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Abstract

Background: Physical inactivity is a global health concern. mHealth interventions have become increasingly popular,
but to date, principles of effective communication from Self-Determination Theory have not been integrated with
behavior change techniques to optimize app effectiveness. We outline the development of the START app, an app
combining SDT principles and 17 purposefully chosen BCTs to support inactive office employees to increase their
walking during a 16-week randomized controlled trial. We also explored acceptability, engagement with, associations
between app usage and behavioral engagement, and perceived impact of the app in supporting behavior change.

Methods: Following development, fifty insufficiently physically active employees (M age =44.21 +10.95 years;
BMI=29.02 &+ 5.65) were provided access and instructions on use of the app. A mixed methods design was used to
examine feasibility of the app, including the User Mobile App Rating Scale, app engagement data, step counts, and
individual interviews. Linear mixed modeling and inductive thematic analysis were used to analyze quantitative and
qualitative data, respectively.

Results: Walkers rated the app quality favorably (M =3.68 out of 5). Frequency of entering step counts (i.e, fre-
quency of self-monitoring) on a weekly basis positively predicted weekly step counts measured via Fitbits at
both the between-and within-individual levels. App features (entering daily step counts, reminders, and motiva-
tional messages) were perceived to assist walkers in fostering goal achievement by building competence and via
self-monitoring.

Conclusions: The START app may be a useful component of walking interventions designed to increase walking in
the workplace. Apps designed to promote walking behavior may be effective if they target users’competence and
integrate BCTs.

Trial Registration: This study was part of a pilot larger randomized controlled trial, in which a component of the
intervention involved the use of the mobile app. The trial was retrospectively registered with the Australian and New
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Zealand Clinical Trials Registry (ACTRN12618000807257) on 11 May 2018 https://www.anzctrorg.au/Trial/Registration/

TrialReview.aspx?id=375049&isReview=true.

Keywords: Walking, Workplace, Physical activity, Behavior change, mHealth, Mobile apps, acceptability, Engagement,

Perceived impact

Background

The high rates of physical inactivity among adult popu-
lations worldwide put many individuals at increased risk
of a range of chronic diseases (e.g., cardio-metabolic dis-
eases, many types of cancer, osteoporosis and dementia
[1]) as well as premature mortality [2]. Adults in seden-
tary occupations (e.g. office workers) are sedentary for
approximately 11 h per day [3], and are at greater risk of
being overweight, obese, and physically inactive [3, 4].

Mobile applications for the promotion of physical activity
The use of mobile applications (henceforth referred to
as ‘apps’) for the promotion of physical activity has bur-
geoned in recent years. A systematic review of interven-
tion studies (K=27; 70% randomized-controlled trials;
RCTs) revealed modest success of apps in increasing
physical activity behaviors. The findings showed that
apps were most effective when they were used for longer
than 8 weeks in duration and when they formed part of
a multi-component intervention [5]. Unfortunately, most
commercially available apps are not evidence-based and
have not been evaluated using scientific approaches [6].
Further, while the purpose of many apps is to increase
physical activity behaviors, a review [7] showed that com-
mercially available apps employed, on average, less than 4
behavior change techniques (BCTs) to increase physical
activity. In terms of promoting walking, findings from a
systematic review suggested that two BCTs, prompting
self-monitoring of behavior and intention formation, may
be perceived as most useful [8]. Another meta-analysis
showed that prompting self-monitoring of behavioral
outcomes and the use of follow-up prompts were the
most effective BCTs in the prediction of physical activ-
ity maintenance in young and middle-ages adults [9].
When promoting physical activity and healthy eating in
overweight and obese adults, a recent systematic review
reported goal setting and self-monitoring of behavior as
being the most effective BCTs [10]. Thus, it would appear
prudent to incorporate a wider range of BCTs in apps
designed to promote and sustain walking in insufficiently
physically active adults. In addition to BCTs, in terms of
specific app functionality, prompts and reminders (e.g.,
‘push notifications’) have been found to promote app
engagement and facilitate habit formation [11], including
among office workers [12], and are, therefore, important
to incorporate in app design.

Interpersonal communication styles

Very few apps have used evidence-based principles of
communication to promote BCT use and physical activ-
ity. Self-Determination Theory (SDT) [13] may be a use-
ful theoretical framework to understand the effects of
interpersonal communication. According to this theory
[13], the communication style adopted by others (e.g.,
by exercise instructors or healthcare professionals), can
be described as need-supportive or need-thwarting. A
need-supportive style is characterized by features such as
the provision of meaningful choice, competence-enhanc-
ing feedback, and demonstrating empathy or warmth.
In contrast, someone who uses a predominantly need-
thwarting style may offer little or no variety or choice,
provide undermining feedback, or show no warmth or
care towards the recipient. When a need-supportive style
is adopted, the recipient is most likely to experience sat-
isfaction of three basic human needs for autonomy, com-
petence and relatedness, whereas a need-thwarting style
will lead to the experience of frustration of these needs
[14]. Evidence has shown that a need-supportive style
will result in self-determined motivation, need satisfac-
tion, sustained engagement, and psychological well-being
[15, 16].

Although commercial apps may rely on, and contain
features that align with, behaviour and motivational
theory [17, 18], few studies have purposefully adopted
a need-supportive communication style for delivery of
content and BCTs within mobile applications [19]. There
has been an increase in the number of studies investigat-
ing mechanisms and style of communication based on
SDT used to deliver content via internet-based [20, 21]
and via mobile technology (text messages [22]) with the
aim of promoting physical activity. Results from several
studies provide indicative evidence that need support
delivered via agency-based means (i.e., not just face-to-
face) has potential to lead to sustained physical activ-
ity behavior change [21, 22]. As such, it is important to
ensure that the BCTs embedded within mobile apps are
communicated in need supportive ways.

App engagement and intervention efficacy

A systematic review found that app use was posi-
tively associated with increases in physical activity lev-
els, although only three studies examined associations
between app usage and changes in behavior [5]. Thus, it
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is evident that further studies are needed to examine the
role of app usage in behavior change.

Systems usage data have served as the most commonly
employed measure of engagement in mHealth interven-
tions [23]. Such data capture immediate engagement
with specific app features [24], however limit the ability
to gauge in-depth engagement with the behavior change
process (e.g., the extent to which participants have
acquired new behavior change skills). Employing a range
of methods has been advocated in order to capture both
immediate engagement with app features and in-depth
engagement with the behavior change process [23]. How-
ever, only few studies have combined a range of methods
(i.e., app usage data, survey questions, and semi-struc-
tured interviews) to evaluate mHealth apps. In sum, the
current study advances past literature by expanding the
number of evidence-based BCTs incorporated in the
app, adopting a need supportive communication style in
the delivery of the content and BCTs, and using a mixed
methods approach to tap into different levels of engage-
ment with the app.

Aims and hypotheses

The objective was to develop and examine the feasibility
of START app among a sub-sample of participants taking
part in a 16-week peer-led walking intervention designed
to increase walking, improve health, well-being, and
work outcomes in insufficiently active office workers. The
aims were to (1) develop an app incorporating BCTs and
need-supportive communication, including alpha and
beta-testing the app to identify and rectify malfunctions
prior to piloting with workplaces; (2) to examine the
acceptability of the app among insufficiently active office
workers; (3) examine engagement with the app (i.e., app
usage) across the intervention period; (4) test whether
weekly app usage was associated with weekly step counts
retrieved via Fitbit devices provided to participants dur-
ing the intervention; and (5) explore the perceived impact
of the app in supporting behavior change by identify-
ing specific features/components that were perceived
by users as effective in supporting behavior change. In
relation to the fourth aim, we hypothesized that use of
the app would positively predict weekly step counts. It
is expected that results from this study can be used to
inform the development and evaluation of future apps
designed to increase walking among insufficiently active
overweight and obese office workers.

Methods

Research design

This study was part of a pilot RCT, in which a compo-
nent of the intervention involved the use of the mobile
app. The aim of START (Striding TowARds health and
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well-being Trial) was to test the effects of a 16-week
workplace walking intervention on physical activity,
health, well-being, and work outcomes [25]. This study
adheres to the CONSORT guidelines and a CONSORT
checklist is provided as Additional file 1. The study was
conducted in Perth, Western Australia.

A two phase, mixed methods design was used to
develop and examine the feasibility of the app, including
surveys, individual interviews, objective step count data,
and objective app usage data. Multi-phase approaches
have been adopted in previous app development studies
aimed at increasing physical activity among office work-
ers [19]. Phase 1 (development) included app develop-
ment, alpha-testing, and beta-testing. App development
involved creating app content, incorporating evidence-
based BCTs and need-supportive communication style
into design features and content, and consulting with
an external company to develop the app. Following ini-
tial development, members of the research team alpha-
tested the app to identify preliminary malfunctions. The
app was then beta-tested with a small group of partici-
pants, think-aloud interviews were conducted to identify
malfunctions and to obtain further feedback to inform
development prior to use in the main trial [26—28]. Phase
2 (feasibility) tested the acceptability (via a survey and
semi-structured interviews), engagement with (via app
usage data), associations between app use and behavio-
ral engagement (via app usage data and step count data
retrieved from Fitbit devices), and perceived impact of
the app in changing walking behavior (questionnaires
and interviews) within the context of a 16-week work-
place walking intervention [23].

Participants

For phase 1 (development), alpha-testing was completed
by six members (F=3, M=3) of the research team.
Members included behavioral scientists (n=4), exer-
cise and sport psychologist (n=1), and exercise scientist
(mn=1). Four participants (F=1, M = 3) were recruited for
beta-testing [27, 28]. Mean age was 37 years (SD=15.4,
range 23-63); all anecdotally reported that they had
experience using physical activity app-based technology,
met the recommended physical activity guidelines [29],
and had completed tertiary education. Phase 2 (feasibil-
ity) included 50 walkers and 9 peer leaders from 5 organi-
zations from the intervention arm of the RCT described
earlier [25]. Walkers were organized into 9 groups (mean
group size n=>5.0, SD=1.63, range 3-7), each with a
trained peer leader. Mean age of walkers was 44.21 years
(§D=10.95, range 24—66); mean body mass index (BMI)
was 29.02 (SD=5.65), the majority (84.0%) were female
(F=42; M=8), and had an education level of diploma
or higher (61.53%; Australian Qualifications Framework
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[30]). Eligibility criteria for the RCT required participants
to be 184 years, proficient in English language, have no
medical or health problems that limited their ability to
walk, and be able to walk continuously for>15 min on
a flat surface, being employed in a sedentary role (>50%
time sitting), and performing less than 150 min of MVPA
per week (i.e., insufficiently active [29, 31]). The major-
ity (66.6%) of peer leaders were female (F=6; M =3) and
met recommended physical activity guidelines (77.7%)
[29, 31].

Procedures

All procedures performed were approved by Curtin Uni-
versity’s Human Research Ethics Committee (HRE2017—
0732). Written informed consent was obtained from all
participants.

Phase 1: development

App features and theoretical framework A customized
mobile application was developed for the iOS platform
(Fig. 1). The START app integrated principles of need
supportive communication with 17 purposefully cho-
sen BCTs. These BCTs were chosen based on results of
systematic reviews and meta-analyses assessing the effi-
cacy of BCTs in promoting walking and general physical
activity participation [8, 9], that have shown to be effec-
tive in promoting physical activity behavior in overweight
and obese adults [10, 32], from a systematic review on
app prompts and reminders to promote health behavior
change [11], and from a review and content analysis of
change techniques in popular commercial apps for weight
management [33]. The BCTs were distributed across the
static (constant) and dynamic (varied based on user inter-
action) contents of the app and are presented alongside
corresponding app features in Table 1 [34]. Motivational
messages and reminders within the app were designed to
reflect a need-supportive style of communication [14] and
are presented in Table 2.

A main app feature included manual entry of daily
step count. This feature was chosen as a means of
implementing the BCT of self-monitoring [10, 34] and
as it was not possible to integrate external step count
data (e.g., from a Fitbit device) into the START app
with the budget available for the app development.
Another key feature was the team destination goal.
Users could be allocated to a team, with each team
able to select a destination to virtually walk to over the
16-week intervention. Virtual walks were categorized
into easy, medium and hard difficulty level and based
on group members individual baseline step counts,
projected step count increases, and subjective walking
pace and ability from initial group walks (calculations
are provided as Additional file 2). Progress towards the
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Goals

Personal

Perth to Bondi Beach

WA - NSW
3682km

Fig. 1 The START app. Image sources: app graphics developed by
Reach Health Promotion Innovations and iPhone image sourced from
Canva

destination was calculated automatically via the app
by totaling daily step count entered into the app by the
peer leader and walkers in each group. Two versions of
the app were developed based on roles of users being
either a walker or a peer leader. The main features avail-
able to walkers were enter daily step count, contribute
to and view team progress towards destination goal, set
reminders, set daily step count goals, and record walk
activities. In addition to these features, peer leaders
were able to record group attendance on group walks
and set the team destination goal.
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Table 1 Static and dynamic START app features and corresponding BCTs [34]

Content App feature

BCT

Static Setting and adjusting goals, advice on overcoming anticipated barriers, information
about planning activities
Information on the benefits of walking, injury prevention, frequently asked questions,
and tips for making walks more interesting
Dynamic Encouragement to set and adjust goals

Self-monitoring tools including request to enter daily step count and record struc-

tured walking activities
Weekly graph displaying progress towards goal

Feedback on progress on achieving step goal delivered via messages using need-

supportive communication (SDT)
Request to set and adjust goals in light of progress

Plan weekly walks (when, where, with whom)

Reminder messages linked to self-set plans using need-supportive communication

(SDT)

Request to rate feelings following structured walks, mid-walk motivational messages

based on need-supportive communication (SDT)

Working with group members to achieve a team goal challenge (selected by the
team). To achieve this, we pooled total step count for group members and dis-
played progress of mileage towards a well-known destination, based on group size

Goal setting behavior (1.1)
Problem solving (1.2)
Action planning (1.4)

Instruction on how to perform the behavior (4.1)
Information about health consequences (5.1)

Goal setting behavior (1.1)
Self-monitoring of behavior (2.3)

Feedback on behavior (2.2)

Discrepancy between current behavior goal (1.6)
Feedback on behavior (2.2)

Review behavioral goals (1.5)
Discrepancy between current behavior and goal (1.6)

Action planning (1.4)

Prompts/cues (7.1)
Social reward (10.4)

Social support (practical) (3.2)
Social support (emotional) (3.3)
Monitoring of emotional consequences (5.4)

Social support unspecified (3.1)
Goal setting outcome (1.3)
Graded tasks (8.7)

and fitness level (e.g., walk from Perth to the Melbourne Cricket Ground)

Alpha-testing Members of the research team down-
loaded and trialed the START app. Team members
tested all app features including setting a step count goal
and entering daily step count and live walk activities for
10 days. Technical malfunctions and errors were reported
to the corresponding author and app developers for recti-
fication prior to beta-testing.

Beta-testing 'Think-aloud walkthrough interviews are
a common method for evaluating apps, and involve a
user verbalizing experiences and perceptions as they
navigate through an app [26, 27, 35]. Adopting pro-
tocols employed by White et al. [26-28], think-aloud
walkthroughs were conducted to obtain preliminary
user feedback, which was used to inform development
of the final version of the app used in the main trial
[19]. Participants were asked to navigate the app at their
own pace and in the order they chose. Participants were
asked to speak aloud to describe their actions and pro-
vide feedback while they navigated the app. If there were
sections or interactive (i.e., starting a walking activity
or recording steps) features of the app that participants
missed, the researcher pointed them out to the partici-
pant and asked them to explore those features. Once the
participant had explored all the features of the app they
were asked to briefly summarize their perception of the
functionality and aesthetics of the app. The researcher
asked participants to elaborate on their think-aloud

feedback and/or observable challenges they had whilst
navigating the app. All interviews were conducted by
the third author, a male sport and exercise psychologist
with experience in conducting qualitative interviews.

Phase 2: feasibility

START trial More detailed information about the
START intervention procedures can be found in
Thegersen-Ntoumani et al. [25]. In brief, peer leaders and
walkers attended training sessions which included details
of the 16-week intervention and training in how to use the
app. A phased approach was used whereby walkers were
encouraged to participate in 2 peer-led walks per week
and 1 self-organized walk a week for the first 10 weeks of
the program. The number of peer-led walks reduced to 1
in weeks 7 to 10 and ceased in weeks 11 to 16, whilst the
number of self-organized walks increased to 3 in weeks 7
to 10, and up to 5 in weeks 11 to 16.

Participants downloaded the START app onto a per-
sonal Apple iOS device; those who did not own an iOS
device were provided an iPad for the duration of the
intervention (n=09). Walkers and peer leaders were pro-
vided a Fitbit Zip device and instructed to manually enter
daily step count from the Fitbit into the START app at
the end of each day. The walkers and peer leaders were
advised that the research team were able to access their
Fitbit step count data via an online platform.
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User Mobile App Rating Scale (uMARS) Following the
trial, walkers (n=34) and peer leaders (n="7) completed
an online questionnaire that included the User Mobile App
Rating Scale (uMARS) [36]. Of the 18 participants (=16
walkers, n=2 peer leaders) who did not complete the
post-trial questionnaire, and therefore the uMARS, two
cited changing workplaces, one perceived the program to
be too long, one withdrew during the trial for unknown
reasons, fourteen were uncontactable or did not report
reasons for failing to complete the post-trial questionnaire.
The Mobile App Rating Scale (MARS; developer version
[37]) and uMARS (user version [36]) are frequently used
tools to evaluate the quality of apps, including commer-
cial apps for weight management [33]. The uMARS pro-
vides an overall app quality score and comprises four sub-
categories: engagement (entertainment, customization),
functionality (ease of use, navigation), aesthetics (layout,
graphics, visual appeal), and information (quality, quan-
tity). We also assessed subjective app quality (whether
users would recommend the app to others, whether they
would pay for it) and perceived impact (questions pertain-
ing to whether the app increased awareness of the impor-
tance of walking and assisted behavior change). Each item
was rated on a scale of 1 to 5, with 1 being least desirable
(e.g., minimal/limited, not at all, or strongly disagree) and
5 being most desirable (e.g., intuitive/comprehensive, defi-
nitely, and strongly agree). We also took into account qual-
itative feedback from participants who chose to provide a
written response for the final question “further comments
about the app?”.

Semi-structured interviews Semi-structured 1-on-1 inter-
views were also conducted with walkers (n=11) and peer
leaders (n=6) via phone or face-to-face at workplaces. All
participants were invited to partake in an interview, how-
ever purposive sampling techniques were employed to
ensure a range of participants (i.e., from all workplaces, low
and high ratings for perceived impact of the app on walking
behaviour, with varying step count, and with differing levels
of engagement with the app) were interviewed. Interview
guides were developed by the research team and included
questions (provided as Additional file 2) pertaining to the
acceptability and perceived impact of the START app (e.g.,
“Can you tell me about your experiences using the START
app?”; “Did you choose some of the functions and not oth-
ers?”’; “What did you think about the weekly motivational
messages? How did they make you feel?”). All interviews
were conducted by the third author, a male sport and exer-
cise psychologist with experience in conducting qualitative
interviews. Participants were informed that their participa-
tion was voluntary and that they were able to stop at any
time or decline answering questions. The average duration
spent discussing the START app was between four and
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seven minutes. Data collection ceased once data saturation
was met i.e, no new themes could be meaningfully gener-
ated, and there would have been no further value in inter-
viewing more participants [38].

App usage START app usage data was obtained from the
hosting server and included frequency of entering daily step
count (i.e., how often participants manually entered their
daily total into the START app) and logging activities (e.g.,
entering information about walks such as when and with
whom). This allowed for the computation of (1) the number
of times on average participants recorded their step counts
on the app across the intervention period, how often they
met their walk goals, and how often each week they logged
walk activities on the app, and (2) the percentage of partici-
pants who logged steps on at least a weekly basis through-
out the 16-week intervention. Individual daily step count
data were retrieved by the researchers via the Fitbit Well-
ness Platform after participants consented to providing us
with access to the data.

Analyses

Recordings of the think-aloud walkthroughs and post-trial
interviews were transcribed verbatim and imported into
NVivo qualitative data analysis software (Version 11). An
inductive thematic approach was used to identify themes
from think-aloud walkthroughs, and to measure accepta-
bility and perceived impact of the app from post-trial inter-
views [39]. The first and third authors independently coded
text to identify ‘meaning units’ regarding participants’ per-
ceptions of the app. Meaning units that shared similarity in
content were categorized into sub-themes and themes. A
‘critical friends’ approach was used with remaining authors
to identify and challenge any weakness in the interpretation
of meaning units and/or theme allocation, and to allow for
exploration of alternative interpretations [40]. As a result,
some themes and sub-themes were collapsed or removed,
and some meaning units reallocated or removed.

All survey and app usage data were analyzed in IBM
SPSS (Version 25.0). Linear mixed modeling was employed
to examine how weekly app usage (daily step entering on
the app, as well as logged walking activities) predicted
weekly step count (N=50). Both level 2 (between-person)
and level 1 (within-person) effects were added to each of
the two usage models; the level 1 variables were group-
mean centered.

Results

Phase 1: development

Alpha-testing

Issues reported by the research team over 10 days of app
use included: incorrect dates displayed in step count tab,
incorrect numbers displayed for activity difficulty and
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feeling labels, starting a new activity causing the app to
crash, opening the app from the daily step reminder
notification causing the app to crash, and several miss-
ing hyperlinks in the frequently asked questions tab. All
reported issues were fixed prior to beta-testing.

Beta-testing

Three themes emerged from the think-aloud inter-
views, namely, functionality, aesthetics, and information.
Despite some of them reporting operational malfunc-
tions (such as inoperable buttons), overall, participants
perceived that the app was easy to use. Suggestions were
made for improving aesthetics and information within
the app to increase engagement, such as increasing font
size and using bullet points, rather than presenting infor-
mation in paragraphs. Decisions regarding changes to the
app were based on feasibility and cost of implementing
the changes. For example, in the step count function one
of the participants indicated that they can more easily
conceptualize the distance they walk in kilometers rather
than steps so we included the following note; There are
approximately 1,300 steps in a km, based on an average
stride length of 0.76 m. Another example was regarding
the team goals visual. One participant suggested includ-
ing in the visual their individual percentage contribution
to the team. This was not feasible due to time constraints
as the teams would need to be formed first then the infor-
mation would need to be fed back to the developer. Feasi-
ble recommendations were rectified, along with reported
malfunctions, prior to the main trial.

Phase 2: feasibility

Acceptability of START app

Walkers rated the app favorably: overall quality M =3.68,
SD =0.44; engagement M =2.95, SD=0.59; functionality
M=3.86, SD=0.52; aesthetics M=3.55, SD=0.60; and
information M =4.12, SD=0.53. More detailed uMARS
results are presented in Table 3. Peer leaders rated the
app quality favorably (M =3.89; SD=0.39; Table 3).
The main function used by peer leaders was entering
group walks, which included recording walker attend-
ance. Functionality (M =4.25; SD=0.46) and aesthetics
(M=3.86; SD=0.33) were also rated favorably by peer
leaders.

Thematic analyses of interview data revealed that walk-
ers’ and peer leaders’ perceptions of app acceptability
aligned with uMARS ratings. Extracts from the inter-
views are presented in Table 4 for brevity reasons and a
comprehensive table with additional quotes is provided
as Additional file 2: Table S1. In terms of functional-
ity, most walkers reported that the app was easy to use.
Those who did not own an iPhone were supplied with an
iPad (without a network subscription), which limited the
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use of some app functions, such as entering activities and
receiving mid-activity motivational messages, due to the
inconvenience of carrying a larger device and inability to
connect to an internet source whilst walking. Although
some walkers enjoyed entering daily steps, other walkers
would have preferred the Fitbit to sync automatically and
transfer step count to the START app. Several walkers
who rated the app below midpoint on subjective quality
and perceived impact reported (via written comments
in the uMARS) engaging more with the Fitbit app than
the START app. In terms of aesthetics, some walkers
reported the app to be quite plain. Although the major-
ity of walkers felt positively about the app overall, a small
number reported that they prefer not to use technology
or apps. The majority of peer leaders’ comments related
to functionality and aesthetics, most stating that the
app was easy to use and generally aesthetically pleasing
(Table 4 and Table S1).

App usage

On average, participants recorded their step counts 4.52
(SD=2.48; range=0.06—7) times per week. Participants
logged an average of 0.68 (SD=1.19; range=0-4.88)
walk activities (i.e., specifying when, where and with
whom they would walk) per week on the app. Step count
goals were achieved on 2.33 (SD=1.82; range=0.06—
5.81) days per week. Half of participants (25 out of 50
walkers) continued to log steps on at least a weekly basis
throughout the intervention.

Associations between app usage and behavioral
engagement

At the between-person level, participants who entered
their step counts on the app more often (frequent log-
ging of steps) took more steps (as measured via the Fit-
bits), than those who engaged less with this function of
the app (b=507.60; [95% CI=240.07-775.12]; P<0.001).
Further, at the within-person level, in weeks when par-
ticipants entered their daily steps often on the app, they
accumulated more steps, than during weeks when they
entered their daily steps less often (b=181.30; [95%
CI=37.65-324.95]; P=0.016). We also conducted cross-
lagged analysis to examine if weekly entering of step
counts on the app predicted step counts recorded by
the Fitbits the following week at both the between- and
within-subject level. The results at the between-subject
level showed that participants who entered their step
counts on the app more often took more steps (as meas-
ured by the Fitbits) in the subsequent week, than partici-
pants who logged steps on the app less often (b=503.41;
[95% CI=262.69-744.13]; P<0.001). At the within-per-
son level, during weeks when participants entered their
steps on the app often, they accumulated more steps
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Table 4 Acceptability and perceived impact of the START app in supporting behavior change

Theme Sub-theme

Exemplar meaning unit

Acceptability Functionality Ease of use

Manually entering daily step
count and influence of Fitbit

app

Limited to Apple devices

Aesthetics

Other barriers Dislikes technology/ apps

Perceived impact Fostering goal achievement Competence

Walker 1:“l found it pretty easy to use. | never had any problems with
it. It was pretty intuitive and—yeah, it was pretty basic and effec-
tive, easy to read and understand”’

Walker 5:"l actually found it very easy to work, to use, and—yeah, |
thought it was just really basic and really just—I mean, it did what it
had to do and easy to use”

Peer leader 3:"Yep. | used it for every walk and | found it really good, a
really good way of recording the walks and it worked really well, so
| would just insert the basic details, who's going on the walk, what
type of walk, and then go press start and stop. We pretty much
used it all the time!

Walker 3:“l would only just say you could sync it in [with the FitBit].
That would be the only thing ‘cause we just live in a world where—
we're just so fast. Everything’s done for us. A bit lazy, | know.”

Walker 11:"l love the little [START] app that you can enter your steps”

Walker 10:” found the app to be really just an entry portal for data for
the purpose of visibility for the Curtin START team. Predominantly
| used the Fitbit app as the main source, and then just entered the
step data into the START app!”

Walker 14:"We needed to engage with the Fitbit app to interact with
the START App, which made the START app redundant to the Fitbit
app. If the Fitbit app automatically sent steps into the app, it would
have been easier to engage with the app”

Walker 9:".... if it was designed for both Android and Apple, youd be
extremely successful at it

Walker 14:" also had to use an iPad as | did not have an iPhone mak-
ing the app more inconvenient as | needed to be connected to
wifi, which | did not have access to at work”

Walker 6:"Yeah. Yeah, it was fine!
Walker 9:“It's a bit plain, to be honest, aesthetically.”
Peer leader 5:"I think it's a nice looking app.

Walker 4:“I'm not an app person.”

Walker 8:"l get frustrated quite quickly with that type of technology
so | didn't really bother that much with it...... | spend my whole
day on a computer, so | like to minimize my electronic engagement
outside that!

Walker 3:"But | did used to use it [START app] and especially—I found
that very important at the beginning because you've got to get
motivated and that—it did drive me at the beginning ‘cause it
helped me get started. So | will give it that credit. It helped me get
started”

Walker 10:"occasionally, [you] would get a message about how did
you go against goals and review performance and stuff like that.
But—which—yeah, was useful just to see—be it on a weekly
basis, how the previous week was. | guess | was relatively—oh, |
could picture sort of where | was at during the week or at the end
of a week as to what | set myself as a goal. So, I think I've had a
reasonable understanding of how | was going probably necessarily
without looking at the summary from the app, but it was still useful
to sometimes read through that!

Walker 11:"l think they [motivational messages] made me feel more
confident in that | can achieve my goals—encouraging that you
can achieve it. Yeah!

Walker 11:"Yeah, they're [motivational messages] good. Theyre
good reminders. And it's always nice to have motivation ‘cause
sometimes you sort of—your own mind can say, “Oh, no, not today.
| can't be bothered, but then to have that, “Oh, yeah, | can do this!
Yeah. Yep. No, they were good”
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Table 4 (continued)
Theme Sub-theme Exemplar meaning unit

Self-monitoring

Motivation for walking and
other physical activities

Walker 3:"And | guess whilst we were doing the program, entering
the data was easy to do because you wanted to see how your
other team members were progressing, as in how far we had got to
our challenge. So I was always wanting to enter my daily steps.

Walker 10:”l saw the value in having to enter the steps into the START
app as sort of acknowledging progress for the day. And it | guess
forces you to then see what you—how you've ended up against
your goal, whereas the temptation might be if you're not physically
doing that each day or every couple of days, then it may be easier
to lose sight of how you're going against the goals. So, | think that
worked reasonably well”

Walker 11:"...it was good entering your steps and it was encouraging
to—entering your steps using an app ‘cause you think, “Oh, right,
2,000 more steps”’So, it was good.”

Peer leader 4:"...it was good to be able to look back and see your
progress over the weeks, you were walking in one week as
opposed to another week, and what might have been an impact to
that week if you didn't do so well”

Walker 1:"l never really thought much about going for a walk by
myself [without the dogs]. But then | started doing it [at work] after
the group walks sort of stage stopped. And it was really kind of
relaxing. | found it good as well as—obviously, its physical exercise,
but it was much more relaxing than | thought it'd be, and sort of
helped reset my day in the middle of the day, sort of at lunchtime”

Walker 5:”... now | actually found myself—instead of meeting up
with coffee with a friend, actually going for a walk instead””

Table includes themes, sub-themes, and meaning units from post-trial interviews with walkers and peer leaders, and written comments provided within the uMARS

the following week than during weeks when they logged
their steps less often (b=166.98; [95% CI=5.64—328.33];
P=0.04).

There were no between-person differences in step
counts between those who logged walking activities more
versus less (b=612.06; [95% CI=-—610.78-1834.91];
P=0.27). However, at the within-person level, dur-
ing weeks when participants logged walking activities
more often than usual, they accumulated more steps
(b=328.97; [95% CI=81.91-636.03]; P=0.015). Results
of the cross-lagged analysis for this outcome showed
no between- (b=592.18; [95% Cl=—567.25-1751.62];
P=0.26) nor within-person level effects (b =141.05; [95%
CI=-179.83-461.93]; P=0.36).

Perceived impact in supporting behavioral change
Both walkers and peer leaders rated the app moderately
for its perceived impact in supporting behavior change
(Table 3), as demonstrated by uMARS scores for per-
ceived impact (M =2.92, SD=1.16; M=3.23, SD=1.10),
increase motivation (M=3.06, SD=1.03; M=3.71,
SD=1.50), and increase walking behavior (M=2.82,
SD=1.36; M=3.57, SD=1.40) for walkers and peer lead-
ers, respectively.

In the interviews, walkers reported that they expe-
rienced feelings of achievement (main theme) through

building competence and via self-monitoring (sub-
themes) from using features of the app including set-
ting step goals and entering daily step counts, and from
receiving motivational messages. When walkers were
asked specifically about how the weekly motivational
messages (delivered using need-supportive communi-
cation style) made them feel, they stated feeling more
confident in achieving walking goals. Throughout the
interviews, feelings of achievement were described as
playing an important and influential role in the partici-
pants’ decision to increase walking behaviors. Walk-
ers also reported feeling a greater sense of enjoyment
and importance (e.g., prioritizing walking), reflecting
more self-determined motivation towards walking and
other physical activities. Examples of meaning units
are presented in Table 4 and Table S1. Peer leaders also
perceived the app as useful in supporting goal achieve-
ment by being able to review progress over the weeks.
Although some walkers reported discontinued use of
the app as the program progressed (reasons included
not requiring the app as walking becoming part of
their routine or being prompted by reminders from
the Fitbit), some acknowledged that the app assisted
in providing the motivation they required at the begin-
ning of the program.



Nicholas et al. BMC Med Inform Decis Mak (2021) 21:23

Discussion
The purpose of this study was to develop and explore the
feasibility of the START app among physically inactive
office workers who took part in a 16-week peer-led walk-
ing intervention. With regards to acceptability, question-
naire results and interviews with participants indicated
that the app was viewed favorably in terms of overall
quality, functionality, and aesthetics. Subjective qual-
ity and perceived impact, on the other hand, were rated
lower (their mean score was closer to or below midpoint)
and upon inspection of comments provided by walkers,
participants reported a number of factors and barri-
ers to use which may have limited engagement with the
START app. First, a small number reported resistance to
using the app (i.e., disliking technology or avoided using
additional technology), as their occupation required
extensive use of a computer. It is important that differ-
ent preferences (computer-based platforms for entering
step counts on work computers or paper-based options)
are considered in future studies investigating internet-
based technologies among office workers [41]. Second,
some walkers reported inconvenience in manually enter-
ing their step count, preferring that the START app had
the capability to sync with their Fitbit. Manual entry is
characteristic of BCT 2.3 self-monitoring [34] which has
been shown to be one of the most effective BCTs in the
target population [10]. According to Michie’s taxonomy
[34], syncing step counts from the Fitbit to the START
app might be considered 2.2 feedback on behavior or 2.7
feedback on outcomes of behavior. Along with goal setting
and self-monitoring of behaviour, feedback on outcomes
of behaviour has been associated with long term inter-
vention success [10], thus it would be beneficial for future
work to investigate differences in effective of manual
entry (self-monitoring) versus devices that sync with an
app then provide opportunities for self-reflection (feed-
back on outcomes of behavior). Lastly, several walkers
reported preferring to use the Fitbit app more than the
START app. Participants were provided a Fitbit device
one week prior to commencement of the START pro-
gram (and therefore access to the START app) to meas-
ure baseline step count. As participants had access to the
Fitbit app prior to the start of the trial and access to the
START app, they may have become familiar with using
the Fitbit app and, therefore, more likely to be reluctant
to using an additional app (i.e. the START app).
Participants demonstrated greater app usage with
entering daily step counts than logging walk activi-
ties as they happened (i.e., by pressing start/stop but-
tons at beginning/end of walks). Three factors may
explain this difference in the use of the two functions.
First, walkers reported perceptions of value and benefit
from tracking progress towards their individual step
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count goal, whereas they did not identify any personal
benefits from logging walk activities. Second, contrib-
uting to the team destination goal may have created
a greater sense of accountability, and therefore moti-
vation, among walkers to enter their daily step count.
Finally, some participants reported inconvenience in
carrying a device on walks and lack of internet access
for recording walk activities (particularly if provided
with an iPad), whereas entering step count could be
completed at any time. Entering walking activities on
the app just before a walk was an exercise to promote
practical and emotional social support during the walk
(via mid-activity motivational messages), and to moni-
tor emotional consequences (via post-walk reflections)
[34]. Clearly, more work is needed to make the use of
such an activity more appealing and better understood
and valued by the participants.

App usage (entering daily step count and logging walk
activities) was positively associated with weekly step
count (assessed via Fitbit). These findings are in concord-
ance with previous suggestions that ongoing app usage or
engagement (i.e., exposure to the intervention) is impor-
tant for an intervention to have an effect [42, 43]. How-
ever, our study showed only 50% of walkers remained
engaged with the app over the full 16-week intervention,
aligning with Yardley et al. [24] whom reported that app
engagement decline is prominent in smartphone app
intervention studies. Although some walkers reported a
reduction in app use as the intervention progressed, sev-
eral commented on motivational messages being useful
at the beginning of the program. Walkers (including some
that discontinued engagement with the app) reported
that certain features of the app, such as motivational
messages and ability to record step counts, provided a
sense of confidence (competence) and an ability to track
or visualize progress (self-monitoring), thereby fostering
goal achievement. These results indicate that the BCTs
embedded within the app have potential to be effective
in assisting behavior change [8-10, 12, 32], even if only
for an initial period of engagement. Consequently, some
walkers may not have felt it necessary to engage with the
app for the full 16 weeks in order to sustain or increase
their walking behavior. This finding supports other find-
ings [24], that after an initial period of engagement with a
digital intervention, a user may reach sufficient self-regu-
lation, meaning they no longer require the app.

Setting step goals, entering daily step counts, and
receiving motivational messages were app features iden-
tified by walkers as assisting with promoting walking
behavior, it is therefore suggested that BCTs underpin-
ning these app features (goal setting, self-monitoring,
and prompts) are considered in future mHealth inter-
ventions aimed at increasing physical activity behavior
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among overweight and obese adults [10, 32] and office
workers [12].

Drawing from the principles of SDT [13], BCTs were
delivered via a need-supportive communication style
(e.g., language used in goal progress messages, mid-
walk motivational, and activity reminder messages). In
interviews, walkers reported feeling a sense of accom-
plishment and confidence from using the START app,
suggesting that their interactions with the app supported
their need for competence [13]. Although this study did
not compare the perceived impact of need-supportive
communication in promoting walking behavior to other
styles of communication (i.e., neutral or need-thwarting
[44]), our qualitative results indicate that need-support-
ive style messages, particularly those that target feelings
of competence, may be an important design element for
consideration in future mHealth interventions. These
findings support previous technology-based studies that
recommend the use of autonomy-supportive communi-
cation and competence building, to promote behavior
change among insufficiently active [22] and overweight
and obese adults [10], and office workers [45].

Collectively,  questionnaire  (perceived impact,
increased motivation, and increased walking behavior)
and interview data provide support for the app being
perceived as effective in improving self-determined
motivation towards walking and physical activity. In the
interviews, walkers reported feeling a greater sense of
enjoyment and importance (e.g., prioritizing walking),
reflecting more self-determined motivation [13]. These
results indicate that need-supportive motivational mes-
sages and reminders may play an important role in devel-
oping more autonomous forms of motivation towards
walking and physical activity in the context of workplace
walking interventions.

Limitations and future research directions

Although our results indicate that BCTs embedded in
the static and dynamics app content may be effective in
promoting walking behavior, we did not obtain app usage
data for all app features (i.e., our analysis was limited to
features relating to reporting physical activity). In the
future, it is suggested researchers investigate the dose—
response for all features within the app (i.e., which app
features participants engage with, how frequently, and
for what duration), thereby allowing researchers to iden-
tify and quantify the effectiveness of all embedded BCTs
in promoting walking behavior. Researchers also may
employ Ecological Momentary Assessment methods to
explore the immediate (real-time) impact of use of app
features such as motivational messages, reminders, and
entering step counts upon psychological needs to track
within-person behavior change overtime [23, 46].
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Acceptability and engagement with the START app
may have been influenced by intervention features such
as mode of delivery (e.g., app-based and only available on
iOS devices), physical environment (e.g., internet access),
individual preferences, and prior and concurrent use of
the Fitbit app [23]. Additionally, beta-testing was con-
ducted with a physically active sample. Although partici-
pants provided useful information regarding functionality
and aesthetics which guided the development of the final
app, recruiting insufficiently physically active office work-
ers at beta-testing may have allowed for specific feedback
relating to improving acceptability and potential engage-
ment among users within the target population. Prior to
conducting future RCTs involving mHealth platforms,
it is suggested that researchers conduct preliminary
exploratory research (including formative and think-
aloud interviews) with the target population to better
understand, and control for, potential factors influencing
engagement with an app [19, 47], and consider theoreti-
cal frameworks for enhancing engagement with mobile
and digital health interventions [47, 48]. To control for
the influence of engagement with other apps (e.g., Fitbit
app), it is suggested that future studies use step count
devices that do not require installation of an additional
app or mHealth platforms. Alternatively, researchers may
choose to partner with commercial app developers to
incorporate evidence-based BCTs and need-supportive
communication into existing apps aimed at promoting
physical activity among insufficiently active adults.

Although we investigated perceived impact of the app
in supporting behavior change via the uMARS, engage-
ment data, and interviews, we did not directly assess
changes in motivation for walking. The Behavioral Reg-
ulation for Walking Questionnaire [49] was used in the
larger trial [25], however this trial also included need-
supportive communication from peer leaders and the
results, therefore, cannot be solely attributed to the use of
the app. To understand the independent effects of need-
support provided from the app and from peer leaders,
it is recommended that future RCTs are designed with
multiple groups to isolate the relative effects of these
conditions (i.e., control, START app only, peer-leaders
only, and both), and with an adequate sample size to
have sufficient power [50]. Evidence for adopting a multi-
armed design is supported by recommendations follow-
ing development and evaluation of the Active Coach app
[19, 51]. Based on BCTs and autonomy-supportive com-
munication style, the authors found that the app was
deemed acceptable and feasible among the target popula-
tion [19] yet the app alone was not effective promoting
physical activity levels [51], with recommendations for
future studies to include multicomponent interventions
including both app and human support. Further, it is
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recommended researchers consider incorporating Moti-
vation and Behavior Change Techniques (MBCTs [52])
and the Taxonomy of App Features Based on SDT [18] in
future app development.

Conclusions

In conclusion, we showed that the START app may be
a useful mHealth tool for promoting walking behavior
among insufficiently active office workers, as it was rated
favorably in terms of acceptability by walkers and peer
leaders, app usage was positively associated with weekly
step count, and it targeted specific evidence-based means
(BCTs based on a need-supportive style of communica-
tion) to support participants’ self-determined motivation
for behavior change. Results from this study can be used
to inform the development of future apps specifically tar-
geting insufficiently active overweight and obese office
workers to increase walking.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512911-021-01391-3.

Additional file 1. CONSORT checklist.

Additional file 2. Virtual walk categories, post-trial interview guides, and
full thematic analysis.

Abbreviations

BCTs: Behavior change techniques; BMI: Body mass index; MVPA: Moderate to
vigorous physical activity; RCT: Randomized controlled trial; START: Striding
TowARds health and well-being Trial; SDT: Self-Determination Theory.

Acknowledgements

The work presented in this article was supported by the Cancer Council
Western Australia and the Western Australian Department of Health. We thank
James White and Becky White from Reach Health Promotion Innovations for
technical development of the START app and assistance in providing app
usage data.

Authors’ contributions

CT-N, EQ, ES and NN conceived the project and obtained the project funding.
JCN, CT-N, BJS, EQ, ES and NN made conceptual contributions to the study
design. CT-N is the project lead, and JCN and BJS are the research assistants.
JCN, CT-N, EQ and NN developed the mobile app materials. JCN and CT-N
drafted the manuscript. All authors read and approved the final manuscript.

Funding

This study was funded by the Cancer Council Western Australia (grant number
APP1138617) and the Western Australian Department of Health. The funders
provided financial support, however were not involved in design of the study;
collection, analysis, and interpretation of data; or writing the manuscript.

Availability of data and materials
The datasets generated and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

Ethical approval was provided by Curtin University’s Human Research Ethics
Committee (HRE2017-0732). Written informed consent was obtained from all
individual participants.

Page 14 of 16

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Physical Activity and Well-Being Research Group, School of Psychology, Cur-
tin University, GPO Box U1987, Perth, WA 6845, Australia. > Western Australian
Academy of Performing Arts, Edith Cowan University, Mount Lawley, Perth, WA
6050, Australia. > Charles Perkins Centre L6 West, Hub D17, School of Health
Sciences, Faculty of Medicine and Health, University of Sydney, Sydney, NSW
2006, Australia.

Received: 19 August 2020 Accepted: 10 January 2021
Published online: 21 January 2021

References

1. Lee I-M, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Impact
of physical inactivity on the world’s major non-communicable dis-
eases. Lancet. 2012;380(9838):219-29. https://doi.org/10.1016/50140
-6736(12)61031-9.

2. Stringhini S, Carmeli C, Jokela M, Avendafio M, Muennig P, Guida F, et al.
Socioeconomic status and the 25 x 25 risk factors as determinants of
premature mortality: a multicohort study and meta-analysis of 1.7 million
men and women. Lancet. 2017,389:1229-37. https://doi.org/10.1016/
S0140-6736(16)32380-7.

3. Tudor-Locke C, Leonardi C, Johnson WD, Katzmarzyk PT. Time spent in
physical activity and sedentary behaviors on the working day: The Ameri-
can Time Use Survey. J Occup Environ Med. 2011;53(12):1382-7. https://
doi.org/10.1097/JOM.0b013e31823c1402.

4. Albawardi NM, Jradi H, Al-Hazzaa HM. Levels and correlates of physical
activity, inactivity and body mass index among Saudi women working in
office jobs in Riyadh city. BMC Womens Health. 2016;16(1):1-12. https://
doi.org/10.1186/512905-016-0312-8.

5. Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan
MJ, Vandelanotte C. Efficacy of interventions that use apps to improve
diet, physical activity and sedentary behaviour: a systematic review.

Int J Behav Nutr Phys Act. 2016;13:127. https://doi.org/10.1186/51296
6-016-0454-y.

6. Cowan LT, Van Wagenen SA, Brown BA, Hedin RJ, Seino-Stephen Y, Hall
PC, West JH. Apps of steel: are exercise apps providing consumers with
realistic expectations? A content analysis of exercise apps for presence of
behavior change theory. Health Educ Behav. 2013;40:133-9. https://doi.
org/10.1177/1090198112452126.

7. Conroy DE, Yang CH, Maher JP. Behavior change techniques in top-ranked
mobile apps for physical activity. Am J Prev Med. 2014;46:649-52. https://
doi.org/10.1016/j.amepre.2014.01.010.

8. Bird EL, Baker G, Mutrie N, Ogilvie D, Sahlqvist S, Powell J. Behavior
change techniques used to promote walking and cycling: a systematic
review. Health Psychol. 2013;32(8):829-38. https://doi.org/10.1037/a0032
078.

9. Murray JM, Brennan SF, French DP, Patterson CC, Kee F, Hunter RF. Effec-
tiveness of physical activity interventions in achieving behaviour change
maintenance in young and middle aged adults: a systematic review and
meta-analysis. Soc Sci Med. 2017;192:125-33. https://doi.org/10.1016/j.
socscimed.2017.09.021.

10. Samdal GB, Eide GE, Barth T, Williams G, Meland E. Effective behaviour
change techniques for physical activity and healthy eating in overweight
and obese adults; systematic review and meta-regression analyses. Int
J Behav Nutr Phys Act. 2017;14(1):1-14. https://doi.org/10.1186/51296
6-017-0494-y.

11. Fry JP, Neff RA. Periodic prompts and reminders in health promotion and
health behaviour interventions: systematic review. J Med Internet Res.
2009;11(2):e16. https://doi.org/10.2196/jmir.1138.

12. van Dantzig S, Bulut M, Krans M, Van Der Lans A, De Ruyter B. Enhancing
physical activity through context-aware coaching. ACM Int Conf Proceed-
ing Ser. 2018. https://doi.org/10.1145/3240925.3240928.


https://doi.org/10.1186/s12911-021-01391-3
https://doi.org/10.1186/s12911-021-01391-3
https://doi.org/10.1016/S0140-6736(12)61031-9
https://doi.org/10.1016/S0140-6736(12)61031-9
https://doi.org/10.1016/S0140-6736(16)32380-7
https://doi.org/10.1016/S0140-6736(16)32380-7
https://doi.org/10.1097/JOM.0b013e31823c1402
https://doi.org/10.1097/JOM.0b013e31823c1402
https://doi.org/10.1186/s12905-016-0312-8
https://doi.org/10.1186/s12905-016-0312-8
https://doi.org/10.1186/s12966-016-0454-y
https://doi.org/10.1186/s12966-016-0454-y
https://doi.org/10.1177/1090198112452126
https://doi.org/10.1177/1090198112452126
https://doi.org/10.1016/j.amepre.2014.01.010
https://doi.org/10.1016/j.amepre.2014.01.010
https://doi.org/10.1037/a0032078
https://doi.org/10.1037/a0032078
https://doi.org/10.1016/j.socscimed.2017.09.021
https://doi.org/10.1016/j.socscimed.2017.09.021
https://doi.org/10.1186/s12966-017-0494-y
https://doi.org/10.1186/s12966-017-0494-y
https://doi.org/10.2196/jmir.1138
https://doi.org/10.1145/3240925.3240928

Nicholas et al. BMC Med Inform Decis Mak

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

(2021) 21:23

Ryan RM, Deci EL. Self-determination theory: basic psychological needs
in motivation, development, and wellness. New York: Guilford Publica-
tions; 2017.

Ntoumanis N, Quested E, Reeve J, Cheon SH. Need supportive communi-
cation: Implications for motivation in sport, exercise, and physical activity.
In: Jackson B, Dimmock JA, Compton J, editors. Persuasion and com-
munication in sport, exercise, and physical activity. Abingdon: Routledge;
2018. p. 155-69.

Ntoumanis N, Thegersen-Ntoumani C, Quested E, Hancox J. The effects of
training group exercise class instructors to adopt a motivationally adap-
tive communication style. Scand J Med Sci Sports. 2017;27:1026-34. https
://doi.org/10.1111/sms.12713.

Ntoumanis N, Ng YY, Prestwich A, Quested E, Hancox JE, Thegersen-
Ntoumani C, Deci EL, Ryan RM, Lonsdale RM, Williams GC. A meta-analysis
of self-determination theory-informed intervention studies in the health
domain: effects on motivation, health behavior, physical, and psycho-
logical health. Health Psychol Rev. 2020. https://doi.org/10.1080/17437
199.2020.1718529.

Cowan LT, van Wagenen SA, Brown BA, et al. Apps of steel: Are exercise
apps providing consumers with realistic expectations?: A content analysis
of exercise apps for presence of behavior change theory. Heal Educ
Behav. 2013;40(2):133-9. https://doi.org/10.1177/1090198112452126.
Villalobos-Zuniga G, Cherubini M. Apps that motivate: a taxonomy of app
features based on self-determination theory. Int J Hum Comput Stud.
2020. https://doi.org/10.1016/j.ijhcs.2020.102449.

Simons D, De Bourdeaudhuij |, Clarys P, De Cocker K, Vandelanotte C,
Deforche B. A smartphone app to promote an active lifestyle in lower-
educated working young adults: development, usability, acceptability,
and feasibility study. JMIR mHealth uHealth. 2018;6(2):1-18. https://doi.
0rg/10.2196/mhealth.8287.

Kayser JW, Cossette S, Coté J, et al. Evaluation of a web-based tailored
nursing intervention (TAVIE en m@rche) aimed at increasing walking after
an acute coronary syndrome: a multicenter randomized controlled trial
protocol. JMIR Res Protoc. 2017,6(4):64. https://doi.org/10.2196/respr
ot.6430.

Friederichs SAH, Oenema A, Bolman C, Lechner L. Long term effects of
self-determination theory and motivational interviewing in a web-

based physical activity intervention: randomized controlled trial. Int J
Behav Nutr Phys Act. 2015;12(1):1-13. https://doi.org/10.1186/51296
6-015-0262-9.

Kinnafick F-E, Thegersen-Ntoumani C, Duda JL. The effect of need sup-
portive text messages on motivation and physical activity behaviour. J
Behav Med. 2016;39:574-86. https://doi.org/10.1007/510865-016-9722-1.
Short CE, DeSmet A, Woods C, Williams SL, Maher C, Middelweerd A,
Mdller AM, Wark PA, Vandelanotte C, Poppe L, Hingle MD, Crutzen R.
Measuring engagement in eHealth and mHealth behaviour change inter-
ventions: viewpoint of methodologies. J Med Internet Res. 2018;20:2292.
https://doi.org/10.2196/jmir.9397.

Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, Curtis K, Merchant
GC, Naughton F, Blandford A. Understanding and promoting effective
engagement with digital behavior change interventions. Am J Prev Med.
2016;51(5):833-42. https://doi.org/10.1016/j.amepre.2016.06.015.
Thagersen-Ntoumani C, Quested E, Smith BS, et al. Feasibility and prelimi-
nary effects of a peer-led motivationally-embellished workplace walking
intervention: a pilot cluster randomized trial (the START trial). Contemp
Clin Trials. 2020;91:105969. https://doi.org/10.1016/j.cct.2020.105969.
White BK, Burns SK, Giglia RC, Scott JA. Designing evaluation plans for
health promotion mHealth interventions: a case study of the Milk Man
mobile app. Health Promot J Austr. 2016;27(3):198-203. https://doi.
org/10.1071/HE16041.

White BK, Martin A, White JA, et al. Theory-based design and develop-
ment of a socially connected, gamified mobile app for men about
breastfeeding (Milk Man). JMIR mHealth uHealth. 2016;42:81. https://doi.
0rg/10.2196/mhealth.5652.

Nielsen J. Estimating the number of subjects needed for a thinking aloud
test. Int J Hum Comput Stud. 1994;41:385-97.

Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte MJ, Lee IM,
Nieman DC, Swain DP. American College of Sports Medicine position
stand: quantity and quality of exercise for developing and maintaining
cardiorespiratory, musculoskeletal and neuromotor fitness in apparently

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 150f 16

healthy adults: guidance for prescribing exercise. Med Sci Sports Exerc.
2011;43(7):1334-59. https://doi.org/10.1249/MSS.0b013e31821 3fefb.
Australian Qualifications Framework. 2020. https://www.aqgf.edu.au/agf-
qualifications. Accessed 24 Feb 2020.

Craig CL, Marshall AL, Sjostrom M, Bauman AE, Booth ML, Ainsworth BE,
Pratt M, Ekelund U, Yngve A, Sallis JF, Oja P. International physical activity
questionnaire: 12-country reliability and validity. Med Sci Sports Exerc.
2003;35(8):1381-95. https://doi.org/10.1249/01.MSS.0000078924.61453
FB.

Olander EK, Fletcher H, Williams S, Atkinson L, Turner A, French DP.

What are the most effective techniques in changing obese individu-

als’ physical activity self-efficacy and behaviour: a systematic review

and meta-analysis. Int J Behav Nutr Phys Act. 2013;10:1-15. https://doi.
0rg/10.1186/1479-5868-10-29.

Bardus M, van Beurden SB, Smith JR, Abraham C. A review and content
analysis of engagement, functionality, aesthetics, information quality,
and change techniques in the most popular commercial apps for weight
management. Int J Behav Nutr Phys Act. 2016;13(1):1-9. https://doi.
0rg/10.1186/512966-016-0359-9.

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W,
Eccles MP, Cane J, Wood CE. The behaviour change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international
consensus for the reporting of behaviour change interventions. Ann
Behav Med. 2013;46:81-95. https://doi.org/10.1007/512160-013-9486-6.
Jaspers MWM. A comparison of usability methods for testing interactive
health technologies: methodological aspects and empirical evidence.
Int J Med Inform. 2009;78:340-53. https://doi.org/10.1016/j.ijmed
inf.2008.10.002.

Stoyanov SR, Hides L, Kavanagh DJ, Wilson H. Development and valida-
tion of the user version of the mobile application rating scale (UMARS).
JMIR mHealth uHealth. 2016;4(2):e72. https://doi.org/10.2196/mheal
th.5849.

Stoyanov SR, Hides L, Kavanagh DJ, Zelenko O, Tjondronegoro D, Mani
M. Mobile App Rating Scale: a new tool for assessing the quality of
health mobile apps. JIMIR mHealth uHealth. 2015;3(1):e27. https://doi.
0rg/10.2196/mhealth.3422.

Guest G, Bunce A, Johnson L. How many interviews are enough?

An experiment with data saturation and variability. Field methods.
2006;18(1):59-82. https://doi.org/10.1177/1525822X05279903.

Smith B, Sparkes AC. Qualitative research methods in sport, exercise and
health. 1st ed. Abingdon: Routledge; 2016.

Smith B, McGannon KR. Developing rigor in qualitative research: prob-
lems and opportunities within sport and exercise psychology. Int Rev
Sport Exerc Psychol. 2018;11(1):101-21. https://doi.org/10.1080/17509
84X.2017.1317357.

Turner-McGrievy GM, Beets MW, Moore JB, Kaczynski AT, Barr-Anderson
DJ, Tate DF. Comparison of traditional versus mobile app self-monitoring
of physical activity and dietary intake among overweight adults partici-
pating in an mHealth weight loss program. J Am Med Informatics Assoc.
2013;20(3):513-8. https://doi.org/10.1136/amiajnl-2012-001510.
Garnett C, Crane D, West R, Brown J, Michie S. Identification of behavior
change techniques and engagement strategies to design a smartphone
app to reduce alcohol consumption using a formal consensus method.
JMIR mHealth uHhealth. 2015;3(2):e73. https://doi.org/10.2196/mheal
th.3895.

Romeo A, Edney S, Plotnikoff R, Curtis R, Ryan J, Sanders |, Crozier A,
Maher C. Can smartphone apps increase physical activity? Systematic
review and meta-analysis. J Med Internet Res. 2019;21(3):212053. https://
doi.org/10.2196/12053.

Bhavsar N, Bartholomew KJ, Quested E, et al. Measuring psychological
need states in sport: theoretical considerations and a new measure. Psy-
chol Sport Exerc. 2020;47(101617):1-14. https://doi.org/10.1016/j.psych
sport.2019.101617.

Van Dantzig S, Geleijnse G, Van Halteren AT. Toward a persuasive mobile
application to reduce sedentary behavior. Pers Ubiquitous Comput.
2013;17(6):1237-46. https://doi.org/10.1007/500779-012-0588-0.

LiaoY, Skelton K, Dunton G, Bruening M. A systematic review of methods
and procedures used in Ecological Momentary Assessments of diet

and physical activity research in youth: an adapted STROBE checklist for
EMA studies (CREMAS). J Med Internet Res. 2016;18(6):e151. https://doi.
0rg/10.2196/jmir4954.


https://doi.org/10.1111/sms.12713
https://doi.org/10.1111/sms.12713
https://doi.org/10.1080/17437199.2020.1718529
https://doi.org/10.1080/17437199.2020.1718529
https://doi.org/10.1177/1090198112452126
https://doi.org/10.1016/j.ijhcs.2020.102449
https://doi.org/10.2196/mhealth.8287
https://doi.org/10.2196/mhealth.8287
https://doi.org/10.2196/resprot.6430
https://doi.org/10.2196/resprot.6430
https://doi.org/10.1186/s12966-015-0262-9
https://doi.org/10.1186/s12966-015-0262-9
https://doi.org/10.1007/s10865-016-9722-1
https://doi.org/10.2196/jmir.9397
https://doi.org/10.1016/j.amepre.2016.06.015
https://doi.org/10.1016/j.cct.2020.105969
https://doi.org/10.1071/HE16041
https://doi.org/10.1071/HE16041
https://doi.org/10.2196/mhealth.5652
https://doi.org/10.2196/mhealth.5652
https://doi.org/10.1249/MSS.0b013e318213fefb
https://www.aqf.edu.au/aqf-qualifications
https://www.aqf.edu.au/aqf-qualifications
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1186/1479-5868-10-29
https://doi.org/10.1186/1479-5868-10-29
https://doi.org/10.1186/s12966-016-0359-9
https://doi.org/10.1186/s12966-016-0359-9
https://doi.org/10.1007/s12160-013-9486-6
https://doi.org/10.1016/j.ijmedinf.2008.10.002
https://doi.org/10.1016/j.ijmedinf.2008.10.002
https://doi.org/10.2196/mhealth.5849
https://doi.org/10.2196/mhealth.5849
https://doi.org/10.2196/mhealth.3422
https://doi.org/10.2196/mhealth.3422
https://doi.org/10.1177/1525822X05279903
https://doi.org/10.1080/1750984X.2017.1317357
https://doi.org/10.1080/1750984X.2017.1317357
https://doi.org/10.1136/amiajnl-2012-001510
https://doi.org/10.2196/mhealth.3895
https://doi.org/10.2196/mhealth.3895
https://doi.org/10.2196/12053
https://doi.org/10.2196/12053
https://doi.org/10.1016/j.psychsport.2019.101617
https://doi.org/10.1016/j.psychsport.2019.101617
https://doi.org/10.1007/s00779-012-0588-0
https://doi.org/10.2196/jmir.4954
https://doi.org/10.2196/jmir.4954

Nicholas et al. BMC Med Inform Decis Mak

47.

48.

49.

50.

(2021) 21:23

Short CE, Rebar AL, Ronald C. Designing engaging online behaviour
change interventions: a proposed model of user engagement. Eur Heal
Psychol. 2015;17(1):32-8.

Peters D, Calvo RA, Ryan RM. Designing for motivation, engagement and
wellbeing in digital experience. Front Psychol. 2018;9:1-15. https://doi.
0rg/10.3389/fpsyg.2018.00797.

Niven AG, Markland D. Using self-determination theory to understand
motivation for walking: Instrument development and model testing
using Bayesian structural equation modelling. J Psychol Sport Exerc.
2016;23:90-100. https://doi.org/10.1016/j.psychsport.2015.11.004.
Hardeman W, Houghton J, Lane K, Jones A, Naughton F. A systematic
review of just-in-time adaptive interventions (JITAls) to promote physical
activity. Int J Behav Nutr Phys Act. 2019;16:31. https://doi.org/10.1186/
$12966-019-0792-7.

Page 16 of 16

51. Simons D, De Bourdeaudhuij |, Clarys P, De Cocker K, Vandelanotte C,
Deforche B. Effect and process evaluation of a smartphone app to pro-
mote an active lifestyle in lower educated working young adults: cluster
randomized controlled trial. JMIR mHealth uHealth. 2018;6(8):210003.
https://doi.org/10.2196/10003.

52. Teixeira PJ, Marques MM, Silva MN, et al. a classification of motivation and
behavior change techniques used in self-determination theory-based
interventions in health contexts. Motiv Sci. 2020. https://doi.org/10.1037/
mot0000172.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.3389/fpsyg.2018.00797
https://doi.org/10.3389/fpsyg.2018.00797
https://doi.org/10.1016/j.psychsport.2015.11.004
https://doi.org/10.1186/s12966-019-0792-7
https://doi.org/10.1186/s12966-019-0792-7
https://doi.org/10.2196/10003
https://doi.org/10.1037/mot0000172
https://doi.org/10.1037/mot0000172

	Development and feasibility of a mobile phone application designed to support physically inactive employees to increase walking
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Mobile applications for the promotion of physical activity
	Interpersonal communication styles
	App engagement and intervention efficacy
	Aims and hypotheses

	Methods
	Research design
	Participants
	Procedures
	Phase 1: development
	App features and theoretical framework 
	Alpha-testing 
	Beta-testing 

	Phase 2: feasibility
	START trial 
	User Mobile App Rating Scale (uMARS) 
	Semi-structured interviews 
	App usage 


	Analyses

	Results
	Phase 1: development
	Alpha-testing
	Beta-testing

	Phase 2: feasibility
	Acceptability of START app
	App usage
	Associations between app usage and behavioral engagement
	Perceived impact in supporting behavioral change


	Discussion
	Limitations and future research directions

	Conclusions
	Acknowledgements
	References


