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Despite evidence supporting physical activity in primary and secondary prevention, many
individuals do not meet recommended levels. Mobile health is a field with a growing evidence base and is proposed as a convenient method for delivering health interventions.
Despite qualitative exploration of stakeholder perspectives, there is a lack of synthesis to
inform evidence-based design. This study aims to resolve this by identifying and synthesising qualitative research on the experience of using mobile health applications to promote
physical activity.

Method
A systematic review focused on qualitative research, mobile health and physical activity was
conducted in October 2017 using CINAHL, ERIC, EMBASE, MEDLINE and PsycINFO databases. The protocol was registered with the Prospero database (Registration: CRD4201808
0610). Results were synthesised as a meta-ethnography.

Results
Fifteen studies were included, covering a variety of populations, including people with diabetes, obesity, and serious mental illness. Five themes emerged: (a) personal factors and the
experience of using mobile health, (b) mobile health and changes in thinking that support
physical activity, (c) the experience of mobile health features, including prompts, goal setting
and gamification, (d) the experience of personalised mobile health and physical activity, (e)
technical and user issues in mobile health and their effect on experience.

Conclusion
Personal factors and features of the device influenced the experience of using mobile health
to support physical activity. The two mechanisms through which mobile health use facilitated
physical activity were strengthening of motivation and changes in self-awareness and
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strategising. Experiences were not entirely unproblematic as technical issues and adverse
effects related to self-monitoring were noted. This synthesis provides insight into the experience of mobile health and is useful for researchers and healthcare practitioners interested in
designing user-informed mobile health interventions for promoting physical activity.

Introduction
The uptake of physical activity (PA) and exercise is a cornerstone strategy of primary and secondary prevention for non-communicable conditions and has long been a challenge for
healthcare providers across disciplines and settings [1, 2]. Moderate to vigorous PA is associated with reduced risk of metabolic syndrome [3], cardiovascular disease [4] and all-cause
mortality [5]. In addition to contributing to non-communicable disease, the economic burden
of physical inactivity is significant, adding to healthcare costs and productivity loss [6]. Predictably, PA promotion is targeted at global [7], national [8–10] and illness-specific levels [11,
12]. Despite PA being a modifiable risk factor, PA guidelines are frequently unmet in the general population [13] and in illness-specific conditions post event, for example, in people with
stroke [14].
Taking stroke as an illustrative example, a large international case-control study established
association between PA and reduced risk of first stroke [15]. Given the established risk of
recurrent stroke [16], clinical guidelines advocate the promotion of PA [11, 12]. These guidelines are supported by a strong evidence base, with a recent Cochrane review demonstrating
cardiorespiratory training improved scores on global indices of disability (standardised mean
difference (SMD) 0.52, 95% confidence interval (CI) 0.19 to 0.84; P value = 0.002) [17]. Step
count is one method for approximating PA. For stroke survivors, daily step count is estimated
at 4355.2 [18]. This falls below guidelines for the general population (10000) [19] and for adults
with chronic illness (6500–8500 steps) [20]. Given the prevalence of physical inactivity in both
illness-specific and the general populations in the face of evidence-based guidelines, novel
approaches for promoting PA are required.
Tailored interventions are increasingly seen as a means for delivering care to individuals
with chronic conditions [21, 22]. Tailoring refers to health material consisting of “any combination of information and strategies intended to reach one specific person that are based on
characteristics unique to that person, related to the outcome of interest, and derived from an
individual assessment” [21]. Tailored interventions have been successfully applied directly to
PA through print-based [23] and internet-based interventions [24] in adult populations. It follows that mHealth may provide the next iteration of tailored interventions for PA. Though initial results have been mixed [25, 26], mHealth arguably is ideally placed to offer tailoring.
Advances in mobile and sensing technology are now able to deliver just-in-time adaptive interventions which can offer the right type of support, at the right time, by adapting to individuals’
changing states [27]. More recently, wearable activity monitors paired with machine learning
algorithms are being used to explore novel approaches to personalising PA interventions [28].
The use of wearable activity monitors is also notable as they offer objective reports of PA. This
is vital to planning and measuring the efficacy of interventions, particularly as individuals are
typically poor estimators of their own PA [29, 30]. Thus, interventions with automated monitoring can offer more reliable and valid reports of PA and are well poised for use in health
interventions.
Mobile Health (mHealth) is a growing field defined by the use of portable devices including
phones and tablets to improve health status [31]. The mHealth movement has been spurred by
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increasing smartphone ownership. A recent survey in the United States noted almost three
quarters of adults report smartphone ownership, with similar levels reported in high and middle-income countries and growth on the rise in low-income countries [32]. Smartphones provide platforms for delivery of interventions which can bridge gaps between services or act as
adjunct treatments [31]. A subsegment of mHealth has focused on PA promotion using applications. With thousands of ‘Health and Fitness’ applications in the iTunes and Google Play
stores, there is significant variation in content and underlying theory, with many employing
only minimal behaviour change techniques [33, 34]. In view of this, calls for an increase in theory-based applications have been made [35].
Similarly, the risk of overengineered solutions in mHealth has recently been highlighted alongside calls for the inclusion of end-user perspectives [36, 37]. To this end, the World Health Organization has included stakeholder involvement in their recently created mHealth evidence
reporting and assessment checklist [31]. End-users’ experiential knowledge provides unique
insight into the success or failure of interventions and supports transparency and legitimacy [38].
Several factors have been identified as influencing engagement with digital health interventions,
including personal agency, motivation and prior experience of using mobile devices [39]. Additionally, features common to mHealth, like self-tracking, have been described as polarising, with
some suggesting they afford opportunities for empowerment and others critiquing their ability to
induce feelings of anxiety or to infringe on users’ privacy [40–42]. By better understanding endusers’ perspectives on mHealth in the context of PA promotion, improvements can be made in
the development and implementation of future interventions.
Qualitative research is well placed to elicit the user’s perspective and can contribute constructively to intervention development, with meta-ethnography specifically noted as a useful
method for synthesising qualitative literature in health technology assessment [38]. Meta-ethnographic approaches have previously yielded valuable findings in exploring user experience
of computerised therapy for depression and anxiety [43], telehealth user experience for chronic
obstructive pulmonary disease [44] and experiences of self-management support following
stroke [45].
The current systematic review and synthesis will form a part of a larger project to design a
mHealth application-based intervention to promote PA in adults with stroke. Medical
Research Council guidance on designing complex health interventions recommends identifying the existing evidence base as part of the initial stages of development [46]. While reviews
have previously been completed on this topic, they have focused on the quantitative literature
[25, 26] or a mix of quantitative and qualitative literature [47, 48], with the efficacy of applications aimed at promoting PA noted to be mixed.
The aims of the study were to:
1. Systematically search the qualitative literature to identify studies exploring the experience
of adults using mHealth to promote PA.
2. Perform a meta-ethnography to synthesise the included studies with a view to identifying
new insights and describing user experience.

Method
Design
A meta-ethnographic synthesis, informed by Noblit and Hare’s [49] seven-stage process, of the
qualitative literature was selected to move beyond collation of the evidence base and toward
generation of new understanding [50]. The original protocol can be accessed using the
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Prospero database (Registration: CRD42018080610). It is reported in accordance with the
Enhancing Transparency in Reporting the Synthesis of Qualitative Research (ENTREQ)
guidelines [51] (S1 File).

Search strategy
A systematic search of CINAHL, EMBASE, ERIC, MEDLINE and PsycINFO was completed
using “qualitative research”, “PA” and “mHealth” as keywords alongside thesaurus and MeSH
terms in October 2017. These databases were selected for their inclusion of qualitative studies
and health research. The keywords used in the search strategy were drawn from recently conducted systematic reviews for qualitative research [52], PA [17] and mHealth [53] (S2 File).
Those key words were validated and additional key words added by checking the terms used
in articles identified in preliminary searches. No limit was placed on date of publication. Studies were limited to those published in English and those involving adults.

Inclusion and exclusion criteria
Studies were included if they reported qualitative research which focused on the experience of
adults who had used mHealth applications alone or mHealth applications and wearable activity monitors to promote PA in day to day life, as opposed to a laboratory or experimental setting (e.g. trialling the usability of a prototype mHealth application). Studies were also included
if they reported using mixed methods or if they reported on the views of healthcare providers
or other stakeholders provided qualitative data regarding the end-users could be extracted
separately.

Screening
Titles and abstracts were screened independently against inclusion criteria by two reviewers
(DC, KR or SH). Each record was screened independently twice, with disagreements resolved
through discussion and consensus with a third reviewer where necessary. Full text articles
were screened by two reviewers (DC, KR) for final decisions regarding inclusion, with disagreement resolved by consulting a third reviewer (SH).

Quality appraisal
The methodological quality of the included studies was appraised using the ten-item Critical
Appraisal Skills Programme (CASP) checklist for qualitative research [54]. The CASP tool, is
widely used in qualitative research despite its limitations [55] and has been recommended for
use in health research [56]. Two evaluators (DC, KR) independently assessed the quality of
each study with discrepancies resolved through consensus and discussion with a third evaluator (SH).

Data extraction and synthesis
The synthesis was informed by the seven phases of meta-ethnography originally described by
Noblit and Hare [49]. This is one of the most commonly used methods of qualitative synthesis
[57] and is interpretative rather than integrative or aggregative, focusing on the generation of
new understanding [58]. The focus of the analysis was synthesising themes or third-order constructs from second-order constructs (themes identified by the authors of included studies)
[49].
The first phase, ‘getting started’, involved development of a research question and the second phase, ‘deciding what is relevant’ involved searching for and quality appraising each
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included article. In phase three, ‘reading the studies’, articles were closely read by two researchers who extracted second-order concepts into QSR International’s NVivo 11 Software. In
phase 4, ‘determining how the studies are related’, a grid of concepts was developed using the
extracted data. Concepts from each study were juxtaposed against one another to lay the foundation for phase five, ‘translating the studies into one another’. In phase six, ‘synthesising
translations’, a line-of-argument was synthesised from third-order constructs. The line-ofargument represents what can be said “of the whole. . . based on selective studies of the parts”
[49]. In the current study, the whole refers to the experience of using mHealth to promote PA.
The final phase ‘expressing the synthesis’ was achieved through writing up the results for dissemination. Phases four through six were led by DC, with critical feedback provided throughout by KR.

Results
Search outcomes
In total, 4420 studies were identified and removal of duplicate studies left 3214 studies for
screening. Titles and abstracts were read and a further 3138 articles were removed based on
the selection criteria. Seventy-six full text articles were screened. Fifteen studies met the criteria
for inclusion and were included in the meta-ethnography (Fig 1).

Characteristics of included studies
The studies included were diverse and details of each are included in Table 1. Six studies were
conducted in the United States [59–64], two in Australia [65, 66] and the Netherlands [67, 68]
and one each in Canada [69], Norway [70] and the United Kingdom [71]. Two comparative studies took place in the United States and Sweden [72] and in Finland and India [73]. With regards
population, nine studies were conducted with patient groups [59–61, 63, 64, 66, 68–70] and six
studies recruited community dwelling participants [62, 65, 67, 71–73]. Participants ranged in age
from 18 [62, 65–67, 71] to 75 [69]. Three studies included only young adults [62, 66, 67], two studies included young and middle aged adults [71, 73], six included middle aged and older adults
[59, 60, 63, 68–70] and three included young, middle aged and older adults [61, 64, 65], while one
study did not report age [72]. Two studies [59, 67] reported the behaviour change techniques used
in their applications and two studies [63, 70] reported objective PA data.

Quality appraisal
The quality of studies included varied. As noted in Table 1 above, several studies employed
exclusively qualitative methods, while others employed mixed methods. In some instances,
studies reported their findings from multiple phases [68, 72] or a multicomponent intervention where mHealth application was part of a wider, multicomponent study [60, 61, 63, 68, 70,
71].These factors may have compromised reporting of methods. Notably, only three of the
studies attempted to address the relationship between researcher and participant [62, 64, 73].
Furthermore, two studies did not detail the rationale for or how they completed their analyses
[69, 70]. However, given the lack of agreement on the application of quality criteria [74], no
studies were excluded on the basis of quality. A summary of the results from the CASP tool are
provided in S1 Table.

Synthesis
The analysis produced five themes (third-order constructs): (a) Personal factors and the experience of using mHealth, (b) mHealth and changes in thinking that support PA, (c) the
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Fig 1. PRISMA flow diagram.
https://doi.org/10.1371/journal.pone.0208759.g001

experience of mHealth features, including prompts, goal setting and gamification, (d) The
experience of personalised mHealth and PA, (e) technical and user issues in mHealth and their
effect on experience. An overview of each study’s contribution to the themes is provided in
Table 2.

Personal factors and the experience of using mHealth
Personal factors were reported in multiple studies to shape engagement with and experience of
using mHealth, particularly users’ prior experience with and rationales for using mHealth. Personal factors influenced participants’ motivation to engage with applications.
Prior experience was noted to be influential in two ways. Limited prior experience of
mHealth components, including smartphones, applications and wearables, was noted in a segment of participants and slowed initial engagement. This was noted in three studies [59, 64,
69], but generally appeared not to be insurmountable:
Understanding how it worked. It was a little difficult. I’m not too fast on technology; it
takes me a long time to use technology. When it comes to these phones, they’re a little bit
more sophisticated than some of the stuff that I use. It was a challenge. [64]
Conversely, participants in Partridge and colleagues’ [66] study had prior experience with
mHealth applications, which appeared to result in high expectations. Some of their participants abandoned the researchers’ applications and reverted to commercial applications which
better suited their needs:
I decided that I already have apps on my phone that I use to track diet and exercise, so I
kept using those ones. . .. I think it was the usability of the TXT2BFiT ones, especially trying
to use [the apps] on my phone, I found them a bit difficult to navigate. [66]
Personal motivations or reasons for application use also influenced engagement. Two studies explored differences between those initiating and those maintaining PA behaviour [62, 67].
Gowin and colleagues [62] divided participants by national PA guidelines. Those who did not
meet the PA guidelines expressed preference for an application taking on a coaching role
which could provide encouragement and a training schedule with tasks to complete. Those
who met PA guidelines preferred a coaching feature which guided them to intensify existing
training sessions. These findings were supported by Middelweerd and colleagues’ [67] analysis.
Though their study did not separate participants by level of PA, they noted in their data that
those with established healthy behaviours reported looking for ways to support that behaviour,
to make it easier or to target specific factors related to it. Those trying to adopt a new behaviour
had failed at it at least once before downloading the application. These participants looked for
help with changing their behaviour, e.g. looking for support with adopting a new exercise routine. Similarly, Anderson, Burford and Emmerton [65] reported how some of their participants were interested in using an application to achieve a specific goal and ceased or decreased
use once their goal was achieved. Other rationales for longer-term adherence were to monitor
personal data for themselves [65, 67, 72] and to share personal data with healthcare professionals [65, 69]. Gowin and colleagues [62] reported participants who discovered an application
from a family member usually used the application alongside them and reported positive feelings about same.
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Population

Adults living in urban
areas, engaged in
sedentary work and
interested in wellness
management
Prior mHealth
experience: All
participants were active
mobile phone users.

Consumers of mHealth
applications, some with
chronic health
conditions
Prior mHealth
experience: All
participants had used
mHealth prior to
interviews (Only
participants with
application use were
recruited).

Citation and
setting

Ahtinen et al
2013 [73]
Finland, India

Anderson,
Burford and
Emmerton
2016 [65]
Australia

PA not reported
objectively or selfreported.
Baseline PA level not
noted as inclusion
criteria, but
participants were
described as not
“completely inactive
or extremely active”.
Participant motivation
for taking part in
study not reported.

PA not reported
objectively or selfreported.
Baseline PA: Not
applicable,
participants were
already using
applications at time of
interview (naturalistic
use).
Motivations for
application use
included: greater selfawareness of one’s
condition, easier selfmanagement, ability
to share data with
healthcare
professional, ability to
view historical health
data, social motivation
to improve fitness and
greater control over
their condition.

mHealth application
installed on participants’
phones and an
introduction to its use
was provided.

None

Multiple off the shelf
applications
22 different fitness
applications and 2 different
cycling applications were
used.
BCTs not reported.
Duration: 2 weeks to 2
+ years

Qualitative
Semi-structured
interview
Deductive and
inductive
thematic analysis

To explore health
consumers’ use of
applications for health
monitoring, perceived
benefits from use of
health applications, and
suggestions for
improvement of health
applications.

22 (15)
17 participants
reported using
fitness applications,
one reported using
a cycling
application.
Remaining
participants used a
variety of self-care
applications.
Range: 18–55+
(Range for users of
PA applications not
specified)
Young, middle aged
and older adults

Physical activity data

Off the shelf application
(Wellness Diary), some
participants received a
smartphone (Nokia 5500
Sport) if their own phone
was incompatible with the
application.
Wellness Diary allows users
to maintain a journal of
wellness parameters for
their own goals, including
weight, exercise, eating,
and others. The application
offered feedback through
lists and graphs.
BCTs not reported.
Duration: 2 weeks

Additional support

Qualitative
Interview
Content analysis

mHealth component,
application content,
behaviour change
techniques and duration

To study users’ needs in
relation to a mobile
wellness application that
supports engagement in
PA and to analyse those
findings and formulate
user-centric design
principles for a mobile
wellness application to
motivate people to
exercise.

Methodology
(refers to overall
design in studies
with multiple
phases, data
collection and
data analysis

Two studies
reported on. Only
Study 1 included.
Study 1 total:
16 (9)
Finnish
participants:
8 (4)
Mean: 33 Range:
25–45
Indian participants:
8 (5)
Mean: 36
Range: 25–50
Young and middleaged adults

Sample
Research aim(s)
n (n females), age in
years

Table 1. Characteristics of included studies.
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Four main themes were
generated: (1)
engagement in use of the
application, (2) technical
functionality of the
application, (3) ease of
use and design features,
and (4) management of
consumers’ data.

Four main themes
identified: (1) getting
bored, (2) beyond
numbers, (3) interaction
and variety, and (4)
advisory role.

Summary of findings
(not all studies generated
themes)
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Population

Type II Diabetes
Prior mHealth
experience: Not
reported.

Adults recruited via a
professional
recruitment agency and
through the
researchers’ extended
social networks
Prior mHealth
experience: Not
reported.

Citation and
setting

Årsand et al
2010 [70]
Norway

Bentley et al
2013 [72]
United States,
Sweden

Table 1. (Continued)

Pilot study
10 (not reported)
Full study
60 (not reported)
Age not reported.

12 (8)
Mean: 56.2
Standard deviation:
9.6
Range: 44–70
Middle aged and
older adults

To develop, trial and
evaluate a system that
supports reflection on
personal wellbeing data
and context.

To explore how patientoperated selfmanagement tools can
be designed for
supporting lifestyle
changes among people
with
type 2 diabetes and how
these tools were
perceived by a group of
12 patients during a
6-month period.

Sample
Research aim(s)
n (n females), age in
years

Mixed methods
Semi-structured
interview,
voicemail and
email for pilot.
Semi-structured
interview
and
questionnaires for
full study
Grounded theory

Mixed methods
Focus group
Not specified

Methodology
(refers to overall
design in studies
with multiple
phases, data
collection and
data analysis

Additional support

Custom application
(Mashups application),
wearable activity monitor
(Fitbit) and Internetconnected scale (Withings)
Health Mashups aims to
increase self-understanding
and behaviour change by
identifying significant
connections between
weight, sleep, step count,
calendar data, location,
weather, pain, food intake
and mood.
BCTs not reported.
Duration: 2-month pilot
study; 90-day full study

In both studies,
researchers set up the
scale, Fitbit and
Mashups application
and demonstrated their
use.
Participants were
questioned about their
wellbeing and goals at
the start of each study.
Participants were told
that using the Mashup
application was not
required to take part in
either study.

Custom application (Few
No additional support
Touch Application),
reported.
OneTouch Ultra 2 blood
glucose monitor and PA
sensor system
using Bluetooth.
The Few Touch
Application supports adults
in managing their diabetes.
It records blood glucose,
step count and food habits
and provides feedback in
relation to users’ goals.
BCTs not reported.
Duration: 6 months. PA
component introduced late
and tested for 2–3 months.

mHealth component,
application content,
behaviour change
techniques and duration
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Findings from the pilot
study were presented as
four categories: (1)
learning from
observations, (2) lack of
data richness, (3)
contradictory
information, and (4)
design
recommendations.
Findings from the full
study were presented as
four categories: (1)
sustained use, (2)
increased selfunderstanding, (3)
behaviour change, and
(4) obvious observations.
PA not reported
objectively.
Self-reported increase
in PA noted.
Baseline PA not
reported or required
as inclusion criteria.
Participant motivation
for taking part in
study not reported.

(Continued)

User feedback from the
intervention
demonstrated good
usability of the tested
system, and several of the
participants adjusted
their medication, food
habits, and/or PA.

Summary of findings
(not all studies generated
themes)

PA reported only
objectively (average
step count in first and
final weeks).
Baseline PA not
reported or required
as inclusion criteria.
Participant motivation
for taking part in
study not reported.

Physical activity data

Experiences of mHealth in promoting physical activity

9 / 31

Population

Veterans with
increased metabolic
risk
Prior mHealth
experience: Participants
required to have a
smartphone.

Rural men
(Overweight/
obesity and
prehypertension/
hypertension noted in
sample)
Prior mHealth
experience:
Participants had to
possess a personal
computer and be able
to send and receive text
messages. Those who
had used a Fitbit or
similar (excluding
pedometer) previously
were excluded.

Citation and
setting

Buman et al
2016 [59]
United States

Eisenhauer
et al 2017 [60]
United States

Table 1. (Continued)

Custom application
(BeWell24)
BeWell24 targets behaviour
change in sleep, sedentary
behaviour, and physical
activity.
BCTs reported in the
sedentary behaviour and
exercise component of
application: Feedback and
monitoring, natural
consequence, associations,
repetition and substitution,
goals and planning, and
shaping knowledge.
Duration: 8 weeks (3-week
run-in period where only
the self-monitoring
component was available)

Off the shelf mHealth
application (Fitbit One
companion application),
wearable activity monitor
(Fitbit One) and text
messages.
Fitbit One wearable activity
monitor used to track PA
and Fitbit One companion
application used to record
diet and monitor PA.
Participants could monitor
the PA of peers in the study
through the application.
BCTs not reported.
Duration: 3 weeks

Mixed methods
Structured
interview with
open-ended
questions
Case study
approach

Mixed methods
Focus group
Descriptive
content analysis

To develop and
complete a process
evaluation of
BeWell24, a
multicomponent
application targeting
lifestyle behaviour: sleep,
sedentary and active
behaviour.

To examine the
feasibility
and acceptability of
health-related text
messages and use of a
wearable activity
monitor and companion
application to selfmonitor eating and
activity as perceived by
rural men.

Total study: 26 (4)
Mean: 49, Standard
deviation: 8.9
Range: 36–65
Focus group: 17
(Due to
randomisation of
participants, it was
unclear how many
were exposed to
each components)
Middle aged and
older adults

12 (0)
Mean: 50.9
Standard Deviation:
8.6
Range: 40–67
Middle aged and
older adults

mHealth component,
application content,
behaviour change
techniques and duration

Methodology
(refers to overall
design in studies
with multiple
phases, data
collection and
data analysis

Sample
Research aim(s)
n (n females), age in
years

PA not reported
objectively.
Self-reported increase
in PA noted.
Baseline PA not
reported.
Inclusion criteria
included self-reported
insufficient PA
(endorsing activity
ranking categories �4
on
the Stanford Brief
Activity Survey) and
excessive sitting (�8 h
of sitting from the
International Physical
Activity
Questionnaire).
Participant motivation
for taking part in
study not reported.
PA not reported
objectively.
Self-reported increase
in PA noted in a
survey administered
after the intervention.
Baseline PA not
reported or required
as inclusion criteria.
Participant motivation
for taking part in
study not reported.

Brief orientation
provided to explain
mHealth components.

Physical activity data

Participants
attended two additional
visits during the 8 weeks
to complete studyrelated assessments.

Additional support

PLOS ONE | https://doi.org/10.1371/journal.pone.0208759 December 17, 2018
(Continued)

Self-monitoring and daily
text messages increased
awareness of energy
intake and output.
Fitbit One and text
messages were perceived
as useful, while the
companion application
requires adaptation to
reflect dietary norms.

Findings were related to
each of the application’s
components, with themes
noted in each. Three
themes related to selfmonitoring: (1)
awareness, (2) ease of use,
and (3) time spent using
the self-monitoring
component.
Three themes related to
the behavioural
application component
(i.e., sleep, sedentary, and
PA): (1) content, (2)
awareness/motivation or
behaviour, and (3)
modifications/
recommendations.
No clear themes emerged
from the exercise
component.

Summary of findings
(not all studies generated
themes)

Experiences of mHealth in promoting physical activity
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Population

Sedentary women
Prior mHealth
experience: Not
required or reported.

University students
Prior mHealth
experience: All
participants had
mHealth experience
(no intervention, only
participants with
application use were
recruited).

Citation and
setting

Fukuoka,
Lindgren and
Jong 2012 [61]
United States

Gowin et al
2015 [62]
United States

Table 1. (Continued)

Qualitative
Semi-structured
interview
Thematic analysis

Qualitative
Semi-structured
interview
Grounded theory

To explore acceptability
and understand
motivators and barriers
to increasing PA using a
mobile phone
application and
pedometer.

To describe how college
students in the
Southwestern United
States use health and
fitness applications to
change behaviour.

27 (21)
Mean: 20
Range: 18–30
Young adults

Methodology
(refers to overall
design in studies
with multiple
phases, data
collection and
data analysis

41 (41)
Mean 48.4
Standard deviation:
13.1
Range: 25–70
Young, middle aged
and older adults

Sample
Research aim(s)
n (n females), age in
years

Multiple off the shelf
applications
Various health/ fitness
applications used
BCTs not reported.
Duration: 1 month to 1
+ year

Custom application,
mobile phone
(MOTORAZRv3xx) and
pedometer (Omron HJ-720
ITC)
The custom application
delivered daily messages,
set automated weekly goals,
provided immediate
feedback and selfmonitoring functions
(mobile diary), and
collected participant
responses.
BCTs not reported.
Duration: 3 weeks

mHealth component,
application content,
behaviour change
techniques and duration

Physical activity data

PA not reported
objectively.
Self-reported increase
in PA noted.
Baseline PA: Sedentary
lifestyle at work and/
or during leisure time
(Brief Physical Activity
Survey questionnaire)
required
Participant motivation
for taking part in
study not reported.

PA not reported
objectively
Self-reported increase
in PA noted.
Self-reported times
spent exercising per
week reported at time
of focus group.
Baseline PA: Not
applicable,
participants were
already using
applications at time of
interview (naturalistic
use).
Motivations for
application use were
classified after
interviews as either
adopting a new
behaviour or
maintaining/
improving an existing
behaviour.

Additional support

Brief face-to-face
intervention consisting
of: (1) an overview of the
program, (2) education
regarding PA, (3)
counselling regarding
barriers to PA, (4)
increasing social
support, and (5) safety
for PA.

None
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Findings were presented
as three main themes: (1)
acquiring the application,
(2) utilizing the
application, and (3) likes/
dislikes about the
application.

Findings identified three
main themes: (1) monitor
me: mobile phone/
pedometer as selfmonitoring tools, (2)
motivate me: cycle of
feedback in goal setting
and usefulness/
uselessness of daily
random messages, and
(3) mobilise me:
engaging and adapting
PA to fit one’s own
lifestyle.

Summary of findings
(not all studies generated
themes)

Experiences of mHealth in promoting physical activity
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Population

Primary care patients
Prior mHealth
experience: Not
reported. Some
participants selfreported not having
mHealth experience in
results.

Primary care patients
Prior mHealth
experience: Not
reported.

Citation and
setting

Knight and
Petrella 2014
[69]
Canada

Lewis et al
2017 [63]
United States

Table 1. (Continued)

Mixed methods
Focus group,
interview
Thematic analysis

To determine the
feasibility and
acceptability, using the
RE-AIM (Reach,
Effectiveness, Adoption,
Implementation,
Maintenance)
framework, of a primary
care-based intervention
that incorporated 5 A’s
counselling (assess,
advise, agree, assist, and
arrange) and self-control
through an activity
monitor.

Off the shelf application
(Jawbone UP companion
application) with wearable
activity monitor (Jawbone
UP24) or pedometer.
The Jawbone UP24
wearable activity monitor
was used to track PA and
the companion application
allowed participants to
monitor their PA, diet and
weight, as well as interact
with other participants.
BCTs not reported in
relation to application.
The authors noted that
wearable activity monitors
could support BCTs,
including: action planning,
cues to action, social
support, and learning from
peers.
Duration: 12 weeks

Not specified whether
application is off the shelf
or custom.
Application provided with
technology kit
(smartphone, blood
pressure monitor,
glucometer, pedometer and
weight scale).
The application was used to
manage submitted
measures (PA, blood
pressure, blood glucose,
and body weight),
providing tabular and
graphical feedback.
BCTs not reported.
Duration: 12-week
intervention, participants
followed up 6 months post
intervention

Mixed methods
Semi-structured
interview
Whole text
analysis

The aim was to perform
a longitudinal follow up
on a PA and mHealth
intervention at six
months. The study
aimed to: (1) Determine
if improvements made
through the
intervention phase were
maintained long-term
by measuring
a clinical marker of
cardiometabolic health
risk at 6 months
postintervention, and
(2) to elicit themes
describing participants’
experiences
in a program aimed to
modify lifestyle using
activity
prescription and
mHealth.

20 (12)
Mean 63
Standard deviation:
5
Range: 55–75
Middle aged and
older adults

Total study: 40 (30)
Mean: 63.7
Standard deviation:
5.3
Range: 55–74
Electronic activity
monitor group with
application: 20 (17)
Mean: 64
Standard deviation:
5.1
11 participants took
part in focus group
and only 8 had used
an activity monitor
and companion
application. No
demographic data
was provided at this
level.
Middle aged and
older adults

mHealth component,
application content,
behaviour change
techniques and duration

Methodology
(refers to overall
design in studies
with multiple
phases, data
collection and
data analysis

Sample
Research aim(s)
n (n females), age in
years

PA not reported
objectively. Baseline
and final average
functional aerobic
capacity reported.
Some participants selfreported sustaining
their PA levels
prescribed during the
intervention.
Baseline PA not
reported or required
as inclusion criteria.
Participant motivation
for taking part in
study not reported.

PA recorded
objectively (time spent
doing moderate or
vigorous exercise
increased).
No self-reported PA
data.
Baseline PA:
Physically inactive
(self-reported less than
60 min/week of
planned PA),
Participant motivation
for taking part in
study not reported.

Exercise counselling and
prescription prior to
randomisation to
pedometer or activity
monitor groups.

Physical activity data

Preintervention visit:
activity prescription
included counselling
with a certified exercise
physiologist and a
personalised activity
program.
Postintervention visit:
Written prescription
indicating their
VO2max, target
training heart rate, and
amount of activity
required to meet
PA guidelines provided.

Additional support
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(Continued)

Findings centred on four
main themes: (1) testing
activity monitors’ effect
on health, (2) selfmonitoring, (3) social
support on the UP app,
(4) counselling from the
counsellor or from a
health care provider.
Over the 12 weeks, there
were 490 comments and
1094 “likes” given to
study peers in the
companion
application. Some activity
monitor participants
enjoyed the social
interaction while others
were uncomfortable
talking to strangers.

Three emergent themes
were noted: (1) desire for
short-term mHealth
intervention to educate
individuals about
prescribed health
behaviours without need
for ongoing management
by clinicians, (2)
leveraging mHealth to
build social networks
around prescribed health
behaviours and to
connect individuals to
build a sense of
community, and (3)
participant views of PA as
medicine.

Summary of findings
(not all studies generated
themes)

Experiences of mHealth in promoting physical activity
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Population

University students
Prior mHealth
experience: Participants
had to own a
smartphone with
Internet access.

Adults recruited from a
university campus with
no pre-existing health
condition which might
impede nutrition or PA
modification.
Prior mHealth
experience: Participants
required to own an
Android mobile phone.

Serious mental illness
and obesity
Prior mHealth
experience not
reported. Some
participants selfreported not having
mHealth experience in
results.

Citation and
setting

Middelweerd
et al 2015 [67]
Netherlands

Morrison et al
2014 [71]
United
Kingdom

Naslund,
Aschbrenner
and Bartels
2016 [64]
United States

Table 1. (Continued)

To explore Dutch
students’ preferences
regarding a PA mHealth
application.

To examine
individual variation in
(1) impact on selfreported goal
engagement
of access to a weight
management application
when
provided alongside a
Web-based weight
management
intervention and (2)
usage and views of a
mHealth application.
To assess acceptability of
smartphones and
wearable devices to
support a lifestyle
intervention targeting
weight loss in adults
with serious mental
illness.

30 (20)
Mean: 21 Standard
deviation: 2
Range: 18–25
Young adults

13 (7)
Median: 27
Range 18–52
Young and middle
aged adults

11 (8)
Mean: 48.2
Standard deviation:
11.2
Range: 21–57
Young, middle aged
and older adults

Sample
Research aim(s)
n (n females), age in
years
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Four main themes were
generated from the
interviews: (1)
convenience and
accessibility, (2) constant
reminder and repetition,
(3) motivational benefits
of tracking, and (4) timerelevant use guided by
lifestyle and routine.
PA not reported
objectively or selfreported.
Baseline PA not
reported or required
as inclusion criteria.
Participant
motivation: The
authors noted all
participants were
motivated to adopt a
healthier lifestyle.

PA not reported
objectively.
Some participants selfreported increases in
PA.
Baseline PA not
reported or required
as inclusion criteria.
Participant motivation
for taking part not
reported.

Participants had access
to the Positive Online
Weight Reduction
(POWeR) web-based
weight management
intervention which was
delivered over 12
sessions. Access to the
POWeR Tracker
application was
alternated on a weekly
basis.

Participants were
enrolled in a 6-month
lifestyle intervention
adapted from the
Diabetes Prevention
Program curriculum and
delivered through a
community mental
health centre.

Custom application
(POWeR Tracker)
POWeR Tracker provides
informational tools
(viewing goals, plans and
content from the
intervention web site) and
self-monitoring tools
(personalised feedback on
goal progress).
BCTs not reported.
Duration: 7 weeks total (3
weeks with website and 4
weeks with website and
mHealth application)
Off the shelf application
(Fitbit companion
application) and wearable
activity monitor (Fitbit
Zip)
The Fitbit Zip recorded
steps, distance, active
minutes and calories
burned. The companion
application tracks progress,
rewards milestones with
colourful trophies, and lets
participants set daily step
goals, as well as compare
their progress with peers.
BCTs not reported.
Duration: 6 months

Mixed methods
Semi-structured
interview
Inductive
thematic analysis

Mixed methods
Semi-structured
interview
Rapid content
analytic approach

(Continued)

Three main themes were
identified: (1) motivating,
encouraging, fun to use
and other benefits, (2)
other things the Fitbit
can do, and (3) technical
difficulties, challenges
and recommendations
for improvement.

Findings were presented
in five main categories:
(1) general application
usage, (2) technical
aspects, (3) PA
assessment, (4) coaching
aspects, and (5) sharing
through social media.

Summary of findings
(not all studies generated
themes)

PA not reported
objectively.
Baseline PA not
required as inclusion
criteria.
Baseline PA:
Participants were
divided into those did
and did not meet
Dutch PA guidelines
(Dutch short version
of the International
Physical Activity
Questionnaire).
Participant motivation
for taking part in
study not reported.

Physical activity data

Participants were asked
to use the application
and to share
accomplishments on
social media. Neither
using the application,
nor sharing on social
media were required to
take part in the focus
groups.

Additional support

Off the shelf application
(Nexercise)
Nexercise is a fitness
tracker that supports GPS
tracking, an activity log
book,
earning points, a
competition feature, chat
features and
linking with social media.
BCTs reported: Prompting
goal setting, prompting
self-monitoring, providing
feedback on performance,
providing rewards and
planning social support.
Duration: 3 weeks

mHealth component,
application content,
behaviour change
techniques and duration

Qualitative
Focus group
Conventional
content analysis

Methodology
(refers to overall
design in studies
with multiple
phases, data
collection and
data analysis
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Young adults who
failed to meet national
exercise and nutrition
recommendations
Prior mHealth
experience: Participants
must have a mobile
phone capable of
receiving text messages
and access to the
Internet at least once
weekly.

People with chronic
obstructive pulmonary
disease or type 2
Diabetes
Prior mHealth
experience: Not
reported

Partridge et al
2016 [66]
Australia

van der
Weegen et al
2014 [68]
Netherlands

Mixed methods
Semi-structured
interview
Content inductive
analysis

Mixed methods
Interview
Directed content
analysis

To investigate
participants’ perceptions
of and engagement with
the mHealth program
components in the
TXT2BFiT to
understand program
effects.

The aim was to improve
the user interfaces and
content of It’s LiFe!, a
monitoring and
feedback tool to
stimulate PA.

Total sample: 248
(152)
Mean: 27.7
Standard deviation:
4.9
Range: 18–35
Interviewed: 30 (17)
Interview: Age not
specified
Young adults

Four phases, but
only phase 3
involved use in real
life and is reported
on here.
Phase 3:
20 (9)
Mean: 60.2
Standard deviation:
9.0
Middle aged and
older adults

Methodology
(refers to overall
design in studies
with multiple
phases, data
collection and
data analysis

Sample
Research aim(s)
n (n females), age in
years

Custom application (It’s
LiFe! application),
smartphone (Samsung
Galaxy Ace) and activity
sensor.
It’s LiFe! application
provides real-time feedback
on PA in relation to
personal goals and provides
dialogue sessions about PA
barriers and facilitators.
BCTs not reported.
Duration: 3 months

Custom applications and
text messages.
Four separate applications
were developed, however,
their functions beyond selfmonitoring were not
reported.
BCTs not reported (authors
noted that collectively their
seven applications
contained 18 BCTs).
Duration: 9 months,
[3-month intervention and
6-month maintenance
phase]

mHealth component,
application content,
behaviour change
techniques and duration

Results related to website
and application use noted
engagement was low for
the duration of the
program. Participants
would have preferred
incorporation of the selfmonitoring applications
and website resources
into one smartphone
application that could be
individualised by entry of
their personal data.

The findings from phase
3 were presented as five
categories: (1) application
usage, (2) technical
aspects, (3) PA
assessment, (4) coaching
aspects, and (5) sharing
through social media.
PA not reported
objectively or
subjective (baseline
data was recorded for
two weeks for goal
setting).
Baseline PA not
reported or required
as inclusion criteria.
Participant motivation
for taking part in
study not reported.
Three practice nurse
consultations (before,
during and after the
trial). Participants also
received dialogue
sessions via the
application and could
access a website with
questions about barriers
and facilitators to PA.

https://doi.org/10.1371/journal.pone.0208759.t001

Summary of findings
(not all studies generated
themes)

PA not reported
objectively or selfreported
Self-reported PA
below national
guidelines noted as
inclusion criteria.
Participant motivation
for participation
included: weight loss
and being more
physically active.

Physical activity data

The TXT2BFiT program
was a
multi-component
lifestyle intervention
delivered intensively for
3 months and followed
by a 6-month
maintenance phase.
Program components
included personalised
coaching calls, text
messages, emails,
smartphone applications
and website access.

Additional support

BCT, behaviour change technique; mHealth, mobile health; PA, physical activity; young adult = 18–35; middle aged = 36–55; older adult = 56+

Population

Citation and
setting

Table 1. (Continued)
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Table 2. Contribution of included studies towards themes.
Citation

Personal factors and
Mobile health and
the experience of using changes in thinking
mobile health
that support physical
activity

Ahtinen et al 2013
[73]

X

Anderson, Burford
and Emmerton 2016
[65]

X

Årsand et al 2010
[70]

The experience of mobile health The experience of
features, including prompts,
personalised mobile
goal setting and gamification
health and physical
activity

Technical and user issues
in mobile health and their
effect on experience

X

X

X

X

X

X

X

X

X

X

Bentley et al 2013
[72]

X

X

X

X

X

Buman et al 2016
[59]

X

X

X

X

X

Eisenhauer et al 2017
[60]

X

X

Fukuoka, Lindgren
and Jong 2012 [61]

X

X
X

X

Gowin et al 2015 [62]

X

Knight and Petrella
2014 [69]

X

X

X
X

X
X

X

X

Lewis et al 2017 [63]

X

X

X

X

X
Middelweerd et al
2015 [67]

X

X
X

Morrison et al 2014
[71]

X

X

X
X

Naslund,
Aschbrenner and
Bartels 2016 [64]

X

X

Partridge et al 2016
[66]

X

X

van der Weegen et al
2014 [68]

X

X

X

X
X

X

https://doi.org/10.1371/journal.pone.0208759.t002

It would be remiss to not note that participants in three studies expressed disinterest in
using applications for the promotion of PA [59, 67, 69]. One study noted a disinterest in
mHealth applications and a preference for print-based material [59], while another noted
some participants felt applications might be helpful for others, but not themselves [67]. The
third study was comprised of middle aged and older adults, with few participants reporting
willingness to ongoing smartphone use to self-monitor their health [69].
Notably, Ahtinen and colleagues’ [73] comparative study highlighted differences based on
their participants’ nationalities. Finnish participants reportedly placed more value on the
quantified elements their application offered, like graphs and goal setting, than their Indian
counterparts. One Indian participant summarised the experience by concluding that “[t]his
application is symbolic of the Western attitude (towards wellness)” [73].

mHealth and changes in thinking that support physical activity
The use of mHealth components was described by participants across the included studies as
facilitating various changes in ways of thinking and self-awareness that supported PA.
Although the focus of the included studies was not on measuring changes in PA, seven studies
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noted some participants self-reported increased PA after engaging with applications or wearables [59, 60–62, 64, 69, 72]. One additional study noted increases in objective PA data in
some participants [70], while a second study noted participants in their electronic activity
monitor group objectively increased their time spent engaged in moderate or vigorous PA
[63].
One of the more ubiquitous experiences reported across studies was heightened awareness
of PA because of application and wearable activity monitor use. Heightened awareness provided opportunities for reflection which aided attempts made by participants to adapt their
routines or lifestyles to incorporate additional PA. However, self-monitoring was not perceived as positive in every instance.
Ten studies referenced heightened awareness of PA behaviours through a wearable activity
monitor or application use [59–65, 67, 71, 72]. Responses to being made aware of their PA
were mixed. Some participants had overestimated their PA level and were shocked by their
inactivity: “[I] didn’t know that I was not as active as I thought I was. On the days when I
didn’t run or walk I realized that I didn’t even cover a mile a day and was horrified” [72].
Other participants were positively surprised by how active their baseline was: “It surprised me
how many miles a day I put on just at work” [60].
Three studies noted that their participants not only became more aware of their PA behaviour, but the applications helped facilitate opportunities for reflection [65, 71, 72]. Morrison
and colleagues [71] noted reflection could prompt further goal-directed behaviour. Similar
findings were noted by participants in Bentley and colleagues’ [72] study: “I am a grad student
who is overwhelmed and [the observations] helped to reflect on my life. They allowed me to
take inventory and think about what I should change” [72].
While self-monitoring was generally valued by participants, the potential for adverse effects
was noted. In some instances, application use was associated with frequent checking behaviour
[60], while other end-users reported an “obsession” or “unhealthy” preoccupation with the
application [62]. Negative experiences triggered by not meeting goals ranged from being “discouraging” [59] to “guilt, avoidance, shame, or feeling stressed” [62]. One participant reported:
“It’s definitely like. . . almost like a peer pressure feeling at first just because it’s got it right
there in big bold letters that you kind of screwed up today” [62].
Problem solving, requiring conscious effort on the part of participants, appeared to be supported by applications. Five studies reported participants using applications to support strategising or problem solving around PA [59, 61, 62, 69, 72]. By examining trends in personal data
over time, participants could target specific days in the week where their PA was lower [72].
The application used by Fukuoka, Lindgren and Jong [61] forwarded prompts via the application which prompted strategising:
I liked having the questions on how I was going to manage it. Even though sometimes they
weren’t applicable to me, it made me start thinking. I enjoyed that because it made me
think more about my walking during the day so that I increased steps. [61]
Thus, prompting strategising or problem solving via the application also promoted PA.
Four studies noted participants’ use of applications or wearables supported the incorporation
of PA into their routines and lifestyles [61, 62, 65, 72]. This process also appeared to require
conscious effort and thinking by the end-user.
I really want to have a more active lifestyle. . . Being able to just look at [the smartwatch] on
the fly and going, “Right, if it just means that I have to go move that little bit more, or I have
to exercise that little bit more”, I will do it, because you have a real-time gauge of how well
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you’ve done for the day. So that gets me going because the perceived barrier of just getting
the thing done is a lot lower. [65]

The experience of mHealth features, including prompts, goal setting and
gamification
Several studies credited application features with supporting participants’ motivation to
engage in PA. Features included social features, prompts, goal setting, and gamification.
Four studies discussed social features which facilitated competition and support [60,
63, 65, 67], while mixed opinions regarding social media were noted in two [62, 67]. Some
participants were motivated by comparison of their PA to their peers. Eisenhauer and colleagues [60] explored the attitudes of rural males towards mHealth. Their application
monitored PA and facilitated comparisons between participants. Some participants valued the opportunity to compete and felt it could provide motivation to increase PA:
“If you got a group of people that you knew and who knew everybody and it was a
competition. . . Little brother would always want to outdo big brother” [60]. Other participants reported value in building a sense of community through mHealth devices with
other participants in their study [69].
In other instances, competition which was met with mixed reactions. Some end-users
found it unnecessary and, due to limited time, only wished to focus on their own exercise
rather than on playing a game [67]. Still others noted it was ‘confrontational’ which led to both
encouragement and discouragement of PA [67].
In addition to competition, some applications offered participants the opportunity for
directly supporting one another. The application used by Lewis and colleagues [63] allowed
users to “comment” and “like” each other’s activity. While not all participants availed of this,
those that did found it beneficial:
If I saw that somebody had done a lot that day I would give them a thumbs up and stuff like
that. . . and then other people would encourage me and I didn’t know who they were either
but their icon. [63]
Social media was discussed in two studies. Gowin and colleagues [62] noted that although
half of their participants reported they were not against it, none of their participants made use
of the ability to share achievements from their mHealth applications via social media. Some
reported disliking it when applications did this automatically: “Yeah you can share on Facebook and stuff, but I hate that. I hate when apps sync to like every form of social media. I’m
like really weird about social media, so, no I don’t want to share it” [62]. Middelweerd and colleagues [67] reported some participants enjoyed feedback and “likes” on PA-related Facebook
posts from peers, however, they also noted that participants would only share major achievements, e.g. running a marathon or winning a match, on social media. In their focus groups,
the authors noted that participants would be more willing to share achievements within
smaller, private groups which were formed around similar interests or goals.
Some applications offered ‘coaching’ features which were well received. Four studies noted
that participants valued or would like a “coaching” or “personal trainer” feature to interact
with [61, 62, 67, 73]. One wanted “[a] coach who really encourages you, who is saying that you
are doing a good job and who tells you to see you the next time, that is really nice” [67]. Fukuoka, Lindgren and Jong [61] noted some participants desired something further than coaching,
which the authors described as a “counselling” type of interaction. They desired that their
application’s messages would support them:
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I remember one time I had like the highest I ever had and I was looking for what are they
going to tell me. I was disappointed. Forget the green bar. Can you acknowledge me for
what I did today? [61]
Prompts were reported as features in five studies [61, 65, 67, 71, 72]. Some participants
reported certain prompts, like those to upgrade their applications, were annoying [65]. Gowin
and colleagues [62] noted that participants who did not meet PA guidelines disliked prompts
that reminded them to exercise because it caused guilt and they did not want to be bothered
with exercise reminders, feeling they could decide for themselves when they wanted to exercise. Conversely, participants in Bentley and colleagues’ pilot study [72] noted participants
asked for prompts in their application’s next iteration and, in their full study, participants valued prompts that supported engagement with the application, such as reminders to log data.
Similar to prompts, feedback, often personalised in the form of step count, was also valued, but
is discussed below as it refers to personalisation.
Goal setting via applications or wearables was another feature which was generally valued.
Participants’ positive feelings and willingness to adopt it were noted in ten studies [61, 62, 64,
65, 67, 68, 70–73]. Goals in conjunction with feedback were credited with focusing
participants:
It is very important for me to set goals. . . with a graphic representation, like a bar, for example, you have a guideline to exercise a specific amount of hours per week, then it would be
very good to see, “oh right now I am in the red zone or the orange zone,” and when I am
progressing, “I am in the green zone.” [67]
Several studies indicated people enjoyed elements of gamification [65], particularly inapplication rewards [67] or competing to reach a coloured bar [61, 70], while others described
the application or wearable itself as being like a game and enjoyed competing against themselves [59, 62, 64]. Mixed responses to rewards were noted by Middelweerd and colleagues
[67], but what their participants did value was transparency in how rewards were calculated.
As noted above, features like monitoring long-term progress [65, 67, 72] and ability to share
data with healthcare professionals [65, 69] were also valued.

The experience of personalised mHealth and physical activity
The value of personalisation was discussed in four of the included studies [64, 65, 69, 72],
while four studies noted more personalised feedback would have been beneficial [61, 67, 71,
73]. In addition to personalisation, a desire to customise applications and to record additional
individual-specific context was noted.
Feedback is a clear area where personalisation was evident and valued. Some delivered messages pushed by the application [61], while others relied on in-application statistics and trendlines to chart progress [72]. Participants in Bentley and colleagues’ study valued the accuracy
provided by their system, noting that the feedback was “very truthful. It doesn’t hide or anything like that. . . It makes me know that I’m not reaching it and that I need to be doing physical activity” [72]. Many applications offered prompts to encourage PA or to encourage
engagement with the application itself. This varied from automatic notifications [71] to maintaining a widget on the home screens of participants’ phones which provided a constant
reminder of progress towards goals [72]. Applications and wearables frequently provided step
count as a method for quantifying PA. Step count was unique to the individual and allowed
them to monitor progress toward goals. A participant in Naslund, Aschbrenner and Bartels’
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[64] study noted feedback in the form of step count provided something “tangible”, a proof of
being active. Similarly, Knight and Petrella [69] noted that personal feedback allowed people
to develop an understanding of where their PA level stood in relation to evidence-based guidelines. Participants noted personalised feedback increased engagement with the application
[72] and supported motivation to reach their goals [64, 67, 71]:
Oh yeah, because it would send a message to my phone that says, “You’re only 650 steps
away from your goal!” then I would go oh yeah, I could do that easy. And it’s 500 steps or
600 steps, I can do that. So I just added a few more walks back and forth to the laundry
room; so it did encourage me meet and often exceed my step goal. [64]
Negative views on prompts providing feedback were noted in two studies [65, 67]. In contrast, two studies noted that while they were not always viewed as necessary, prompts were not
perceived as irritating where participants were in full control of them [71] or where they could
be disabled or amended to suit consumer preference [65].
Yeah [I haven’t disabled the auditory alerts]. My running app will ping every so often. . . saying
a friend has completed a run, or it’s time for me to do a run, or something along those lines.
[My application with a wristband device] sends me a little alert if I’m close to my goals, if I’ve
got 2,000 more steps to go. [The auditory alert] doesn’t really bother me. I just tune out. [65]
Fukuoka, Lindgren and Jong [61] noted their participants desired feedback that was more
reflective of their effort. This study incorporated generic feedback in the form of messages
which were viewed as less helpful:
[O]ne of the daily messages advised women to take a short walk before turning on the television. One subject reported: “I have two small children. I simply don’t have time to watch
TV.”, another stated, “The daily message was not helpful for me, but the diary (was helpful).
A half of the questions (for the daily message) were dumb. [61]
In addition to valuing personalised feedback, end-users reported wanting to customise their
applications. Whether it was looking for additional self-monitoring capability or the ability to
alter the application’s layout, three studies noted participants would have preferred to customise
their applications [59, 65, 67]. With regards a running application, one participant suggested he
would like to adjust what data the application collected: “I would love. . . to be able to record reps,
and sets, and weights and things like that [if their running app were more customisable]” [65].
When discussing improving current applications, some users expressed interest in capturing additional context. Three studies noted the desire to record additional detail [67, 72, 73].
This included level of motivation and their satisfaction with a workout [67], and why they
failed to complete a specific activity, with a view to identifying trends in their personal data
[73]. Participants noted being able to capture additional context would have been valued:
[The system] doesn’t really take into account any outside factors. Like something [that the
system doesn’t capture] happens and that’s why you’re in a bad mood. . . It’s just defined
rules and if it doesn’t fall in that, then it doesn’t comply. [72]

Technical and user issues in mHealth and their effect on experience
A variety of technical and user issues which impacted mHealth usage were noted across thirteen studies [59, 60, 62–68, 70–73]. As noted above, three studies alluded to an initial learning
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curve, with some participants finding mHealth components difficult to set up or use at first,
though generally these issues were resolved through support [59, 64, 69].
Data entry, whether it was setting up an application or inputting PA data, was raised in
seven studies, including a dislike for it [62, 67, 71, 73] or how easy it was to forget to log data
[59, 68, 72]. It was described as “repetitive and tedious” and “monotonous and boring” by participants [73]. One participant reported using their application, “requires a lot of effort and I
do not feel motivated enough to want to do it. Entering data was cumbersome” [73]. Similarly,
concerns around battery life were raised in three studies [64, 67, 70].
These seemingly trivial issues are notable for their potential impact on application usage.
Middelweerd and colleagues [67] noted concerns over application faults and battery or storage
issues could be sufficient to trigger cessation of application use over time. Some participants
reported challenges using the application itself. User issues included forgetting to use the application [67, 72] or forgetting to initiate PA monitoring features [67].
Six studies noted participants’ concerns around accuracy of recorded data or feedback [60,
63–65, 68, 72]. Though participants reported valuing “metrics” and “objective data” [72], the
impact of inaccuracy was not explored in-depth, with only one study explicitly linking inaccuracy to mistrust [72]. However, if data were perceived as reasonably accurate, participants
reported contentedness:
I went go-karting a while ago and [the app] thought I did like a hundred flights of stairs and
thousands and thousands of steps in the hour I was driving around. . . I know it’s never
going to be exact, but if it’s within a few hundred steps, then that’s fine. [65]
Notably, the above inaccuracy overestimated PA in the participant’s favour.
Not all the technical issues experienced were insurmountable. Some participants relied on
family members or co-workers to troubleshoot technical issues, whereas other participants
attempted to mitigate the effects of inaccuracy independently: “I went kayaking and didn’t get
any credit for movement in the kayak. So I put it (activity monitor) up to my (shirt) pocket
(from waist) and then I did” [60].
In addition to practical considerations, the importance of an engaging and well-designed
application, including the use of limited instructions, clearly understood language and basic
numeracy, was noted in five studies [62, 66, 67, 72, 73]. Anderson, Burford and Emmerton
[65] noted ease of use was key and that difficulty engaging with an application resulted in
reduced usage. Similarly, Partridge and colleagues [66], who had incorporated a smartphone
application into a larger intervention targeting weight loss, indicated that their participants
reported concerns over design and navigation difficulties. As noted above, this prompted
some to stop using the researchers’ applications and to revert to off-the-shelf alternatives that
they had relied on prior to the study.
Data security and privacy were explored in one study and views were mixed [65]. For data
like height and weight, participants had few concerns and were generally unconcerned with
privacy: “I don’t think about [data security], to be honest. This is going to sound terrible—
maybe I’m just really naïve. . . I don’t know, it doesn’t really concern me. Probably, it should”
[65]. However, when it came to third party access, e.g. health insurers, some participants raised
concerns [65].

Line-of-Argument synthesis
We found that the results of the studies were reciprocally translatable. Overall, the experiences
of people using mHealth to support PA were, in the main, positive and many studies noted

PLOS ONE | https://doi.org/10.1371/journal.pone.0208759 December 17, 2018

20 / 31

Experiences of mHealth in promoting physical activity

self-reported increased PA attributed to mHealth use. Across the included studies there was
clear convergence on two categories of factors that influenced participants’ experiences of
mHealth; personal factors and features of the device. Personal factors included prior experience and motivations for using mHealth. Features of the mHealth application were discussed
extensively and included; personalisation, social features, feedback, prompts, goal setting, and
gamification. These factors could work to support or hinder PA engagement through their
influence on individual motivation. The other chief mechanism reported through which application use enabled PA was changes in self-awareness and strategising which facilitated PA.
The findings also reveal that the experience of mHealth use was not entirely unproblematic.
Negative experiences of technical issues, navigation difficulty, data accuracy and security concerns, intrusion of prompts and notifications and challenges using the application were common. Other concerns noted were the potential for self-monitoring to cause subsequent anxiety
and the demands of social comparison engendered by applications with social features.

Discussion
The current meta-ethnography has systematically reviewed and synthesised the literature on
the experiences of adults who have used mHealth applications to promote PA. While the focus
of the original protocol was to explore the experience of using applications and applications
and wearable activity monitors, a majority of the findings relate to applications and this was
reflective of the included studies. The findings suggest that mHealth interventions for the promotion of PA, in the main, are perceived positively by the end-user. It highlights the role motivation plays in engaging in PA and how motivation is influenced through personal factors and
through the device. Applications appeared to support strategising and problem solving, facilitating adaptation of routines to incorporate PA. Experiences of personalisation and self-monitoring were largely positive, although, important to note, is that self-monitoring can facilitate
negative experiences in terms of frequent checking on progress and if goals go unmet. Notably,
technical issues and poor design can also negatively influence experience.
One of the insights arising from the included studies was the influence of personal factors
on the experience of mHealth. In some instances, limited prior mHealth experience led to a
learning curve [64, 69], poorly designed applications were abandoned in favour of commercial
applications [66] and individual motivations for application use differed, e.g. developing or
maintaining existing behaviours [62]. In other instances, end-users reported a disinterest in
using mHealth [59, 67, 69]. This observation dovetails with findings that personality traits may
influence smartphone ownership and application preferences [75]. It also aligns with previous
recommendations that PA interventions should consider minority group status and cultural
competence, as well as age and the unique characteristics associated with each of those factors
[76]. Indeed, most of included studies drew from adults in the Global North who were under
the age of 65, so scope exists to further explore the experiences of other populations. These
considerations begin to form the ‘digital divide’, a concept which includes socioeconomic status, age and geographic location, all of which can impact uptake of health interventions via
smartphones [77]. Collectively, variation in personal factors may contribute to the mixed efficacy reported in previous evaluations of mHealth applications for the promotion of PA [26,
48] and should be considered when planning mHealth interventions.
Given the potential effect which personal factors may exert on the experience of using
mHealth, it is unsurprising that personalisation was experienced positively by participants.
Valued feedback was frequently tailored in response to recorded PA [72], whereas generic
feedback was less valued [61]. The desire to customise the application itself, as well as the type
of data collected, was also noted to be important to end-users [59, 60, 65, 67]. These results
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align with previous findings that tailoring can support engagement with interventions and
improve PA outcomes [23, 24]. Thus, providing greater opportunities for personalisation and
customisation in applications may offer some inoculation against disengagement.
Application developers incorporate a variety of features aimed at maintaining user engagement. In this review, features such as prompts, goal setting and gamification were all generally
experienced positively. It has been suggested that strategies like prompting and push notifications may support habit formation [78]. Engagement strategies are critical as they may reduce
attrition and increase exposure to the intervention, with one Internet-based PA promotion
intervention involving adults with rheumatoid arthritis noting a dose-relationship between
level of engagement and PA outcomes [79]. Application and design features that this review
identified as valued by participants resonate with experts’ views on engagement strategies for
an application to support reduced alcohol consumption, including ease of use, aesthetic
design, feedback, tailored information, gamification, rewards, social comparison and connectivity, and prompts [80]. The importance of clear design, limited data entry and lack of technical issues were identified as supporting positive experiences of application use and supportive
of PA. Technical issues related to difficulty operating the application have been implicated in
attrition and cessation and have also been reported elsewhere [81]. This was exemplified by
participants in Partridge and colleagues’ study [66] who disengaged from using the provided
applications and reverted to applications used prior to the intervention.
The findings in relation to changes in thinking and features of the application that support
engagement in PA reflect the growing body of literature on behaviour change. Michie and colleagues [82], in developing a taxonomy of behaviour change techniques for the promotion of
PA, identified 93 distinct techniques. Several, specifically goal setting (behaviour), provision of
rewards contingent on successful behaviour, prompting self-monitoring, provision of feedback
on performance, facilitation of social comparison and social support, were noted in the
included studies and appear across several third-order constructs. However, not all studies or
applications contributed equally to all constructs or incorporated the same behaviour change
strategies. This aligns with previous explorations of applications promoting PA which highlight both the variation and limited use of behaviour change techniques, with previous estimates of the number of techniques used ranging from one to twenty-one [83] and averaging
between five [34] and 8.1 [84].
While behaviour change techniques were generally not reported in the included studies,
inferences can be made about which techniques might be experienced positively. Comparing
the current findings to Michie and colleagues’ behaviour change techniques for PA laid out in
the CALO-RE taxonomy, overlap is evident. Firstly, goal setting, to increase specific behaviour,
like step count, was noted in several studies [61, 62, 64, 65, 67, 68, 70–73]. Feedback was also
noted to support motivation to reach goals [64, 67, 71]. Social support is noted in the literature
as a unique behaviour change technique [82] and has been used effectively in communitybased PA interventions [85]. Thus, it is unsurprising that application developers have capitalised on this and incorporated social media. However, this has been met with mixed results in
the included studies. Similar results were noted by Dennison and colleagues [86] whilst exploring adults from the general population’s attitudes towards mHealth applications aimed at supporting behaviour change, including PA. Their participants also noted sharing to social media
was unnecessary or off-putting, with the authors reporting that participants did not want to
overtly appear weak or vulnerable. This aligns with the results of the included studies, particularly Anderson, Burford and Emmerton [65] wherein authors noted that participants were
most interested in sharing notable achievements and highlights the importance of privacy.
Thus, an additional challenge is how to incorporate social support in a meaningful way that is
agreeable to users. Generally, good support for these behaviour change techniques was
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reported by participants. The facilitation of social comparison was met with mixed responses.
However, even where it may have caused stress, it seemed likely to support PA. Of note, several
studies prompted participants to self-monitor. While self-monitoring has been highlighted in
the literature previously [87], participants in the included studies, in the main, disliked manually inputting data through applications. Thus, future mHealth interventions may seek to
either automate data entry or make it easier, e.g. by building in ‘drop-down’ menus. Based on
the perceptions of included participants, goal setting (to increase a particular behaviour) and
providing feedback on performance may potentially be useful behaviour change techniques
for future application developers, while behaviour change techniques like the facilitation of
social comparison or self-monitoring might be adopted with caution.
In addition to resonating with behaviour change literature, the findings also reflect theories
of motivation. Self-determination theory, which drills deeper into motivation by differentiating between intrinsic and extrinsic types, has previously been applied in the context of supporting interventions for promoting PA [88]. Considering how theories of motivation might
augment behaviour change techniques may be useful in future research.
The findings noted in the current study resonate well with findings from a qualitative study
by Casey and colleagues [89] exploring the experiences of primary healthcare users using
mHealth to promote PA. This study was excluded from the current systematic review and
meta-synthesis as the inclusion of participants under 18 years rendered that it did not meet
our age-based inclusion criteria. In line with the findings of this review, Casey and colleagues
[89] found that both personal factors and features of the device influenced motivation and
engagement in PA. Negative experiences included frustration when goals were unmet and
where technical and user issues were noted, including concerns over battery life and forgetting
to bring their phones as they exercised.
Of note, in exploring end-users’ perspectives of mHealth for promotion of PA, little focus
was given to data security and privacy. This is noteworthy given the potentially sensitive information collected by the applications, particularly as it pertains to users’ health and condition,
and because many of the applications in the included studies were commercial products, arguably resulting in end-users or researchers feeling they have less control over how their data is
stored. Lupton [42], having devoted significant attention to the concept of self-monitoring,
has noted that though concern over data storage practices seems to be rising, many are
unaware of what happens to their personal data once it is transferred to cloud archives and
what measures can be taken to protect it, which resonates with findings noted above by Anderson, Burford and Emmerton [65]. With continued commodification of personal data [90], the
limited control by end-users over third party access to data and also data breaches [91], particularly the 2018 data breach of Under Armour’s PA and diet application ‘MyFitnessPal’, data
protection and issues of privacy will likely become more pressing concerns for application
design going forward.
Across the identified themes, increased PA was aspired to among participants and the belief
that individual motivation drives PA permeated the findings. The role of individual motivation
in maintaining health aligns with neoliberal policy and has been critiqued [90]. A focus on
self-monitoring shifts responsibility for health outcomes to the individual while removing
focus from the influence of the wider socio-political environment in which the individual
operates. Throughout the findings, there was limited attention given to the wider contextual
factors shaping PA, such as the environment and the policy and legislative context. Environment [92], sedentary occupations [93] or temporal factors, like rotating seasons which can
influence occupational or recreational patterns, as noted in Eisenhauer and colleagues’ [60]
study, all exert influence on PA. Feelings of shame and guilt as a result of self-monitoring or,
conversely, positive experiences of feedback on increased PA are consequences of the belief
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that the individual is wholly responsible for their level of PA. Arguably, applications are frequently limited in their focus and have difficulty addressing the wider social determinants of
health generally and PA specifically [90]. While applications may support individuals in making changes to their PA levels, it is important to remain cognisant of the expectations that
mHealth can place on individuals and to acknowledge the influences of factors beyond the
individual’s control.

Strengths and limitations
The current meta-ethnography was the first to complete a systematic review and qualitative
synthesis of the existing literature in the area of mHealth and PA promotion. Nevertheless,
these findings should be interpreted within the context of the study’s limitations. Meta-ethnography, by design, is interpretive rather than aggregative and other researchers may have drawn
different conclusions from the data. However, to add rigour to the current study, a numerical
approach was taken and the number of studies contributing to each third-order construct
noted. Effort was made to illustrate each construct through quotations and contradictory data
was highlighted. This required considerable time and prolonged engagement with the data.
Reflexivity refers in part to the way in which the researcher and research design influence findings [94]. It was felt that the researchers’ experience provided good counterbalance. KR’s background was in qualitative research, while SH came from a background in quantitative
research. DC, an early-career doctoral researcher, however, had undertaken a postgraduatelevel course in qualitative research methods whilst completing the analysis. It was felt that their
differing insights both resulted in valued and unique contributions to the analysis of thirdorder constructs.
Several limitations affect the direct generalisability of the current findings. Firstly, samples
are drawn from a mixture of healthy, community-dwelling adults and patient populations. Secondly, a range of ages is included. Prior literature has argued that different generations vary in
the expectations they have from technology. “Digital natives”, those born after 1980 and who
have grown up immersed in technology from a young age, differ from “digital immigrants”,
those born before 1980 who adopted technology later in life [95]. Though technology adoption
in older adults is on the rise, it continues to lag the general population [96] and has been attributed to lack of confidence, interest or skills [97]. Younger participants may be more adept at
using smartphones and wearables and thus more receptive to mHealth interventions and age
likely influences how mHealth is experienced. Thirdly, a key element of qualitative research is
defining the sample universe. This requires making explicit a study sample’s defining characteristics with a view to making generalisations from findings valid and transparent [98]. A
finding noted in Table 1 was that participants’ prior mHealth experience was inconsistently
reported across studies. Prior research has indicated adoption of health technology is influenced by familiarity, particularly in older adults [99, 100]. Thus, by more explicitly defining
sample characteristics the validity of generalisations drawn from some of the included studies
could have been improved [98]. Finally, there exists risk of response and self-selection bias.
Seven of the included studies used applications developed or customised by the researchers
[59, 61, 66, 68, 70–72]. As Årsand and colleagues [70] noted, their participants may have been
inclined to offer more favourable feedback having been heavily involved in the application’s
development, resulting in response bias. Self-selection bias, where individuals who have consented to take part in the included studies differs from those who did not in ways unrelated to
inclusion criteria, is unavoidable [98]. It remains worth noting, however, that those recruited
for the included studies may have been pre-disposed to both or either using mHealth components or increasing their PA. Thus, variation in sample characteristics, age, as well asresponse
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and self-selection bias may have exerted influence and must be considered when interpreting
the findings of the current review. However, with these limitations in mind, the current study’s
key strength is that it offers insight into the experience of using mHealth applications for PA
promotion and serves to highlight that further research in the area is warranted.

Implications
The third-order constructs generated above form a foundation for understanding the experiences of adults using mHealth applications to promote PA. However, given that a variety of
health statuses were represented amongst participants, future research should explore whether
these findings reflect the experiences of specific populations targeted for promotion of PA.
Further, as experiences of mHealth generally appeared positive in the face of mixed efficacy
reported by several reviews, further exploration is warranted to identify ways of overcoming
barriers to motivation and engagement. Given that the current study aims to inform the future
design of a complex health intervention aimed at promoting PA in people with stroke, further
research is warranted to explore their unique needs.
Additionally, qualitative research and participant experience offer only a partial account of
the role mHealth can play in the promotion of PA. The findings of this review should be triangulated with research that investigates whether user experiences are associated with particular
behaviour change techniques or with objectively measured changes in PA. By adopting a triangulation approach, the findings of the current study can be strengthened [101] and more effective mHealth interventions aimed at the promotion of PA can be developed.
The current review also highlights the issue of rigour in qualitative research in this area.
The CASP tool indicated limited consideration of the relationship between researcher and participants across the included studies. This is notable as the findings from qualitative research
are considered a joint product of this relationship and, by examining it, the researcher is
afforded an opportunity to demonstrate reflexivity which can lend integrity and trustworthiness to their findings [102]. Future qualitative research exploring mHealth and PA promotion
could benefit from following formal guidelines, like the Consolidated Criteria for Reporting
Qualitative Research which emphasises reporting on reflexivity to improve rigour and the conduct of qualitative research [103].
In terms of implications for healthcare providers, the current study highlights the importance of considering the practicalities of implementing mHealth-based interventions. Naslund,
Aschbrenner and Bartels [64] suggested that their participants were disadvantaged as they had
limited prior experience with smartphones which lead to an initial learning curve at the start
of their mHealth intervention. Arguably, individuals with chronic conditions may have less
disposable income and may be older, both of which may reduce the likelihood of smartphone
ownership [32]. This was remedied, in the study by Naslund and colleagues [64], through provision of mHealth components at no cost to the participants and through patient education
but illustrates the requirement that interventions be tailored to their intended recipients. Additionally, with regards selection of applications in clinical practice, healthcare practitioners and
consumers of applications generally might consider utilising applications which offer features
that have been found agreeable to end-users, e.g. the ability to self-monitor, set goals and
receive feedback. Finally, the level of tailoring the application offers and the overarching goals
of the user, whether it be short or long-term use, should also be given consideration.

Conclusion
The current findings highlight the role which personal factors and mHealth application features play in facilitating changes in thinking, including awareness, strategising and motivation,
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to support increased PA. Adverse effects were reported as a result of self-monitoring as well as
technical and user issues. The identified themes highlight challenges for future research to target, with a view to maximising positive experiences and ensuring negative experiences are mitigated, during the promotion of PA through mHealth.
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