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Abstract

Background: Regular engagement in physical activity has well-established physical and psychological health benefits.
Despite this, over a quarter of the global adult population is insufficiently physically active. Physical activity interventions
grounded in behaviour change theory, such as the social-cognitive theory, are widely considered to be more effective
than non-theoretical approaches. Such interventions set out to intervene on the ultimate outcome (physical activity), but
also influence intermediate factors (social-cognitive theory constructs) which in turn, are believed to influence physical
activity behaviour. The primary aim of the study was to use mediation analysis to examine whether changes in the social-
cognitive theory and related constructs, in particular self-efficacy, outcome expectations, intentions, barriers and goal
setting, mediated the effects of a smartphone-based social networking physical activity intervention.

Methods: Mediation analyses were conducted using the PROCESS Macro in SPSS to (i) calculate the regression
coefficients for the effect of the independent variable (group allocation) on the hypothesised mediators (social-
cognitive theory constructs), (ii) calculate the regression coefficient for the effect of the hypothesised mediators (social-
cognitive theory constructs) on the dependent variable (objectively measured physical activity or self-report physical
activity), independent of group assignment and (iii) determine the total, direct and indirect intervention effects.

Results: Data from 243 participants were included in the mediation analysis. There was no evidence of mediation for
change in objectively measured MVPA or self-reported MVPA.

Conclusions: There was no conclusive evidence that any of the social-cognitive theory constructs mediated the
relationship between an app-based intervention and change in physical activity. Ongoing efforts to develop and
understand components that make physical activity app-based interventions effective are recommended.
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Background
Physical activity has well established psychological and
physical health benefits. Most notably, engagement in
regular physical activity is linked to improved muscular
and cardiorespiratory fitness, functional health and men-
tal health [1–3], as well as the prevention of primary and
secondary chronic disease and decreasing all causes of
mortality [4]. Despite this, over a quarter (27.5%) of the
global adult population is insufficiently physically active
[5]. At present, global recommendations on physical ac-
tivity for health recommend adults aged between 18 and
64 years partake in at least 75 min of vigorous-intensity
physical activity, or 150 min of moderate-intensity phys-
ical activity, per week [6].
Smartphones are a prominent feature in modern daily

life and are developing as a promising platform for deliv-
ering public health programs. In 2017, approximately
two thirds of the global adult population owned a smart-
phone [7] with more time being spent on a smartphone
than any other device [8]. The high usage, convenience
and appeal of smartphone platforms make them an at-
tractive tool for physical activity interventions [9].
Physical activity interventions grounded in behaviour

change theory, such as the social-cognitive theory, are
widely considered to be more effective than non-
theoretical approaches [10–12]. Such interventions typ-
ically set out to intervene on the ultimate outcome
(physical activity), but also influence intermediate con-
structs which, in turn, are believed to influence physical
activity behaviour [13]. The social-cognitive theory as-
serts that positively impacting the intermediate con-
structs of self-efficacy (the belief that an individual can
effectively control their health habits) [14], outcome ex-
pectations (the expected benefits and efforts of adjusting
health behaviours) [14], intentions to engage in physical
activity, perceived barriers of engagement in physical ac-
tivity and the setting of physical activity goals, is essen-
tial to underpin change in the target health behaviour.
Basing a physical activity program on the social-
cognitive theory is typically done through the inclusion
of mechanisms such as social interaction and support,
goal setting, feedback in real-time, rewards and incen-
tives. In order to refine and improve interventions, it is
essential to explore the effectiveness of particular com-
ponents and mechanisms which produce behavioural
change [15–17].

One way to explore how the mechanisms of behav-
ioural change may influence an intended outcome is
through conducting a mediation analysis. A mediation
analysis is a statistical approach that seeks to identify
and explain factors that underlie an observed relation-
ship between an independent variable and a dependent
variable, by including a third variable known as a medi-
ator [18, 19] (See Fig. 1 in Methods). In mediation ana-
lyses, it is assumed that mediation has occurred when
the indirect effect (Path AB) is significant [20].
A handful of previous studies have examined whether

the social-cognitive theory mediates the physical activity
intervention’s effectiveness, with mixed findings [21].
Some studies have reported self-efficacy [22–24] and
goal setting [23, 25] to have significant mediating effects
on physical activity. However, others have failed to find
evidence of mediation [26, 27]. The extent to which the-
ory is embedded within intervention design varies [28],
as does the mechanisms used [29]. There is some evi-
dence to suggest that the effectiveness of theory based
interventions may vary in certain subgroups, for ex-
ample, based on age or sex [21]. This has been attributed
to certain subgroups showing a higher degree of intrinsic
motivation towards behaviour change [21].
The social-cognitive theory and related constructs

have also been used to inform interventions targeting
other health behaviours (i.e. weight loss or nutrition)
where physical activity is a secondary outcome. Similarly,
results on the effectiveness of these constructs mediating
physical activity as a secondary outcome are varied [30].
Whilst a vast number of smartphone physical activity

applications exist, and many contain theory-based fea-
tures [31], few have been rigorously evaluated [32] and
even fewer have undergone detailed analyses to under-
stand the behaviour change mechanisms that are con-
tributing to effective or ineffective outcomes [33]. To
our knowledge, no studies to date have examined poten-
tial mediators of behaviour change in a physical activity
smartphone intervention.
This study aimed to address this gap. The primary aim

of this study was to examine whether changes in the
social-cognitive theory and related constructs, in particu-
lar self-efficacy, outcome expectations, intentions, bar-
riers and goal setting, mediated the effect of a
smartphone-based social networking physical activity
intervention. The secondary aim was to undertake
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hypothesis-generating analyses to determine if mediation
was present within subgroups of participants based on
age.

Methods
Ethics approval was provided by the University of South
Australia Human Research Ethics Committee, protocol
number 0000033967. All participants provided informed
consent prior to participation.

Study design and sample size
This study is a secondary analysis using data from a
large-scale randomised controlled trial (RCT) evaluating
the effects of an online social networking physical activ-
ity intervention delivered via smartphone app, “Active
Team”. Full details of the RCT are provided elsewhere
[34]. Briefly, four-hundred and forty-four (444) partici-
pants were recruited between October 2016 to Decem-
ber 2017. Participants were aged 18–65 years old,
Australian residents, fluent in English, self-reported
attaining less than 150 min of moderate-to-vigorous
physical activity (MVPA) per week at time of enrolment,
and used Facebook. Participants enrolled in the study in
clusters of three to eight Facebook friends, the first par-
ticipant joining the intervention was designated as the
team “captain” and their friends as their “team mem-
bers”. Participant clusters were randomly allocated to
one of three groups: a socially-enhanced intervention
group, basic intervention group and waitlist control
group. This mediation analysis is based on data from the
socially-enhanced intervention group (n= 141) and the
waitlist control group (n= 143). The basic intervention
group was excluded from this analysis due to its features
not being based on the social-cognitive theory.

Intervention details
Participant clusters allocated to the socially-enhanced
intervention group received a pedometer, access to the
Active Team app and were challenged with the goal of
taking 10,000 steps a day for 100 days. The Active Team
app features were developing based on the social-
cognitive theory [35], and incorporates individuals’ pre-
existing social networks by linking to Facebook and en-
couraging social interaction and enjoyment through so-
cial and gamified features such as ability to send virtual
gifts, compete in mini challenges, view progress on a
leader board, unlock features, and post messages and
photographs to the Facebook-style newsfeed. Participant
clusters allocated to the waitlist control group were
instructed to go about their usual daily activities and re-
ceived access to the Active Team program at the end of
the study. Full details of the study’s main findings are
published elsewhere [36]. Briefly, from baseline to post-
intervention (3-month assessment), objectively measured

MVPA increased by an average of 11 (SD 329) minutes/
week in the socially-enhanced intervention group and
increased by an average of 3 (SD 316) minutes/week in
the waitlist control group (non-significant difference be-
tween groups). Over the same period, self-reported
MVPA increased by an average of 181 (SD 316) mi-
nutes/week in the socially-enhanced intervention group,
compared to an average increase of 93 (SD 288) mi-
nutes/week in the waitlist control group. Subgroup ana-
lyses suggested that intervention effectiveness was
associated with age (p=0.002) but not sex, BMI, or
education.

Outcome measures
Outcome measures were assessed at baseline, end of
program (i.e., 3 months post baseline) and 6months post
program completion (i.e., 9 months post baseline).
Change in MVPA from baseline to 3 months for object-
ive and self-reported physical activity has been used for
this analysis.

Physical activity (objective)
Objectively measured MVPA was collected using wrist-
worn GENEActiv accelerometers for 7-days at each as-
sessment time point. The GENEActiv accelerometers
output raw data regarding the frequency, duration and
intensity of physical activity [37]. They are highly reli-
able, with intra-instrument and inter-instrument coeffi-
cients of variation of 1.8 and 2.4% respectively [38].
Similarly, when compared in a mechanical shaker,
GENEActiv accelerometers have excellent validity (r=
0.89) [38]. Minimum wear criteria were used to deter-
mine valid accelerometer data for inclusion in data ana-
lyses: participants must have worn the accelerometer for
at least 10 waking hours, on four or more days, includ-
ing one weekend day. Participants returning incomplete
data were asked to wear the GENEActiv accelerometer
again up to two more times [36]. Accelerometer files
were processed with 60 s epochs and the Esliger cut-
points [38] were used to define MVPA as any activity
above 645 counts per minute. Daily average (weighted as
5X [weekday average] + 2X [weekend day average]/7)
was multiplied by seven to calculate mean weekly mi-
nutes of objective MVPA.

Physical activity (self-reported)
Self-reported MVPA data were collected using the 8-
item Active Australia Survey (AAS). The AAS asks par-
ticipants to recall the frequency, duration, intensity and
type of physical activity performed within the previous
week [39]. For example, “In the last week, how many
times have you walked continuously for at least 10 mi-
nutes, for recreation, exercise or to get to or from
places?” and “What do you estimate was the total time
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you spent walking in this way in the last week?”. The
AAS has acceptable repeatability when compared with
three other self-reported physical activity measures (k=
0.52 95%CI 0.44–0.60) [40] and validity compared with
accelerometery data (rs = 0.61 95%CI 0.43–0.75) [41].

Social cognitive theory measures
The constructs self-efficacy, outcome expectations, in-
tentions, perceived barriers, and goals in relation to par-
ticipating in regular physical activity were assessed at
each time point via 21-items.
Self-efficacy for physical activity under varying circum-

stances (i.e., tired, in a bad mood, do it alone, when it
becomes boring, can’t notice fitness improvements, com-
peting demands on time, feel stiff or sore, bad weather)
was assessed via 8 items (Cronbach’s α = 0.90) [42] and
responses were on a 5-point Likert scale ranging from
“not at all confident” to “extremely confident” [42].
Outcome expectations related to potential positive

benefits of physical activity (i.e., reduce tension or man-
age stress, confidence about health, better sleep, positive
outlook, control weight) were assessed via 5 items
(Cronbach’s α = 0.83) [42]. Participants responded on a

5-point Likert scale ranging from “strongly disagree” to
“strongly agree” [42].
Intentions were assessed via 2 items (i.e., motivated,

determined) to engage in regular physical activity (Cron-
bach’s α = 0.91) [43]. Participants responded on a 5-
point Likert scale ranging from “not at all motivated/de-
termined” to “extremely motivated/determined” [43].
Perceived barriers to participating in physical activity

were assessed using 5 items (i.e., take too much time,
less time with friends and family, too many other re-
sponsibilities, worry about looking awkward, would cost
too much money, Cronbach’s α = 0.72) [42], responses
were on a 5-point Likert scale ranging from “strongly
disagree” to “strongly agree” [42].
Goals relative to physical activity was assessed with a

single-item (i.e., “I often set physical activity goals”) with
a 5-point Likert scale response option ranging from
“strongly disagree” to “strongly agree” [44].
Sociodemographic variables (e.g., age, sex, education)

were also collected at baseline. These variables were self-
reported and included age, sex (male or female), educa-
tion level (high school or less; technical or further edu-
cation; university degree or higher), height and weight

Fig. 1 Simple and Mediated Relationship Model
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from which body mass index (BMI) was calculated and
marital status (single, partner, prefer not to say).

Statistical analyses
Change in MVPA from baseline to 3 months was calcu-
lated for objective and self-reported physical activity.
Outliers were detected on the basis of change scores fall-
ing outside of 3.0 standard deviations from the mean
[45], resulting in three outliers being removed from the
self-reported MVPA data (lower limit − 843 min/week,
upper limit 1249min/week).
Simple mediation models were conducted with the

intervention allocation (either control or socially-
enhanced group) as the independent variable. Mediator
variables were mean difference from baseline to 3
months in the social-cognitive theory constructs of self-
efficacy, outcome expectations, intentions, barriers and
goals, with each construct tested individually. The
dependent variables were mean differences from baseline
to 3 months in objective and self-reported MVPA. Medi-
ation analyses were conducted in IBM SPSS Statistics,
Version 23 using the PROCESS INDIRECT Macro
(Model 4) [19] to (i) calculate the unstandardized regres-
sion coefficients for the effect of the independent vari-
able (intervention allocation) on the hypothesised
mediators (social-cognitive theory construct change
scores) (Path A), (ii) calculate the unstandardized regres-
sion coefficient for the effect of the hypothesised media-
tors (social-cognitive theory construct change scores) on
the dependent variable (physical activity change scores),
independent of intervention allocation (Path B) and (iii)
determine the total (Path C), direct (Path C′) and indir-
ect (Path AB) intervention effects (see Fig. 1).
The PROCESS macro automatically handles missing

data through listwise deletion, which was considered ap-
propriate as Little’s test accepted the null-hypothesis
that the data were missing completely at random (X2=
4.877 df = 7, P = .675). As such, only participants with
complete data were included in the mediation analysis
(243 participants when the dependent variable was self-
reported MVPA and 222 participants when the
dependent variable was objectively measured MVPA).
The PROCESS macro generates bias-corrected boot-

strapped 95% asymmetrical confidence intervals around
the indirect effect. For mediation to be present, the in-
direct effect (Path AB) must be significant [19, 20].
Using Rucker and colleagues’ [20] recommendations for
mediation analyses, mediation will be explored even in
the absence of a significant total (Path C) or direct (Path
C′) effect.
Given that intervention effectiveness was associated

with age, but not other sociodemographic variables (sex,
BMI, education category) (see Additional File 1), a sub-
group analysis was conducted to determine whether

social-cognitive theory variables mediated intervention
effectiveness in older and younger participants. Partici-
pants were dichotomised based on being ≤40 years of
age and > 40 years of age. Treating age in this manner
meant that if findings were significant (i.e. that social-
cognitive theory variables mediated intervention effects
in one age group but not the other) their relevance for
future research would be clear to interpret (i.e. suggest-
ing that future social-cognitive theory physical activity
interventions may be more fruitful if they were targeted
at older or younger adults). For all analyses, an alpha <
0.05 was used to denote statistical significance, with
Holm’s Sequential Bonferroni adjustment applied to re-
duce the risk of Type 1 errors (false positives) due to
multiple comparisons. All analyses were conducted in
IBM SPSS Statistics, Version 23.

Results
Table 1 presents baseline characteristics of the study
participants. The mean age of participants was 41.5 (SD
11.3) years, the majority (74.8%) were female. The mean
BMI of participants was 30.0 (SD 6.8) which is cate-
gorised as on the border between overweight and obese
[46]. Baseline, 3-month and mean change values for the
mediator variables and dependent variables are detailed
in Table 2.

Mediation analysis
Data for all pathways within the simple and mediated re-
lationship model has been reported in Table 3 and
Table 4. All reported values in text and in tables are un-
standardized regression coefficients, adjusted for baseline
values. The indirect effect of the intervention on object-
ive MVPA and self-reported MVPA data was examined
to determine the presence of mediation. There was no
statistically significant indirect effect when any of the
potentially mediating variables; self-efficacy, intentions,
outcome expectations, perceived barriers and goals were
included in the model for objective MVPA (see Table 3).
Similarly, there was no statistically significant indirect ef-
fect when any of the social-cognitive theory constructs
were examined as mediators of self-reported MVPA (see
Table 4). As such, the criteria for mediation were not
satisfied.

Subgroup analysis
A mediation analysis was undertaken on the basis of age
subgroups (younger adults [18–40 years; Table 5] and
older adults [> 40 years; Table 6]). Amongst participants
aged 18–40 years, no statistically significant indirect ef-
fect was identified when any of the social-cognitive the-
ory constructs were the mediator variable. Thus,
mediation was not present for any of the social-cognitive
theory constructs within this sub-group. Similarly, there
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was no statistically significant indirect effect when any of
the social-cognitive theory constructs were the mediator
variable in the sub-group of participants aged 41 years or
older, again, indicating no mediation.

Discussion
The purpose of this study was to determine if the social-
cognitive theory and related constructs of self-efficacy,
outcome expectations, intentions, perceived barriers and
goals; mediated change in physical activity for partici-
pants of an app-based physical activity intervention. For
both objective MVPA and self-reported MVPA, the in-
direct effects were not significant and as such there was
no evidence of mediation. Furthermore, there was no
conclusive evidence of mediation within subgroups of
participants based on age. Thus, in all, this study failed
to find evidence of mediation for any of the social-
cognitive theory constructs.
The lack of evidence supporting the notion that social-

cognitive theory constructs mediate the effects of a phys-
ical activity intervention is consistent with previous stud-
ies which similarly reported no evidence of mediation
[26, 27, 47]. Only a small change from baseline to 3-

months was recorded in all social-cognitive theory con-
structs within this study. Notably, this change was in a
negative (i.e. undesirable) direction for the constructs of
self-efficacy, outcome expectations and intentions.
Whilst on the face of it, this result is surprising, it is ac-
tually consistent with results from previous mediation
analyses of physical activity interventions that have also
reported a negative direction of change for self-efficacy
[48, 49] and outcome expectancy [48] from baseline to
follow-up. One explanation for the negative direction of
change may be initial elevation bias: participants may
have overestimated their baseline function for the social-
cognitive theory constructs, thus leaving minimal room
for improvement [50]. This is particularly true for the
constructs of outcome expectations and intentions to
engage in physical activity, where mean baseline data for
the intervention group was 4.32 (SD 0.57) and 4.09 (SD
0.59) out of a maximum five respectively. Initial eleva-
tion bias is common in self-reported data [50], and par-
ticularly self-reported data of internal states [50] as is
the social-cognitive theory constructs.
Alternatively, the negative direction of change for the

constructs of self-efficacy, outcome expectations and

Table 1 Baseline characteristics of study participants

Characteristic Split group characteristics Total

Intervention (n= 129) Control (n= 129) (n=258)

mean (SD) mean (SD) mean (SD)

Age (years) 43.45 (11.39) 39.61 (10.86) 41.53 (11.27)

Sex Female (%) 75.20 74.40 74.80

Married/Partner (%) 77.50 78.30 77.90

Completed Post-School Qualifications (%) 82.90 86.00 84.50

BMIa 30.80 (6.94) 29.10 (6.51) 29.95 (6.77)

Self-reported MVPA (weekly) 243.71 (199.66) 270.67 (277.04) 257.14 (241.22)

GeneActiv MVPA (weekly) 742.84 (373.8) 759.43 (348.32) 751.17 (360.64)
a Note that BMI is calculated from self-reported height and weight

Table 2 Baseline, 3-month and mean change in mediator and dependent variables for intervention and control groups

Characteristic Split group characteristics

Intervention (n= 122) Control (n= 121)

Baseline
mean (SD)

3-month
mean (SD)

Change
Mean (SD)

Baseline
mean (SD)

3-month
mean (SD)

Change
Mean (SD)

Self-Efficacy 2.96 (0.71) 2.81 (0.82) −0.15 (0.81) 2.95 (0.75) 2.70 (0.76) − 0.25 (0.77)

Outcome Expectations 4.32 (0.57) 3.94 (0.39) −0.38 (0.58) 4.36 (0.53) 4.17 (0.52) −0.19 (0.47)

Intentions 4.09 (0.59) 3.78 (0.88) −0.31 (0.85) 3.94 (0.64) 3.64 (0.79) −0.31 (0.78)

Perceived Barriers 2.20 (0.56) 2.29 (0.58) 0.09 (0.52) 2.38 (0.74) 2.50 (0.61) 0.12 (0.73)

Goals 3.10 (1.02) 3.30 (1.01) 0.20 (1.03) 2.98 (0.98) 3.00 (0.99) 0.02 (1.01)

Self-reported MVPAa (weekly) 240.15 (189.18) 421.25 (323.17) 181.10 (316.19) 272.45 (282.17) 365.45 (308.93) 92.99 (288.26)

GeneActiv MVPAa (weekly) 735.56 (374.22) 746.41 (365.47) 10.71 (329.21) 758.03 (354.97) 760.76 (371.91) 2.73
(315.91)
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intentions may be explained by the response-shift the-
ory. The response-shift theory suggests changes in a
measured variable (e.g. physical activity) may lead to
change in an individual’s self-evaluation [51]. For ex-
ample, prior to engaging in the Active Team smartphone
physical activity program, participants may have had op-
timistic expectations toward changing physical activity
behaviour. However, once engaging in the program it is
possible participants’ experiences of barriers and con-
straints prompted a realisation that changing physical
activity behaviour is more difficult than initially per-
ceived. Whilst the response-shift theory is yet to be ex-
plored in depth within the social-cognitive domain [52],
it may provide an explanation for the small and negative
direction of change in the social-cognitive theory
constructs.

This study’s finding that the social-cognitive theory
constructs did not appear to mediate the relationship be-
tween the intervention and change in physical activity
adds to the ongoing debate about the role of theory in be-
haviour change programs. Conventionally, it is widely ac-
cepted that theory-based physical activity interventions are
more effective than non-theoretical approaches [10–12].
However, two recent meta-analyses have questioned this,
finding that interventions based on the social-cognitive the-
ory were no more effective than non-theoretical based in-
terventions [28, 29]. The contrasting findings suggest that
the role and implementation of theory in intervention de-
sign is not well understood.
Rather than theory having no role, it is possible our

intervention, and others that have failed to demonstrate
mediation, may not have operationalised social-cognitive

Table 3 Results of the mediation model for objectively measured MVPA. N = 222

Hypothesised mediator A (SE) B (SE) C (SE) C′ (SE) AB (SE) [95% CI]

Change in self-efficacy 0.057 (0.054) 5.340 (3.918) 1.985 (3.125) 1.671 (3.127) 0.313 (0.376)
[−0.23, 1.204]

Change in intentions −0.007 (0.055) − 0.323 (3.835) 1.985 (3.125) 1.983 (3.133) 0.002 (0.224)
[−0.574, 0.481]

Change in outcome expectations −0.135 (0.036)* ∧ 9.803 (5.896) 1.985 (3.125) 3.312 (3.214) −1.328 (1.178)
[−4.244, 0.287]

Change in perceived barriers −0.017 (0.044) 4.423 (4.811) 1.985 (3.125) 2.061 (3.128) −0.076 (0.376)
[− 0.980, 0.574]

Change in goals 0.109 (0.070) 0.856 (3.059) 1.985 (3.125) 1.891 (3.150) 0.093 (0.326)
[−0.589, 0.768]

Note: * denotes: P < 0.05, ∧ denotes: P remains significant after Holm’s Bonferroni adjustment
SE Standard Error, CI Confidence Interval
MVPA moderate-to-vigorous physical activity
A = intervention allocation effect on mediators
B = association between mediators and change in objectively measured MVPA
C = total effect model
C′ = direct effect of intervention allocation on change in objectively measured MVPA
AB = indirect effect of intervention allocation on change in objectively measured MVPA through the hypothesised mediator

Table 4 Results of the mediation model for self-reported MVPA. N=243

Hypothesised mediator A (SE) B (SE) C (SE) C′ (SE) AB (SE) [95% CI]

Change in self-efficacy 0.046 (0.050) 39.146 (24.690) 44.053 (19.412)* ∧ 42.269 (19.384)* ∧ 1.784 (2.539)
[−2.194, 8.066]

Change in intentions − 0.003 (0.052) 71.507 (23.613)* ∧ 44.053 (19.412)* ∧ 44.257 (19.092)* − 0.203 (3.924)
[−9.314, 6.588]

Change in outcome expectations − 0.142 (0.034)* ∧ 5.171 (36.696) 44.053 (19.412)* ∧ 44.789 (20.140)* ∧ − 0.735 (7.581) [− 18.656, 11.204]

Change in perceived barriers − 0.017 (0.041) − 51.389 (30.509) 44.053 (19.412)* ∧ 43.186 (19.346)* 0.868 (2.388)
[− 3.494, 6.396]

Change in goals 0.901 (0.065) 32.794 (19.090) 44.053 (19.412)* ∧ 41.099 (19.411)* ∧ 2.955 (2.853)
[−2.134, 8.995]

Note: * denotes: P < 0.05, ∧ denotes: P remains significant after Holm’s Bonferroni adjustment
SE Standard Error, CI Confidence Interval
MVPA moderate-to-vigorous physical activity
A = intervention allocation effect on mediators
B = association between mediators and change in self-reported MVPA
C = total effect model
C′ = direct effect of intervention allocation on change in self-reported MVPA
AB = indirect effect of intervention allocation on change in self-reported MVPA through the hypothesised mediator
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theory effectively. One systematic review reported that
interventions which extensively incorporated theory into
their design had larger effect sizes than those with less
or no use of theory [29]. The Active Team intervention
design was informed by the social-cognitive theory; how-
ever, design emphasis was on usability and enjoyability.
This is in contrast to previous physical activity interventions
which emphasised the social-cognitive theory through the
incorporation of educational modules [22, 23, 25]. This
study’s finding of no statistically-significant mediating ef-
fects of social-cognitive theory constructs on physical activ-
ity, may be a consequence of the social-cognitive theory
solely guiding the development of the smartphone app
intervention and not being a prominent feature of the inter-
vention, as reported in previous studies [29, 53].
In light of these findings, the social-cognitive theory

could be more wholly embedded within the Active Team

intervention in a number of ways; personalised step
goals, adjusted according to user performance and pref-
erence to enhance self-efficacy; use of notifications/re-
minders to improve users’ outcome expectations
regarding physical activity (i.e. improved vitality [54],
functional health [1], mental wellbeing [55] and social
opportunity [56]); inclusion of season-based app fea-
tures, goals and social challenges (e.g. indoor challenges
during winter when the weather is likely to be poor and
outdoor challenges during warmer weather months) to
address perceived barriers. These additional features
aligned with the social-cognitive theory components
may produce a more significant change in the mediator
variables [29].
A strength of this study is that it is the first to attempt

to examine the mediating effect of the social-cognitive
theory constructs in the context of an app-based

Table 5 Results of the mediation model for participants aged 18–40 years. N=124

Hypothesised mediator A (SE) B (SE) C (SE) C′ (SE) AB (SE) [95% CI]

Change in self-efficacy −0.041 (0.027) 16.792 (36.586) −10.940 (29.130) −10.250 (29.263) −0.690 (2.617)
[− 7.275, 4.623]

Change in intentions −0.032
(0.077)

3.292
(34.677)

−10.940 (29.130) − 10.834
(29.700)

− 0.106 (3.559)
[− 10.575, 4.676]

Change in outcome expectations − 0.116
(0.044)*

49.986
(59.629)

−10.940 (29.130) −5.156
(29.971)

−5.784 (8.482)
[− 25.544, 8.578]

Change in perceived barriers 0.017
(0.061)

− 23.031 (43.379) −10.940 (29.130) − 10.548 (29.225) −0.392 (2.686)
[−6.873, 4.990]

Change in goals 0.103 (0.089) 26.496 (29.684) −10.940 (29.130) −13.681 (29.315) 2.741 (4.010)
[−5.504, 11.537]

Note: * denotes: P < 0.05, ∧ denotes: P remains significant after Holm’s Bonferroni adjustment
SE Standard Error, CI Confidence Interval
A = intervention allocation effect on mediators
B = association between mediators and change in self-reported MVPA
C = total effect model
C′ = direct effect of intervention allocation on change in self-reported MVPA
AB = indirect effect of intervention allocation on change in self-reported MVPA through the hypothesised mediator

Table 6 Results of the mediation model for participants aged 41 years or older. N=122

Hypothesised mediator A (SE) B (SE) C (SE) C′ (SE) AB (SE) [95% CI]

Change in self-efficacy 0.103 (0.069) 27.000 (38.290) 82.665 (28.993)* 79.889 (29.320)* ∧ 2.776 (4.036)
[−3.891, 12.899]

Change in intentions 0.144 (0.071) 118.663 (35.714)* ∧ 82.665 (28.993)* 80.954 (27.856)* 1.712 (8.429)
[−15.237, 18.537]

Change in outcome expectations − 0.019 (0.052)* ∧ − 43.151 (60.930) 82.665 (28.993)* 74.547 (30.568)* 8.118 (14.734)
[− 26.831, 30.787]

Change in perceived barriers − 0.026 (0.055) − 88.453 (47.934) 82.665 (28.993)* 80.352 (28.734)* ∧ 2.313 (5.786)
[− 7.333, 16.644]

Change in goals 0.061 (0.096) 40.684 (27.521) 82.665 (28.993)* ∧ 80.104 (28.900)* ∧ 2.481 (5.004)
[− 7.451, 13.440]

Note: * denotes: P < 0.05, ∧ denotes: P remains significant after Holm’s Bonferroni adjustment
SE Standard Error, CI Confidence Interval
A = intervention allocation effect on mediators
B = association between mediators and change in self-reported MVPA
C = total effect model
C′ = direct effect of intervention allocation on change in self-reported MVPA
AB = indirect effect of intervention allocation on change in self-reported MVPA through the hypothesised mediator

Romeo et al. BMC Public Health           (2021) 21:88 Page 8 of 11



physical activity intervention. Additional strengths in-
clude the study’s large sample size, use of established
social-cognitive theory measurement tools and high-
quality outcome measures, including accelerometry.
It is important to acknowledge limitations, including

the use of self-reported physical activity measures, which
are susceptible to social desirability bias, response bias,
initial elevation bias and recall bias [57]. In addition, our
analysis approach focused on change scores, which can
be susceptible to measurement error and does not ac-
count for baseline values [58]. Furthermore, this medi-
ation analysis was conducted as a secondary analysis,
rather than being an experiment designed with a pri-
mary focus on understanding intervention mechanisms
[59]. The PROCESS Macro in SPSS does not account for
clustered data, however since this mediation analysis did
not find evidence of mediation, accounting for clustering
will not change the results. Additionally, the social-
cognitive theory tools used in this study lack compre-
hensive evidence of reliability, validity and sensitivity to
change. They were selected after extensive literature
searching which failed to identify alternatives with estab-
lished psychometric properties, thus the current tools
were selected on the basis that they had been used in
previous research. Given these limitations, the results of
this study should be interpreted with caution.
The use of smartphone apps as a platform for deliver-

ing physical activity interventions is in its infancy. This
study is the first mediation analysis of an app-based
physical activity intervention. As such it is important to
report all findings, including those that may be non-
supportive, as they can contribute to understanding of
imperative and unnecessary intervention components, to
then facilitate the development of more effective inter-
vention designs [60–62].

Conclusion
There was no conclusive evidence that any of the social-
cognitive theory constructs of self-efficacy, outcome ex-
pectations, intentions, perceived barriers or goals medi-
ated the relationship between an app-based intervention
and change in physical activity. Ongoing efforts to de-
velop and understand components that make physical
activity app-based interventions effective are
recommended.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12889-020-10100-0.

Additional file 1. Correlation Matrix.

Abbreviations
AAS: Active Australia Survey; BMI: Body mass index; MVPA: Moderate to
vigorous physical activity; RCT: Randomised controlled trial

Acknowledgements
Not applicable

Authors’ contributions
CM, RP, CV and TO conceived the original study. SE, JR and RC contributed
to data collection. AR conducted the mediation analysis and led writing of
the manuscript. All authors contributed to interpretation, and drafting of the
manuscript, and have read and approved the final manuscript.

Funding
The Active Team RCT was funded by the National Health and Medical
Research Council (NHMRC) of Australia, project grant (APP1125913). CM is a
recipient of a Career Development Fellowship from the National Health and
Medical Research Council (NHMRC) of Australia (APP1125913). The funder
played no role in the design of the study and collection, analysis, and
interpretation of data, nor in writing the manuscript.

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

Ethics approval and consent to participate
Ethics approval for the Active Team randomised controlled trial (RCT) was
provided by the Human Research Ethics Committee of the University of
South Australia, protocol number 0000033967. Written informed consent was
obtained from all participants.

Consent for publication
Not applicable

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

Author details
1School of Health Sciences, City East Campus, University of South Australia,
GPO Box 2471, Adelaide, SA 5001, Australia. 2Priority Research Centre for
Physical Activity and Nutrition, University of Newcastle, University Drive,
Callaghan, NSW 2308, Australia. 3Appleton Institute, CQUniversity, Building 7,
Bruce Highway, North Rockhampton, Qld 4702, Australia. 4Commonwealth
Scientific and Industrial Research Organisation, Adelaide, Australia.

Received: 8 March 2020 Accepted: 20 December 2020

References
1. World Health Organisation. Physical activity: World Health Organisation.

2018. Available from: http://www.who.int/mediacentre/factsheets/fs385/en/.
Archived at: http://www.webcitation.org/71qo8nOXd.

2. Warburton DER, Nicol CW, Bredin SSD. Health benefits of physical activity:
the evidence. Can Med Assoc J. 2006;174(6):801.

3. Reiner M, Niermann C, Jekauc D, Woll A. Long-term health benefits of
physical activity – a systematic review of longitudinal studies. BMC Public
Health. 2013;13(1):813.

4. Kruk J. Physical activity in the prevention of the most frequent chronic
diseases: an analysis of the recent evidence. Asian Pac J Cancer Prev. 2007;
8(3):325–38.

5. Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in insufficient
physical activity from 2001 to 2016: a pooled analysis of 358 population-
based surveys with 1.9 million participants. Lancet Glob Health. 2018;6(10):
e1077–e86.

6. World Health Organisation. Global recommendations on physical activity for
health. Geneva: World Health Organisation; 2010.

7. Molla R. Two-thirds of adults worldwide will own a smartphones next year:
recode. 2017. Available from: https://www.recode.net/2017/10/16/16482168/
two-thirds-of-adults-worldwide-will-own-smartphones-next-year. Archived
at: http://www.webcitation.org/71qofnqQe.

8. Lu T. Almost half of smartphone users spend more than 5 hours a day on
their mobile device: Cunterpoint Technology Market Research. 2017.
Available from: https://www.counterpointresearch.com/almost-half-of-
smartphone-users-spend-more-than-5-hours-a-day-on-their-mobile-device/.

Romeo et al. BMC Public Health           (2021) 21:88 Page 9 of 11

https://doi.org/10.1186/s12889-020-10100-0
https://doi.org/10.1186/s12889-020-10100-0
http://www.who.int/mediacentre/factsheets/fs385/en/
http://www.webcitation.org/71qo8nOXd
https://www.recode.net/2017/10/16/16482168/two-thirds-of-adults-worldwide-will-own-smartphones-next-year
https://www.recode.net/2017/10/16/16482168/two-thirds-of-adults-worldwide-will-own-smartphones-next-year
http://www.webcitation.org/71qofnqQe
https://www.counterpointresearch.com/almost-half-of-smartphone-users-spend-more-than-5-hours-a-day-on-their-mobile-device/
https://www.counterpointresearch.com/almost-half-of-smartphone-users-spend-more-than-5-hours-a-day-on-their-mobile-device/


9. Maher C, Ryan J, Kernot J, Podsiadly J, Keenihan S. Social media and
applications to health behavior. Curr Opin Psychol. 2016;9:50–5.

10. Stacey FG, James EL, Chapman K, Courneya KS, Lubans DR. A systematic
review and meta-analysis of social cognitive theory-based physical activity
and/or nutrition behavior change interventions for cancer survivors. J
Cancer Surviv. 2015;9(2):305–38.

11. Plotnikoff RC, Lubans DR, Penfold CM, Courneya KS. Testing mediator
variables in a physical activity intervention for women with type 2 diabetes.
Psychol Sport Exerc. 2014;15(1):1–8.

12. Michie S, Abraham C. Interventions to change health behaviours: evidence-
based or evidence-inspired? Psychol Health. 2004;19(1):29–49.

13. Lewis BA, Marcus BH, Pate RR, Dunn AL. Psychosocial mediators of physical
activity behavior among adults and children. Am J Prev Med. 2002;23(2
Suppl):26–35.

14. Bandura A. Health promotion by social cognitive means. Health Educ Behav.
2004;31(2):143–64.

15. Bauman AE, Sallis JF, Dzewaltowski DA, Owen N. Toward a better
understanding of the influences on physical activity: the role of
determinants, correlates, causal variables, mediators, moderators, and
confounders. Am J Prev Med. 2002;23(2 Suppl):5–14.

16. Kraemer HC, Wilson GT, Fairburn CG, Agras WS. Mediators and moderators
of treatment effects in randomized clinical trials. Arch Gen Psychiatry. 2002;
59(10):877–83.

17. Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et al. Process
evaluation of complex interventions: Medical Research Council guidance.
BMJ (Clin Res Ed). 2015;350:h1258.

18. MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annu Rev Psychol.
2007;58:593.

19. Hayes AF. Introduction to mediation, moderation and conditional Process
analysis: a Regressin-based approach. 1st ed. New York: The Guilford Press; 2013.

20. Rucker DD, Preacher KJ, Tormala ZL, Petty RE. Mediation analysis in social
psychology: current practices and new recommendations. Soc Personal
Psychol Compass. 2011;5(6):359–71.

21. Young MD, Plotnikoff RC, Collins CE, Callister R, Morgan PJ. Social cognitive
theory and physical activity: a systematic review and meta-analysis. Obes
Rev. 2014;15(12):983–95.

22. Anderson ES, Winett RA, Wojcik JR, Williams DM. Social cognitive mediators
of change in a group randomized nutrition and physical activity
intervention: social support, self-efficacy, outcome expectations and self-
regulation in the guide-to-health trial. J Health Psychol. 2010;15(1):21–32.

23. Taymoori P, Lubans DR. Mediators of behavior change in two tailored
physical activity interventions for adolescent girls. Psychol Sport Exerc. 2008;
9(5):605–19.

24. Dishman RK, Motl RW, Saunders R, Felton G, Ward DS, Dowda M, et al. Self-
efficacy partially mediates the effect of a school-based physical-activity
intervention among adolescent girls. Prev Med. 2004;38(5):628–36.

25. Stacey FG, James EL, Chapman K, Lubans DR. Social cognitive theory
mediators of physical activity in a lifestyle program for cancer survivors and
carers: findings from the ENRICH randomized controlled trial. Int J Behav
Nutr Phys Act. 2016;13:49.

26. Lubans DR, Morgan PJ, Callister R. Potential moderators and mediators of
intervention effects in an obesity prevention program for adolescent boys
from disadvantaged schools. J Sci Med Sport. 2012;15(6):519–25.

27. Lubans DR, Sylva K. Mediators of change following a senior school physical
activity intervention. J Sci Med Sport. 2009;12(1):134–40.

28. Prestwich A, Sniehotta F, Whittington C, Dombrowski S, Rogers L, Michie S.
Does theory influence the effectiveness of health behavior interventions?
Meta-Analysis. Health Psychol. 2014;33(5):465–74 ISSN 0278-6133.

29. Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote
health behavior change: a systematic review and meta-analysis of the
impact of theoretical basis, use of behavior change techniques, and mode
of delivery on efficacy. J Med Internet Res. 2010;12(1):e4.

30. Teixeira PJ, Carraça EV, Marques MM, Rutter H, Oppert J-M, De Bourdeaudhuij I,
et al. Successful behavior change in obesity interventions in adults: a
systematic review of self-regulation mediators. BMC Med. 2015;13(1):84.

31. Direito A, Dale LP, Shields E, Dobson R, Whittaker R, Maddison R. Do
physical activity and dietary smartphone applications incorporate evidence-
based behaviour change techniques? BMC Public Health. 2014;14:646.

32. Romeo A, Edney S, Plotnikoff R, Curtis R, Ryan J, Sanders I, et al. Can
smartphone apps increase physical activity? Systematic review and meta-
analysis. J Med Internet Res. 2019;21(3):e12053.

33. Nurmi J, Knittle K, Helf C, Zwickl P, Lusilla Palacios P, Castellano Tejedor C,
et al. A personalised, sensor-based smart phone intervention for physical
activity and diet ? PRECIOUS N-of-1 trial. Front Public Health. 2016.

34. Edney S, Plotnikoff R, Vandelanotte C, Olds T, De Bourdeaudhuij I, Ryan J, et al.
“Active Team” a social and gamified app-based physical activity intervention:
randomised controlled trial study protocol. BMC Public Health. 2017;17(1):859.

35. Bandura A. Health promotion from the perspective of social cognitive
theory. Psychol Health. 1998;13(4):623–49.

36. Edney SM, Olds TS, Ryan JC, Vandelanotte C, Plotnikoff RC, Curtis RG, et al. A
social networking and gamified app to increase physical activity: cluster
RCT. Am J Prev Med. 2020;58(2):e51–62.

37. Activinsights. Wrist-worn accelerometer research watches cambridgeshire:
Activinsights; 2017. [cited 2017 10 September]. Available from: https://www.
activinsights.com/products/geneactiv/.

38. Esliger D, Rowlands A, Hurst T, Catt M, Murray P, Eston R. Validation of the
GENEA accelerometer. Med Sci Sports Exerc. 2011;43(6):1085–93.

39. Australian Institute of Health and Welfare. The Active Australia Survey: a
guide and manual for implementation, analysis and reporting Canberra:
Australian Institute of Health and Welfare; 2003. Available from: https://
www.aihw.gov.au/getmedia/ff25c134-5df2-45ba-b4e1-6c214ed157e6/aas.
pdf.aspx?inline=true.

40. Brown WJ, Trost SG, Bauman A, Mummery K, Owen N. Test-retest reliability
of four physical activity measures used in population surveys. J Sci Med
Sport. 2004;7(2):205–15.

41. Fjeldsoe BS, Winkler EAH, Marshall AL, Eakin EG, Reeves MM. Active adults
recall their physical activity differently to less active adults: test–retest
reliability and validity of a physical activity survey. Health Promot J Austr.
2013;24(1):26–31.

42. Plotnikoff RC, Blanchard C, Hotz SB, Rhodes R. Validation of the decisional
balance scales in the exercise domain from the transtheoretical model: a
longitudinal test. Meas Phys Educ Exerc Sci. 2001;5(4):191–206.

43. Rhodes RE, Hunt Matheson D, Mark R. Evaluation of social cognitive scaling
response options in the physical activity domain. Meas Phys Educ Exerc Sci.
2010;14(3):137–50.

44. Rovniak LS, Anderson ES, Winett RA, Stephens RS. Social cognitive
determinants of physical activity in young adults: a prospective structural
equation analysis. Ann Behav Med. 2002;24(2):149–56.

45. Tabachnick BG, Fidell LS. Using multivariate statistics. 4th ed. Needham:
Allyn & Bacon; 2001.

46. WHO. Obesity and Overweight: World Health Organisation. 2018. [cited
2018 29 August]. Available from: http://www.who.int/news-room/fact-
sheets/detail/obesity-and-overweight.

47. Fjeldsoe BS, Miller YD, Marshall AL. Social cognitive mediators of the effect
of the MobileMums intervention on physical activity. Health Psychol. 2013;
32(7):729–38.

48. Hortz B, Petosa RL. Social cognitive theory variables mediation of moderate
exercise. Am J Health Behav. 2008;32(3):305–14.

49. 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. 2008;11(5):501–12.

50. Shrout PE, Stadler G, Lane SP, McClure MJ, Jackson GL, Clavél FD, et al. Initial
elevation bias in subjective reports. Proc Natl Acad Sci U S A. 2018;115(1):
E15–23.

51. Sprangers MAG, Schwartz CE. Integrating response shift into health-related
quality of life research: a theoretical model. Soc Sci Med. 1999;48(11):1507–15.

52. Vallance JKH, Courneya KS, Plotnikoff RC, Mackey JR. Analyzing theoretical
mechanisms of physical activity behavior change in breast cancer survivors:
results from the activity promotion (ACTION) trial. Ann Behav Med. 2008;
35(2):150–8.

53. Bluethmann SM, Bartholomew LK, Murphy CC, Vernon SW. Use of theory in
behavior change interventions: an analysis of programs to increase physical
activity in Posttreatment breast cancer survivors. Health Educ Behav. 2017;
44(2):245–53.

54. Prakash RS, Voss MW, Erickson KI, Kramer AF. Physical activity and cognitive
vitality. Annu Rev Psychol. 2015;66(1):769–97.

55. Eddolls WTB, McNarry MA, Lester L, Winn CON, Stratton G, Mackintosh KA.
The association between physical activity, fitness and body mass index on
mental well-being and quality of life in adolescents. Qual Life Res. 2018;
27(9):2313–20.

56. Nooijen CFJ, Stam HJ, Sluis T, Valent L, Twisk J, van den Berg-Emons RJG. A
behavioral intervention promoting physical activity in people with subacute

Romeo et al. BMC Public Health           (2021) 21:88 Page 10 of 11

https://www.activinsights.com/products/geneactiv/
https://www.activinsights.com/products/geneactiv/
https://www.aihw.gov.au/getmedia/ff25c134-5df2-45ba-b4e1-6c214ed157e6/aas.pdf.aspx?inline=true
https://www.aihw.gov.au/getmedia/ff25c134-5df2-45ba-b4e1-6c214ed157e6/aas.pdf.aspx?inline=true
https://www.aihw.gov.au/getmedia/ff25c134-5df2-45ba-b4e1-6c214ed157e6/aas.pdf.aspx?inline=true
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight


spinal cord injury: secondary effects on health, social participation and
quality of life. Clin Rehabil. 2016;31(6):772–80.

57. Rosenman R, Tennekoon V, Hill LG. Measuring bias in self-reported data. Int
J Behav Healthc Res. 2011;2(4):320–32.

58. McArdle JJ. Latent variable modeling of differences and changes with
longitudinal data. Annu Rev Psychol. 2008;60(1):577–605.

59. Bullock JG, Green DP, Ha SE. Yes, but what’s the mechanism? (don’t expect
an easy answer). J Pers Soc Psychol. 2010;98(4):550.

60. Cerin E, Barnett A, Baranowski T. Testing theories of dietary behavior change
in youth using the mediating variable model with intervention programs. J
Nutr Educ Behav. 2009;41(5):309–18.

61. Judd CM, Kenny DA. Process analysis: estimating mediation in treatment
evaluations. Eval Rev. 1981;5(5):602–19.

62. Mackinnon DP, Dwyer JH. Estimating mediated effects in prevention
studies. Eval Rev. 1993;17(2):144–58.

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

Romeo et al. BMC Public Health           (2021) 21:88 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Study design and sample size
	Intervention details
	Outcome measures
	Physical activity (objective)
	Physical activity (self-reported)
	Social cognitive theory measures
	Statistical analyses

	Results
	Mediation analysis
	Subgroup analysis

	Discussion
	Conclusion
	Supplementary Information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

