prove patient care through
better communication skills”

3.89 (1.67)“How to introduce myself
without making assumptions
about the cultural back-
ground of the patient and the
family”

5.02 (1.62)Verbal communication

Intervention arm comments
address the value of learning
nonverbal communication,
the difference confirmed by
attitudinal scores

None2.77 (1.45)“Effective communication
involves non-verbal facial
expression like smiling and
head nodding”

4.11 (1.85)Nonverbal communication

Intervention arm comments
reflect engagement through
the after-action review,
whereas the control com-
ments suggested the need for
interaction, the difference
confirmed by higher attitudi-
nal scores

“This experience can be im-
proved by incorporating
more active participation.
For example, there could
have been a scenario in
which we would have to se-
lect the appropriate hand-off
information per SBAR
guideline”

3.69 (1.62)“Reviewing the video re-
view was a great way to see
my facial expressions and it
allowed me to improve on
these skills the second time
around”

5.43 (1.55)Training was engaging

Intervention arm comments
indicate awareness of com-
munication in emotionally
charged situations, yet con-
trol comments indicate the
need for additional training,
a difference confirmed in
attitudinal scores

“I anticipate that high-stress
situations where time is ex-
ceedingly crucial requires
modification to the methods
presented.”

2.34 (1.35)“I tend to try to smile more
often than not in emotionally
charged situations and that
may result in conveying the
wrong message”

5.13 (1.48)Effectiveness in learning to
handle emotionally charged
situations

Discussion

Here, we emphasize the need and process for mHealth
researchers to use state-of-the-art mixed methods procedures.
Previous single method usability studies were limited in their
findings. Some studies have assessed usability using only
qualitative data [72-74]. These studies can only elucidate an
understanding of how and why participants make certain choices
when using a prototype or their overall assessment of the utility.
On the contrary, some studies have used quantitative data
exclusively to assess usability [75,76]. These studies are limited
to specific questions about usability and could miss valuable
experiential information.

Features of the Iterative Convergent Mixed Methods
Design
Despite the recognized value of using mixed methods for
usability testing [49-51,77], researchers have lacked a specific
design and clear procedures featuring an integrated approach
that is focused on mHealth development. We believe, and the
identified literature supports, that many researchers in the field
are only using qualitative and quantitative procedures separately
without a focus on the features of integration [37,50,51]. This
illustrates explicitly why mHealth intervention researchers need

a better understanding of how to incorporate the latest advances
in MMR methodology, which explicitly emphasizes integration,
and has procedures for achieving it.

We suggest the following criteria for evaluating the quality of
studies that have used the iterative convergent mixed methods
design:

1. The authors report on an empirical mHealth-related usability
study.

2. The authors use an integrated mixed methods approach,
defined as the collection, analysis, and integration of
quantitative and qualitative data [52].

3. The authors compare the results of various iterations of the
mHealth intervention.

The iterative convergent mixed methods design provides a clear
framework for integrating quantitative and qualitative data to
assess usability. As illustrated in Figure 3, there are multiple
dimensions during testing, questions, data collection, analysis,
and interpretation as well as subsequent data collection that
characterize an iterative convergent mixed methods design.

With this design, researchers will start with a mockup, prototype,
or the actual mHealth intervention that is represented in the
diagram by the circle named the mHealth technology version.
In each round, the researcher will evaluate aspects of the version
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using both qualitative and quantitative research aims and,
importantly, making overarching interpretations or
metainferences based on the findings of both types of data that
inform the next steps [65]. During data collection, the researcher
can use matching, diffracting, or expanding as data are collected.
Employing specific data collection approaches, the constructs
explored quantitatively with scales can be explored with a
similar line of qualitative questioning or inquiry. Once the data
are brought together, they are compared so as to examine their
confirmation, expansion, differing interpretations, or discordance
[46]. As successive versions of the mHealth technology are
produced, each version will involve both qualitative and
quantitative data collection brought together for an integrated
analysis. Iterative qualitative and quantitative data collection
can be compared with each iteration to create the most usable
version of the mHealth technology.

Limitations
There are potential limitations to the current usability approach.
Although the small sample size may resolve the majority of
usability issues [57], usability testing with a small number of
individuals will generally reveal major flaws or bugs in the
system. As the mHealth intervention becomes refined and moves
from the protocol stage to the actual use stage, access to
quantitative data rapidly increases and becomes more of a focus.

Usability testing can be conducted on the Web or in a laboratory
setting. The value of Web-based testing is that users can
participate from their natural context and use their own devices.

It is also more cost-effective, and users can be in any location
with an internet connection. In a laboratory setting, the
researcher can probe users while they walk through their tasks,
gather visual cues, assist stumped users, and ask new questions
during the testing session.

We acknowledge that there are other methods, including other
mixed methods designs [46], potentially applicable for usability
and design research, for example, mixed methods interventions
or trials. There are also other scales that can be used to quantify
the satisfaction construct, such as the Post Study System
Usability Questionnaire [78]. Addressing all of these methods
and scales extends beyond the scope of our current focus.

Conclusions
A usable mHealth intervention with high user satisfaction can
have a significantly positive effect on mHealth adoption,
resulting in improved health outcomes and quality of life and
reduced overall health care costs. Effective mHealth
interventions are critically important for empowering patients
to manage their health and also potentially enable them to
participate more actively in shared decision making with their
health care providers. This study offers a novel framework to
guide mHealth research that has the potential to generate unique
insights into multifaceted phenomena related to usability.
Understanding these practices can help developers and
researchers leverage the strengths of an integrated mixed
methods design.

Conflicts of Interest
None declared.

Multimedia Appendix 1
System Usability Scale.

[DOCX File, 13KB-Multimedia Appendix 1]

References

1. Joe J, Demiris G. Older adults and mobile phones for health: a review. J Biomed Inform 2013 Oct;46(5):947-954 [FREE
Full text] [doi: 10.1016/j.jbi.2013.06.008] [Medline: 23810858]

2. Juen J, Cheng Q, Schatz B. A natural walking monitor for pulmonary patients using mobile phones. IEEE J Biomed Health
Inform 2015 Jul;19(4):1399-1405. [doi: 10.1109/JBHI.2015.2427511] [Medline: 25935052]

3. Zhang J, Song Y, Bai C. MIOTIC study: a prospective, multicenter, randomized study to evaluate the long-term efficacy
of mobile phone-based Internet of Things in the management of patients with stable COPD. Int J Chron Obstruct Pulmon
Dis 2013;8:433-438 [FREE Full text] [doi: 10.2147/COPD.S50205] [Medline: 24082784]

4. Alwashmi M, Hawboldt J, Davis E, Marra C, Gamble J, Abu Ashour W. The effect of smartphone interventions on patients
with chronic obstructive pulmonary disease exacerbations: a systematic review and meta-analysis. JMIR Mhealth Uhealth
2016 Sep 1;4(3):e105 [FREE Full text] [doi: 10.2196/mhealth.5921] [Medline: 27589898]

5. Sarkar U, Gourley G, Lyles C, Tieu L, Clarity C, Newmark L, et al. Usability of commercially available mobile applications
for diverse patients. J Gen Intern Med 2016 Dec;31(12):1417-1426 [FREE Full text] [doi: 10.1007/s11606-016-3771-6]
[Medline: 27418347]

6. Carayon P, Kianfar S, Li Y, Xie A, Alyousef B, Wooldridge A. A systematic review of mixed methods research on human
factors and ergonomics in health care. Appl Ergon 2015 Nov;51:291-321 [FREE Full text] [doi: 10.1016/j.apergo.2015.06.001]
[Medline: 26154228]

7. Fetters M, Molina-Azorin J. The journal of mixed methods research starts a new decade: the mixed methods research
integration trilogy and its dimensions. J Mix Methods Res 2017 Jun 16;11(3):291-307. [doi: 10.1177/1558689817714066]

8. Fetters M. Six equations to help conceptualize the field of mixed methods. J Mix Methods Res 2018 Jun 20;12(3):262-267.
[doi: 10.1177/1558689818779433]

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 4 | e11656 | p. 11http://mhealth.jmir.org/2019/4/e11656/
(page number not for citation purposes)

Alwashmi et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v7i4e11656_app1.docx&filename=1f9946aad13de28654d549ee18ab394a.docx
https://jmir.org/api/download?alt_name=mhealth_v7i4e11656_app1.docx&filename=1f9946aad13de28654d549ee18ab394a.docx
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(13)00083-X
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(13)00083-X
http://dx.doi.org/10.1016/j.jbi.2013.06.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23810858&dopt=Abstract
http://dx.doi.org/10.1109/JBHI.2015.2427511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25935052&dopt=Abstract
https://dx.doi.org/10.2147/COPD.S50205
http://dx.doi.org/10.2147/COPD.S50205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24082784&dopt=Abstract
http://mhealth.jmir.org/2016/3/e105/
http://dx.doi.org/10.2196/mhealth.5921
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27589898&dopt=Abstract
http://europepmc.org/abstract/MED/27418347
http://dx.doi.org/10.1007/s11606-016-3771-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27418347&dopt=Abstract
http://europepmc.org/abstract/MED/26154228
http://dx.doi.org/10.1016/j.apergo.2015.06.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26154228&dopt=Abstract
http://dx.doi.org/10.1177/1558689817714066
http://dx.doi.org/10.1177/1558689818779433
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Fetters M, Freshwater D. The 1 + 1 = 3 integration challenge. J Mix Methods Res 2015 Apr 9;9(2):115-117. [doi:
10.1177/1558689815581222]

10. World Health Organization. 2011. mHealth: New horizons for health through mobile technologies: Based on the findings
of the second global survey on eHealth (global observatory for eHealth series, volume 3) URL: http://www.who.int/goe/
publications/goe_mHealth_web.pdf [accessed 2019-04-05] [WebCite Cache ID 77PK3pRX0]

11. Fogel A, Kvedar J. Artificial intelligence powers digital medicine. NPJ Digit Med 2018 Mar 14;1(1):5. [doi:
10.1038/s41746-017-0012-2]

12. Watson H. IBM. Watson Health: Get the Facts URL: https://www.ibm.com/blogs/watson-health/watson-health-get-facts/
[accessed 2019-01-28] [WebCite Cache ID 75lm9stxT]

13. Källander K, Tibenderana J, Akpogheneta O, Strachan DL, Hill Z, ten Asbroek AH, et al. Mobile health (mHealth) approaches
and lessons for increased performance and retention of community health workers in low- and middle-income countries:
a review. J Med Internet Res 2013 Jan 25;15(1):e17 [FREE Full text] [doi: 10.2196/jmir.2130] [Medline: 23353680]

14. Aranda-Jan C, Mohutsiwa-Dibe N, Loukanova S. Systematic review on what works, what does not work and why of
implementation of mobile health (mHealth) projects in Africa. BMC Public Health 2014 Feb 21;14:188 [FREE Full text]
[doi: 10.1186/1471-2458-14-188] [Medline: 24555733]

15. Vashist S, Luppa P, Yeo L, Ozcan A, Luong J. Emerging technologies for next-generation point-of-care testing. Trends
Biotechnol 2015 Nov;33(11):692-705. [doi: 10.1016/j.tibtech.2015.09.001] [Medline: 26463722]

16. Hayes D, Markus H, Leslie R, Topol E. Personalized medicine: risk prediction, targeted therapies and mobile health
technology. BMC Med 2014 Feb 28;12(1):37 [FREE Full text] [doi: 10.1186/1741-7015-12-37] [Medline: 24580858]

17. International Organization for Standardization. 2010. ISO 9241-210 ergonomics of human-system interaction -- part 210:
Human-centred design for interactive systems URL: https://www.iso.org/standard/52075.html [accessed 2019-04-05]
[WebCite Cache ID 77PKzAfQr]

18. Nelson L, Mayberry L, Wallston K, Kripalani S, Bergner E, Osborn C. Development and usability of REACH: a tailored
theory-based text messaging intervention for disadvantaged adults with type 2 diabetes. JMIR Hum Factors 2016 Sep
8;3(2):e23 [FREE Full text] [doi: 10.2196/humanfactors.6029] [Medline: 27609738]

19. Steele Gray C, Khan A, Kuluski K, McKillop I, Sharpe S, Bierman AS, et al. Improving patient experience and primary
care quality for patients with complex chronic disease using the electronic patient-reported outcomes tool: adopting qualitative
methods into a user-centered design approach. JMIR Res Protoc 2016 Feb 18;5(1):e28 [FREE Full text] [doi:
10.2196/resprot.5204] [Medline: 26892952]

20. International Organization for Standardization. Ergonomics of human-system interaction - part 11: Usability: Definitions
and concepts URL: https://www.iso.org/standard/63500.html [accessed 2019-04-05] [WebCite Cache ID 77PK8kRmL]

21. Goldberg L, Lide B, Lowry S, Massett HA, O'Connell T, Preece J, et al. Usability and accessibility in consumer health
informatics current trends and future challenges. Am J Prev Med 2011 May;40(5 Suppl 2):S187-S197. [doi:
10.1016/j.amepre.2011.01.009] [Medline: 21521594]

22. Bevan N, Carter J, Harker S. ISO 9241-11 revised: what have we learnt about usability since 1998? Int Conf Hum Comput
Interact 2015 Jul 21:2015-2151. [doi: 10.1007/978-3-319-20901-2_13]

23. Horton K. The use of telecare for people with chronic obstructive pulmonary disease: implications for management. J Nurs
Manag 2008 Mar;16(2):173-180. [doi: 10.1111/j.1365-2834.2008.00845.x] [Medline: 18269548]

24. Mayberry L, Mulvaney S, Johnson K, Osborn C. The MEssaging for diabetes intervention reduced barriers to medication
adherence among low-income, diverse adults with type 2. J Diabetes Sci Technol 2017 Dec;11(1):92-99 [FREE Full text]
[doi: 10.1177/1932296816668374] [Medline: 27595710]

25. Dorsey E, Chan YF, McConnell MV, Shaw SY, Trister AD, Friend SH. The use of smartphones for health research. Acad
Med 2017 Dec;92(2):157-160. [doi: 10.1097/ACM.0000000000001205] [Medline: 27119325]

26. research2guidance. 2018. mHealth economics - how mHealth app publishers are monetizing their apps URL: https:/
/research2guidance.com/product/mHealth-economics-how-mHealth-app-publishers-are-monetizing-their-apps/ [accessed
2019-04-05] [WebCite Cache ID 77PKSpVXL]

27. Usability.gov. Benefits of user-centered design URL: https://www.usability.gov/what-and-why/benefits-of-ucd.html
[accessed 2019-04-05] [WebCite Cache ID 77PKmvj2H]

28. Ribeiro N, Moreira L, Barros A, Almeida A, Santos-Silva F. Guidelines for a cancer prevention smartphone application:
a mixed methods study. Int J Med Inform 2016 Dec;94:134-142. [doi: 10.1016/j.ijmedinf.2016.07.007] [Medline: 27573321]

29. Smith S, Claridy M, Whitehead M, Sheats JQ, Yoo W, Alema-Mensah EA, et al. Lifestyle modification experiences of
African American breast cancer survivors: a needs assessment. JMIR Cancer 2015;1(2) [FREE Full text] [doi:
10.2196/cancer.4892] [Medline: 26380378]

30. Hattink B, Droes R, Sikkes S, Oostra E, Lemstra A. Evaluation of the Digital Alzheimer Center: testing usability and
usefulness of an online portal for patients with dementia and their carers. JMIR Res Protoc 2016 Jul 21;5(3):e144 [FREE
Full text] [doi: 10.2196/resprot.5040] [Medline: 27444209]

31. Triantafyllidis A, Velardo C, Chantler T, Shah SA, Paton C, Khorshidi R, SUPPORT-HF Investigators. A personalised
mobile-based home monitoring system for heart failure: the SUPPORT-HF Study. Int J Med Inform 2015 Oct;84(10):743-753.
[doi: 10.1016/j.ijmedinf.2015.05.003] [Medline: 26037921]

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 4 | e11656 | p. 12http://mhealth.jmir.org/2019/4/e11656/
(page number not for citation purposes)

Alwashmi et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1177/1558689815581222
http://www.who.int/goe/publications/goe_mHealth_web.pdf
http://www.who.int/goe/publications/goe_mHealth_web.pdf
http://www.webcitation.org/

                                            77PK3pRX0
http://dx.doi.org/10.1038/s41746-017-0012-2
https://www.ibm.com/blogs/watson-health/watson-health-get-facts/
http://www.webcitation.org/

                                            75lm9stxT
http://www.jmir.org/2013/1/e17/
http://dx.doi.org/10.2196/jmir.2130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23353680&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-14-188
http://dx.doi.org/10.1186/1471-2458-14-188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24555733&dopt=Abstract
http://dx.doi.org/10.1016/j.tibtech.2015.09.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26463722&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-12-37
http://dx.doi.org/10.1186/1741-7015-12-37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24580858&dopt=Abstract
https://www.iso.org/standard/52075.html
http://www.webcitation.org/

                                            77PKzAfQr
http://humanfactors.jmir.org/2016/2/e23/
http://dx.doi.org/10.2196/humanfactors.6029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27609738&dopt=Abstract
http://www.researchprotocols.org/2016/1/e28/
http://dx.doi.org/10.2196/resprot.5204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26892952&dopt=Abstract
https://www.iso.org/standard/63500.html
http://www.webcitation.org/

                                            77PK8kRmL
http://dx.doi.org/10.1016/j.amepre.2011.01.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21521594&dopt=Abstract
http://dx.doi.org/10.1007/978-3-319-20901-2_13
http://dx.doi.org/10.1111/j.1365-2834.2008.00845.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18269548&dopt=Abstract
http://europepmc.org/abstract/MED/27595710
http://dx.doi.org/10.1177/1932296816668374
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27595710&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0000000000001205
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27119325&dopt=Abstract
https://research2guidance.com/product/mHealth-economics-how-mHealth-app-publishers-are-monetizing-their-apps/
https://research2guidance.com/product/mHealth-economics-how-mHealth-app-publishers-are-monetizing-their-apps/
http://www.webcitation.org/

                                            77PKSpVXL
https://www.usability.gov/what-and-why/benefits-of-ucd.html
http://www.webcitation.org/

                                            77PKmvj2H
http://dx.doi.org/10.1016/j.ijmedinf.2016.07.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27573321&dopt=Abstract
http://cancer.jmir.org/2015/2//
http://dx.doi.org/10.2196/cancer.4892
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26380378&dopt=Abstract
http://www.researchprotocols.org/2016/3/e144/
http://www.researchprotocols.org/2016/3/e144/
http://dx.doi.org/10.2196/resprot.5040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27444209&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2015.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26037921&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Lyles C, Sarkar U, Osborn C. Getting a technology-based diabetes intervention ready for prime time: a review of usability
testing studies. Curr Diab Rep 2014 Oct;14(10):534 [FREE Full text] [doi: 10.1007/s11892-014-0534-9] [Medline: 25173689]

33. Zapata B, Fernández-Alemán JL, Idri A, Toval A. Empirical studies on usability of mHealth apps: a systematic literature
review. J Med Syst 2015 Feb;39(2):1. [doi: 10.1007/s10916-014-0182-2] [Medline: 25600193]

34. Hopkins I, Dunn K, Bourgeois F, Rogers J, Chiang V. From development to implementation-a smartphone and email-based
discharge follow-up program for pediatric patients after hospital discharge. Healthc (Amst) 2016 Jun;4(2):109-115. [doi:
10.1016/j.hjdsi.2015.11.003] [Medline: 27343160]

35. Krug S. Don't Make Me Think, Revisited: A Common Sense Approach To Web Usability (3rd Edition) (voices That Matter).
San Francisco: New Riders; 2014.

36. Brooke J. Universite de Geneve. 1996. SUS-a quick and dirty usability scale URL: https://cui.unige.ch/isi/icle-wiki/_media/
ipm:test-suschapt.pdf [accessed 2019-04-06] [WebCite Cache ID 77QdKu9Ik]

37. Farinango C, Benavides J, Cerón JD, López DM, Álvarez RE. Human-centered design of a personal health record system
for metabolic syndrome management based on the ISO 9241-210:2010 standard. J Multidiscip Healthc 2018;11:21-37
[FREE Full text] [doi: 10.2147/JMDH.S150976] [Medline: 29386903]

38. Gunter R, Fernandes-Taylor S, Mahnke A, Awoyinka L, Schroeder C, Wiseman J, et al. Evaluating patient usability of an
image-based mobile health platform for postoperative wound monitoring). JMIR Mhealth Uhealth 2016 Sep 28;4(3):e113
[FREE Full text] [doi: 10.2196/mhealth.6023] [Medline: 27683059]

39. Georgsson M, Staggers N. Quantifying usability: an evaluation of a diabetes mHealth system on effectiveness, efficiency,
and satisfaction metrics with associated user characteristics. J Am Med Inform Assoc 2016 Jan;23(1):5-11 [FREE Full text]
[doi: 10.1093/jamia/ocv099] [Medline: 26377990]

40. Moumane K, Idri A, Abran A. Usability evaluation of mobile applications using ISO 9241 and ISO 25062 standards.
Springerplus 2016;5:548 [FREE Full text] [doi: 10.1186/s40064-016-2171-z] [Medline: 27190747]

41. Creswell J. A Concise Introduction To Mixed Methods Research. Thousand Oaks, California: Sage Publications, Inc; 2015.
42. Johnson R, Onwuegbuzie A, Turner L. Toward a definition of mixed methods research. J Mix Methods Res 2016 Jun

29;1(2):112-133. [doi: 10.1177/1558689806298224]
43. Curry L, Nunez-Smith M. Mixed Methods in Health Sciences Research. Thousand Oaks, California: Sage Publications,

Inc; 2015.
44. Curry L, Nembhard I, Bradley E. Qualitative and mixed methods provide unique contributions to outcomes research.

Circulation 2009 Mar 17;119(10):1442-1452. [doi: 10.1161/CIRCULATIONAHA.107.742775] [Medline: 19289649]
45. Creswell J, Klassen A, Plano CV, Smith K. Best Practices for Mixed Methods Research in the Health Sciences. Bethesda

(Maryland): National Institutes of Health; 2013:541-545.
46. Fetters M, Curry L, Creswell J. Achieving integration in mixed methods designs-principles and practices. Health Serv Res

2013 Dec;48(6 Pt 2):2134-2156 [FREE Full text] [doi: 10.1111/1475-6773.12117] [Medline: 24279835]
47. Mertens DM. Mixed methods and wicked problems. J Mix Methods Res 2014 Dec 5;9(1):3-6 [FREE Full text] [doi:

10.1177/1558689814562944]
48. Nitsch M, Dimopoulos C, Flaschberger E, Saffran K, Kruger JF, Garlock L, et al. A guided online and mobile self-help

program for individuals with eating disorders: an iterative engagement and usability study. J Med Internet Res 2016 Jan
11;18(1):e7 [FREE Full text] [doi: 10.2196/jmir.4972] [Medline: 26753539]

49. Sage A, Roberts C, Geryk L, Sleath B, Tate D, Carpenter D. A self-regulation theory-based asthma management mobile
app for adolescents: a usability assessment. JMIR Hum Factors 2017 Feb 1;4(1):e5 [FREE Full text] [doi:
10.2196/humanfactors.7133] [Medline: 28148471]

50. Beatty AL, Magnusson SL, Fortney JC, Sayre GG, Whooley MA. VA FitHeart, a mobile app for cardiac rehabilitation:
usability study. JMIR Hum Factors 2018 Jan 15;5(1):e3 [FREE Full text] [doi: 10.2196/humanfactors.8017] [Medline:
29335235]

51. Alnasser A, Kyle J, Alkhalifah A, Marais D. Relationship between evidence requirements, user expectations, and actual
experiences: usability evaluation of the Twazon Arabic weight loss app. JMIR Hum Factors 2018 Apr 17;5(2):e16 [FREE
Full text] [doi: 10.2196/humanfactors.9765] [Medline: 29666042]

52. Creswell J, Clark V. Designing and Conducting Mixed Methods Research. Thousand Oaks, California: Sage Publications,
Inc; 2018.

53. Tashakkori A, Teddlie C, Teddlie C. Mixed Methodology: Combining Qualitative and Quantitative Approaches. Thousand
Oaks, California: Sage Publications, Inc; 1998.

54. Creswell J, Plano CV, Gutmann M, Hanson W. Advanced mixed methods research designs. In: Tashakkori A, Teddlie C,
editors. SAGE Handbook of Mixed Methods in Social & Behavioral Research. Thousand Oaks, California: Sage Publications,
Inc; 2003:240.

55. Hesse-Biber S, Johnson R. The Oxford Handbook of Multimethod and Mixed Methods Research Inquiry. New York, NY:
Oxford University Press; 2015.

56. Teherani A, Martimianakis T, Stenfors-Hayes T, Wadhwa A, Varpio L. Choosing a qualitative research approach. J Grad
Med Educ 2015 Dec;7(4):669-670 [FREE Full text] [doi: 10.4300/JGME-D-15-00414.1] [Medline: 26692985]

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 4 | e11656 | p. 13http://mhealth.jmir.org/2019/4/e11656/
(page number not for citation purposes)

Alwashmi et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/25173689
http://dx.doi.org/10.1007/s11892-014-0534-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25173689&dopt=Abstract
http://dx.doi.org/10.1007/s10916-014-0182-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25600193&dopt=Abstract
http://dx.doi.org/10.1016/j.hjdsi.2015.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27343160&dopt=Abstract
https://cui.unige.ch/isi/icle-wiki/_media/ipm:test-suschapt.pdf
https://cui.unige.ch/isi/icle-wiki/_media/ipm:test-suschapt.pdf
http://www.webcitation.org/

                                            77QdKu9Ik
https://dx.doi.org/10.2147/JMDH.S150976
http://dx.doi.org/10.2147/JMDH.S150976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29386903&dopt=Abstract
http://mhealth.jmir.org/2016/3/e113/
http://dx.doi.org/10.2196/mhealth.6023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27683059&dopt=Abstract
http://europepmc.org/abstract/MED/26377990
http://dx.doi.org/10.1093/jamia/ocv099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26377990&dopt=Abstract
http://europepmc.org/abstract/MED/27190747
http://dx.doi.org/10.1186/s40064-016-2171-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27190747&dopt=Abstract
http://dx.doi.org/10.1177/1558689806298224
http://dx.doi.org/10.1161/CIRCULATIONAHA.107.742775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19289649&dopt=Abstract
http://europepmc.org/abstract/MED/24279835
http://dx.doi.org/10.1111/1475-6773.12117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24279835&dopt=Abstract
https://journals.sagepub.com/doi/full/10.1177/1558689814562944
http://dx.doi.org/10.1177/1558689814562944
http://www.jmir.org/2016/1/e7/
http://dx.doi.org/10.2196/jmir.4972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26753539&dopt=Abstract
http://humanfactors.jmir.org/2017/1/e5/
http://dx.doi.org/10.2196/humanfactors.7133
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28148471&dopt=Abstract
http://humanfactors.jmir.org/2018/1/e3/
http://dx.doi.org/10.2196/humanfactors.8017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29335235&dopt=Abstract
http://humanfactors.jmir.org/2018/2/e16/
http://humanfactors.jmir.org/2018/2/e16/
http://dx.doi.org/10.2196/humanfactors.9765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29666042&dopt=Abstract
http://europepmc.org/abstract/MED/26692985
http://dx.doi.org/10.4300/JGME-D-15-00414.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26692985&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


57. Nielsen J. Nielsen Norman Group. 2018. How many test users in a usability study? URL: https://www.nngroup.com/articles/
how-many-test-users/ [accessed 2018-07-24] [WebCite Cache ID 71A29VZwV]

58. Uprichard E, Dawney L. Data diffraction: challenging data integration in mixed methods research. J Mix Methods Res
2019 Jan;13(1):19-32 [FREE Full text] [doi: 10.1177/1558689816674650] [Medline: 30595679]

59. Willis G, Artino JA. What do our respondents think we're asking? Using cognitive interviewing to improve medical education
surveys. J Grad Med Educ 2013 Sep;5(3):353-356 [FREE Full text] [doi: 10.4300/JGME-D-13-00154.1] [Medline: 24404294]

60. Wharton C, Rieman J, Lewis C, Polson P. The cognitive walkthrough method: a practitioner's guide. In: Usability Inspection
Methods. New Jersey, United States: Wiley; 1994.

61. Lapka C, Jupka K, Wray R, Jacobsen H. Applying cognitive response testing in message development and pre-testing.
Health Educ Res 2008 Jun;23(3):467-476. [doi: 10.1093/her/cym089] [Medline: 18218615]

62. Nielsen J. Nielsen Norman Group. 2012. Thinking aloud: The #1 usability tool URL: https://www.nngroup.com/articles/
thinking-aloud-the-1-usability-tool/ [accessed 2018-07-24] [WebCite Cache ID 71A2GL4VG]

63. Henry S, Fetters M. Video elicitation interviews: a qualitative research method for investigating physician-patient interactions.
Ann Fam Med 2012;10(2):118-125 [FREE Full text] [doi: 10.1370/afm.1339] [Medline: 22412003]

64. Moseholm E, Fetters M. Conceptual models to guide integration during analysis in convergent mixed methods studies.
Method Innov 2017 Dec 14;10(2):205979911770311. [doi: 10.1177/2059799117703118]

65. Teddlie C, Tashakkori A. Foundations of Mixed Methods Research: Integrating Quantitative and Qualitative Approaches
in the Social and Behavioral Sciences. Thousand Oaks, California: Sage Publications, Inc; 2009.

66. Kron F, Fetters M, Scerbo M, White CB, Lypson ML, Padilla MA, et al. Using a computer simulation for teaching
communication skills: a blinded multisite mixed methods randomized controlled trial. Patient Educ Couns 2017
Dec;100(4):748-759 [FREE Full text] [doi: 10.1016/j.pec.2016.10.024] [Medline: 27939846]

67. Greene J, Caracelli V, Graham W. Toward a conceptual framework for mixed-method evaluation designs. Educ Eval Policy
Anal 2016 Nov 23;11(3):255-274. [doi: 10.3102/01623737011003255]

68. Guetterman T, Fetters M, Creswell J. Integrating quantitative and qualitative results in health science mixed methods
research through joint displays. Ann Fam Med 2015 Nov;13(6):554-561 [FREE Full text] [doi: 10.1370/afm.1865] [Medline:
26553895]

69. Usability.gov. Reporting usability test results URL: https://www.usability.gov/how-to-and-tools/methods/
reporting-usability-test-results.html [accessed 2018-07-29] [WebCite Cache ID 71HbqLiLc]

70. Press A, McCullagh L, Khan S, Schachter A, Pardo S, McGinn T. Usability testing of a complex clinical decision support
tool in the emergency department: lessons learned. JMIR Hum Factors 2015 Sep 10;2(2):e14 [FREE Full text] [doi:
10.2196/humanfactors.4537] [Medline: 27025540]

71. Voncken-Brewster V, Moser A, van der Weijden T, Nagykaldi Z, de Vries H, Tange H. Usability evaluation of an online,
tailored self-management intervention for chronic obstructive pulmonary disease patients incorporating behavior change
techniques. JMIR Res Protoc 2013 Jan 16;2(1):e3 [FREE Full text] [doi: 10.2196/resprot.2246] [Medline: 23612363]

72. Lodhia V, Karanja S, Lees S, Bastawrous A. Acceptability, usability, and views on deployment of peek, a mobile phone
mHealth intervention for eye care in Kenya: qualitative study. JMIR Mhealth Uhealth 2016 May 9;4(2):e30 [FREE Full
text] [doi: 10.2196/mhealth.4746] [Medline: 27160779]

73. Wang J, Chu C, Li C, Hayes L, Siminerio L. Diabetes educators' insights regarding connecting mobile phone- and wearable
tracker-collected self-monitoring information to a nationally-used electronic health record system for diabetes education:
descriptive qualitative study. JMIR Mhealth Uhealth 2018 Jul 26;6(7):e10206 [FREE Full text] [doi: 10.2196/10206]
[Medline: 30049667]

74. Khurana L, Durand E, Gary S, Otero AV, Gerzon MC, Beck J, et al. Subjects with osteoarthritis can easily use a handheld
touch screen electronic device to report medication use: qualitative results from a usability study. Patient Prefer Adherence
2016;10:2171-2179 [FREE Full text] [doi: 10.2147/PPA.S94247] [Medline: 27822018]

75. Schobel J, Pryss R, Probst T, Schlee W, Schickler M, Reichert M. Learnability of a configurator empowering end users to
create mobile data collection instruments: usability study. JMIR Mhealth Uhealth 2018 Jun 29;6(6):e148 [FREE Full text]
[doi: 10.2196/mhealth.9826] [Medline: 29959107]

76. Metelmann B, Metelmann C, Schuffert L, Hahnenkamp K, Brinkrolf P. Medical correctness and user friendliness of available
apps for cardiopulmonary resuscitation: systematic search combined with guideline adherence and usability evaluation.
JMIR Mhealth Uhealth 2018 Nov 6;6(11):e190 [FREE Full text] [doi: 10.2196/mhealth.9651] [Medline: 30401673]

77. Andargoli AE, Scheepers H, Rajendran D, Sohal A. Health information systems evaluation frameworks: a systematic
review. Int J Med Inform 2017 Dec;97:195-209. [doi: 10.1016/j.ijmedinf.2016.10.008] [Medline: 27919378]

78. Lewis JR. Psychometric Evaluation of the Post-Study System Usability Questionnaire: The PSSUQ. In: Proceedings of the
Human Factors Society 36th Annual Meeting. 1992 Presented at: HFES 1992; October 12-16, 1992; Atlanta, Georgia, USA
p. 1259-1260. [doi: 10.1177/154193129203601617]

Abbreviations
HCD: human-centered design

JMIR Mhealth Uhealth 2019 | vol. 7 | iss. 4 | e11656 | p. 14http://mhealth.jmir.org/2019/4/e11656/
(page number not for citation purposes)

Alwashmi et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://www.nngroup.com/articles/how-many-test-users/
https://www.nngroup.com/articles/how-many-test-users/
http://www.webcitation.org/

                                            71A29VZwV
http://europepmc.org/abstract/MED/30595679
http://dx.doi.org/10.1177/1558689816674650
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30595679&dopt=Abstract
http://europepmc.org/abstract/MED/24404294
http://dx.doi.org/10.4300/JGME-D-13-00154.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24404294&dopt=Abstract
http://dx.doi.org/10.1093/her/cym089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18218615&dopt=Abstract
https://www.nngroup.com/articles/thinking-aloud-the-1-usability-tool/
https://www.nngroup.com/articles/thinking-aloud-the-1-usability-tool/
http://www.webcitation.org/

                                            71A2GL4VG
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=22412003
http://dx.doi.org/10.1370/afm.1339
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22412003&dopt=Abstract
http://dx.doi.org/10.1177/2059799117703118
http://europepmc.org/abstract/MED/27939846
http://dx.doi.org/10.1016/j.pec.2016.10.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27939846&dopt=Abstract
http://dx.doi.org/10.3102/01623737011003255
http://www.annfammed.org/cgi/pmidlookup?view=long&pmid=26553895
http://dx.doi.org/10.1370/afm.1865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26553895&dopt=Abstract
https://www.usability.gov/how-to-and-tools/methods/reporting-usability-test-results.html
https://www.usability.gov/how-to-and-tools/methods/reporting-usability-test-results.html
http://www.webcitation.org/

                                            71HbqLiLc
http://humanfactors.jmir.org/2015/2/e14/
http://dx.doi.org/10.2196/humanfactors.4537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025540&dopt=Abstract
http://www.researchprotocols.org/2013/1/e3/
http://dx.doi.org/10.2196/resprot.2246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23612363&dopt=Abstract
http://mhealth.jmir.org/2016/2/e30/
http://mhealth.jmir.org/2016/2/e30/
http://dx.doi.org/10.2196/mhealth.4746
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27160779&dopt=Abstract
http://mhealth.jmir.org/2018/7/e10206/
http://dx.doi.org/10.2196/10206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30049667&dopt=Abstract
https://dx.doi.org/10.2147/PPA.S94247
http://dx.doi.org/10.2147/PPA.S94247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27822018&dopt=Abstract
http://mhealth.jmir.org/2018/6/e148/
http://dx.doi.org/10.2196/mhealth.9826
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29959107&dopt=Abstract
http://mhealth.jmir.org/2018/11/e190/
http://dx.doi.org/10.2196/mhealth.9651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30401673&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2016.10.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27919378&dopt=Abstract
http://dx.doi.org/10.1177/154193129203601617
http://www.w3.org/Style/XSL
http://www.renderx.com/


ISO: International Organization for Standardization
mHealth: mobile health
MMR: mixed methods research
SUS: System Usability Scale
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