
Original Paper

Mediators of Effects on Physical Activity and Sedentary Time in
an Activity Tracker and Behavior Change Intervention for
Adolescents: Secondary Analysis of a Cluster Randomized
Controlled Trial

Simone Johanna Josefa Maria Verswijveren1, PhD; Gavin Abbott1, PhD; Samuel K Lai1, MHealthProm; Jo Salmon1,

PhD; Anna Timperio1, PhD; Helen Brown1, PhD; Susie Macfarlane2, PhD; Nicola D Ridgers1,3, PhD
1Institute for Physical Activity and Nutrition, School of Exercise and Nutrition Sciences, Deakin University, Burwood, Australia
2Learning Futures, Deakin University, Geelong, Australia
3Alliance for Research in Exercise, Nutrition and Activity, University of South Australia, Adelaide, Australia

Corresponding Author:
Simone Johanna Josefa Maria Verswijveren, PhD
Institute for Physical Activity and Nutrition
School of Exercise and Nutrition Sciences
Deakin University
221 Burwood Hwy
Burwood, 3125
Australia
Phone: 61 03 9244 6100
Email: s.verswijveren@deakin.edu.au

Abstract

Background: Adolescence is a critical age where steep declines in physical activity and increases in sedentary time occur.
Promoting physical activity should therefore be a priority for short- and long-term health benefits. Wearable activity trackers in
combination with supportive resources have the potential to influence adolescents’physical activity levels and sedentary behavior.
Examining the pathways through which such interventions work can inform which mediators to target in future studies.

Objective: The aim of this paper is to examine the impact of the Raising Awareness of Physical Activity (RAW-PA) intervention
on potential mediators of behavior change after intervention, and whether these mediated the intervention effects on physical
activity and sedentary time at 6-month follow-up.

Methods: RAW-PA was a 12-week intervention, grounded in social cognitive theory and behavioral choice theory, aimed at
increasing physical activity among inactive adolescents through combining a wearable activity tracker with digital resources
delivered via a private Facebook group (n=159 complete cases). The targeted potential mediators were identified from previous
studies conducted in adolescents and included self-efficacy, peer support, family support, teacher support, self-regulation strategies,
barriers, and enjoyment. Outcomes included sedentary time as well as light- and moderate-to-vigorous–intensity physical activity.
A series of mixed linear models were used to estimate intervention effects on physical activity and sedentary behavior at follow-up
and on potential mediators after intervention and to test whether there were indirect effects of the intervention on physical activity
and sedentary behavior via mediators.

Results: Adolescents in the intervention group (n=75) engaged in higher sedentary time and lower light intensity at 6-month
follow-up compared to the wait-list controls (n=84). There were no intervention effects for moderate-to-vigorous–intensity
physical activity. The intervention group perceived more barriers to physical activity than the wait-list control group at 6-month
follow-up (mean adjusted difference=1.77; 95% CI 0.19-3.34; P=.03). However, indirect effects for each outcome were not
statistically significant, indicating that perceived barriers to physical activity did not mediate intervention effects for physical
activity or sedentary time.

Conclusions: RAW-PA did not beneficially impact hypothesized mediators in these inactive adolescents, despite strategies
being designed to target them. This suggests that the lack of overall intervention effects on physical activity and sedentary time
observed in the RAW-PA study could be due to the limited impact of the intervention on the targeted mediators. Future studies
should consider different strategies to target theoretically informed potential mediators and identify intervention strategies that
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effectively target key mediators to improve physical activity among inactive adolescents. Finally, intervention effects according
to level of wearable tracker use or level of engagement with the intervention should be explored. This may provide important
insights for designing successful wearable activity tracker interventions.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12616000899448;
https://anzctr.org.au/Trial/Registration/TrialReview.aspx?id=370716&isReview=true

International Registered Report Identifier (IRRID): RR2-10.1186/s12889-016-3945-5

(JMIR Mhealth Uhealth 2022;10(8):e35261) doi: 10.2196/35261
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Introduction

Most adolescents worldwide do not engage in sufficient physical
activity to benefit health, including cardiometabolic health, and
cognitive development [1,2]. This high prevalence of inactivity
is evident across low-, middle-, and high-income countries [1].
By contrast, emerging research has shown that excessive
sedentary behavior, which includes activities such as TV
viewing, may be detrimentally associated with adolescents’
health [3]. As adolescence is a critical age where steep declines
in physical activity occur [4], particularly in adolescents living
in areas of socioeconomic disadvantage [5], and as youth engage
more in total sedentary time when they grow older [6],
promoting physical activity should be a priority for short- and
long-term health benefits [7].

The past decade has seen advances in the development of
commercially available wearable activity trackers. Such devices
can measure physical activity, enable self-monitoring, and
provide real-time feedback. Wearable activity trackers are
increasingly being used in physical activity research as both a
measurement and intervention tool, while some devices have
the capability to provide feedback and alerts for periods of
sedentary time [8,9]. Emerging evidence suggests that these
trackers have the potential to be used as intervention tools as
adolescents perceive them as easy to use and useful [10], and
that they increase their motivation to be physically active [11].
However, surprisingly few studies have used activity trackers
in physical activity interventions for adolescents, and the scarce
evidence is mixed. While one review showed that these devices
are feasible for increasing physical activity and decreasing
sedentary behavior [12], others have found that effectiveness
for physical activity, particularly long-term, has not yet been
established [9,11]. More research is required to understand the
effect of using activity trackers on adolescents’daily behaviors,
which include physical activity of different intensities and
sedentary time [13].

Previous technology-based physical activity interventions using
activity trackers have shown that multicomponent interventions
may be more effective than using wearables as a stand-alone
strategy [9,11]. That is, combining activity trackers with
additional resources may be a useful strategy to change physical
activity behaviors [14]. Examples include web-based advice to
increase social support [14,15], tailored advice [16], incentives

[17], and counselling [18] in combination with activity trackers.
Although some recent activity tracker interventions have started
to incorporate additional components [9,12], no previous activity
tracker studies have examined potential mediators of change in
physical activity and sedentary behavior. Such evidence would
provide insights into why the interventions may or may not have
been effective. Examining mediators of behavior change may
help to identify the pathway through which activity tracker
interventions work in adolescents [19,20] and may inform the
design and delivery of such interventions in the future.

The Raising Awareness of Physical Activity (RAW-PA) study
was a multicomponent intervention for adolescents living in
areas of socioeconomic disadvantage that aimed to integrate
more physical activity into their day by combining an activity
tracker with digital resources that specifically targeted
evidence-based behavior-change techniques. Grounded in social
cognitive theory [21] and behavioral choice theory [13], the
intervention targeted multiple potential mediators of adolescent
physical activity. While this intervention did not increase
inactive adolescents’ accelerometer-derived and self-reported
physical activity levels immediately after intervention [8], it
provides a unique opportunity to explore potential cognitive,
behavioral, and interpersonal mediators of physical activity and
sedentary behavior. This is important as identifying which
factors are on the mediating pathway between the intervention
and the targeted outcomes can inform the development of future
physical activity interventions. Therefore, the aim of this study
was to examine the impact of the Raising Awareness of Physical
Activity (RAW-PA) intervention on potential mediators of
behavior change after intervention, and whether these mediated
the intervention effects on physical activity and sedentary time
at 6-month follow-up.

Methods

Ethics Approval
Ethical approval was obtained from the Deakin University
Human Research Ethics Committee (2016–179) and the
Victorian Department of Education and Training.

Study Design, Recruitment, and Participants
The RAW-PA study was evaluated using a cluster-randomized
controlled trial design, with schools being the unit of
randomization [14]. The trial is registered with the Australian
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and New Zealand Clinical Trials Registry
(ACTRN12616000899448). The protocol for this trial has been
previously published [14]. In brief, RAW-PA combined a Fitbit
Flex (wearable activity tracker; core component) and the
accompanying app with digital behavior change resources that
were accessible via social media. Schools were eligible to
participate if they were located in socioeconomically
disadvantaged suburbs based on a Socio-Economic Index for
Areas (SEIFA) [22] score of ≤5. In total, 18 schools were
recruited and assigned to the intervention group (n=9) or
wait-list control (n=9) using a computer-based random number
generator.

The eligibility criteria for participants included the following:
(1) being ≥13 years old; (2) having access to the internet outside
of school; (3) not engaging in regular organized physical activity
or sport outside of school; (4) not meeting physical activity
guidelines of ≥60 minutes of moderate to vigorous physical
activity (MVPA) every day; and (5) not a current or past owner
of an activity tracker. All eligible students (n=280) who returned
informed written parental consent and student assent were
recruited into the study [8]. As 5 students withdrew before
baseline data collection, a total of 275 students participated. Of
those, 2 participants did not provide any data; thus, 273
participants were considered for analyses (depending on whether
they provided complete data) [8]. A flow diagram of the
participants is shown in Figure 1.

Figure 1. Participant flow diagram.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 8 | e35261 | p. 3https://mhealth.jmir.org/2022/8/e35261
(page number not for citation purposes)

Verswijveren et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Intervention
Developed using participatory research principles [14], the
12-week intervention combined Fitbit Flex and the
accompanying app with interactive individual or weekly
missions, including behavior change resources (eg, infographics,
videos, and social forums) that were accessible via a private,
researcher-moderated Facebook group, and new content alerts
in the student’s own time [14]. Each weekly mission focused
on how to integrate low-cost, everyday physical activity into
daily life to facilitate real-world implementation [23] and
provided participants with opportunities to learn and practice
behavior change techniques. The weekly missions centered on
different intervention objectives (eg, social support for physical
activity), and the digital behavior change resources targeted a
range of behavior change techniques and mediators [14]. The
behavior change techniques were mapped against key
determinants or potential mediators identified from social
cognitive theory [21] and behavioral choice theory [13]. These
recognize that physical activity and sedentary behavior are
influenced by factors operating at multiple levels including
intrapersonal (eg, self-efficacy) and interpersonal (eg, peer
support and influences) [14]. Seven potential mediators of
physical activity and sedentary behavior were targeted, which
were as follows: self-efficacy, peer support, family support,
teacher support, self-regulation strategies, perceived barriers to
physical activity, and physical activity enjoyment
[14,19,20,24,25]. These were selected as they have been
previously identified as potential mediators of physical activity
(perceived barriers to physical activity, teacher support, and
physical activity enjoyment) [14,19,20,24] or both physical
activity and sedentary behavior (self-efficacy, peer support,
family support, and self-regulation strategies) [25]. The
resources matched the weekly missions to reinforce key
messages. For example, in “Week 3,” social support was
targeted through encouraging participants to support their peers
to increase their activity levels. The intervention also
incorporated 1 week of content on breaking up sitting time with
physical activity. The participants in the wait-list control group
were provided access to all resources after the 6-month
follow-up assessments.

Measures
All assessments were conducted at baseline (T0), immediately
after intervention (T1), and at 6-month follow-up (T2) by trained
research assistants using standardized protocols.

Accelerometry
Physical activity and sedentary time were measured using
GT3X+ ActiGraph accelerometers (ActiGraph, Pensacola,
Florida, USA). The participants were instructed to wear the
accelerometer on the hip for 8 consecutive days at each time
point during waking hours (except during water-based
activities). Raw acceleration data were downloaded and
processed into 15-second epochs using manufacturer software
(ActiLife). Data were then processed in a customized Microsoft
Excel macro to identify sedentary time and time in light-intensity
physical activity (LPA) and MVPA. Nonwear time was defined
as 60 minutes of consecutive zeroes [26]. Sedentary time was
calculated as the total time spent in ≤25 counts per epoch [27].

Age-specific thresholds were used to determine time spent in
MVPA [28]. The time spent in between the thresholds for
sedentary time and MVPA was classified as LPA. Total
sedentary time, LPA, and MVPA were averaged across valid
days. A valid day was defined as ≥8 hours on weekdays and ≥7
hours on weekends [29]. Adolescents who provided valid data
on any 3 or more days were included for analysis [29].

Demographic Characteristics
The participants self-reported sex, age, and date of birth at each
time point via a web-based survey. Area-level socioeconomic
status (SES) of the school location using the participants’
postcode was obtained via SEIFA [22]. The SEIFA scores were
categorized into decile data for use in the analyses.

Mediators
The 7 potential mediators (self-efficacy, peer support, family
support, teacher support, self-regulation strategies, perceived
barriers to physical activity, and physical activity enjoyment
[14,19,20,24,25]) were assessed at all time points using items
that were validated for youth [30-32]. The scales used to assess
self-efficacy, peer support, family support, teacher support, and
self-regulation strategies were adapted from a previously
designed instrument for assessing social cognitive measures
related to physical activity behaviors [30]. This instrument was
developed based on constructs from social cognitive theory by
Bandura [21]. The scales have acceptable reliability in
adolescents (Cronbach α=.69-.79; test-retest intraclass
correlation=0.86-0.91) [30]. The self-efficacy scale included
five items (eg, “I do not feel comfortable using local facilities
to be active” [30]), which were assessed using a 6-point
Likert-type scale ranging from “strongly disagree” (1) to
“strongly agree” (6). Social support from peers and family was
assessed using 9 items (eg, “In the past three months, how often
did your friends encourage you to be active?” [30]) on a 5-point
Likert-type scale ranging from “never” (1) to “always” (5).
These items were then adapted to assess social support from
teachers (4 items). Self-regulation strategies were assessed using
6 items with a 5-point Likert-type scale, from “never” (1) to
“always” (5). Example items included “In the past three months,
how often did you keep track of how much physical activity
you did?” [30].

Perceived barriers to physical activity were assessed using 9
items drawn from the Adolescent Physical Activity Perceived
Barriers and Benefits Scale (eg, “I have minor aches and pains
from activity”) [32]. The participants responded to each item
using a 4-point Likert-type scale ranging from “not at all true”
(1) to “very true” (4). This scale has acceptable test-retest
reliability (r=0.71) and internal consistency (Cronbach α=.79)
[32] in adolescents. Enjoyment of physical activity was assessed
using the 16-item Physical Activity Enjoyment Scale [31]. The
participants used a 5-point Likert-type scale ranging from
“Disagree a lot” (1) to “Agree a lot” (5) to answer questions
such as “When I am active, I enjoy it”. The Physical Activity
Enjoyment Scale has been validated for use in adolescents [31].

The overall scores for each of these variables were created by
summing individual item scores. These scores were then used
as indicators for self-efficacy (range: 5-30), peer support (range:

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 8 | e35261 | p. 4https://mhealth.jmir.org/2022/8/e35261
(page number not for citation purposes)

Verswijveren et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


5-25), family support (range: 4-20), teacher support (range:
4-20), self-regulation strategies (range: 6-30), perceived barriers
to physical activity (range: 9-36), and physical activity
enjoyment (range: 16-80).

Analytical Sample
Of the 273 participants who were considered for inclusion in
the analyses, baseline accelerometer data were available for 264
(96.7%) students and survey assessments for 265 (97.1%). Valid
accelerometer data were available for 246 (90.1%) participants
at baseline (T0), 198 (72.5%) after intervention (T1), and 193
(70.7%) at 6-month follow-up (T2). The complete case analysis
sample (n=159; 58.2%) included those with full data for
covariates (sex and SES), mediators at baseline (T0) and after
intervention (T1), and valid accelerometry at baseline (T0) and
6-month follow-up (T2).

Statistical Analysis
Baseline (T0) demographic characteristics as well as baseline
(T0) and 6-month follow-up (T2) accelerometry variables (mean
[SD]) of the analytic sample were calculated and descriptively
compared with excluded participants. As per the Consolidated
Standards of Reporting Trials recommendations [33], baseline
characteristics for the wait-list control and intervention groups
were presented separately but were not compared using
inferential tests. Inspection of histograms of the physical activity
and sedentary time variables indicated all were normally
distributed. Moreover, the median, 25th, and 75th percentile
values were quite consistent with values expected for a normal
distribution (ie, mean and mean [SD 0.67], respectively). For
the mediation analyses, linear mixed models were used, with
random intercepts for schools to account for clustering by
schools. All models adjusted for sex, school-area SES, and
average accelerometer wear time. The covariates included in
this study were selected due to potential sex differences and
socioeconomic differences in the adolescents’ physical activity
and sedentary behavior. Wear time was also included due to
differences in accelerometer wear time by adolescents in the
study. Stata SE 15 (StataCorp) was used to conduct analyses,
and statistical significance was set at P<.05.

Mediation analysis of randomized controlled trials is important
both when an intervention effect on the outcome is observed
and when it is not [34]. In the latter case, which is relevant to
this intervention [8], the inspection of intervention effects on
potential mediators can help to elucidate why the intervention
did not affect the outcome (ie, some mediators may play a
suppression role), for example, because the intervention failed
to impact important intermediate factors (a path) or that the
intermediate factors did not impact the outcome as hypothesized
(b path). Accordingly, modern approaches to mediation
emphasize the importance of testing the a and b paths
irrespective of the total intervention effect on the outcome. A
visual representation of the hypothesized mediator model,
including the several pathways assessed, is depicted in Figure
2. In this framework, the total effect is the overall effect of the
exposure (intervention) on physical activity and sedentary
behavior (outcome variables), while the direct effect is the effect
of the exposure (intervention) on physical activity and sedentary
behavior that operates independently of the mediator in question
[35]. First, the models were fitted to estimate the intervention
effect on each potential mediator after intervention (T1; a path),
while adjusting for baseline levels of the mediator. For potential
mediators on which there was a statistically significant
intervention effect at T1, single-mediator analyses were
conducted to determine the indirect effect of the intervention
on physical activity and sedentary time at 6-month follow-up
(T2) via the mediator (assessed after intervention [T1]). This
involved fitting a model while simultaneously estimating the
effects of the intervention (direct effect; c’ path) and the
potential mediator (b path) on each outcome variables at
6-month follow-up (T2). The mediated, or indirect, effect (ie,
the portion of the exposure-outcome relationship that occurs
via the mediator) was calculated as a × b, following the “product
of coefficients” method, and this quantity was bootstrapped
with 1000 resamples to produce percentile-based 95% CIs [35].
The models were also fitted to estimate the intervention effect
on each outcome (c path). All models in this stage were adjusted
for baseline levels of both the mediator and total physical
activity or sedentary time (depending on outcome of interest).
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Figure 2. Visual representation of the hypothesized mediator model. Pathway a represents the intervention effect on potential mediators, b is the effect
of the potential mediator on the behavioural outcome while adjusting for (independent of) intervention group, c is the total effect of the intervention on
the outcome, c' (direct effect) is the effect of the intervention on the behavior outcome independent of the potential mediator, while the indirect effect
is calculated as a×b and represents the portion of intervention effect on the outcome, which occurs via the mediator. LPA: light-intensity physical
activity; MVPA: moderate-to-vigorous–intensity physical activity.

Results

Participants
Baseline (T0) participant characteristics and accelerometry
variables at baseline and 6-month follow-up (T2) are shown in
Table 1. The participants were approximately 14 years old at
baseline, and there were slightly more females than males in
both groups (wait-list control: 38% [32/84]; intervention: 45%

[34/75]). On average, the participants spent approximately 70%
of accelerometer wear time at baseline being sedentary, 25%
in LPA and 5% in MVPA. The participants in the analytic
sample (n=159) were more likely to be female (93/159, 58%
vs 48/114, 42%) and come from the highest eligible school SES
decile (47/159, 30% vs 12/114, 11%) compared to the
participants who were excluded from the analyses. However,
the participants were similar in terms of baseline mediators,
physical activity, and sedentary time (data not shown).
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Table 1. Baseline (T0) demographic characteristics as well as baseline (T0) and 6-month follow-up (T2) accelerometry variables (n=159).

Intervention (n=75)Control (n=84)Characteristics

13.7 (0.4)13.7 (0.4)Baseline age (years), mean (SD)

Sex, n (%)

34 (45)32 (38)Male

41 (55)52 (62)Female

School-area SESa decile, n (%)

22 (29)21 (25)1

25 (33)0 (0)2

17 (23)10 (12)3

5 (7)12 (14)4

6 (8)41 (49)5

Activity variables, mean (SD)

Baseline (T0)

753.9 (149.2)744.6 (99.0)Average daily wear time (min)

541.3 (146.6)512.3 (90.9)Average daily sedentary time (min)

178.2 (40.8)192.3 (53.6)Average daily LPAb (min)

34.5 (21.0)39.9 (18.8)Average daily MVPAc (min)

6-month follow-up (T2)

751.3 (155.1)769.1 (105.9)Average daily wear time (min)

558.7 (149.6)538.7 (100.1)Average daily sedentary time (min)

163.5 (36.2)193.8 (53.4)Average daily LPA (min)

29.0 (14.5)36.6 (18.6)Average daily MVPA (min)

aSES: socioeconomic status.
bLPA: light-intensity physical activity.
cMVPA: moderate-to-vigorous–intensity physical activity.

Mediation Analysis
The mean scores for each mediator at baseline (T0) and after
intervention (T1) are shown in Table 2, along with estimated
intervention effects after intervention (a path). There was
evidence of an intervention effect on the perceived barriers to

physical activity score after intervention, with adolescents in
the intervention group perceiving more barriers to physical
activity compared to those in the wait-list control group (mean
adjusted difference=1.77; 95% CI 0.19, 3.34; P=.03). There
was little evidence of intervention effects for the remaining
potential mediators.
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Table 2. Estimated effects of the intervention on potential mediators immediately after intervention (a path; n=159). Models were adjusted for sex,
school socioeconomic status, accelerometer wear time, and baseline levels of potential mediators.

After intervention MADaAfter intervention (T1)Baseline (T0)Mediators

P valueβ (95% CI)Intervention, mean
(SD)

Control, mean
(SD)

Intervention, mean
(SD)

Control, mean (SD)

.760.21 (–1.12, 1.53)19.29 (4.71)19.87 (4.79)18.60 (5.01)19.79 (4.25)Self-efficacy

.990.00 (–1.44, 1.43)15.40 (4.54)16.30 (4.26)14.83 (4.01)15.73 (4.10)Peer support

.14–0.93 (–2.14, 0.29)11.28 (4.28)12.82 (3.98)11.85 (3.88)12.90 (3.61)Family support

.48–0.45 (–1.70, 0.80)11.33 (4.01)12.40 (3.82)10.71 (3.73)11.87 (3.49)Teacher support

.231.00 (–0.62, 2.61)18.56 (4.72)18.49 (4.88)16.37 (4.71)17.02 (3.88)Self-regulation
strategies

.031.77 (0.19, 3.34)20.19 (4.88)18.79 (5.35)20.32 (4.59)20.39 (4.45)Perceived barri-
ers to physical
activity

.67–0.68 (–3.79, 2.43)62.03 (10.54)63.86 (10.88)60.93 (10.43)64.42 (10.09)Physical activi-
ty enjoyment

aMAD: mean adjusted difference, where values above 0 indicate higher estimated means for the intervention group.

As the perceived barriers to physical activity were the only
potential mediators for which there was a statistically significant
intervention effect, formal mediation analyses were only
conducted for this factor. Table 3 shows the estimated total (c
path) and direct (c’ path; while adjusting for the perceived
barriers to physical activity score) effects of the intervention on
physical activity and sedentary behavior at 6-month follow-up
(T2; c’ path). The total effects indicated that adolescents in the
intervention group engaged in higher sedentary time and lower
LPA at 6-month follow-up (T2) compared to the wait-list
controls. These differences were still observed while adjusting

for the perceived barriers to physical activity score (ie, direct
effect).

Table 3 also presents the estimated indirect effects, defined as
the effect of the intervention on physical activity and sedentary
time at 6-month follow-up (T2) that occurred via the perceived
barriers to physical activity score after intervention (T1).
However, the indirect effects for each outcome were not
statistically significant, indicating that the perceived barriers to
physical activity did not mediate the intervention effects for
physical activity or sedentary time.

Table 3. Estimated total (c path), direct (c' path), and indirect (a × b) effects of the intervention on 6-month follow-up (T2) physical activity and
sedentary behavior, and indirect effects of the intervention on 6-month follow-up (T2) physical activity and sedentary behavior via the perceived barriers
to physical activity mediator immediately after intervention (T1; n=159).

Indirect effectDirect effectTotal effectaActivity variables

P valueba × b (95% CI)P valuec’ path (95% CI)P valuebc path (95% CI)

>.05–1.28 (–4.93, 1.16).0122.52 (4.76, 40.28).0221.23 (3.57, 38.89)Sedentary time

>.050.54 (–1.45, 3.49)<.01–16.41 (–28.57, –4.24)<.01–15.87 (–27.86, –3.89)Light-intensity physical ac-
tivity

>.050.48 (–0.16, 1.83).08–6.74 (14.28, 0.80).10–6.33 (–13.97, 1.31)Moderate-to-vigorous–inten-
sity physical activity

aDirect and indirect effects may not exactly add up to the total effect due to variations in school-level effects between models.
bExact P values not readily available for asymmetric percentile-based confidence intervals.

Discussion

Principal Results
This study aimed to examine the impact of the RAW-PA
intervention on potential mediators of behavior change after
intervention, and whether these mediated the intervention effects
on physical activity and sedentary time at 6-month follow-up.
While the intervention had a significant adverse effect on the
perceived barriers to physical activity after intervention (a path),
with adolescents in the intervention group perceiving more
barriers than those in the wait-list control group, this did not

mediate the intervention effects on physical activity or sedentary
time at 6-month follow-up. No intervention effects were
observed on any of the remaining factors identified as potential
mediators, despite the intervention aiming to change target
variables (eg, self-efficacy) hypothesized to be causally related
to youth physical activity and sedentary time [14,20].

While there has been some variability of intervention effects
on the barriers assessed in previous studies conducted in youth
[20,36,37], the intervention effects on the barriers to physical
activity in this study are consistent with several studies that
have reported an increase in perceived barriers following the
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intervention [38-40]. Within RAW-PA, adolescents were asked
to reflect on the potential barriers to engaging in physical
activity, and a range of strategies for overcoming barriers and
integrating activity into daily life were targeted via the weekly
missions and the accompanying behavior change resources [14].
It is possible, however, that this may have increased the
adolescents’ awareness of potential barriers, or they may have
encountered barriers more frequently when attempting to
increase their activity levels [39]. It is also possible that the
intervention dose may not have been sufficient to overcome
these barriers. Alternatively, the activity tracker itself may have
affected perceived barriers. A key component of this technology
is the ability to self-monitor physical activity, which has been
shown to be an effective behavior change technique and critical
for changing behavior [41]. However, this may have increased
the adolescents’ awareness of low activity levels, thus
reinforcing barriers to being active.

While the analyses found evidence of an intervention effect on
the perceived barriers to physical activity, there was no evidence
of an indirect mediating effect. That is, the perceived barriers
to physical activity after intervention did not mediate physical
activity and sedentary time at 6-month follow-up. This suggests
that the change in perceived barriers may not be on the causal
pathway [42], which is consistent with the findings of several
previous studies conducted in adolescents [39,40], albeit using
different intervention strategies. The total effects observed may
be explained by variables that were not assessed within this
intervention, such as those that may be specific to the use of
the activity tracking technology (eg, goal focus) [43], which
was a core component within RAW-PA. Future research projects
using activity trackers should consider examining a broader
range of potential mechanisms drawn from different theories
(eg, the technology acceptance model [44]) that focus on how
adolescents perceive and use such devices.

To date, few activity tracker interventions, regardless of
population group, have examined mediators of physical activity
and sedentary time. A recent review highlighted that activity
tracker studies have instead focused on mediators of outcomes
such as task motivation in adult populations, with intervention
effects observed for mediators including self-efficacy and
self-awareness [43]. Despite this, the findings from this study
are consistent with those from previous physical activity
interventions conducted with adolescents who have reported
few or inconsistent intervention effects on assessed mediators
[15,20,25]. This suggests that the combination of activity
trackers and digital resources may not beneficially change the
targeted mediators or that that the targeted mediators were not
the most effective for changing physical activity and sedentary
behavior among inactive adolescents. It may be that other
mediators of physical activity (eg, emotion [41]) should be
targeted. Nevertheless, this supports previous research [15] that
also showed few intervention effects on the determinants of
activity but did not use mediation analysis. However, it should

be noted that the RAW-PA implementation evaluation found
that engagement with digital resources (eg, social media posts
and challenges) was low across the intervention, with only 36%
of adolescents in the intervention group reporting having
completed the weekly challenges [23]. This may have
contributed to the lack of effects observed, as the resources
related to key behavior change techniques may not have been
accessed and therefore utilized by adolescents in the intervention
group. This study did not collect data concerning potential
mediators of activity tracker use specifically, and future studies
may investigate this by exploring intervention effects according
to the level of wearable tracker use or the level of engagement
with the intervention. This will provide greater insights into
what elements worked best and what to target in future
strategies.

Strengths and Limitations
This is the first study, to the authors’ knowledge, to examine
potential mediators of change in physical activity and sedentary
time during an activity tracker intervention conducted in
adolescents. The mediators were targeted within weekly
missions [14] and were assessed using items that have
demonstrated acceptable reliability in adolescent populations
[25]. However, there are several limitations that should be
acknowledged. First, just over half of the adolescents
participating in the study provided complete, valid data at each
time point, leading to exclusion from the current data analyses.
It is possible that the sample size was not sufficient to detect
the changes in the assessed variables [24]. Second, due to the
sample size, it was not possible to examine mediators separately
for males and females, even though there may have been
differential effects. Third, the intervention was conducted in
low-SES neighborhoods. It must be noted that these results may
not apply to the general population in inactive adolescents.

Conclusions
In conclusion, an intervention effect was only observed for
barriers to physical activity, with adolescent’s perceiving more
barriers than those in the wait-list control immediately after
intervention. However, this did not mediate changes in physical
activity and sedentary time at 6-month follow-up. This suggests
that the lack of overall intervention effects on physical activity
and sedentary time observed in the RAW-PA study could be
due to the limited impact of the intervention on the targeted
mediators. Future studies should identify intervention strategies
that effectively target key mediators to improve physical activity
among inactive adolescents. They should also explore additional
potential mediators that may explain changes in the use of
activity trackers and digital resources over time. Finally,
intervention effects according to the level of wearable tracker
use or the level of engagement with the intervention should be
explored. This information is critical for the design of future
successful interventions to increase physical activity in
adolescents.

Acknowledgments
The RAW-PA (Raising Awareness of Physical Activity) study was supported by a VicHealth Innovation Research Grant. SV is
supported by an Alfred Deakin Postdoctoral Research Fellowship. NDR is supported by a National Heart Foundation of Australia

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 8 | e35261 | p. 9https://mhealth.jmir.org/2022/8/e35261
(page number not for citation purposes)

Verswijveren et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Future Leader Fellowship (Award ID 101895). AT was supported by a National Heart Foundation of Australia Future Leader
Fellowship (100046). JS is supported by a NHMRC (National Health and Medical Research Council) Leadership Level 2
Fellowship (APP1176885). We would like to thank the schools and students who participated in this study. The authors also
gratefully acknowledge the contribution of Kylie Ball as well as all project staff, especially Kate Dullaghan, Felicity J Pendergast,
Stephanie Renehan, Stephanie Chappel, Sophie Aarts, Kara Richards, Tom Steele, Sarah Tighe, and Holly Beswick.

Conflicts of Interest
NDR and JS declare involvement in a start-up technological company. The remaining authors SJJMV, GA, SL, AT, HB, and SM
declare no conflicts of interest.

References

1. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient physical activity among adolescents: a pooled
analysis of 298 population-based surveys with 1·6 million participants. The Lancet Child & Adolescent Health 2020
Jan;4(1):23-35. [doi: 10.1016/s2352-4642(19)30323-2]

2. Australian 24-hour movement guidelines for children and young people (5 to 17 years): An integration of physical activity,
sedentary behaviour, and sleep. Department of Health. 2019. URL: https://bit.ly/3QiS3U7 [accessed 2022-08-02]

3. Carson V, Hunter S, Kuzik N, Gray CE, Poitras VJ, Chaput J, et al. Systematic review of sedentary behaviour and health
indicators in school-aged children and youth: an update. Appl Physiol Nutr Metab 2016 Jun;41(6 Suppl 3):S240-S265
[FREE Full text] [doi: 10.1139/apnm-2015-0630] [Medline: 27306432]

4. Nader PR, Bradley RH, Houts RM, McRitchie SL, O'Brien M. Moderate-to-vigorous physical activity from ages 9 to 15
years. JAMA 2008 Jul 16;300(3):295-305. [doi: 10.1001/jama.300.3.295] [Medline: 18632544]

5. Drummond M, Drummond C, Dollman J, Abery L. Physical activity from early childhood to adolescence: a literature
review of issues and interventions in disadvantaged populations. JSW 2011 Jan 31;4(2):17. [doi: 10.21913/jsw.v4i2.722]

6. Stierlin AS, De Lepeleere S, Cardon G, Dargent-Molina P, Hoffmann B, Murphy MH, DEDIPAC consortium. A systematic
review of determinants of sedentary behaviour in youth: a DEDIPAC-study. Int J Behav Nutr Phys Act 2015 Oct 09;12(1):133
[FREE Full text] [doi: 10.1186/s12966-015-0291-4] [Medline: 26453175]

7. Global recommendations on physical activity for health. World Health Organization. 2010. URL: https://www.who.int/
publications/i/item/9789241599979 [accessed 2022-08-02]

8. Ridgers ND, Timperio A, Ball K, Lai SK, Brown H, Macfarlane S, et al. Effect of commercial wearables and digital
behaviour change resources on the physical activity of adolescents attending schools in socio-economically disadvantaged
areas: the RAW-PA cluster-randomised controlled trial. Int J Behav Nutr Phys Act 2021 Apr 12;18(1):52 [FREE Full text]
[doi: 10.1186/s12966-021-01110-1] [Medline: 33845853]

9. Ridgers ND, McNarry MA, Mackintosh KA. Feasibility and Effectiveness of Using Wearable Activity Trackers in Youth:
A Systematic Review. JMIR Mhealth Uhealth 2016 Nov 23;4(4):e129 [FREE Full text] [doi: 10.2196/mhealth.6540]
[Medline: 27881359]

10. Ridgers ND, Timperio A, Brown H, Ball K, Macfarlane S, Lai SK, et al. Wearable Activity Tracker Use Among Australian
Adolescents: Usability and Acceptability Study. JMIR Mhealth Uhealth 2018 Apr 11;6(4):e86 [FREE Full text] [doi:
10.2196/mhealth.9199] [Medline: 29643054]

11. Creaser AV, Clemes SA, Costa S, Hall J, Ridgers ND, Barber SE, et al. The Acceptability, Feasibility, and Effectiveness
of Wearable Activity Trackers for Increasing Physical Activity in Children and Adolescents: A Systematic Review. Int J
Environ Res Public Health 2021 Jun 08;18(12):6211 [FREE Full text] [doi: 10.3390/ijerph18126211] [Medline: 34201248]

12. Cajita MI, Kline CE, Burke LE, Bigini EG, Imes CC. Feasible but Not Yet Efficacious: A Scoping Review of Wearable
Activity Monitors in Interventions Targeting Physical Activity, Sedentary Behavior, and Sleep. Curr Epidemiol Rep 2020
Mar 28;7(1):25-38 [FREE Full text] [doi: 10.1007/s40471-020-00229-2] [Medline: 33365227]

13. Epstein LH. Integrating theoretical approaches to promote physical activity. American Journal of Preventive Medicine
1998 Nov;15(4):257-265. [doi: 10.1016/s0749-3797(98)00083-x]

14. Ridgers ND, Timperio A, Brown H, Ball K, Macfarlane S, Lai SK, et al. A cluster-randomised controlled trial to promote
physical activity in adolescents: the Raising Awareness of Physical Activity (RAW-PA) Study. BMC Public Health 2017
Jan 04;17(1):6 [FREE Full text] [doi: 10.1186/s12889-016-3945-5] [Medline: 28052773]

15. Slootmaker SM, Chinapaw MJ, Seidell JC, van Mechelen W, Schuit AJ. Accelerometers and Internet for physical activity
promotion in youth? Feasibility and effectiveness of a minimal intervention [ISRCTN93896459]. Prev Med 2010
Jul;51(1):31-36. [doi: 10.1016/j.ypmed.2010.03.015] [Medline: 20380847]

16. Hooke MC, Gilchrist L, Tanner L, Hart N, Withycombe JS. Use of a Fitness Tracker to Promote Physical Activity in
Children With Acute Lymphoblastic Leukemia. Pediatr Blood Cancer 2016 Apr 12;63(4):684-689. [doi: 10.1002/pbc.25860]
[Medline: 26756736]

17. Evans EW, Abrantes AM, Chen E, Jelalian E. Using Novel Technology within a School-Based Setting to Increase Physical
Activity: A Pilot Study in School-Age Children from a Low-Income, Urban Community. Biomed Res Int
2017;2017:4271483-4271487 [FREE Full text] [doi: 10.1155/2017/4271483] [Medline: 29670894]

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 8 | e35261 | p. 10https://mhealth.jmir.org/2022/8/e35261
(page number not for citation purposes)

Verswijveren et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1016/s2352-4642(19)30323-2
https://bit.ly/3QiS3U7
https://cdnsciencepub.com/doi/abs/10.1139/apnm-2015-0630?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1139/apnm-2015-0630
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27306432&dopt=Abstract
http://dx.doi.org/10.1001/jama.300.3.295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18632544&dopt=Abstract
http://dx.doi.org/10.21913/jsw.v4i2.722
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-015-0291-4
http://dx.doi.org/10.1186/s12966-015-0291-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26453175&dopt=Abstract
https://www.who.int/publications/i/item/9789241599979
https://www.who.int/publications/i/item/9789241599979
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-021-01110-1
http://dx.doi.org/10.1186/s12966-021-01110-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33845853&dopt=Abstract
https://mhealth.jmir.org/2016/4/e129/
http://dx.doi.org/10.2196/mhealth.6540
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27881359&dopt=Abstract
https://mhealth.jmir.org/2018/4/e86/
http://dx.doi.org/10.2196/mhealth.9199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643054&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph18126211
http://dx.doi.org/10.3390/ijerph18126211
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34201248&dopt=Abstract
https://europepmc.org/abstract/MED/33365227
http://dx.doi.org/10.1007/s40471-020-00229-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33365227&dopt=Abstract
http://dx.doi.org/10.1016/s0749-3797(98)00083-x
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3945-5
http://dx.doi.org/10.1186/s12889-016-3945-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28052773&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2010.03.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20380847&dopt=Abstract
http://dx.doi.org/10.1002/pbc.25860
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26756736&dopt=Abstract
https://doi.org/10.1155/2017/4271483
http://dx.doi.org/10.1155/2017/4271483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29670894&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


18. Remmert JE, Woodworth A, Chau L, Schumacher LM, Butryn ML, Schneider M. Pilot Trial of an Acceptance-Based
Behavioral Intervention to Promote Physical Activity Among Adolescents. J Sch Nurs 2019 Dec 13;35(6):449-461. [doi:
10.1177/1059840518786782] [Medline: 30004269]

19. Salmon J, Brown H, Hume C. Effects of strategies to promote children's physical activity on potential mediators. Int J Obes
(Lond) 2009 Apr 13;33 Suppl 1(S1):S66-S73. [doi: 10.1038/ijo.2009.21] [Medline: 19363512]

20. Lubans DR, Foster C, Biddle SJ. A review of mediators of behavior in interventions to promote physical activity among
children and adolescents. Prev Med 2008 Nov;47(5):463-470. [doi: 10.1016/j.ypmed.2008.07.011] [Medline: 18708086]

21. Bandura A. Social Foundations of Thought and Action: A Social-Cognitive View. Englewood Cliffs, NJ, US: Prentice-Hall;
Jan 1987.

22. Census of population and housing: Socio-economic indexes for areas (SEIFA), Australia, 2011. Australian Bureau of
Statistics. 2011. URL: https://www.abs.gov.au/ausstats/abs@.nsf/DetailsPage/2033.0.55.0012011 [accessed 2022-08-02]

23. Koorts H, Salmon J, Timperio A, Ball K, Macfarlane S, Lai SK, et al. Translatability of a Wearable Technology Intervention
to Increase Adolescent Physical Activity: Mixed Methods Implementation Evaluation. J Med Internet Res 2020 Aug
07;22(8):e13573 [FREE Full text] [doi: 10.2196/13573] [Medline: 32763872]

24. Brown H, Hume C, Pearson N, Salmon J. A systematic review of intervention effects on potential mediators of children's
physical activity. BMC Public Health 2013 Feb 23;13(1):165 [FREE Full text] [doi: 10.1186/1471-2458-13-165] [Medline:
23433143]

25. Dewar DL, Morgan PJ, Plotnikoff RC, Okely AD, Batterham M, Lubans DR. Exploring changes in physical activity,
sedentary behaviors and hypothesized mediators in the NEAT girls group randomized controlled trial. J Sci Med Sport
2014 Jan;17(1):39-46. [doi: 10.1016/j.jsams.2013.02.003] [Medline: 23506657]

26. Cain K, Sallis JF, Conway TL, Van Dyck D, Calhoon L. Using accelerometers in youth physical activity studies: a review
of methods. J Phys Act Health 2013 Mar;10(3):437-450 [FREE Full text] [doi: 10.1123/jpah.10.3.437] [Medline: 23620392]

27. Ridgers ND, Salmon J, Ridley K, O'Connell E, Arundell L, Timperio A. Agreement between activPAL and ActiGraph for
assessing children's sedentary time. Int J Behav Nutr Phys Act 2012 Feb 19;9(1):15 [FREE Full text] [doi:
10.1186/1479-5868-9-15] [Medline: 22340137]

28. Freedson P, Pober D, Janz KF. Calibration of accelerometer output for children. Med Sci Sports Exerc 2005 Nov;37(11
Suppl):S523-S530. [doi: 10.1249/01.mss.0000185658.28284.ba] [Medline: 16294115]

29. Smith M, Taylor S, Iusitini L, Stewart T, Savila F, Tautolo E, et al. Accelerometer data treatment for adolescents: Fitting
a piece of the puzzle. Prev Med Rep 2017 Mar;5:228-231 [FREE Full text] [doi: 10.1016/j.pmedr.2016.12.010] [Medline:
28101444]

30. Dewar DL, Lubans DR, Morgan PJ, Plotnikoff RC. Development and evaluation of social cognitive measures related to
adolescent physical activity. J Phys Act Health 2013 May;10(4):544-555. [doi: 10.1123/jpah.10.4.544] [Medline: 22975481]

31. Motl RW, Dishman RK, Saunders R, Dowda M, Felton G, Pate RR. Measuring enjoyment of physical activity in adolescent
girls. American Journal of Preventive Medicine 2001 Aug;21(2):110-117. [doi: 10.1016/s0749-3797(01)00326-9]

32. Robbins LB, Wu T, Sikorskii A, Morley B. Psychometric assessment of the Adolescent Physical Activity Perceived Benefits
and Barriers Scales. J Nurs Meas 2008 Sep 01;16(2):98-112. [doi: 10.1891/1061-3749.16.2.98] [Medline: 18939715]

33. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: updated guidelines for reporting parallel
group randomised trials. Trials 2010 Mar 24;11(1):32 [FREE Full text] [doi: 10.1186/1745-6215-11-32] [Medline: 20334632]

34. Whittle R, Mansell G, Jellema P, van der Windt D. Applying causal mediation methods to clinical trial data: What can we
learn about why our interventions (don't) work? Eur J Pain 2017 Apr 14;21(4):614-622 [FREE Full text] [doi: 10.1002/ejp.964]
[Medline: 27739626]

35. MacKinnon DP, Lockwood CM, Hoffman JM, West SG, Sheets V. A comparison of methods to test mediation and other
intervening variable effects. Psychol Methods 2002 Mar;7(1):83-104 [FREE Full text] [doi: 10.1037/1082-989x.7.1.83]
[Medline: 11928892]

36. van Stralen MM, Yildirim M, te Velde SJ, Brug J, van Mechelen W, Chinapaw MJM, ENERGY-consortium. What works
in school-based energy balance behaviour interventions and what does not? A systematic review of mediating mechanisms.
Int J Obes (Lond) 2011 Oct 12;35(10):1251-1265 [FREE Full text] [doi: 10.1038/ijo.2011.68] [Medline: 21487398]

37. Kelly S, Stephens J, Hoying J, McGovern C, Melnyk BM, Militello L. A systematic review of mediators of physical activity,
nutrition, and screen time in adolescents: Implications for future research and clinical practice. Nurs Outlook 2017
Sep;65(5):530-548 [FREE Full text] [doi: 10.1016/j.outlook.2017.07.011] [Medline: 28823500]

38. Lytle LA, Murray DM, Evenson KR, Moody J, Pratt CA, Metcalfe L, et al. Mediators affecting girls' levels of physical
activity outside of school: findings from the trial of activity in adolescent girls. Ann Behav Med 2009 Oct 12;38(2):124-136
[FREE Full text] [doi: 10.1007/s12160-009-9127-2] [Medline: 20012810]

39. Dunton GF, Schneider M, Cooper DM. An investigation of psychosocial factors related to changes in physical activity and
fitness among female adolescents. Psychology & Health 2007 Dec;22(8):929-944. [doi: 10.1080/14768320601124915]

40. Haerens L, Cerin E, Maes L, Cardon G, Deforche B, De Bourdeaudhuij I. Explaining the effect of a 1-year intervention
promoting physical activity in middle schools: a mediation analysis. Public Health Nutr 2007 Sep 06;11(5):501-512. [doi:
10.1017/s136898000700078x]

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 8 | e35261 | p. 11https://mhealth.jmir.org/2022/8/e35261
(page number not for citation purposes)

Verswijveren et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1177/1059840518786782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30004269&dopt=Abstract
http://dx.doi.org/10.1038/ijo.2009.21
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19363512&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2008.07.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18708086&dopt=Abstract
https://www.abs.gov.au/ausstats/abs@.nsf/DetailsPage/2033.0.55.0012011
https://www.jmir.org/2020/8/e13573/
http://dx.doi.org/10.2196/13573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32763872&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-13-165
http://dx.doi.org/10.1186/1471-2458-13-165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23433143&dopt=Abstract
http://dx.doi.org/10.1016/j.jsams.2013.02.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23506657&dopt=Abstract
https://europepmc.org/abstract/MED/23620392
http://dx.doi.org/10.1123/jpah.10.3.437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23620392&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-9-15
http://dx.doi.org/10.1186/1479-5868-9-15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22340137&dopt=Abstract
http://dx.doi.org/10.1249/01.mss.0000185658.28284.ba
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16294115&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2211-3355(16)30161-9
http://dx.doi.org/10.1016/j.pmedr.2016.12.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28101444&dopt=Abstract
http://dx.doi.org/10.1123/jpah.10.4.544
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22975481&dopt=Abstract
http://dx.doi.org/10.1016/s0749-3797(01)00326-9
http://dx.doi.org/10.1891/1061-3749.16.2.98
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18939715&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-11-32
http://dx.doi.org/10.1186/1745-6215-11-32
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20334632&dopt=Abstract
https://europepmc.org/abstract/MED/27739626
http://dx.doi.org/10.1002/ejp.964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27739626&dopt=Abstract
https://europepmc.org/abstract/MED/11928892
http://dx.doi.org/10.1037/1082-989x.7.1.83
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11928892&dopt=Abstract
https://europepmc.org/abstract/MED/21487398
http://dx.doi.org/10.1038/ijo.2011.68
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21487398&dopt=Abstract
https://europepmc.org/abstract/MED/28823500
http://dx.doi.org/10.1016/j.outlook.2017.07.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28823500&dopt=Abstract
https://europepmc.org/abstract/MED/20012810
http://dx.doi.org/10.1007/s12160-009-9127-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20012810&dopt=Abstract
http://dx.doi.org/10.1080/14768320601124915
http://dx.doi.org/10.1017/s136898000700078x
http://www.w3.org/Style/XSL
http://www.renderx.com/


41. Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From Theory to Intervention: Mapping Theoretically Derived
Behavioural Determinants to Behaviour Change Techniques. Applied Psychology 2008;57(4):660-680. [doi:
10.1111/j.1464-0597.2008.00341]

42. Bauman AE, Sallis JF, Dzewaltowski DA, Owen N. Toward a better understanding of the influences on physical activity.
American Journal of Preventive Medicine 2002 Aug;23(2):5-14. [doi: 10.1016/s0749-3797(02)00469-5]

43. Jin D, Halvari H, Maehle N, Olafsen AH. Self-tracking behaviour in physical activity: a systematic review of drivers and
outcomes of fitness tracking. Behaviour & Information Technology 2020 Aug 05;41(2):242-261. [doi:
10.1080/0144929x.2020.1801840]

44. Davis FD. A technology acceptance model for empirically testing new end-user information systems: Theory and results.
Massachusetts Institute of Technology. 1985. URL: https://dspace.mit.edu/bitstream/handle/1721.1/15192/14927137-MIT.
pdf?sequence=2&isAllowed=y [accessed 2022-08-02]

Abbreviations
LPA: light-intensity physical activity
MVPA: moderate-to-vigorous physical activity
RAW-PA: Raising Awareness of Physical Activity
SEIFA: Socio-Economic Index for Areas
SES: Socioeconomic status

Edited by L Buis; submitted 30.11.21; peer-reviewed by S Compernolle, J Bianchi-Hayes; comments to author 27.01.22; revised
version received 04.04.22; accepted 28.04.22; published 16.08.22

Please cite as:
Verswijveren SJJM, Abbott G, Lai SK, Salmon J, Timperio A, Brown H, Macfarlane S, Ridgers ND
Mediators of Effects on Physical Activity and Sedentary Time in an Activity Tracker and Behavior Change Intervention for Adolescents:
Secondary Analysis of a Cluster Randomized Controlled Trial
JMIR Mhealth Uhealth 2022;10(8):e35261
URL: https://mhealth.jmir.org/2022/8/e35261
doi: 10.2196/35261
PMID:

©Simone Johanna Josefa Maria Verswijveren, Gavin Abbott, Samuel K Lai, Jo Salmon, Anna Timperio, Helen Brown, Susie
Macfarlane, Nicola D Ridgers. Originally published in JMIR mHealth and uHealth (https://mhealth.jmir.org), 16.08.2022. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The complete bibliographic information,
a link to the original publication on https://mhealth.jmir.org/, as well as this copyright and license information must be included.

JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 8 | e35261 | p. 12https://mhealth.jmir.org/2022/8/e35261
(page number not for citation purposes)

Verswijveren et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1464-0597.2008.00341
http://dx.doi.org/10.1016/s0749-3797(02)00469-5
http://dx.doi.org/10.1080/0144929x.2020.1801840
https://dspace.mit.edu/bitstream/handle/1721.1/15192/14927137-MIT.pdf?sequence=2&isAllowed=y
https://dspace.mit.edu/bitstream/handle/1721.1/15192/14927137-MIT.pdf?sequence=2&isAllowed=y
https://mhealth.jmir.org/2022/8/e35261
http://dx.doi.org/10.2196/35261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

