JMIR MHEALTH AND UHEALTH Dick et al

Original Paper

Considerations for Improved Mobile Health Evaluation:
Retrospective Qualitative Investigation

Samantha Dick®, BSc, MSc; Y vonne O'Connor?, BSc, PhD; Matthew J Thompson?, BSc, MBChB, MPH, DPhil; John
O'Donoghue®, BSc, M Sc, PhD; VictoriaHardy?, BSc, M Sc; Tsung-Shu Joseph Wu*, M Sc; Timothy O'Sullivan, BSc,
MSc, MBA, PhD; Griphin Baxter Chirambo®, BSc, PG Dip, MSc; Ciara Heavin', BSc, MSc, PhD

IHealth Information Systems Research Centre, Cork University Business School, Cork, Ireland

2Department of Family Medicine, University of Washington, Seattle, WA, United States

3Global eHealth Unit, Department of Primary Care and Public Health, Imperial College London, London, United Kingdom

“Research Department, Luke International, Mzuzu, Mal awi

5Fax:ulty of Health Sciences, Mzuzu University, Luwinga, Mzuzu, Malawi

Corresponding Author:

Samantha Dick, BSc, MSc

Health Information Systems Research Centre
Cork University Business School

University College Cork

Cork

Ireland

Phone: 353 21 420 5576

Email: samantha.dick@ucc.ie

Abstract

Background: Moabile phone use and, consequently, mobile health (mHealth) interventions have seen an exponential increase
in the last decade. There is an excess of 318,000 health-related apps available free of cost for consumers to download. However,
many of these interventions are not evaluated and are lacking appropriate regulations. Randomized controlled trials are often
considered the gold standard study design in determining the effectiveness of interventions, but recent literature has identified
limitations in the methodology when used to evaluate mHealth.

Objective: The objective of thisstudy wasto investigate the system devel opers’ experiences of evaluating mHealth interventions
in the context of a developing country.

Methods: We employed a qualitative exploratory approach, conducting semistructured interviews with multidisciplinary
members of an mHealth project consortium. A conventional content analysis approach was used to allow codes and themes to
be identified directly from the data.

Results: Thefindings from this study identified the system developers’ perceptions of mHealth evaluation, providing an insight
into the requirements of an effective mHealth evaluation. This study identified social and technical factors which should be taken
into account when evaluating an mHealth intervention.

Conclusions: Contextual issues represented one of the most recurrent challenges of mHealth evaluation in the context of a
developing country, highlighting the importance of a mixed method evaluation. There is a myriad of social, technical, and
regulatory variables, which may impact the effectiveness of an mHealth intervention. Failure to account for these variablesin an
evaluation may limit the ability of the intervention to achieve long-term implementation and scale.

(IMIR Mhealth Uhealth 2020;8(1):€12424) doi: 10.2196/12424
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Introduction

Background

Mobile health (mHealth) is the use of maobile technologies to
improve health care and public health [1]. The driving forces
for mHealth are the clinician’s need for providing care at any
time, in any place, and the rapid advancement of new and
emerging mobile technologies [2]. The developing world has
the fastest growing mobile phone subscriber market in theworld
[3], producing millions of potential points of care [4]. As a
result, the use of mHealth interventions has increased [5].
However, there is little existing quality control, regulatory
oversight, or understanding of the clinica utility or clinical
impact of many of these apps. Research is needed to assess
when, where, and for whom mHealth isbeneficial [6]. Rigorous
evaluation of these platforms is essential for estimating their
impact, along with the potential risksand benefitsfor end users,
consumers, and the health care system as awhole[7].

The Evaluation of Mobile Health

The current evidence for the efficacy of mHealth interventions
is sparse [3,6,8-11], which may be because of a lack of
high-quality, rigorous evaluations [12], with many mHealth
projects explored only at the pilot phase [13]. In addition, there
is limited information on the resources that should be invested
in evaluation, and mHealth devel opers are citing the need for
greater support and guidance when evaluating their projects
[12]. Currently, there islittle consensus on the methodol ogical
standards for evaluating mHealth interventions [4,14,15], but
callsfor morerigor in evaluation have led to an increase in the
number of mHealth randomized controlled trials (RCTS)
conducted in developed and developing countries[8,16,17].

RCTs are typically considered to be the gold standard study
design for determining the effectiveness of clinical interventions
[18] and are commonly used for mHealth evaluations [19].
However, there are increasing suggestions that RCTs may be
impractical for mHealth evaluation [20,21]. mHealth
interventions are inherently challenging to evaluate because of
the fast moving and evolving technologies resulting in many
platforms becoming obsolete even over the course of a single
clinica trial; the high level of financial, human, and time
resources needed to conduct rigorous evaluations, the
complexity of many mHealth interventions, with regard to
outcome measures of the intervention itself; the involvement
of a multidisciplinary team; and the complex sociotechnical
aspects on which the success of mHealth depends [10,19,22].
These factors make it difficult to adhere stringently to the
standards and practicality of conducting RCTsfor mHealth and
using them to inform practice and policy decisions. Thelack of
a unified or standardized approach to mHealth evaluation is a
major weakness and threatens the credibility of mHealth [9] as
a premature scale-up of an mHealth initiative could harm the
entire field [10,23].

Objective of the Study

The aim of this qualitative study was to explore mHealth
evaluation, identifying the factors contributing to an effective
evaluation. We used the context of an ongoing mHealth project
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to explore the perspective of system developersdirectly involved
in designing and evaluating an mHealth solution.

Methods

Overview

A qualitative approach was employed to facilitate deeper
exploration of the factors that were instrumental in deciding
how to evaluate the mHealth solution [24]. This study gathered
data from a multidisciplinary sample of system developers
(combining technical, clinical, managerial, and operational
personnel) working on a single mHeath-based trid,
incorporating those responsiblefor building the mHeal th system,
including software developers, health care professionals, and
researchers [25]. This study was conducted as part of the first
author’s master’s degree research.

Study Setting—Randomized Controlled Trial for a
Mobile Health Intervention in a Developing Country
(The Supporting Low-Cost I ntervention for Disease
Control Project)

The Supporting Low-cost Intervention For disEase control
(Supporting LIFE) project was a European Commission—funded
project aimed at addressing child mortality ratesin the under-5
population in Malawi, Africa [26]. As malaria and infantile
diarrhea are the 2 main causes of mortality in this area, an
mHealth project was designed to provide low-cost, effective,
and targeted intervention in remote and resource-poor settings
to overcomeinadequate health careinfrastructures. The project
included a multinational group of experts, institutions, and
nongovernmental organizationsin the United Kingdom, Ireland,
Sweden, United States, Malawi, and Switzerland. The project
supported health surveillance assistants (Malawian term for
community health workers) at the point of patient care to aid
the community health service delivery to children under 5 years.
It utilized mobiletechnology, existing application programming
interfaces, and a clinical decision support system to support the
limited health care infrastructure. The mHealth intervention
was an Android-based smartphone app devel oped by the project
consortium for use by health surveillance assistants in rural
communities. The services provided by the health surveillance
assistantsfollowed theintegrated Community Case Management
of the Ministry of Health, adopted from the World Health
Organization and the United Nations Children’s Fund guidelines.
The app replicated the validated paper-based integrated
Community Case Management guidelinesfrom the Ministry of
Health, with decision aid and logic checksto be used by health
surveillance assistantsin routine practicein Malawi. The mobile
app was evaluated in a pragmatic, stepped-wedge cluster RCT
between October 2016 and February 2017. The trial recruited
102 health surveillance assistants and 6995 patients.

Participants and Recruitment

Recruitment for thisinvestigation took place within the context
of the Supporting L1FE project being conducted in Maawi [26].
Participants were selected using positional and reputational
methods, techniques that have been devel oped to identify key
participants for research [27]. Positional methods involved
identifying persons who occupy key rolesin asystem [27]. In
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the case of an RCT, these individuals include the principal
investigator and the project coordinator. Reputational methods
involve identifying individuals believed to have the power to
move and shake the system [27]. In the case of an RCT, these
individuals include the project manager and the trial manager.
Participants comprised a multidisciplinary group of system
developers, encompassing all aspects of clinical trial and
mHealth experience across a spectrum of clinical, technical,
managerial, and operational disciplines. This cohort of
participantswasidentified asbeing ableto providerichinsights

Table 1. System developers' project roles and backgrounds.
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into the diverse aspects of an mHealth evaluation. A total of 15
system devel opers wereidentified from the project consortium.
Table 1 outlines the project role and background of the
participants in each category.

For inclusion in this study, participants were required to be
currently or previously involved in an mHealth evaluation, aged
18 years or above, and fluent in spoken English. Participants
were contacted by email in December 2017 to invite them to
partake in the study. No individuals declined participation.

System developers category  Participant identifier Project role Participant background

Clinica (n=4) C1,C2,C3,and C4 «  Advisory committee «  Primary care and family medicine
«  Ethical application « Infectious diseases
o  Clinica partner

Data monitoring committee

Technical (n=5) T1,T2, T3, T4,andT5 «  Survelllance « Information systems
« Testing « Decision support systems
«  Engineering lead «  System architecture design
o  Teamleader o  Disease surveillance
«  App update »  Software development
Manageria (n=2) M1and M2 o  Leadinvestigator o Health information systems
o  Principal investigator « Global health and electronic health

«  Computer science

Operationa (n=4) 01, 02, 03, and 04 «  Scientific activity monitoring «  Electronic hedth
«  Project support « Global hedth
« Investigator o Menta hedth
o Trial manager o Noncommunicable diseases

Data Collection and Analysis

Aninterview guide was devel oped for the purpose of this study,
and semistructured interviews were used to collect data from
the participants in Maawi in January 2017. All potential
participants were contacted before the interview to request their
permission to participate in the study. All participants were
provided with information sheets outlining the purpose of the
research and consent forms, which they signed and returned by
hand or by email before the interview. A conventional content
analysis approach was used to analyze the transcripts [28,29].
All interviews and dataanalysiswere conducted by 1 researcher
(first author). A total of 9 private face-to-face interviews were
conducted on the ground during aweek-long field trip to Mal awi
in January 2017. Furthermore, 1 face-to-face and 5 Skype
interviews were conducted with participants who were not
available in Malawi. All interviews were audiorecorded and
transcripts were returned to the participants on request.

The 15 interviewswere transcribed verbatim. Before beginning
coding, the interview audio was played a ongside the transcript
to alow for refamiliarization with the data and identification
of any transcription errors. Line-by-line open coding was carried
out by hand for 3 manuscripts. Accumulated codes were entered
into NVivo 11 software (QSR) to alow for the organization
and management of codes. Several codes were renamed or
merged at this stage. Hand coding continued with each transcript
and subsequent entry of codes into NVivo 11. Following the
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completion of open coding, 167 codeswereidentified. A visual
mapping exercise was conducted to identify similar and
duplicate codes and to group codes into categories. After the
merging of similar codes and the removal of redundant codes,
4 major themes were abstracted from the categories [24]. A
sample of the coding process is presented in Multimedia
Appendix 1.

Ethical Consider ations

Ethical approval for this study was granted from the Social
Research Ethics Committee at University College Cork. All
datawere anonymized at source, and participants are represented
by their role in the study. The reporting of this study adheres
to the consolidated criteria for reporting qualitative research
guidelines [30] (see Multimedia Appendix 2).

Results

Summary of Results

In-depth interviews were conducted with 4 clinical, 4
operational, 5 technical, and 2 managerial team members of the
Supporting LIFE project. Participants collectively contributed
425 min of interview time. Participants were predominantly
males (n=11), with amean age of 42 years (range 27-66 years).
Most participants held a PhD (n=9), and over half of the
participants (n=8) had prior experience with at least one mHealth
evaluation. A total of 4 major themes emerged during the
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discussions of mHeath evaluation: (1) developing world
context, (2) end users experience, (3) challenges to mHealth
evaluation, and (4) mHealth regulation. Table 2 presents an
illustration of the number of references to each theme by each
project role category.

Table 2. Number of theme references by project role category.

Dick et al

For clinical participants, the predominant focuswas on mHealth
challenges, followed by the regulatory issues in mHealth.
Operational participants focused on mHealth challenges, the
devel oping country context, and end users, with very little focus
on mHeath regulation. Both technical and managerial
participants were predominantly concerned with both end users
and mHealth challenges.

System developers’ category Context End users mHealth challenges Regulation
Clinica 27 25 63 34
Operational 15 13 16 1
Technical 13 56 45 18
Managerial 7 23 27 18

The Developing World Context

The developing world context incorporated 3 subthemes: (1)
infrastructural limitations, (2) perceptions of mobile phones,
and (3) end users’ technological ability. All participants (n=15)
discussed the impact of context on the evaluation of mHealth
and the particular challenges of a developing country context:

Contexts are vastly different from one country, and
sometimes even one area in a country to another.
(C1]

Infrastructural Limitations

A predominant focus was on the infrastructural limitations
mentioned by most participants (n=11). One example was the
issue of inadequate health record data; in Maawi, there are
missing and incomplete birth and death registries as well as
severely inadequate health records. Participants spoke of these
issues being “out of our control” (O3) and having to “go with
practicalities’ (02). Decisions were “heavily dependent on the
infrastructure” (C3) to facilitate them:

Telecommunications was a big factor for us, the lack
of network connectivity. [T5]

Per ceptions of Mobile Phones

A number of participants (n=5) discussed concerns regarding
potential negative impacts of end users in varying contexts,
namely, the heath survelllance assistants. Potential
“unhappiness’ (C2 and C3) concerning the random allocation
of smartphones could influence trial design changes, introduce
biases, and jeopardize the success of the trial. It was suggested
that this may be a problem in developing countries as “not
everyone hasamobile device” (T5), and these devices are often
perceived as being “valuable” and “exciting” (C2):

People without the device in the control group may

get unhappy and withdraw. [C2]

Theseinterventionscarry alot of prestige, and they're

automatically seen as better and more reliable, and

patients view health workers with these gadgets
differently. [C3]

https://mhealth.jmir.org/2020/1/€12424

End Users Technological Ability

Furthermore, the differences between the abilities of the
technology devel opers and the end users were highlighted as a
potential challenge as the gap is likely to be more pronounced
in developing countries. Technology developers are
“tech-savvy” (T2 and C1) and have adeep understanding of the
characteristics of technology, but the end user, particularly a
user in alow- or middle-income country, may have had very
limited exposure to technology and may struggle with carrying
out simple commands:

WE're devel oping technologiesin a different context,
we can't expect that they'rejust going to run the same
way they would here... we need to get on the ground
and talk to peopl e, and really under stand the cultural
barriers and the cultural opportunities associated
with using these technologies. [M2]

The End User’s Experience

The end user's experience incorporated 2 subthemes: (1)
understanding the end user and (2) the need for qualitative data.
A deep understanding of the end users of the mHeath
intervention was highlighted as key by all participants (n=15).
Severa participants (n=7) emphasized the importance of the
end users involvement throughout the development and
evaluation of the intervention:

You do want to know what user perceptions of the
device are because uptake and successful long-term
adoption is dependent on acceptability of the end
users themselves. [C3]

If the stakeholders aren’'t happy with it, it's never
going to take off. [C3]

Understanding the End User

Over half of the participants (n=8) discussed the importance of
understanding the user experience of the mHealth intervention.
Aspects of user experience included the user’s understanding
and knowledge of the intervention (n=4) and the user’s
interaction with the intervention (n=4). It was suggested that if
the end users are not aware of the contribution they are making
by using the mHealth tool, their decision to adopt the mHealth
intervention in the long term could be adversely affected:
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Do they [the Health Surveillance Assistants] fully
appreciate the affordances of being able to contribute
tothat dataset... and the potential or advantagesand
derived value for public health and policy? [M2]

Furthermore, several participants (n=6) discussed theimportance
of producing an mHealth intervention that does not place a
burden on the end user. An mHealth intervention that failsin
thisareaismore likely to fail in the long-term implementation:

[We should be designing] a technology that does its
job, doesit really well but in a really inconspicuous
way so that the person can get on with doing all of
the other really important things that they do. [M2]

How comfortable or convenient is it for the person
touse?[T2]

The Need for Qualitative Data

The benefits of qualitative data were frequently mentioned by
almost al participants (n=14), in terms of contributing to adeep
understanding of the end users experience, suggesting its
immense importance in mHeath evaluation. The rich
understanding of the end usersrequired for successful mHealth
adoption cannot be achieved without the collection and analysis
of qualitative data:

If we' d have not measured these qualitative elements,
we would have missed many important benefits. [C2]

We took the decision that in order to really
understand the challenges around using and adopting
the technol ogy that we needed to use interview, focus
group type techniques to actually explore the rich
data around that. [M2]

The interface with the community... going deep into
wherethey areintheir natural environment... you get
very important information. [O1]

Challengesto Mobile Health Evaluation

The challenges of mHealth eval uation incorporated 3 subthemes:
(1) mHealth complexity, (2) external influences, and (3)
multidisciplinary involvement. The challenges of mHealth
evaluation were discussed by al participants (n=15).

Mobile Health Complexity

The complexity of mHealth interventions was frequently
mentioned by several participants (n=6), with particular focus
on identifying a primary outcome measure for this mHealth
study. It was also highlighted how this problem is compounded
by the vast spectrum of mHeath apps and their varying
complexity:

mHealth interventions are not black and white, there
are so many aspectsthat you need to measure. .. how
do you synthesise that into onetrial because you have
a limited number of outcomes because you can
measure enough but you get to the point where it's
just making it really complicated, there are so many
different outcomes that we're measuring and | think
that isa challenge. [C3]

The RCT isthe gold standard and if you get an RCT
that is showing you a good positive result then you
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know, thumbs up, everyone is happy about that, but
if it shows a negative result, you know, that sort of
kills your project in a sense so it could have sort of,
an unintended negative consequence in that it writes
off your intervention as being useless when actually
it might not be useless, it might actually be quite
useful, it's just you just didn't measure the right
outcome measure. [C1]

For mHealth, | think there are so many other
variablesthat it makes it much more difficult. [M2]

External Influences

Almost al participants (n=13) discussed the external influencers
of the evaluation design. For example, high-level stakeholders
such asthe Ministry of Health influence the type of evaluation
used. These key decision makers often control the ongoing
financial support for the interventions and their long-term
implementation. Other participants spoke of the importance of
having government-level stakeholders involved to ensure
financial and political support after the initial research funding
comes to an end:

I think by putting the RCT as a prerequisite up front
it might help you to secure research funding. [T5]

Malawi’s Ministry of Health are actively encouraging
as many rigorous trials on mHealth technologies as
possible, but they al so want to gain an under standing
of why they are potentially beneficial... | think that
contributed to our decision to include a qualitative
component. [C3]

In terms of protocols and monitoring and the ethical
side of things, it's something we know how to do and
I think research institutions in general are relatively
comfortable with the idea of a RCT. [M2]

It'simportant becauseit isaninternational project...
for the credibility of the whole research and the
ingtitutions. [T2]

Furthermore, participants mentioned other influences as the
outcome measures (n=5) and the availability of resources (n=4):

It depends on what you are measuring, so if you're
measuring just truly clinical outcomes, | suppose it
doesn’t necessarily capturethetechnical issues. [C3]
This trial specifically is a stepped-wedge approach
and that was changed a few months before we actually
implemented the study... it was resource constrained.
(O3]

Multidisciplinary | nvolvement

Participants from all 4 role categories (n=7) spoke about the
challenges involved with the evaluation of an mHealth
intervention, which requires the involvement of a
multidisciplinary group of individuals, often from different
institutionsin different countries. Although all project members
spoke English, overcoming disciplinary differences to find a
common language among the members of an mHealth project
proved challenging:
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One of the key barriers to evaluating mHealth
interventions is you have all these people coming
together from different disciplines and none of them
speak the same language. [C3]

Although challenging, participants acknowledged the benefits
of the diverse skill set. One-third of the participants (n=5)
identified the general lack of evaluation in the field as a
limitation in the guidance for conducting future mHealth
evaluations. Most participants (n=12) identified the need for an
alternative evaluation.

Maobile Health Regulation

The mHealth regul ations incorporated 2 subthemes: (1) lack of
standardsand (2) development of ahierarchy of risk. Two-thirds
of the participants (n=10) discussed the regulatory issues in
mHealth.

Lack of Standards

The most commonly raised issue was the lack of minimum
standards (n=8) in the present mHealth evaluations globally.
Several issueswith setting aminimum standard wereidentified.
First, the sheer volume of mHealth apps currently available is
too great to suggest that RCTs should be conducted for each;
hundreds of thousands of apps “are not going to have trials
done” (C2). Second, the difficulty of deciding which type of
evaluation should be conducted was emphasized. It was
suggested that the type of evaluation should depend on the type
of mHealth being evaluated, such as an app providing
information or testing or diagnosis, and perhaps that aspect
should inform the standards for mHealth evaluation:

When they start moving away from consumer health
devices, to more medical devices needing some
regulatory approval or evidence or proof for a
country to adopt them or pay for them... what is that
bar? [C2]

When you read the guidelines, they’re a bit ambiguous
and | think that it would really help my perception of
when a RCT should be used. [T5]

In addition, participants questioned the level of evidence
required and whether an RCT was truly needed. The absence
of standards for mHealth evaluations are potentially impacted
by the lack of a clear definition of what exactly constitutes an
mHealth intervention:

I think you’ ve got to weigh up the benefits of going
to the rigour of an RCT and the necessary
requirements... versus whether [the intervention]
could be evaluated by something simpler such as a
before and after. [C4]

Whether you call them mHealth or not depends on
the definition. [C2]

Development of a Hierarchy of Risk

Tying in closely with minimum standards is the devel opment
of a hierarchy of risk. This would alow for the classification
of mHealth interventions based on their level of risk. mHealth
is a broad term encompassing varying types of intervention,
with differing levels of risk associated with each type. Severa
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participants (n=6) spoke of therisk or level of anticipated harm
and how it would contribute to defining standards and
regulations and also how it could determine the type of
evaluation design required for a particular mHealth intervention.
A particular challenge across this theme was highlighted by
several participants (C2, M1, and T2): “Who is going to take
responsibility for it?" Questions were asked as to whether it
should be an industry or governmental problem, if app stores
should take the responsibility, or if there should be national and
international policiesin place.

Discussion

Principal Findings

This study aimed to explore the system devel opers’ experiences
of mHealth evaluation to identify factors contributing to an
effective evaluation. This study was conducted within the
context of an ongoing cluster randomized clinical trial of an
mHealth intervention being conducted in Malawi. Participants
identified the impact of the developing country context. These
include deficiencies in the existing health data systems; poor
infrastructure such as roads, buildings, and telecommunications
affecting datatransfer and storage; and differing perceptions of
mobile phone value, particularly smartphones, among study
participants, impacting their involvement in the study. Emphasis
was placed on the need to gain a comprehensive understanding
of the end user's experience of the intervention, and the
importance of qualitative data collection and analysis was
frequently mentioned. To ensure that the mHealth intervention
being designed and developed is usable and useful, we need
rich data to understand the end user’s needs, experiences, and
attitudes toward the intervention and its potential deployment.
This would promote the adoption of mHealth intervention and
is a positive step toward enhancing the possibility of
implementation in the future [31].

Severd challenges were highlighted that potentially impact on
the type of evaluation chosen for mHealth interventions. These
included the complex nature of mHealth interventions; selecting
appropriate outcome measures, the influence of funders,
regulatory agencies, and multidisciplinary project teams; and
an overall lack of evaluation acrossthe field of mHealth, which
limits the guidance available to project teams. Participants
further identified regulatory issues in the field of mHealth,
namely, the lack of minimum standards to guide evaluation.
Participants discussed the benefits of devising a hierarchy of
risk to inform mHealth evaluation.

Comparison With the Literature

Technology and the people who use it areinterdependent, each
affecting the other [32]. The successful adoption of mHealth
depends on the ability of the end user to operate the device and
understand the technology. In a developing world context in
particular, it islikely that the design-actuality gap [33] islarge,
so it is imperative that a comprehensive understanding of the
social factorsinfluencing mHealth is sought. The social aspects
of mHealth includethe social, cultural, religious, and behavioral
interactions of the end user [10]. The importance of the end
user’s involvement in the mHealth project from the outset was
highlighted. Qualitative data collection and analysisis essential
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to derive rich insights from the end users. Utilizing qualitative
dataallowsfor the determination of social and contextual issues,
desired effects, and usage factors [34,35]. The findings outline
the aspects of the end user’s involvement that are critical to the
long-term success of an mHealth intervention. The significance
of the inclusion of qualitative evaluation is clear; this was
highlighted in the Supporting LIFE project where a qualitative
approach was embedded within the RCT, but this raises
guestions about current evaluations that fail to account for the
unique characteristics of the mHealth apps they are evaluating
[19].

The lack of regulation in the area of mHealth as outlined by
Boudreaux et al [14] is supported by these findings. The
potential damage to the credibility of the field of mHealth was
highlighted by several participants who admitted the ease with
which an unregul ated, untested app could be released for public
use. This finding has ramifications for mHealth as an area of
study, and action must be taken to protect the patients and
consumers of these apps, researchers, funders, and the reputation
of mHealth. However, this study uncovered a challenge to the
development of standards, which is compounded by the
complexity of mHealth and the differing levels of risk involved
within the diverse spectrum of available mHealth interventions.
These complications may stem from the definition of mHealth,
which encapsulates many technologies from sophisticated
mobile medical devices for specific diseases and treatments to
free apps for public use. The broad nature of the definition
creates ambiguity when attempting to define standards by which
mHealth interventions should be measured. This study
emphasizesanumber of challengesto the evaluation of mHealth,
in support of the existing literature [6,7,19,22,36], highlighting
an opportunity for the development of new methods for
evaluating mHealth, which are able to adequately evaluate the
complexities of mHealth interventions.

Implications

To the best of our knowledge, thisis one of the first studies to
conduct an in-depth exploration of mHealth evaluation in the
context of an ongoing clinical trial, and it contributes an urgently
needed evidence base on the unique challenges of mHealth
evaluation. Qualitative data can uncover important differences
in the study populations, such as why a technology may work
in one area but not in another, uncovering cultural, age, and
education-related issues which quantitative data would fail to
identify, and this is a magjor weakness in the use of an RCT
alonefor mHealth evaluation. In addition, the technical aspects
identified are particularly important in the developing country
context as mobile phone usageis vastly different, both interms
of the quality of the device and user ability. The findings from
this study could contribute to the development of a more
suitable, highly rigorous, cost-effective, and timely evaluation
technique for mHealth. In the absence of clear consensus on
mHealth evaluation, an appropriate next step may be the
development of a decision support tool to enable mHealth
project teams to identify the optimum study design or designs
to select for evaluation using objective criteria, which could
include quantitative, qualitative, or mixed method designs of
various types.
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mHealth incorporates a variety of interventions, with varying
levels of risk associated with each. Therefore, aone-size-fits-all
evaluation approach is unlikely to be suitable for mHealth,
despite the external influence of funders and institutions. An
mHealth intervention can be assessed from multiple
perspectives, depending on the goals of the stakeholder.
However, there should, at best, be a minimum standard of
evaluation depending on the type of mHealth intervention. All
mHealth interventions should pass a minimum standardized
certification asto their quality, but mHealth interventionswhich
aim to have a quantifiable impact on health should be further
subject to a rigorous evaluation. One potential solution to the
regulatory problemshighlighted in this study isthe devel opment
of a hierarchy of risk. If an intervention has a low risk of
anticipated harm, such as an app giving clinical information,
then a less rigorous evaluation design would be suitable, as
opposed to an app that is more complex, requiring data from
multiple sources, such as a brand-new decision support tool.
Classifying mHealth as low-, medium-, and high-risk
interventions would be based on factors such as the novelty of
theintervention and thelevel at which it intervenes (and thereby
potential risk) with human health and well-being. For example,
interventions that provide descriptive information could be
categorized aslow risk; medium-risk interventions could include
calorie and exercise tracking; and high-risk interventions could
include diagnostic and treatment-centric interventions, which
provide a prescriptive element.

White et al [21] outline that a successful mHealth evaluation
should examine user feedback and outcome measures as well
as the robustness of the technology, intervention principles,
engagement strategies, and user interaction. Severa aternative
evaluation techniques to the RCT have been proposed, for
example, continuous evaluation of evolving behavioral
intervention technologies (CEEBIT) [37], the multiphase
optimization strategy (MOST) [38], the sequential multiple
assignment randomized trial (SMART) [39], and the
microrandomized trial [40]. The next steps are required to
determine the minimum level of evaluation and regulation
required at each risk level. Using a hierarchy of risk as a
guideline, mHealth project teams could justify their evaluation
technique based on the eval uation requirement, perhaps avoiding
situations where the evaluation technique is used to justify the
funding. This will be particularly important as mHealth is
adopted in devel oping countrieswhereresourcesare scarce. On
alarger scale, identifying an entity to take responsibility for the
regulation and minimum standards of mHealth as a whole is
extremely challenging, given the large reach of the mHealth
field and the involvement of multidisciplinary research teams,
ministries of health, app stores, and private industry.

Limitations

This study has a number of limitations. First, the sample size
of this study is small as it included only 15 participants.
However, determining an adequate sample size in qualitative
research is ultimately a matter of judgment in evaluating the
quality of the information collected [41]. Participants in this
study were selected using positional and reputational methods
[27] to identify the key actorsin an mHealth evaluation, but all
participants from this study were part of the same mHealth
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project and may not be representative of other mHealth projects,
which may be conducted in different contexts. Future research
should explore mHealth evaluations in different contexts to
identify challenges and considerationsfor successful evaluation.
Thefield study methodology pursued in this study allowed the
research to be conducted in the natural setting of an ongoing
mHealth evaluation in a devel oping country, producing arich,
detailed insight of the evaluation process. Finally, al interviews
and data analysis were conducted by 1 researcher. This is a
weakness as qualitative data analysis is subjective and open to
interpretation, but this has been mitigated by using analyst
triangulation [42], whereby several of the study participants
reviewed, discussed, and refined the findings of this study.
Furthermore, a sample of the inductive, open coding approach
has been provided in Multimedia Appendix 1.

Conclusions

Contextual issues represented one of the most important
challengesto evaluating an mHealth intervention in adevel oping
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country context and highlighted qualitative evaluation as
imperative to ensure that the sociotechnical needs of end users
are considered. Thefailure of mHealth interventions to address
social and technical problems could have aprofoundly damaging
effect on the chances of long-term implementation and must be
identified early on. Although RCTs have several important
limitations in the mHealth context, the use of this rigorous
evaluation methodology is the best approach in the absence of
appropriate aternatives. However, it should be acknowledged
that new evaluation methodologies are emerging, such as the
CEEBIT, MOST, and SMART methodologies, which may be
more suited to the complexities of mHealth, and project teams
should be open to exploring these alternatives. There is an
opportunity to design alternative approaches to mHealth
evaluation, incorporating the hierarchy of risk, which challenge
the one-size-fits-all approach and provide greater guidance and
flexibility in evaluating different mHealth interventions in
different contexts.

Thiswork was supported by the Supporting LIFE project (305292), which is funded by the Seventh Framework Programme for
Research and Technological Development of the European Commission.

Conflictsof Interest
None declared.

Multimedia Appendix 1

Sample of coding process.
[DOCX File, 14 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Consolidated criteria for reporting qualitative research checklist.

[DOCX File, 14 KB-Multimedia Appendix 2]

References

1. FreeC, PhillipsG, Felix L, Galli L, Patel V, Edwards P. The effectiveness of M-health technologies for improving health
and health services: a systematic review protocol. BMC Res Notes 2010 Oct 6;3:250 [FREE Full text] [doi:

10.1186/1756-0500-3-250] [Medline: 20925916]

2. YuPRP WuMX, YuH, Xiao GQ. The Challenges for The Adoption of M-Health. In: Proceedings of the IEEE International
Conference on Service Operations and L ogistics and Informatics. 2006 Presented at: SOLI1'06; June 21-23, 2006; Shanghai,

China. [doi: 10.1109/SOL 1.2006.329059]

3. Stephani V, Opoku D, Quentin W. A systematic review of randomized controlled trials of mHealth interventions against
non-communicable diseasesin developing countries. BMC Public Health 2016 Jul 15;16:572 [FREE Full text] [doi:

10.1186/s12889-016-3226-3] [Medline: 27417513

4.  Bradway M, Carrion C, Vallespin B, Saadatfard O, Puigdoménech E, Espallargues M, et al. mHealth assessment:
conceptualization of aglobal framework. IMIR Mhealth Uhealth 2017 May 2;5(5):e60 [FREE Full text] [doi:

10.2196/mhealth.7291] [Medline: 28465282]

5. IQVIA. New Jersey: IQVIA Institute for Human Data Science; 2017 Nov 7. The Growing Value of Digital Health URL:
https.//www.igvia.com/institute/reports/the-growing-val ue-of-digital -heal th [accessed 2019-12-02] [WebCite Cache ID

720s)YRLSE]

6. Kumar S, Nilsen WJ, Abernethy A, Atienza A, Patrick K, Pavel M, et al. Maobile health technol ogy eval uation: the mHealth
evidence workshop. Am J Prev Med 2013 Aug;45(2):228-236 [FREE Full text] [doi: 10.1016/j.amepre.2013.03.017]

[Medline: 23867031]

7. Pagoto S, Bennett GG. How behavioral science can advance digital health. Transl Behav Med 2013 Sep;3(3):271-276
[FREE Full text] [doi: 10.1007/s13142-013-0234-7] [Medline: 24073178]

https://mhealth.jmir.org/2020/1/€12424

IMIR Mhealth Uhealth 2020 | vol. 8 | iss. 1| e12424 | p. 8
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v8i1e12424_app1.docx&filename=d263ceda01396d1327ccf12d9adcd373.docx
https://jmir.org/api/download?alt_name=mhealth_v8i1e12424_app1.docx&filename=d263ceda01396d1327ccf12d9adcd373.docx
https://jmir.org/api/download?alt_name=mhealth_v8i1e12424_app2.docx&filename=3cb210ea5c7552f31b4ffa8811660fda.docx
https://jmir.org/api/download?alt_name=mhealth_v8i1e12424_app2.docx&filename=3cb210ea5c7552f31b4ffa8811660fda.docx
https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-3-250
http://dx.doi.org/10.1186/1756-0500-3-250
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20925916&dopt=Abstract
http://dx.doi.org/10.1109/SOLI.2006.329059
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3226-3
http://dx.doi.org/10.1186/s12889-016-3226-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27417513&dopt=Abstract
https://mhealth.jmir.org/2017/5/e60/
http://dx.doi.org/10.2196/mhealth.7291
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28465282&dopt=Abstract
https://www.iqvia.com/institute/reports/the-growing-value-of-digital-health
http://www.webcitation.org/

                                            72OsJYRL8
http://www.webcitation.org/

                                            72OsJYRL8
http://europepmc.org/abstract/MED/23867031
http://dx.doi.org/10.1016/j.amepre.2013.03.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23867031&dopt=Abstract
http://europepmc.org/abstract/MED/24073178
http://dx.doi.org/10.1007/s13142-013-0234-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073178&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Dick et al

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Déglise C, SuggsL S, Odermatt P. Short message service (SMS) applicationsfor disease prevention in devel oping countries.
JMed Internet Res 2012 Jan 12;14(1):e3 [FREE Full text] [doi: 10.2196/jmir.1823] [Medline: 22262730]

Hall CS, Fottrell E, Wilkinson S, Byass P. Assessing the impact of mHealth interventions in low- and middle-income
countries--what has been shown to work? Glob Health Action 2014;7:25606 [ FREE Full text] [doi: 10.3402/gha.v7.25606]
[Medline: 25361730]

Chib A, van Velthoven MH, Car J. mHealth adoption in low-resource environments: areview of the use of mobile healthcare
in devel oping countries. J Health Commun 2015;20(1):4-34. [doi: 10.1080/10810730.2013.864735] [Medline: 24673171]
Marcolino MS, OliveiraJA, D'Agostino M, Ribeiro AL, Alkmim MB, Novillo-Ortiz D. Theimpact of mHealth interventions:
systematic review of systematic reviews. IMIR Mhealth Uhealth 2018 Jan 17;6(1):e23 [FREE Full text] [doi:
10.2196/mhesalth.8873] [Medline: 29343463]

Mookherji S, Mehl G, Kaonga N, Mechael P. Unmet need: improving mHealth evaluation rigor to build the evidence base.
JHealth Commun 2015;20(10):1224-1229. [doi: 10.1080/10810730.2015.1018624] [Medline: 26042660]

Tomlinson M, Rotheram-Borus MJ, Swartz L, Tsai AC. Scaling up mHealth: where is the evidence? PLoS Med
2013;10(2):€1001382 [EREE Full text] [doi: 10.1371/journal .pmed.1001382] [Medline: 23424286]

Boudreaux ED, Waring ME, Hayes RB, Sadasivam RS, Mullen S, Pagoto S. Evaluating and selecting maobile health apps:
strategies for healthcare providers and healthcare organizations. Transl Behav Med 2014 Dec;4(4):363-371 [FREE Full
text] [doi: 10.1007/s13142-014-0293-9] [Medline: 25584085]

Yang A, Varshney U. Categorizing Mobile Health Project Evaluation Techniques. In: Proceedings of the Twenty-third
Americas Conference on Information Systems. 2017 Presented at: AMCIS'17; August 10-12, 2017; Boston, United States.
Lim MS, Hocking JS, Hellard ME, Aitken CK. SMS STI: areview of the uses of mobile phone text messaging in sexual
health. Int J STD AIDS 2008 May;19(5):287-290. [doi: 10.1258/ijsa.2007.007264] [Medline: 18482956]

Burns K, Keating P, Free C. A systematic review of randomised control trials of sexual health interventions delivered by
mobile technologies. BMC Public Health 2016 Aug 12;16(1):778 [FREE Full text] [doi: 10.1186/s12889-016-3408-7]
[Medline: 27514851]

Kendall JM. Designing a research project: randomised controlled trials and their principles. Emerg Med J 2003
Mar;20(2):164-168 [FREE Full text] [doi: 10.1136/em;j.20.2.164] [Medline: 12642531]

Pham Q, Wiljer D, Cafazzo JA. Beyond the randomized controlled trial: areview of alternativesin mHealth clinical trial
methods. IMIR Mhealth Uhealth 2016 Sep 9;4(3):e107 [ FREE Full text] [doi: 10.2196/mhealth.5720] [Medline: 27613084]
Nilsen W, Kumar S, Shar A, Varoquiers C, Wiley T, Riley WT, et al. Advancing the science of mHealth. JHealth Commun
2012;17(Suppl 1):5-10. [doi: 10.1080/10810730.2012.677394] [Medline: 22548593]

White BK, Burns SK, Giglia RC, Scott JA. Designing evaluation plans for health promotion mHealth interventions: a case
study of the Milk Man mabile app. Health Promot J Austr 2016 Feb;27(3):198-203. [doi: 10.1071/HE16041] [Medline:
27784506]

Ben-Zeev D, Schueller SM, Begale M, Duffecy J, Kane JM, Mohr DC. Strategies for mHealth research: lessons from 3
mobile intervention studies. Adm Policy Ment Health 2015 Mar;42(2):157-167 [FREE Full text] [doi:
10.1007/s10488-014-0556-2] [Medline: 24824311]

Leon N, Schneider H, Daviaud E. Applying aframework for assessing the health system challengesto scaling up mHealth
in South Africa. BMC Med Inform Decis Mak 2012 Nov 5;12:123 [FREE Full text] [doi: 10.1186/1472-6947-12-123]
[Medline: 23126370]

Miles MB, Huberman AM. Qualitative Data Analysis: An Expanded Sourcebook. Thousand Oaks, California, United
States: Sage Publications, Inc; 1994.

Eze E, Gleasure R, Heavin C. Reviewing mHealth in devel oping countries: a stakeholder perspective. Procedia Comput
Sci 2016;100:1024-1032. [doi: 10.1016/j.procs.2016.09.276]

O'Connor Y, Hardy V, Heavin C, Gallagher J, O'Donoghue J. Supporting L1FE: mobile health application for classifying,
treating and monitoring disease outbreaks of sick children in developing countries. In: Donnellan B, Helfert M, Kenneally
J, VanderMeer D, Rothenberger M, Winter R, editors. New Horizonsin Design Science: Broadening the Research Agenda.
Switzerland: Springer, Cham; 2015:366-370.

Knoke D. Networks of elite structure and decision making. Sociol Methods Res 1993;22(1):23-45. [doi:
10.1177/0049124193022001002]

Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov;15(9):1277-1288.
[doi: 10.1177/1049732305276687] [Medline: 16204405]

Elo S, Kyngéds H. The qualitative content analysis process. J Adv Nurs 2008 Apr;62(1):107-115. [doi:
10.1111/j.1365-2648.2007.04569.x] [Medline: 18352969)]

Tong A, Sainsbury P, Craig J. Consolidated criteriafor reporting qualitative research (COREQ): a 32-item checklist for
interviews and focus groups. Int J Qual Health Care 2007 Dec;19(6):349-357. [doi: 10.1093/intghc/mzm042] [Medline:
17872937]

O’ Connor Y, Heavin C, O’ Donoghue J. First impressions are lasting impressions: intention to participate in mobile health
projects within developing countries. J Decis Syst 2016;25(2):173-190. [doi: 10.1080/12460125.2016.1125647]

https://mhealth.jmir.org/2020/1/e12424 JMIR Mhealth Uhealth 2020 | vol. 8 |iss. 1| e12424 | p. 9

(page number not for citation purposes)


https://www.jmir.org/2012/1/e3/
http://dx.doi.org/10.2196/jmir.1823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22262730&dopt=Abstract
http://europepmc.org/abstract/MED/25361730
http://dx.doi.org/10.3402/gha.v7.25606
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25361730&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2013.864735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24673171&dopt=Abstract
https://mhealth.jmir.org/2018/1/e23/
http://dx.doi.org/10.2196/mhealth.8873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29343463&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2015.1018624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26042660&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1001382
http://dx.doi.org/10.1371/journal.pmed.1001382
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23424286&dopt=Abstract
http://europepmc.org/abstract/MED/25584085
http://europepmc.org/abstract/MED/25584085
http://dx.doi.org/10.1007/s13142-014-0293-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25584085&dopt=Abstract
http://dx.doi.org/10.1258/ijsa.2007.007264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18482956&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3408-z
http://dx.doi.org/10.1186/s12889-016-3408-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27514851&dopt=Abstract
http://emj.bmj.com/cgi/pmidlookup?view=long&pmid=12642531
http://dx.doi.org/10.1136/emj.20.2.164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12642531&dopt=Abstract
https://mhealth.jmir.org/2016/3/e107/
http://dx.doi.org/10.2196/mhealth.5720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27613084&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2012.677394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22548593&dopt=Abstract
http://dx.doi.org/10.1071/HE16041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27784506&dopt=Abstract
http://europepmc.org/abstract/MED/24824311
http://dx.doi.org/10.1007/s10488-014-0556-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24824311&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-12-123
http://dx.doi.org/10.1186/1472-6947-12-123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23126370&dopt=Abstract
http://dx.doi.org/10.1016/j.procs.2016.09.276
http://dx.doi.org/10.1177/0049124193022001002
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18352969&dopt=Abstract
http://dx.doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17872937&dopt=Abstract
http://dx.doi.org/10.1080/12460125.2016.1125647
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Dick et al

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Klein L. What do we actually mean by 'sociotechnical? On values, boundaries and the problems of language. Appl Ergon
2014 Mar;45(2):137-142. [doi: 10.1016/j.apergo.2013.03.027] [Medline: 23786808]

Heeks R. Information systems and developing countries: failure, success, and local improvisations. Inf Soc
2002;18(2):101-112. [doi: 10.1080/01972240290075039]

Forsythe DE, Buchanan BG. Broadening our approach to eval uating medical information systems. Proc Annu Symp Comput
Appl Med Care 1991:8-12 [FREE Full text] [Medline: 1807716]

Kaplan B. Evaluating informatics applications--some aternative approaches: theory, social interactionism, and call for
methodological pluralism. Int JMed Inform 2001 Nov;64(1):39-56. [doi: 10.1016/s1386-5056(01)00184-8] [Medline:
11673101]

Riley W. Evaluation of mHealth. In: National Research Council , Institute Of Medicine, Board On Global Health , Forum
On Global Violence Prevention, Simon MA, editors. Communicationsand Technol ogy for Violence Prevention. Washington,
United States: The National Academies Press; 2012:72-86.

Mohr DC, Cheung K, Schueller SM, Brown CH, Duan N. Continuous evaluation of evolving behavioral intervention
technologies. Am J Prev Med 2013 Oct;45(4):517-523 [FREE Full text] [doi: 10.1016/j.amepre.2013.06.006] [Medline:
24050429]

Collins LM, Murphy SA, Nair VN, Strecher VJ. A strategy for optimizing and evaluating behavioral interventions. Ann
Behav Med 2005 Aug;30(1):65-73. [doi: 10.1207/s15324796abm3001_8] [Medline: 16097907]

CollinsLM, Murphy SA, Strecher V. The multiphase optimization strategy (MOST) and the sequential multiple assignment
randomized trial (SMART): new methods for more potent eHealth interventions. Am J Prev Med 2007 May;32(5
Suppl):S112-S118 [FREE Full text] [doi: 10.1016/j.amepre.2007.01.022] [Medline: 17466815]

KlasnjaP, Hekler EB, Shiffman S, Boruvka A, Almirall D, Tewari A, et a. Microrandomized trials: an experimental design
for developing just-in-time adaptive interventions. Health Psychol 2015 Dec;34S:1220-1228 [FREE Full text] [doi:
10.1037/hea0000305] [Medline: 26651463]

Sandelowski M. Samplesizein qualitative research. ResNurs Health 1995 Apr;18(2):179-183. [doi: 10.1002/nur.4770180211]
[Medline: 7899572]

Patton MQ. Enhancing the quality and credibility of qualitative analysis. Health Serv Res 1999 Dec;34(5 Pt 2):1189-1208
[FREE Full text] [Medline: 10591279]

Abbreviations

CEEBIT: continuous evaluation of evolving behavioral intervention technologies
mHealth: mobile health

MOST: multiphase optimization strategy

RCT: randomized controlled trial

SMART: sequential multiple assignment randomized trial

Supporting LIFE: Supporting Low-cost Intervention For disEase control

Edited by G Eysenbach; submitted 05.10.18; peer-reviewed by A Yang, J Lalor, R Dekova, MS Al Manir, HL Tong; comments to
author 04.04.19; revised version received 12.07.19; accepted 31.08.19; published 22.01.20

Please cite as:

Dick S, O'Connor Y, Thompson MJ, O'Donoghue J, Hardy V, Wu TSJ, O'Sullivan T, Chirambo GB, Heavin C
Considerations for Improved Mobile Health Evaluation: Retrospective Qualitative Investigation

JMIR Mhealth Uhealth 2020;8(1):e12424

URL: https://mhealth.jmir.org/2020/1/€12424

doi: 10.2196/12424

PMID: 32012085

©SamanthaDick, Y vonne O'Connor, Matthew J Thompson, John O'Donoghue, Victoria Hardy, Tsung-Shu Joseph Wu, Timothy
O'Sullivan, Griphin Baxter Chirambo, CiaraHeavin. Originally published in IMIR mHealth and uHealth (http://mhealth.jmir.org),
22.01.2020. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must be included.

https://mhealth.jmir.org/2020/1/e12424 JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 1 | €12424 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.apergo.2013.03.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23786808&dopt=Abstract
http://dx.doi.org/10.1080/01972240290075039
http://europepmc.org/abstract/MED/1807716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1807716&dopt=Abstract
http://dx.doi.org/10.1016/s1386-5056(01)00184-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11673101&dopt=Abstract
http://europepmc.org/abstract/MED/24050429
http://dx.doi.org/10.1016/j.amepre.2013.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24050429&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm3001_8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16097907&dopt=Abstract
http://europepmc.org/abstract/MED/17466815
http://dx.doi.org/10.1016/j.amepre.2007.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17466815&dopt=Abstract
http://europepmc.org/abstract/MED/26651463
http://dx.doi.org/10.1037/hea0000305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26651463&dopt=Abstract
http://dx.doi.org/10.1002/nur.4770180211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7899572&dopt=Abstract
http://europepmc.org/abstract/MED/10591279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10591279&dopt=Abstract
https://mhealth.jmir.org/2020/1/e12424
http://dx.doi.org/10.2196/12424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32012085&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

