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Abstract

Background and purpose

Increased time at home during the COVID-19 pandemic significantly decreased children’s
physical activity. This systematic review aimed to evaluate the effectiveness of children’s
home-based physical activity interventions, and identify ‘active ingredients’ underpinning
these.

Methods

Databases searched—AMED, PsychINFO, CINAHL, Cochrane, EMBASE, PubMed/Med-
line, Scopus, SPORTDiscus and Web of Science, from inception until June 2022. Eligibility
criteria—children aged 2—16 years, targeting home-based physical activity, a control group,
and physical activity measured pre- and post- intervention. Studies were excluded if it was
not possible to identify change in physical activity at home. The review was written following
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guid-
ance. Study quality was evaluated using the quality assessment tool for quantitative studies.
Study design, intervention characteristics, outcome data, behavior change theory, Behavior
Change Techniques (BCTs) and process evaluation data were extracted and discussed
using narrative syntheses.

Results

13 studies (including 1,182 participants) from 25,967 were included. Interventions primarily
involved active video games, with the addition of coaching or telehealth support (n = 5).
Three of the 13 studies significantly increased children’s physical activity (1 = Moderate to
vigorous physical activity, 2 = total volume, P<0.05). The largest effect size (d = 3.45) was
for moderate to vigorous physical activity. 29% of BCTs were identified across included
interventions; the most common being adding objects to the environment. The most
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effective intervention scored strong for design quality, incorporated telehealth coaching, and
included the most commonly coded BCTs. Variation among studies and insufficient report-
ing of data made a meta-analysis unfeasible.

Conclusion

COVID-19 emphasized the importance of the home for physical activity. Whilst effective-
ness of interventions was limited, building social support and self-efficacy are mechanisms
that should be explored further. The review provides recommendations to improve the
design and evaluation of future interventions.

Trial registration
Prospero registration number: CRD42020193110.

Introduction

Only 45% of children and young people (CYP) (5-16 years) in England engage in the recom-
mended daily average of 60 minutes of moderate to vigorous physical activity (MVPA) [1, 2].
Typically, children spend almost half of their time at home [3, 4], yet, only a small amount of
this time is spent active [3]. Due to such low levels of physical activity, CYP are not gaining the
multitude of benefits from leading an active lifestyle such as improved psychological wellbeing,
academic attainment and physical health [5, 6].

The national UK lockdown in response to the COVID-19 pandemic advised people to ‘stay
at home’, limiting physical activity opportunities. In response, there was a rapid mobilization
of online physical activity opportunities targeted at CYP [7-9], and renewed research interest
in the home environment [10]. Despite such opportunities, children’s total and relative time
spent in MVPA at home [11], and overall MVPA [12] significantly decreased.

Understanding effective approaches to enhance CYP’s physical activity at home is impor-
tant for minimizing the impact of future pandemics through informing policies and practice
[13]. However even under normal circumstances, it is essential to support children potentially
struggling to access physical activity opportunities beyond the home. Such children include
those with health conditions or disabilities that limit movement, or who provide care for fam-
ily members. It is also particularly important for children living in neighborhoods where
parents fear for their child’s safety [14], and younger children who, compared to older chil-
dren, have less independent mobility [3].

Activating inside space is vital for children who live in homes with no garden. This is perti-
nent for children from minority ethnic groups, as ONS [15] data shows 1 in 8 British house-
holds have no garden, with Black people 4 times as likely as White people to have no access to
outdoor space. Outside of single-sex physical education, minority ethnic young women
reported engaging in little or no physical activity in public spaces, often using bedrooms, gar-
dens and living rooms, which provided safe and intimate spaces for movement [16]. The home
is an important setting for South Asian Muslim adolescent girls’ experiences of physical activ-
ity away from school, providing a private and safe space to feel relaxed and explore their physi-
cality [17].

Previous reviews of CYP’s home-based interventions often describe an intervention focused
on family support that influences physical activity in all environments, not just the home [18-
20]. To our knowledge, only 2 systematic reviews [21, 22] have included interventions specifi-
cally targeting young people’s physical activity at home.
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Maitland et al’s. [21] review included 3 randomized controlled trials using active video
games (AVGs), with 1 significantly increasing physical activity [23]. The review by Kaushal
and Rhodes [22] was not solely focused on children, however it included 3 child-focused ran-
domized controlled trials in addition to those included in the previous review [21]. All studies
included AVGs, with only 1 showing a group effect but no interaction [24]. Both reviews pri-
marily reported adherence, with limited discussion of effects on MVPA. This, along with the
limited number of effective studies focused on CYP, makes it difficult to identify mechanisms
of effectiveness and understand how we can increase CYP’s physical activity at home.

Behavioral change theories attempt to explain the process of how human behaviors change.
Behavior change techniques have been defined as irreducible, observable, and replicable com-
ponents of an intervention designed to redirect behavior [25]. The behavior change technique
taxonomy [26], provides a standardized system for classifying intervention components. Iden-
tifying behavior change techniques in addition to intervention characteristics, could help to
identify potential mechanisms of action. Neither of the previous reviews [21, 22] explored
behavior change theories underpinning interventions or characterized the interventions using
the behavior change technique taxonomy, which may have facilitated understanding of why
some interventions were effective and some were not.

The purpose of this systematic review was to understand the effectiveness of interventions
on young people’s physical activity in the home environment. Furthermore, it aimed to iden-
tify the characteristics of the successful interventions and the behavior change techniques
underpinning these, to provide recommendations for the design of future interventions target-
ing children’s physical activity at home.

Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [27] was
followed and the protocol published on PROSPERO (20/8/20; CRD42020193110, https://
www.crd.york.ac.uk/prospero/display_record.php?RecordID=193110). Since registration, the
protocol was amended to include process evaluation data within the analysis to support the
identification of mechanisms of effectiveness.

Eligibility criteria
PICOS (population, intervention, comparator, outcome, study design) was used to establish

inclusion criteria [28]:

o Population: CYP aged 2-16 years (or a mean age within that range) through direct or fam-
ily-based interventions. A broad age range to include early years and adolescents was chosen
to maximize the number of studies for the review, given that previously published reviews
primarily reported studies using adults.

o Intervention: Targeting CYP’s physical activity behavior at home (inside or within the
immediate vicinity of the home). No restrictions on intervention approach.

o Comparator: Control group (no treatment), wait-list control or an alternative intervention.

o Outcome: Device-based (e.g. accelerometer) or self-report (e.g. child or parent question-
naire) or change in minutes of CYP physical activity levels.

« Study design: Pre-post control design, including randomized and quasi control trials.

Where the home was the sole focus of the intervention, changes in physical activity were
assumed to reflect home-based behavior change, as no other behavior was targeted.
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Interventions targeting the home within wider initiatives were excluded unless physical activ-
ity outcome data could distinguish between the home and other settings. Studies were
excluded where interventions primarily targeted physical activity at locations outside the
home, or lacked a comparator group. Exclusion criteria extended to review or discussion arti-
cles, not full articles published in a peer-reviewed journal (e.g. conference abstracts, commen-
taries), PhD thesis, grey literature, and non-English language articles.

Although the aim of the review was to identify behavior change techniques used in inter-
ventions, the use of behavior change techniques was not part of the eligibility criteria for
inclusion.

Search strategy

Electronic databases searched included: AMED, PsychINFO, CINAHL, Cochrane, EMBASE,
PubMed/Medline, Scopus, SPORTDiscus and Web of Science, from inception until June 2022.
Dates of searches, coverage dates, and search criteria adapted for each database can be viewed
in S1 Table. The search criteria included the following terms:

« Population = Child*, young person, adolescence, adolescents, teen*, girl*, boy*, infant*, fam-
ily, toddler AND

« Setting = Home*, community, fam AND
o Target behavior = physical activity, exercise, fitness, play, move, dance, sport AND

o Outcome = step count, accelerometer, pedometer, GPS, global positioning system, moderate
to vigorous physical activity, MVPA, minutes AND

« Intervention = intervention, toolkit OR resource OR campaign OR promotion OR trial or
“randomi*ed controlled trial” OR “controlled trial” OR RCT OR “primary prevention” OR
strategy OR program™ OR experiment™ OR quasi

Reference lists of included papers were searched for additional studies meeting the inclu-
sion criteria.

Selection process

The lead author (AS) removed duplicate records and imported records retrieved into Micro-
soft Excel (Microsoft Corporation, 2010). Researchers (MW, IS, DM and EY) worked in pairs,
and each pair independently reviewed article titles and abstracts. Titles were excluded if
deemed irrelevant subject matter or where exclusion criteria were met. Abstracts were
excluded if they were a conference abstract only, online thesis, or if at least 1 of the inclusion
criteria was not met. Where agreement within pairs could not be reached, abstracts were
reviewed by AS, ACh, JH or ZK. Researchers (MW, IS, DM and EY) worked in pairs to inde-
pendently review all the full papers. All full papers were third reviewed by AS and ACr and
excluded if at least 1 of the inclusion criteria were not met.

Data collection process

AS and ACh independently extracted data from included studies, then reviewed together to
discuss discrepancies and reach a consensus on the level of information for inclusion. Protocol
papers referred to within selected studies were also used to obtain data and provide clarifica-
tion. Key study characteristics included participants, country, design, setting, outcome mea-
sure, effectiveness. Device-based measurement of physical activity outcome data was
prioritized where more than 1 instrument was used (e.g. accelerometer and self-report). To
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identify how and why studies were/were not effective, process evaluation data within included
studies (including those published separately) and intervention implementation characteristics
(delivery mode [including the person/people delivering the intervention], duration and fre-
quency, and engagement and compliance measures [including outcomes if reported suffi-
ciently]) were extracted. Behavior change theory was also noted where mentioned by the
authors, to identify the theory informing the intervention.

Behavior change technique coding

ACr and JH used the behavior change technique (BCT) taxonomy coding framework [26] to
ascertain which BCT's were present within interventions. BCTs were coded as either “present
beyond all reasonable doubt” (++) or “present in all probability” (+) as recommended [26].
BCT's were coded within source papers descriptions of intervention and control/comparator
groups, and where they were applied to encourage parental support behavior; the target behav-
ior being supporting and encouraging their children to be physically active. Reviewers met to
discuss the coding, and any disagreements were resolved through discussion.

Quality of studies assessment

AS and ACh independently reviewed the selected articles for quality [29]. Discrepancies were
discussed until a consensus was reached. The scoring criteria used a rating of ‘weak’, ‘moder-
ate’ or ‘strong’ for the study components including: selection bias, design, confounders, blind-
ing, data collection methods, and withdrawals and drop-outs. The overall paper rating was
classed as ‘strong’, where no components were rated as ‘weak’; ‘moderate’ if 1 ‘weak’ compo-
nent; and ‘weak’ if two or more ‘weak’ components.

Data synthesis

The key study variables and group descriptive statistics (including Cohen’s d effect size where
feasible) were synthesized in a table, with studies themed according to the intervention mode.
A narrative synthesis was used to compare and contrast each extracted element of the study
and intervention characteristics. Recruitment rate was calculated as the proportion of partici-
pants randomized, out of those deemed eligible (where reported). Retention rate was calcu-
lated as the proportion of participants completing outcome measures, out of those
randomized. Intervention characteristics were synthesized in a separate table. A narrative sum-
mary of process evaluation data was used to describe the barriers and facilitators to adherence
to the interventions. Heterogeneity of studies made a meta-analysis impractical.

Results

Including duplicates, 37,477 articles were retrieved in the first search, and an additional 7,099
through subsequent searches (Fig 1 and S1 Table).

When reviewing full articles, a further 5 studies initially appeared to meet the inclusion cri-
teria [30-34], but were subsequently excluded for the reasons stated (S2 Table).

Overall, 13 studies were included with 7 new contributions since previous reviews [21, 22].
Interventions were most commonly implemented in the USA (5/13 studies), with the rest in
Australia, New Zealand, Canada, UK and Finland. Interventions traditionally incorporated
active video games (AVGs), but more recent interventions included the addition of telehealth
coaching and/or physical activity equipment. Only 3 of the 13 studies significantly increased
physical activity. A wide range of behavior change techniques (BCT's) were identified within
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Fig 1. PRISMA (2020) Flow chart of data extraction process. (Image created at https://www.eshackathon.org/
software/PRISMA2020.html).

https://doi.org/10.1371/journal.pone.0289831.g001

all included studies, with ‘adding objects to the environment” common across all 3 effective
studies.

Study and intervention characteristics

Data are presented in Tables 1 and 2.

Participants. Studies included a total of 1,182 participants, with the intervention group
sample ranging from 10 [23] to 160 [35] participants. Mean age of participants ranged from 5
to 12 years. Most studies recruited an equal gender sample, except 2 studies where the propor-
tion of females was <35% [35, 36].

Seven studies reported participant ethnicity, with 3 predominantly using a non-white sam-
ple—57% African American [47]; 41% Hispanic [45]; and 41% African American [37]. Three
studies targeted children at risk or already classed as overweight or obese [35, 37, 47], 3 tar-
geted children with a disability including cerebral palsy [43], a developmental coordination
disorder [38], and children with non-syndromal obesity or Prader-Willi syndrome [45]. One
targeted children who were insufficiently active [40].

Study design: 11 studies included a control, of which 10 were randomized, and 1 used a
cross over design. Two studies compared to alternative interventions. Only 1 study measured
longer-term follow-up outcomes after 14 weeks [42].

Intervention setting and mode: all interventions were delivered in the home, with 1 via the
web [43]. Most interventions included AVGs (n = 12), and 1 used movement to music [48].
The AVG interventions included step-powered [36] or bike-powered [24, 40] standard video
games; movement sensor input from a hand held device and camera sensor [23, 35, 37, 38, 45,
47] or a Dance Mat [23, 35, 41, 42]; or web-based video games which guided physical activity
[43]. Game types included dance [23, 35, 37, 38, 41, 42, 45, 47], fitness/aerobics [35, 37, 38, 45,
47], sport [35, 37, 38, 47], kart/driving [24, 40], and immersive adventure [35, 47]. Five inter-
ventions (Table 2) included an additional intervention component of either in-person or tele-
health/coaching [41-43, 47] or non-video-based/playground games using physical activity
equipment provided [45]. Telehealth/coaching included general instruction and support [43,
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Table 1. Study characteristics, outcomes and effects.

Study Country

Participant
characteristics sample
size; age in years (range/
mean); % female; %
ethnicity

AVGs only interventions

Baranowski | USA

etal. [37]

Graves UK

et al. [36]

Howie
et al. [38]

Maddison
et al. [35]

New
Zealand

Mark and | Canada
Rhodes

[24]

Australia

Children at risk for

adult obesity; n = 78 (41

intervention and 37

control); 11.3 years; 49%

F; 41% African

American, 14% White,

13% Hispanic, 28%
mixed ethnicity, 4%
other

Children who played

games consoles for > =

2h per week; n = 58
(n = 29 intervention,
n = 29 control); 9.2
years 0.5; 33% F

Children with
developmental
coordination disorder;

n =21;11.0 years; 52% F

Children with
overweight or obesity
who owned games
consoles; n = 322

(n =160 for

intervention & control);

11.6 years; 27% F; 57%
NZ European, 26%
Pacific, 17% Maori

n = 38 children from 60
families (equal between
groups); ~5 years; 42% F

Study design

RCT—
intervention and
control groups

RCT—
intervention and
control groups

RCT—crossover
design

RCT—
intervention and
control groups

RCT—main
intervention and
alternative
intervention

Intervention
setting and mode

Home-based AVGs
vs inactive video
games

Home-based step-
powered AVGs vs
usual video gaming
behavior

Home-based AVGs
vs. no AVGs

Home-based AVGs
vs no intervention
(usual video
gaming behavior)

Home-based game
bike (cycle-
powered AVGs) vs.
stationary bike in
front of TV

Recruitment
(Rec) &
retention (Ret)
rate

Rec—not
reported
Ret—92%

Rec—98%
Ret—72%

Rec—100%
Ret—100%

Rec—100%
Ret—80%

Rec—100%
Ret—90%

PA Outcome measure

CPM and time in LPA

and MVPA by 7 day
hip-worn
accelerometry
(ActiGraph GT3)

baseline, week 1, 6, 7 &

end.

CPM and time in PA at

various predefined
thresholds by 7 day
hip-worn
accelerometry
(ActiGraph GT1M),
time in step-powered
gaming and AVG at
baseline, mid and end
intervention

Time in LPA, MPA

and VPA by 7 day hip-

worn accelerometry
(Actical Respironics)

and self-reported PA at

baseline and in the
final week.

CPM and time in LPA

and MVPA—7 day
hip-worn
accelerometry
(ActiGraph AM7) at
pre, mid and end
intervention.

Self-reported log of
duration and weekly

frequency of bike usage

Intervention effects

No significant interaction for
PA. MVPA Mean differences
—Baseline: 2.35 min'd”" (95%
CI 25.32 to 10.02); End: 0.36
mind™ (95% CI, 26.31 to
7.03). P> 0.05

No significant interaction for
PA.

PA_ , group difference = 0.6
minhr* (95% CI, -2.2-1.0).
P>0.05

No significant interaction for
PA. MPA group

difference = 0.7 (95% CI,
-4.6-3.3). P=0.73.d = -0.259
Self-reported PA increase in
predominantly outdoor
activities but significant
reduction in outdoor play at
weekends (9.8 min'd™).

No significant interaction for
PA. MVPA group

difference = 1.65 min'd™
(95% CI, -5.77-9.07). P = 0.66

No group x time interaction
for usage and duration (mean
data not provided).
Significant group effect with
greater bike frequency and
duration of usage with game
bike vs. bike with TV (no time
interaction) but at week 6
only (mean data not provided,
P<0.05; d>0.7).

(Continued)
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Table 1. (Continued)

Study Country |Participant Study design
characteristics sample
size; age in years (range/
mean); % female; %
ethnicity

Ni New n = 20 who owned RCT—

Mhurchu | Zealand | games consoles and intervention and

etal. [23] played inactive games control groups
(10, intervention, 10
control); 12 years; 40% F

Rhodes Canada | Inactive children; n = 73 | RCT—main

et al. [40] (n = 39 intervention, intervention and
n = 34 control); 11.5 alternative
years; equal gender split; | intervention
~87% white.

AVGs plus other component interventions

Errickson | USA n =61 (18 standard RCT—2x

etal. [41]. intervention, 22 intervention and
intervention plus wait-list control
coaching, 20 control); groups
mean age range 7.4-7.6
years; 40-55% F; 62—
72% white.

Maloney USA n = 60 (20 standard RCT—2x

et al. [42] intervention, 20 intervention™®
intervention plus and wait-list
coaching, 20 wait-list control groups
control); 7.5 years, 50%
F, 30% white

Mitchell Australia | Children with unilateral | RCT—

et al. [43] cerebral palsy; n = 91 intervention and

(51 intervention & 50
control); 11.3 years; 49%

control groups

Intervention
setting and mode

Home-based AVGs

vs usual game play

Home-based
exergame bike
(cycle-powered
AVGs) vs.
stationary bike in
front of TV

IG1: Home-based
AVGs vs IG2:
AVGs plus
coaching vs no
intervention

IG1: Home-based
AVGs vs IG2:
AVGs plus
coaching vs no
intervention

Home-based AVGs

and social support
vs no intervention

Recruitment
(Rec) &
retention (Ret)
rate

Rec—not
reported
Ret—100%

Rec—100%
Ret—92%

Rec—100%
Ret—100%

Rec—can’t tell
Ret—85%

Rec—57%
Ret—89%

PA Outcome measure

Time in LPA, MPA
and VPA—4 day hip-
worn accelerometry

(AM7) and self-

reported (PAQ-C) at
baseline, mid and end.

Self-reported log of
duration and weekly

frequency of bike
usage.

Time in MPA and VPA
by 7 day accelerometry
(ActiGraph) at week 1
& end intervention.

Minutes per day in

LPA, MPA and VPA
by 7 day accelerometry
(ActiGraph) and self-
reported PA at week 1,

end and 14 week
follow-up

CPM, step count and

time in LPA and

MVPA—4-day hip-
worn accelerometry

Intervention effects

Significant group x time
interaction for CPM, but only
at 6 weeks. Group difference
at 6 weeks = 194 CPM (95%
CIL, 32-310] P = 0.04); 12
weeks = 48 CPM (95% CI,
-153-187). P=0.

No effect on MVPA or self-
reported activity (mean data
not provided).

Significantly group x time
interaction, with greater
minutes of bike usage with
exergame bike vs. bike with
TV (P<0.05). Week 1 = 74.4
vs. 41.6 min'wk ™! (d = 0.52);
weeks 3-9 =19.7 vs. 14.9
minwk' (d=0.3) End = 7.82
vs. 6.37 min'wk™! (d = 0.08).
No group effect for frequency
of usage, but a significant
decline over time (P < 0.01).

No significant effects for any
PA. MPA baseline = 140.5
min'd™ (IG1) vs.154.6 min'd™
(IG2) vs.116.4 min'd™*
(control); MPA end = 146.4
mind? (IG1) vs.148.1 min'd ™
(IG2) vs.112.1 min'd™
(control).

No significant group x time
interaction (P = 0.89). MPA
change = -7.2 + 28.3 min'd™"
(IG) vs. -4.3 + 34.3 min'd™’
(control).

Significant increase in VPA
for IG (from 10.0 + 7.7 min'd”
't016.2 +11.8 mind™’,

P < 0.01) which remained at
18 week follow-up (P < 0.01).
Significant increase in MPA
for waitlist control following
AVGs (from 112.1 + 36.7
mind™ to 135.9 £ 31.4 min'd’
', P < 0.005).

No significant interaction for
PA.

Group difference = -0.1h
(95% CI, -0.2-0.1), P = 0.66.

F (ActiGraph GT3X+)
baseline and end
intervention.
(Continued)
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Table 1. (Continued)

Study

Rubin et al. | USA
[45]

Staiano USA
et al. [47]

Country

Participant
characteristics sample
size; age in years (range/
mean); % female; %
ethnicity

n = 111; (n = 45 with
Prader-Willi syndrome;
n = 34 intervention,

n = 11 control); (n = 66
non-syndromal obesity;
n = 43 intervention and
n = 23 control); mean
age range from 9 to 11;
~46% F; 40% white, 41%
Hispanic

Children with
overweight or obesity;
n = 46 (split equally
between intervention
and control groups);
11.2 years; 46% F; 57%
African American; 41%
White, 2% other;

Non-AVG interventions

Tuominen
et al. [48]

Finland

n = 203 mother-child
pairs (n = 101
intervention, n = 102
control); children = 6.5
years; ~50% F

Study design Intervention Recruitment | PA Outcome measure |Intervention effects
setting and mode | (Rec) &
retention (Ret)
rate
Quasi- Home-based Rec—100% Time in LPA, MPA, No significant interaction for
experimental parent-led physical | Ret—89% VPA, MVPA and TPA | PA. Baseline = 39.6 mind™
(semi-random)— | activity curriculum —8 day accelerometry | (IG) vs. 40.6 mind’ (control);
intervention & including AVGs (ActiGraph GT3X+) at | end = 38.9 min'd” (IG) vs.
wait-list control | and non-video- baseline and end 38.3 min'd”! (control);
groups based games vs.no P>0.05.
intervention
RCT— Home-based AVGs | Rec—72% Time in MVPA—7 day | Significant group x time
intervention and | with social support | Ret = 98% accelerometer interaction for MVPA. Group
control groups vs. no intervention (ActiGraph GT3X+) difference = 3.6 + 3.4 min'd”’
pre and end. (IG) vs. —7.8 + 3.2 min'd™
(control), P = 0.028. d = 3.452.
RCT— Home-based Rec—76% Time in MVPA No significant interaction for
intervention and | movement to music | Ret—81% (proportion of PA.

control groups measurement time) - 7
day accelerometer
(Hookie AM20) and
self-reported PA at pre

and end

Group difference = 0.006
(95% CI, -0.016 to 0.028),
p=0.565.

AVGs = Active video games; CPM = counts per minute; d = Cohen’s d effect size; LPA = light physical activity; MPA = moderate physical activity; MVPA = moderate to
vigorous physical activity; PA-, = minutes of physical activity above 4km’h™'; RCT = randomized controlled trial; VPA = vigorous physical activity.

AVGs = Active video games; CPM = counts per minute; d = Cohen’s d effect size; IG1 = intervention group 1; IG2 = intervention group 2; LPA = light physical activity;

MPA = moderate physical activity; MVPA = moderate to vigorous physical activity; PAQ-C = physical activity questionnaire—children’s; RCT = randomized controlled
trial; VPA = vigorous physical activity.

AVGs = Active video games; CPM = counts per minute; d = Cohen’s d effect size; IG1 = intervention group 1; IG2 = intervention group 2; LPA = light physical activity;

MPA = moderate physical activity; MVPA = moderate to vigorous physical activity; RCT = randomized controlled trial; VPA = vigorous physical activity.

* Data for the 2 intervention groups was not reported separately

MVPA = moderate to vigorous physical activity; RCT = randomized controlled trial.

https://doi.org/10.1371/journal.pone.0289831.t001

46, 49] and support formulating solutions to barriers for physical activity [47]. The total period
of intervention delivery ranged from 6 [24] to 24 [35, 45, 47] weeks, with 9 >12 weeks

(Table 2). Seven interventions prescribed a set weekly duration of activity, ranging from 120 to
420 minutes [35, 38, 40-43, 48]. Two interventions prescribed a weekly activity duration that
increased over time up to 180 minutes [47] and 315 minutes [45]. Two interventions asked
participants to substitute inactive periods or inactive video game play with AVG [23, 36]. One
intervention provided no guidance for frequency or duration of AVG game play [37].

Within nearly all studies, both parents and children, or children themselves, implemented
the intervention. Five interventions were parent and child led, as both received intervention
instructions [23, 36, 41, 45, 48], and 7 child-led, with the child receiving instructions [24, 35,
37, 38, 40, 42, 47]. The web-based AVG intervention appeared to be implemented by health
professionals (physiotherapist, occupational therapist, and neuropsychologist) who remotely
adjusted the level of difficulty [43].
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Table 2. Intervention characteristics.

Study

AVGs only interventions

Intervention delivery

Provided with Wii console, & peripherals. Choice of
1 AVG from a selection of 5 at week 1 & 7. Child-led
engagement with intervention.

Baranowski
etal. [37]

Graves et al.
[36]

Provided with 2 sets of pedometers and a device
(jOG, New Concept Gaming Ltd) that linked to the
child’s PlayStation 2/3 console controller and
translated stepping action into the movement of
game characters.

Parent- and child-led

Provided with a Playstation3 and Move and Eye
input devices, an Xbox 360 with Kinect input and 11
AVGs (additional 2 games mid intervention).
Child-led where children could select the AVGs
from the range provided.

Researchers provided technical support every 2
weeks.

Howie et al.
[38]

Maddison
et al. [35]

Provided with Sony Eye Toy, camera, dance mat
and selection of AVGs throughout the intervention.
Child-led.

Mark and
Rhodes [24]

Provided with a gamebike (Cat Eye Electronics) that
could control games on a PlayStation 2 (they were
loaned a PlayStation if they didn’t have one) and 3
games.

Child-led.

Provided with AVGs, EyeToy and dance mat.
Parent- and child-led.

Ni Mhurchu
et al. [23]

Rhodes et al.
[40]

Provided with exergame bike (Hogan Health
interactive system and Sony Playstation3 that could
be linked to a TV monitor) and 5 games.

Child-led.

AVGs plus other component interventions

Errickson
etal. [41]

Provided with PlayStation 2 console, dance AVG
and 2 padded dance mats.

Initial in-home coaching to demonstrate the game.
Series of individual coaching sessions for
intervention sub-group.

Families received ongoing technical support from
staff.

Children were provided with a camera to
photograph high game scores

Intervention duration and frequency

13 weeks. No prescribed game play duration or
frequency.

12 weeks, no prescribed duration or frequency of
play, but participants and parents were encouraged
to use the jOG setup instead of usual seated inactive
game play

16 weeks. Requested to complete 20 minutes a day
on most days of the week.

24 weeks. Instructed to play AVGs to replace
inactive periods and periods of playing inactive
video games. Encouraged to meet 60 mins MVPA
on most days

6 weeks, given a copy of Canada’s PA Guide to help
specify the amount of PA

12 weeks. Instructed to substitute usual non-active
video game play with active game play.

13 weeks, 3 days a week, 30 minutes a day, at 60—
75% of heart rate reserve

10 weeks. Prescribed 120 minutes of game play a
week over at least 4 days.

No restrictions around additional game play.

4 x 45 min coaching sessions for sub-group

Engagement and compliance

Console log recorded date, name and duration of
game play. Children & parents recorded name of
game, time of day played and who played it (only
during weeks 1, 6, 7 and 12).

Self-reported use of intervention at 6 and 12 weeks.
Time spent on AVGs increased significantly at mid
intervention compared to control (0.95 hd™).
Significant decrease in time spent on step-powered
AVGs at end vs mid intervention (P = 0.01).

Self-reported (daily calendar) game use, physical
activity and other electronic game use.

Research assistants checked self-report data every 2
weeks.

Mean AVG play of 140.3 + 62.9 min'wk™".

90% of participants met the minimum
recommended average of 80 minutes per week.

Self-reported use of intervention at 12 and 24 weeks
only.

Mean AVG play of 15.5 + 26.3 min'd™" at 12 weeks
and 10.2 + 23.9 min'd ™" at 24 weeks (<30%
compliance with recommended daily game play)
Significant increase of 10 min'd™ in time spent
playing AVGs1(P<0.01).

Self-reported logs of duration and frequency of use.
Data not provided.

Self-reported logs of active and inactive game play
at baseline, week 6 and 12.

Mean AVG play of 41 mind™".

Significantly greater AVG play of 41 vs. 27 minutes
(P=0.03)

Self-reported logs of duration and frequency of use.
Mean AVG play of 74.4 min'wk™" (week 1, ~82%
compliance), 19.7 min'wk ™ (weeks 3-9, ~22%
compliance), and 7.8 min'wk! (weeks 10-13, ~9%
compliance).

Console log of number of songs and the highest
grade for each song—two-thirds of memory cards
were returned.

Self-report log of total minutes.

% completion of self-report log = 67% and 72% at
week 1 and week 10 for IG1, and 82% and 41% at
week 1 and week 10 for IG2.

Mean weekly range of AVG use = 64 to 149
min'wk! (IG1) and 47 to 184 min'wk' (IG2).
Mean AVG use for both groups declined from 164
min'wk ' (week 1) to 64 min'wk ' (week 10).

AVG use greater for IG2 vs. IG1 during first 5
weeks only (P<0.001).

(Continued)
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Table 2. (Continued)

Study Intervention delivery Intervention duration and frequency Engagement and compliance
Maloney et al. | Provided with PlayStation 2 console, dance AVG 10 weeks. Prescribed 120 minutes of game play a Self-report log of total minutes played. Console
[42] and 2 padded dance mats (child-led). week over at least 4 days. logged number of songs.
Series of 1:1 coaching sessions for intervention sub- | No restrictions around additional game play. Mean AVG play of 89 + 82 min'wk ™' (~74%
group (coach-led) 5 x 30 min coaching sessions for sub-group. compliance).

Provided with handout about operation of the game
and tips for improving skills.

Children were provided with stickers and a camera
to log progress.

Staff were contactable for technical support.

Mitchell et al. | Web-based game-like physical therapy (Mitii) 20 weeks. Received 30 minutes daily for 6 days a The number of participants regularly logging in
[43, 44] delivered in the home using a computer with week. Intensity based on baseline measurements steadily declined throughout the program, with
webcam. and level of physical difficulty of games adjusted 23% of participants logging in at the end of the
Physical activity games interspersed with upper- remotely by therapists, based on performance and | intervention.
limb and visual-perceptual games. Included feedback from participants and parents. Treatment dose automatically recorded by the
sequences of repetitive functional exercises (e.g. program and monitored by therapists.
alternate lunging, squatting). Mean compliance of 54% of the potential dose.

Health-professional-led
Therapists provided ad-hoc technical support and
encouragement via telephone.

Rubin et al. Parent-led curriculum of 96 preplanned PA sessions | 24 weeks. 4 days a week. Aiming to progressively Parent completed checklists for playground
[45] including playground games and AVGs. Provided achieve 25-45+ minutes of PA a day. activities—Parent and child rated the level of
with Wii Fit Plus and Just Dance 2 and 3 AVGs, and enjoyment and difficulty of activities completed
physical activity equipment (e.g. balls, hoops, and total duration of the session.
hurdles, and cones). Overall intervention compliance was 86.7%.
Regular telephone support for parents.
Staiano et al. Provision of Kinect and Xbox 360 console with four | 3 x AVGs sessions per week for 24 weeks. Participants were supported by parents to record
[47] AVGs, a step tracker (Fitbit Zip) and a standardized | Curriculum guided increases in intensity and exergame play start and stop time for each
curriculum booklet (child-led). duration up to 60 mins per session. challenge in the booklet. Compliance with
Regular telehealth (video) sessions with fitness prescribed duration—94.4%
coaches (coach-led) Compliance with prescribed frequency—88.5%.

Steps/day recorded via a Fitbit Zip and reviewed by
a fitness coach.
Compliance to telehealth sessions was 92.7%.

Non-AVG interventions

Tuominen Movement to music video (focused on improving 8 weeks, instructed to complete videos every other | Parent completed diaries in week 1 and final week.
etal. [48,49] | motor coordination, muscle strength and aerobic day for 30 minutes Data not provided.

fitness) via DVD or YouTube.

Parent- and child-led.

AVG = active video game
AVG = active video game; IG1 = intervention group 1; IG2 = intervention group 2.

AVG = active video game

https://doi.org/10.1371/journal.pone.0289831.t1002

Outcome measures: Most studies used accelerometry (n = 11) to measure physical activity
behavior, over a period of 4 (n = 2) or atleast 7 (n = 9) days. Of those, 10 reported MVPA and/
or a range of physical activity intensities from ‘light’ to ‘vigorous’ and 1 reported counts per
minute and time in physical activity at various predefined thresholds (Table 1). Two studies
used self-reported duration and frequency of stationary bike use [24, 40].

Engagement and compliance

Engagement and compliance data are presented in Table 2. All studies recorded engagement
with the intervention, which was self-reported (n = 9), logged by the games console (n = 1), or
a combination of both (n = 3).

One study reported significantly greater AVG engagement when supported by coaching,
compared to AVGs alone [41]. Two studies reported a significant increase in AVG
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engagement between baseline and mid [36] or end [35] of the intervention period. Average
duration of AVG play across the intervention period (where data were provided) ranged from
~90 minutes per week [42, 43] to ~280 minutes per week [23].

AVG engagement typically declined over the duration of the intervention period within
several studies [35, 36, 40-43]. Where data were reported weekly, AVG engagement was great-
est in the first week of the intervention [37, 40-42]. Where the earliest data collection was mid
intervention, AVG engagement was greater than at the end [35, 36]. The provision of new
AVGs during an intervention coincided with a ~75% increase in engagement [37] and the ces-
sation of coaching coincided with a ~50% reduction in engagement [41]. One study observed
a steady decline in the number of participants logging in to the web-based AVG over the inter-
vention period [43].

Of the 9 studies that prescribed a frequency and/or duration of engagement with the inter-
vention, 7 provided compliance data or engagement data (Table 2), with most achieving a
mean intervention compliance of over 70% for part [40, 41] or all [38, 42, 45, 47] of the inter-
vention duration.

Two studies highlighted issues with data quality. Errickson et al. [41] reported that some
games console memory cards were not returned, and wide variation occurred in the comple-
tion of self-reported logs. Baranowski et al. [37] observed that some children in the interven-
tion group had played inactive games, and that console data reported unlikely excessive
engagement (e.g. 24 hours), could not distinguish between the study participant and other
game players, and mismatched with self-reported engagement data.

Study quality

Two studies were rated ‘weak’, 10 studies rated ‘moderate’ and 1 study rated ‘strong’. Few
papers clearly stated whether or not participants were single or double blinded, resulting in a
low ‘blinding’ component score for 10 studies (Table 3). Individual scores for each component
are shown in Table 3.

Table 3. Global and component study quality assessment ratings.

Rating of components Global rating
Study Selection bias | Study Design | Confounders | Blinding | Data collection methods | Withdrawals and drop-outs
Staiano et al. [47] Moderate Strong Strong Moderate Strong Strong Strong
Baranowski et al. [37] Moderate Strong Strong Weak Strong Strong Moderate
Errickson et al. [41] Strong Strong Strong Weak Strong Strong Moderate
Graves et al. [36] Strong Strong Strong Weak Strong Moderate Moderate
Howie et al.[38] Strong Strong Strong Weak Strong Strong Moderate
Maddison et al. [35, 39] Moderate Strong Strong Weak Strong Strong Moderate
Maloney et al. [42] Moderate Strong Strong Weak Strong Strong Moderate
Mark and Rhodes [24] Moderate Strong Strong Moderate Weak Strong Moderate
Rhodes et al. [40] Strong Strong Strong Moderate Weak Strong Moderate
Tuominen et al. [48, 49] Moderate Strong Strong Weak Strong Strong Moderate
Ni Mhurchu et al. [23] Moderate Strong Moderate Weak Strong Strong Moderate
Mitchell et al. [43, 44] Weak Strong Strong Weak Strong Strong Weak
Rubin et al. [45, 46] Strong Weak Strong Weak Strong Strong Weak
TOTAL WEAK 1 1 1 10 2 0 2
TOTAL MODERATE 7 0 0 3 0 1 10
TOTAL STRONG 5 12 12 0 11 12 1
https://doi.org/10.1371/journal.pone.0289831.t003
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Effectiveness

The only non-AVG study included (Table 1) used home-based parent-led movement to music
and was not effective [48]. Of the twelve studies incorporating AVGs, 3 showed a significant
intervention effect for physical activity—1 for MVPA [47], and 2 for volume (counts per min-
ute [23] and minutes of cycling [40]). AVGs within these included dance [23, 47] and cycling
[40] activity that could be considered cardiovascular exercises. These interventions were >12
weeks. Two prescribed frequency, duration and intensity of game play [40, 47], while the other
substituted typical video game play for AVG [23]. One study provided social support through
telehealth coaching in addition to AVGs [47].

Staiano et al. [47] was the sole study reporting significant intervention effects post interven-
tion (24 weeks), with a large effect size (d = 3.452). The significant 6-week intervention effect
reported by Ni Mhurchu et al. [23] did not remain at 12 weeks (the end of the intervention).
The significant intervention effect reported by Rhodes et al. [40] was only observed up to week
9 of the 13 week intervention, with the greatest group difference in week 1 (d = 0.52).

Behavior change theories and techniques

Self-determination theory [50] underpinned the components of 1 intervention and social cog-
nitive theory [51] underpinned the components of 2 interventions (Table 4). No other inter-
ventions described a theoretical underpinning. Table 4 highlights the rationale provided, and
how the theory was incorporated.

The number of Behavior Change Techniques (BCTs) identified ranged from 1 [23, 37] to
15 [45], with a mean of 6 BCT's (Table 5). Among the 3 effective studies, there were 1 [23], 8
[40] and 13 [47] BCTs identified within the intervention groups.

Twenty-six out of 93 BCT's (28%) were identified (Table 5). The coded text for BCTs is in
S1 Table. Adding objects to the environment was the only BCT common across all 3 effective
interventions, with goal setting (behavior) and feedback on behavior, common within Rhodes
et al. [40] and Staiano et al. [47] Among all interventions, adding objects to the environment—
games consoles, peripherals, physical activity equipment and music DVDs—was the most
prominent (12/13 studies). Practical social support was identified across nearly half (6/13)
studies, usually as technical support and coaching to facilitate implementation and provide
motivation to children and/or parents. Self-monitoring of behavior was identified in over a
third (5/13) of studies through regular completion of logs/diaries/checklists to monitor
engagement. Feedback on behavior was also identified in over a third (5/13) of studies, which
ranged from grading on accuracy [41] to information on physical activity behavior [24, 40,
47]. Goal setting (behavior) was also used in over a third (5/13) of studies, through setting a

Table 4. Behavior change theories described within interventions.

Study citation | Behavior change theory referenced and rationale provided Incorporation into intervention
Baranowski Self-determination theory—providing choice may enhance intrinsic The intervention allowed children to choose 1 game from a selection of 5,
et al. [37] motivation for behavior choose when, where and how to play the video games, and permitted

them to purchase/use other video games.

Rubin et al. Social cognitive theory—parents may serve as a proxy and aid in the The intervention was parent-led, and supported by parent and child
[45] management and regulation of their child’s behavior by scheduling and | together completing check-lists to monitor participation, and rate

facilitating opportunities for PA

enjoyment and difficulty, as well as regular telephone support to aid
planning and overcome barriers to implementation

Staiano et al. Social cognitive theory—link between behaviors (exergame play), the The intervention included social support provided by encouraging AVG
[47] environment (parental and coach support) and psychosocial variables play with friends and family, and promotion of self-efficacy through

(self-efficacy and quality of life).

https://doi.org/10.1371/journal.pone.0289831.t1004

supportive words on the screen within the game, and within telehealth
counselling sessions.
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goal or encouraging a set frequency and intensity of engagement. Instructions on how to perform
the behavior and graded tasks were identified in a third (4/13). BCT's were also identified within
the training of parents delivering an intervention for their child [45], in addition to the BCTs
identified within the intervention protocol for the child participants. BCT's were also identified
within alternative intervention group protocols, for example providing additional intervention
elements [41], or adding non AVG objects to the environment for control groups [24, 40].

Process evaluations—Barriers and facilitators to engagement

Seven studies included a process evaluation, which included satisfaction surveys, [41, 42]
acceptability surveys [47], interviews [37, 40, 52], and focus groups [24, 42] with children and/
or parents. Children lacked motivation (reported by 32% of parents) [52], due to progressive
difficulty of the intervention [52] or the AVGs being too challenging, causing frustration [24,
37,41]. AVGs lacked sufficient variety of game choice [24], were unappealing [40], and some
children found it difficult having no-one to play with [37]. Some children experienced issues
with comfort of exergame bikes [24, 40] or problems with gaming equipment [40]. Participants
stated competing priorities, either for the parent delivering the intervention (reported by 55%
of parents) [52] or taking part in the intervention [24], or for the child directly [40, 47].

Many participants found AVGs fun and enjoyable [24, 40, 42, 47], distracted them from the
physical work performed [24] and were easy to play [42, 47]. Participants reported monitoring
success through using stickers and photographing high scores achieved, and had increased
their game scores [42]. Having a schedule made the intervention easy to follow, and gave struc-
ture and routine [52]. Social support encouraging children to play AVGs with others led to
72% of children reporting to do so [47]. Social support from research staff gave parents a sense
of belonging to the program and more parents valued this than support from other people in
the home (32% vs 17% respectively) [52]. Self-efficacy was demonstrated through children’s
self-belief that they were good at playing the AVGs, better than others, and satisfied with their
performance [47]. Children valued having the opportunity to be more active and potentially
improve their health/fitness [24, 40]. AVGs provided the opportunity for children to try activi-
ties they wouldn’t normally get to do (e.g. boxing or bowling), and meant that they “didn’t
have to play outside” [37].

Discussion

This is the first systematic review to map behavior change techniques across children’s home-
based physical activity interventions. The review included 7 additional studies in comparison
to previous reviews [21, 22], including 2 effective interventions, providing a timely update to
the evidence base. Similar to previous reviews, there was a dominance of AVG-based interven-
tions (12 out of 13 studies), however the more recent studies typically included additional
intervention components such as telehealth support/coaching and/or physical activity equip-
ment (Table 2). Of the 13 studies, 3 demonstrated effectiveness, but only 1 demonstrated long-
term effectiveness throughout the duration of the intervention. Coding of BCTs identified the
active ingredients in interventions, the most common including making physical changes to
the environment, self-monitoring of behavior and practical social support. While AVGs were
commonly used, the underlying intervention strategies were heterogeneous, making it difficult
to identify successful characteristics. Only 1 study was rated as strong, suggesting a need for
improved study design for future investigations of home-based physical activity interventions.
The study aim was achieved to an extent, however, limited effectiveness and heterogeneity of
studies compromised the ability to clearly identify mechanisms of action, and recommenda-
tions are focused on improving the design and evaluation of future interventions.
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Active video games as the dominant intervention mode

In line with previous reviews, there was little variation in mode of delivery, with AVGs being
the dominant mode [21, 22], While laboratory-based studies established adolescents found
AVGs enjoyable, and game play elevated energy expenditure to moderate or vigorous intensity
[53, 54], highly controlled efficacy studies may lack external validity. The lack of effectiveness
among most interventions in this review suggests that observations during a controlled single
dose of AVG play may not transfer to real world settings and sustained behavioral engage-
ment. This is likely explained by uncontrollable factors within the physical and social environ-
ment. More recently, interventions targeting children’s physical activity at home have used a
multi-component approach, supplementing AVG play with regular support from research
staff or fitness coaches either in the home or via telephone. The most effective intervention in
this review supported AVG play with regular coach-led telehealth sessions [47].

Mechanisms of effectiveness

The limited number of effective studies, wide variation in study design and intervention used,
and dominance of low to moderate quality studies made it difficult to reach consensus on
mechanisms of effectiveness. AVGs were considered fun and enjoyable [24, 40, 42, 47], sug-
gesting that game play provided intrinsic motivation. However initial high engagement in
AVGs was typically not sustained for the duration of interventions [23, 36, 37, 40-42], suggest-
ing that additional mechanisms are important to overcome the novelty factor and support sus-
tained behavior change. Focusing on the 1 high quality study [47], retention and compliance
were high, and physical activity behavior change was sustained throughout the intervention.
The focus on building social support through telehealth coaching and playing AVGs with oth-
ers may have been important components contributing to the effectiveness. Social support
through interaction with others may be important for sustaining children’s motivation for
AVG, considering the greater dropout observed with single player vs. multiplayer AVGs
games [55]. Social support from activity mentors and other participants joining home-based
online physical activity sessions was reported as facilitators for engaging adolescent girls [56].

The intervention used by Staiano et al. [47] was underpinned by the social cognitive theory,
including a focus on building self-efficacy within coaching and the AVG, and the study
reported a significant increase in self-efficacy alongside increased physical activity. Self-efficacy
has been highlighted as an important mechanism within children’s physical activity interven-
tions [57, 58], and important for good AVG design [59]. The difficulties reported by children
in relation to AVG play within the non-effective interventions [24, 37, 41, 52] may have led to
low self-efficacy, limiting the effectiveness of the intervention.

Although the mechanisms are unclear, the use of regular video game players may have con-
tributed to the effectiveness reported by other studies in the review [23, 40] given that a similar
population showed sustained AVG engagement over a 24 week intervention [35].

Behavior change techniques

Within the 3 effective interventions, the most effective used the greatest number of BCT's [47].
However the highest number of BCTs across all studies was coded within a non-effective inter-
vention [45]. This suggests that the type of BCTs, and/or implementation of BCTs, may be
more important than the number used. Although 9 BCT's were common between these two
interventions, many of these were coded within the telehealth component of the intervention
which was implemented with parents in the non-effective study, suggesting that active involve-
ment of children in telehealth coaching may be important to sustain engagement and enhance
effectiveness.
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Among the most common BCT's identified through this review, the only BCT's applied with
some consistency across interventions (S3 Table) were ‘adding objects to the environment’,
‘self-monitoring of behavior’, and ‘goal setting (behavior)’. Other common BCT's showed wide
variation in their implementation (S3 Table), for example, the extent of practical social support
ranged from external technical support [38, 43], to at-home visits to setup gaming equipment
[42, 47] and requiring children play AVGs with others [47]. The inconsistent implementation
of BCTs limits the ability to identify active ingredients for effectiveness.

Enhancing intervention quality, acceptability and effectiveness

All 3 effective AVG interventions included lower body movements (dance or cycling), eliciting
greater energy expenditure than AVGs involving primarily upper body movements [60].
AVGs involving lower body movements may maximize the potential of increasing MVPA,
and should be tested within rigorously designed studies. Further research is also needed to
understand how motivation for playing AVGs and enhancing PA can be sustained over time.
Recent research on the use of animated narrative AVGs to enhance children’s MVPA [61] and
the identification of principles for best practice in AVG design should inform choice of AVG
in future interventions [62].

The use of social support and building self-efficacy using AVGs and telehealth coaching
may be important mechanisms for effectiveness, and should be explored further. However,
this may not be affordable or scalable to population level, suggesting other modes of interven-
tion should be considered. In a multi-setting intervention with adolescent females completing
live online workouts at home, other participants and scheduled messages from researchers
provided social support, and motivated participants to complete physical activity sessions [56].

Only 28% of the 93 possible BCTs were identified within the 13 studies, highlighting the
opportunity to develop novel interventions that incorporate other BCT's that may enhance
effectiveness. For example, previously identified barriers of parental concerns around injury or
damage to the home [63] and competing priorities [24, 40, 47, 52] could be addressed by
restructuring the environment (BCT 12.1) and BCTs influencing reflective motivation such as
providing information about health consequences (BCT ‘5.1), and feedback on the outcomes
of behavior (BCT 2.7) [26].

Only 2 studies report using insight from children and parents to influence the design of the
intervention [39, 46]. Co-producing interventions may enhance the feasibility, acceptability,
quality, and impact of these interventions [64].

Study design and reporting of outcomes

Of the 13 studies included, 12 (92%) were rated low-moderate quality, with blinding of asses-
sors and participants either not described, or not implemented (85%), and potential selection
bias in the recruitment process (62%). Improving study design could reduce variability in
study outcomes and help strengthen the evidence base. Few studies reported effect sizes,
descriptive outcomes data and ethnicity of participants (Table 1). The use of the Consolidated
Standards of Reporting Trials [65] would support methodological rigor and ensure outcome
data is sufficiently reported, which may facilitate understanding effectiveness across different
ethnic groups.

Most interventions measured physical activity using accelerometry, which will likely have
included physical activity away from the home. Combining Global Positioning System (GPS)
unit location data with heart rate [66] and/or accelerometry data [67] and indoor location and
movement sensors [68] could be explored to improve the quality of objective measurement of
home-based PA. Many studies did not measure short-term effectiveness (Tables 1 and 2) [38,

PLOS ONE | https://doi.org/10.1371/journal.pone.0289831 August 9, 2023 18/24


https://doi.org/10.1371/journal.pone.0289831

PLOS ONE

Efficacy of home-based physical activity interventions

41-43, 45, 47] limiting the ability to identify potential initial engagement or effectiveness [47].
Weekly reporting of engagement and effectiveness would provide further insight into short-
and medium-term effectiveness. Similarly, only 1 study measured outcomes following cessa-
tion of the intervention [42]. Follow-up measures of effectiveness could further knowledge
around sustainability of behavior.

Although 3 studies referred to behavior change theory, none explicitly referred to using
BCTs within their intervention design, limiting understanding of how theory was imple-
mented within the intervention. Few studies provided a detailed description of the interven-
tion and AVG play, or supplied copies of printed/online resources. Common BCT's within
AVGs such as reinforcement and guided practice which can build self-efficacy may have been
missed from coding [69]. Supplying copies of intervention materials/resources and use of the
Template for Intervention Description and Replication [70] checklist would aid reviewers with
the coding of BCTs.

Only 7 studies (58%) explored intervention barriers and facilitators. Future interventions
should use a more mixed-method approach to help understand how an intervention has been
effective [71, 72], especially within complex multi-component interventions [73].

Strengths and limitations of the study

The use of extensive search criteria and only including controlled, peer-reviewed studies
ensured high-quality studies, with only two rated weak by the quality assessment tool for quan-
titative studies [29]. However, excluding uncontrolled studies may have omitted more varied
home-based physical activity interventions. The review was also limited to English language
publications and dominated by studies conducted in high income countries with majority
White ethnic group populations, limiting the application of findings across low and middle
income countries and among minority ethnic groups.

The review adhered to the updated PRISMA guidelines [27], which ensured transparent
reporting and allows for future replication of the methods. A meta-analysis was not feasible due
to heterogeneity in study designs and inconsistent reporting of effect estimates within studies.

The study also included an evaluation of BCT's used across interventions, and process evalu-
ation data, helping synthesize intervention components which may be required for success.
However, the low number of studies included in the review limits the ability to reach consen-
sus on effective BCTs.

Conclusion

Many children are not sufficiently active for health, and their physical activity declined during
the COVID-19 pandemic when required to stay at home. This review provides a timely update
and renewed synthesis of the literature on interventions targeting children’s physical activity at
home. This review highlights the limited evidence base for increasing children’s physical activ-
ity at home, with the majority of studies focused on AVGs using low to moderate quality study
designs, and interventions which fail to sustain engagement. There is some evidence that the
addition of telehealth coaching may enhance effectiveness through social support and building
self-efficacy, however further high quality studies are needed, with greater inclusion of minor-
ity ethnic groups. Future studies should also explore non-AVG interventions and implement
BCTs addressing barriers identified within the existing literature. Understanding how to effec-
tively facilitate children’s physical activity within the home could contribute towards increased
MVPA, particularly for those children who spend more time at home, and where increased
cost of living restricts physical activity opportunities. It may also mitigate reductions in physi-
cal activity during future pandemics through informing polices and practice.

PLOS ONE | https://doi.org/10.1371/journal.pone.0289831 August 9, 2023 19/24


https://doi.org/10.1371/journal.pone.0289831

PLOS ONE

Efficacy of home-based physical activity interventions

Supporting information

S1 Checklist. KIN 4400 independent research study in kinesiology | PRISMA 2020 check-
list.
(DOCX)

S1 Table. Search strategies used in databases and number of results obtained across each
search period.
(DOCX)

$2 Table. Overview of studies excluded in the final stage of review.
(DOCX)

S3 Table. Text coded for identification of behavior change techniques.
(DOCX)

Acknowledgments

Investigation and validation was supported by the following researchers as described in the
methods—Sameera Ali (SA), Isobel Steward (IS), Denise Markesini (DM), Emma Young (EY),
Meegan Worcester (MW), Zubeda Khatoon (ZK).

Author Contributions

Conceptualization: Amanda L. Seims, Jennifer Hall, Daniel D. Bingham, Amy Creaser, Sally
Barber, Andy Daly-Smith.

Data curation: Amanda L. Seims.
Formal analysis: Amanda L. Seims, Jennifer Hall, Amy Creaser, Anastasia Christoforou.

Investigation: Amanda L. Seims, Jennifer Hall, Daniel D. Bingham, Amy Creaser, Anastasia
Christoforou.

Methodology: Amanda L. Seims, Jennifer Hall, Daniel D. Bingham, Amy Creaser, Sally Bar-
ber, Andy Daly-Smith.

Project administration: Amanda L. Seims.

Supervision: Andy Daly-Smith.

Validation: Amanda L. Seims, Jennifer Hall, Amy Creaser, Anastasia Christoforou.
Visualization: Amanda L. Seims.

Writing - original draft: Amanda L. Seims.

Writing - review & editing: Jennifer Hall, Daniel D. Bingham, Amy Creaser, Anastasia Chris-
toforou, Sally Barber, Andy Daly-Smith.

References

1. Sport England. Active lives children and young people survey 2019. Available from: https://
sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/active-lives-children-survey-
academic-year-18-19.pdf (accessed March 10, 2022).

2. Davies DSC, Atherton F, McBride M, Calderwood C. UK chief medical officers’ physical activity guide-
lines 2019. Available from: https://www.gov.uk/government/publications/physical-activity-guidelines-
uk-chief-medical-officers-report (accessed April 15, 2023).

PLOS ONE | https://doi.org/10.1371/journal.pone.0289831 August 9, 2023 20/24


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0289831.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0289831.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0289831.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0289831.s004
https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/active-lives-children-survey-academic-year-18-19.pdf
https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/active-lives-children-survey-academic-year-18-19.pdf
https://sportengland-production-files.s3.eu-west-2.amazonaws.com/s3fs-public/active-lives-children-survey-academic-year-18-19.pdf
https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
https://www.gov.uk/government/publications/physical-activity-guidelines-uk-chief-medical-officers-report
https://doi.org/10.1371/journal.pone.0289831

PLOS ONE

Efficacy of home-based physical activity interventions

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Kneeshaw-Price S, Saelens B, Sallis J, Glanz K, Frank L, Kerr J, et al. Children’s objective physical
activity by location: why the neighborhood matters. Pediatr Exerc Sci. 2013; 25:468-86. https://doi.org/
10.1123/pes.25.3.468 PMID: 23877357

Tandon P, Grow HM, Couch S, Glanz K, Sallis JF, Frank LD, et al. Physical and social home environ-
ment in relation to children’s overall and home-based physical activity and sedentary time. Prev Med
(Baltim). 2014; 66:39—44. https://doi.org/10.1016/j.ypmed.2014.05.019 PMID: 24887496

Biddle SJH, Ciaccioni S, Thomas G, Vergeer |. Physical activity and mental health in children and ado-
lescents: an updated review of reviews and an analysis of causality. Psychol Sport Exerc. 2019;
42:146-55. https://doi.org/10.1016/j.psychsport.2018.08.011

Garcia-Hermoso A, Ezzatvar Y, Ramirez-Vélez R, Olloquequi J, Izquierdo M. Is device-measured vig-

orous physical activity associated with health-related outcomes in children and adolescents? a system-
atic review and meta-analysis. J Sport Heal Sci. 2021; 10:296—-307. https://doi.org/10.1016/j.jshs.2020.
12.001 PMID: 33285309

GoNoodle. Workout 2023. Available from: https://www.gonoodle.com/tags/xX0LZX/workout (accessed
August 1, 2022).

Join Us: Move Play. JU:MP @Home 2023. Available from: https://joinusmoveplay.org/campaigns/jump-
home-2/ (accessed August 28, 2022).

The Body Coach. PE with Joe 2023. Available from: https://www.thebodycoach.com/blog/pe-with-joe
(accessed August 23, 2022).

Kracht CL, Staiano AE. Thinking inside the box: the future of young children’s physical activity and the
home environment. Soc Sci Med. 2022; 301:114930. https://doi.org/10.1016/j.socscimed.2022.114930
PMID: 35344777

Sheldrick MPR, Swindell NJ, Richards AB, Fairclough SJ, Stratton G. Homes became the “everything

space” during covid-19: impact of changes to the home environment on children’s physical activity and
sitting. Int J Behav Nutr Phys Act. 2022; 19:1—15. https://doi.org/10.1186/s12966-022-01346-5 PMID:

36271402

Neville RD, Lakes KD, Hopkins WG, Tarantino G, Draper CE, Beck R, et al. Global changes in child and
adolescent physical activity during the covid-19 pandemic. JAMA Pediatr. 2022; 176:886—94. https://
doi.org/10.1001/jamapediatrics.2022.2313 PMID: 35816330

Sallis JF, Adlakha D, Oyeyemi A, Salvo D. An international physical activity and public health research
agenda to inform coronavirus disease-19 policies and practices. J Sport Heal Sci. 2020; 9:328—-34.
https://doi.org/10.1016/j.jshs.2020.05.005 PMID: 32450160

Oliver BE, Nesbit RJ, Mccloy R, Harvey K, Dodd HF. Parent perceived barriers and facilitators of chil-
dren’s adventurous play in britain: a framework analysis. BMC Public Health. 2022:1-17. https://doi.org/
10.1186/s12889-022-13019-w PMID: 35365107

Office for National Statistics. One in eight british households has no garden 2020. Available from:
https://www.ons.gov.uk/economy/environmentalaccounts/articles/
oneineightbritishhouseholdshasnogarden/2020-05-14 (accessed July 10, 2021).

Azzarito L, Hill J. Girls looking for a “second home”: bodies, difference and places of inclusion. Phys
Educ Sport Pedagog. 2013; 18:351-75. https://doi.org/10.1080/17408989.2012.666792

Stride A, Flintoff A, Scraton S. ‘Homing in’ on south asian, muslim girls’ and their stories of physical
activity. Curric Stud Heal Phys Educ. 2018; 9:1-17. https://doi.org/10.1080/25742981.2018.1478673

Mannocci A, D’egidio V, Backhaus |, Federici A, Sinopoli A, Varela AR, et al. Are there effective inter-
ventions to increase physical activity in children and young people? An umbrella review. Int J Environ
Res Public Health. 2020; 17:1—11. https://doi.org/10.3390/ijerph17103528 PMID: 32443505

Metcalf B, Henley W, Wilkin T. Effectiveness of intervention on physical activity of children: systematic
review and meta-analysis of controlled trials with objectively measured outcomes (earlybird 54). BMJ.
2012; 345:1—11. https://doi.org/10.1136/bmj.e5888 PMID: 23044984

Johnstone A, Hughes AR, Martin A, Reilly JJ. Utilising active play interventions to promote physical
activity and improve fundamental movement skills in children: a systematic review and meta-analysis.
BMC Public Health. 2018; 18:789. https://doi.org/10.1186/s12889-018-5687-z PMID: 29940923

Maitland C, Stratton G, Foster S, Braham R, Rosenberg M. A place for play? the influence of the home
physical environment on children’s physical activity and sedentary behaviour. Int J Behav Nutr Phys
Act. 2013; 10:99. https://doi.org/10.1186/1479-5868-10-99 PMID: 23958282

Kaushal N, Rhodes RE. The home physical environment and its relationship with physical activity and
sedentary behavior: a systematic review. Prev Med. 2014; 67:221-37. https://doi.org/10.1016/j.ypmed.
2014.07.026 PMID: 25084562

PLOS ONE | https://doi.org/10.1371/journal.pone.0289831 August 9, 2023 21/24


https://doi.org/10.1123/pes.25.3.468
https://doi.org/10.1123/pes.25.3.468
http://www.ncbi.nlm.nih.gov/pubmed/23877357
https://doi.org/10.1016/j.ypmed.2014.05.019
http://www.ncbi.nlm.nih.gov/pubmed/24887496
https://doi.org/10.1016/j.psychsport.2018.08.011
https://doi.org/10.1016/j.jshs.2020.12.001
https://doi.org/10.1016/j.jshs.2020.12.001
http://www.ncbi.nlm.nih.gov/pubmed/33285309
https://www.gonoodle.com/tags/xX0LZX/workout
https://joinusmoveplay.org/campaigns/jump-home-2/
https://joinusmoveplay.org/campaigns/jump-home-2/
https://www.thebodycoach.com/blog/pe-with-joe
https://doi.org/10.1016/j.socscimed.2022.114930
http://www.ncbi.nlm.nih.gov/pubmed/35344777
https://doi.org/10.1186/s12966-022-01346-5
http://www.ncbi.nlm.nih.gov/pubmed/36271402
https://doi.org/10.1001/jamapediatrics.2022.2313
https://doi.org/10.1001/jamapediatrics.2022.2313
http://www.ncbi.nlm.nih.gov/pubmed/35816330
https://doi.org/10.1016/j.jshs.2020.05.005
http://www.ncbi.nlm.nih.gov/pubmed/32450160
https://doi.org/10.1186/s12889-022-13019-w
https://doi.org/10.1186/s12889-022-13019-w
http://www.ncbi.nlm.nih.gov/pubmed/35365107
https://www.ons.gov.uk/economy/environmentalaccounts/articles/oneineightbritishhouseholdshasnogarden/2020-05-14
https://www.ons.gov.uk/economy/environmentalaccounts/articles/oneineightbritishhouseholdshasnogarden/2020-05-14
https://doi.org/10.1080/17408989.2012.666792
https://doi.org/10.1080/25742981.2018.1478673
https://doi.org/10.3390/ijerph17103528
http://www.ncbi.nlm.nih.gov/pubmed/32443505
https://doi.org/10.1136/bmj.e5888
http://www.ncbi.nlm.nih.gov/pubmed/23044984
https://doi.org/10.1186/s12889-018-5687-z
http://www.ncbi.nlm.nih.gov/pubmed/29940923
https://doi.org/10.1186/1479-5868-10-99
http://www.ncbi.nlm.nih.gov/pubmed/23958282
https://doi.org/10.1016/j.ypmed.2014.07.026
https://doi.org/10.1016/j.ypmed.2014.07.026
http://www.ncbi.nlm.nih.gov/pubmed/25084562
https://doi.org/10.1371/journal.pone.0289831

PLOS ONE

Efficacy of home-based physical activity interventions

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ni Mhurchu C, Maddison R, Jiang Y, Jull A, Prapavessis H, Rodgers A. Couch potatoes to jumping
beans: a pilot study of the effect of active video games on physical activity in children. Int J Behav Nutr
Phys Act. 2008; 5:1-5. https://doi.org/10.1186/1479-5868-5-8

Mark RS, Rhodes RE. Testing the effectiveness of exercise videogame bikes among families in the
home-setting: a pilot study. J Phys Act Heal. 2013; 10:211-21. https://doi.org/10.1123/jpah.10.2.211
PMID: 22820629

Michie S, Abraham C, Eccles MP, Francis JJ, Hardeman W, Johnston M. Strengthening evaluation and
implementation by specifying components of behaviour change interventions: a study protocol. Imple-
ment Sci. 2011; 6:1-8. https://doi.org/10.1186/1748-5908-6-10 PMID: 21299860

Michie S, Richardson MS, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change
technique taxonomy (v1) of 93 hierarchically clustered techniques: building an international consensus
for the reporting of behavior change interventions. Ann Behav Med. 2013; 46:81-95. https://doi.org/10.
1007/s12160-013-9486-6 PMID: 23512568

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020
statement: an updated guideline for reporting systematic reviews. BMJ. 2021; 372:n71. https://doi.org/
10.1136/bmj.n71 PMID: 33782057

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JPA, et al. The prisma statement
for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions:
explanation and elaboration. PLoS Med. 2009; 6: e1000100. https://doi.org/10.1371/journal.pmed.
1000100 PMID: 19621070

Thomas BH, Ciliska D, Dobbins M, Micucci S. A process for systematically reviewing the literature: pro-
viding the research evidence for public health nursing interventions. Worldviews Evidence-Based Nurs.
2004; 1:176-84. https://doi.org/10.1111/].1524-475X.2004.04006.x PMID: 17163895

Duncan S, McPhee JC, Schluter PJ, Zinn C, Smith R, Schofield G. Efficacy of a compulsory homework
programme for increasing physical activity and healthy eating in children: the healthy homework pilot
study. Int J Behav Nutr Phys Act. 2011; 8:1-10. https://doi.org/10.1186/1479-5868-8-127 PMID:
22085440

Okely AD, Stanley RM, Jones RA, Cliff DP, Trost SG, Berthelsen D, et al. “Jump start” childcare-based
intervention to promote physical activity in pre-schoolers: six-month findings from a cluster randomised
trial. Int J Behav Nutr Phys Act. 2020;17. https://doi.org/10.1186/s12966-020-0910-6 PMID: 31948454

Pearce K, Dolliman J. Healthy for life pilot study: a multicomponent school and home based physical
activity intervention for disadvantaged children. Int J Environ Res Public Health. 2019; 16:1-19. https:/
doi.org/10.3390/ijerph 16162935 PMID: 31443294

Smith LH, Petosa RL, Courtney Sexton M. Evaluating the effectiveness of ‘mentoring to be active’ for
rural Appalachian middle school youth on physical activity and dietary sugar consumption during ‘out of
school’ time. Mentor Tutoring Partnersh Learn. 2022; 30:24—37. https://doi.org/10.1080/13611267.
2022.2030184

Tuominen PAP, Raitanen J, Husu P, Kujala UM. The effect of music mat exercises on the device-mea-
sured sedentary time and physical activity among 4-6-year-old Finnish children and their parents: a pilot
study. Music Med. 2021; 13:57—-67.

Maddison R, Foley L, Ni Mhurchu C, Jiang Y, Jull A, Prapavessis H, et al. Effects of active video games
on body composition: a randomized controlled trial. Am J Clin Nutr. 2011; 94:156—63. https://doi.org/10.
3945/ajcn.110.009142 PMID: 21562081

Graves LEF, Ridgers ND, Atkinson G, Stratton G. The effect of active video gaming on children’s physi-
cal activity, behavior preferences and body composition. Pediatr Exerc Sci. 2010; 22:535-46. https:/
doi.org/10.1123/pes.22.4.535 PMID: 21242603

Baranowski T, Abdelsamad D, Baranowski J, O’Connor TM, Thompson D, Barnett A, et al. Impact of an
active video game on healthy children’s physical activity. Pediatrics. 2012; 129:€636—e642. https://doi.
org/10.1542/peds.2011-2050 PMID: 22371457

Howie EK, Campbell AC, Straker LM. An active video game intervention does not improve physical
activity and sedentary time of children at-risk for developmental coordination disorder: a crossover ran-
domized trial. Child Care Health Dev. 2015; 42:253-60. https://doi.org/10.1111/cch.12305 PMID:
26648488

Maddison R, Foley L, Ni Mhurchu C, Jull A, Jiang Y, Prapavessis H, et al. Feasibility, design and con-
duct of a pragmatic randomized controlled trial to reduce overweight and obesity in children: the elec-
tronic games to aid motivation to exercise (egame) study. BMC Public Health. 2009; 9:1-9. https://doi.
org/10.1186/1471-2458-9-146 PMID: 19450288

Rhodes RE, Blanchard CM, Bredin SSD, Beauchamp MR, Maddison R, Warburton DER. Stationary
cycling exergame use among inactive children in the family home: a randomized trial. J Behav Med.
2017; 40:978-88. https://doi.org/10.1007/s10865-017-9866-7 PMID: 28631101

PLOS ONE | https://doi.org/10.1371/journal.pone.0289831 August 9, 2023 22/24


https://doi.org/10.1186/1479%26%23x2013%3B5868-5-8
https://doi.org/10.1123/jpah.10.2.211
http://www.ncbi.nlm.nih.gov/pubmed/22820629
https://doi.org/10.1186/1748-5908-6-10
http://www.ncbi.nlm.nih.gov/pubmed/21299860
https://doi.org/10.1007/s12160-013-9486-6
https://doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/pubmed/23512568
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
http://www.ncbi.nlm.nih.gov/pubmed/33782057
https://doi.org/10.1371/journal.pmed.1000100
https://doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
https://doi.org/10.1111/j.1524-475X.2004.04006.x
http://www.ncbi.nlm.nih.gov/pubmed/17163895
https://doi.org/10.1186/1479-5868-8-127
http://www.ncbi.nlm.nih.gov/pubmed/22085440
https://doi.org/10.1186/s12966-020-0910-6
http://www.ncbi.nlm.nih.gov/pubmed/31948454
https://doi.org/10.3390/ijerph16162935
https://doi.org/10.3390/ijerph16162935
http://www.ncbi.nlm.nih.gov/pubmed/31443294
https://doi.org/10.1080/13611267.2022.2030184
https://doi.org/10.1080/13611267.2022.2030184
https://doi.org/10.3945/ajcn.110.009142
https://doi.org/10.3945/ajcn.110.009142
http://www.ncbi.nlm.nih.gov/pubmed/21562081
https://doi.org/10.1123/pes.22.4.535
https://doi.org/10.1123/pes.22.4.535
http://www.ncbi.nlm.nih.gov/pubmed/21242603
https://doi.org/10.1542/peds.2011-2050
https://doi.org/10.1542/peds.2011-2050
http://www.ncbi.nlm.nih.gov/pubmed/22371457
https://doi.org/10.1111/cch.12305
http://www.ncbi.nlm.nih.gov/pubmed/26648488
https://doi.org/10.1186/1471-2458-9-146
https://doi.org/10.1186/1471-2458-9-146
http://www.ncbi.nlm.nih.gov/pubmed/19450288
https://doi.org/10.1007/s10865-017-9866-7
http://www.ncbi.nlm.nih.gov/pubmed/28631101
https://doi.org/10.1371/journal.pone.0289831

PLOS ONE

Efficacy of home-based physical activity interventions

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Errickson SP, Maloney AE, Thorpe D, Giuliani C, Rosenberg AM. “Dance dance revolution” used by 7-
and 8-year-olds to boost physical activity: is coaching necessary for adherence to an exercise prescrip-
tion? Games Health J. 2012; 1:45-50. https://doi.org/10.1089/g4h.2011.0028 PMID: 26196431

Maloney AE, Carter Bethea T, Kelsey KS, Marks JT, Paez S, Rosenberg AM, et al. A pilot of a video
game (DDR) to promote physical activity and decrease sedentary screen time. Obesity. 2008;
16:2074-80. https://doi.org/10.1038/0by.2008.295 PMID: 19186332

Mitchell LE, Ziviani J, Boyd RN. A randomized controlled trial of web-based training to increase activity
in children with cerebral palsy. Dev Med Child Neurol. 2016; 58:767—-73. https://doi.org/10.1111/dmcn.
13065 PMID: 26877078

Boyd RN, Mitchell LE, James ST, Ziviani J, Sakzewski L, Smith A, et al. Move it to improve it (Mitii):
study protocol of a randomised controlled trial of a novel web-based multimodal training program for
children and adolescents with cerebral palsy. BMJ Open. 2013; 3:e002853. https://doi.org/10.1136/
bmjopen-2013-002853 PMID: 23578686

Rubin DA, Wilson KS, Dumont-Driscoll M, Rose DJ. Effectiveness of a parent-led physical activity inter-
vention in youth with obesity. Med Sci Sports Exerc. 2019; 51:805—13. https://doi.org/10.1249/MSS.
0000000000001835 PMID: 30407275

Rubin DA, Wilson KS, Wiersma LD, Weiss JW, Rose DJ. Rationale and design of active play @ home:
a parent-led physical activity program for children with and without disability. BMC Pediatr. 2014; 14:1—
11. https://doi.org/10.1186/1471-2431-14-41 PMID: 24529259

Staiano AE, Beyl RA, Guan W, Hendrick CA, Hsia DS, Newton RL. Home-based exergaming among
children with overweight and obesity: a randomized clinical trial. Pediatr Obes. 2018; 13:724-33.
https://doi.org/10.1111/ijpo.12438 PMID: 30027607

Tuominen PPA, Husu P, Raitanen J, Kujala UM, Luoto RM. The effect of a movement-to-music video
program on the objectively measured sedentary time and physical activity of preschool-aged children
and their mothers: a randomized controlled trial. PLoS One. 2017; 12:1-21. https://doi.org/10.1371/
journal.pone.0183317 PMID: 28859091

Tuominen PPA, Husu P, Raitanen J, Luoto RM. Rationale and methods for a randomized controlled
trial of a movement-to-music video program for decreasing sedentary time among mother-child pairs.
BMC Public Health. 2015; 15:1-12. https://doi.org/10.1186/s12889-015-2347-4 PMID: 26438056

Fortier MS, Sweet SN, O’Sullivan TL, Williams GC. A self-determination process model of physical
activity adoption in the context of a randomized controlled trial. Psychol Sport Exerc. 2007; 8:741-57.
https://doi.org/10.1016/j.psychsport.2006.10.006

Bandura A. Social foundations of thought and action: a social cognitive theory. Englewood Cliffs, NJ,
US: Prentice-Hall, Inc; 1986.

Rubin DA, Wilson KS, Honea KE, Castner DM, McGarrah JG, Rose DJ, et al. An evaluation of the
implementation of a parent-led, games-based physical activity intervention: the active play at home
quasi-randomized trial. Health Educ Res. 2019; 34:98—112. https://doi.org/10.1093/her/cyy035 PMID:
30346530

Bailey BW, Mclnnis K. Energy cost of exergaming: a comparison of the energy cost of 6 forms of exer-
gaming. Arch Pediatr Adolesc Med. 2011; 165:597-602. https://doi.org/10.1001/archpediatrics.2011.
15 PMID: 21383255

Graves LEF, Ridgers ND, Williams K, Stratton G, Atkinson G, Cable NT. The physiological cost and
enjoyment of wii fit in adolescents, young adults, and older adults. J Phys Act Heal. 2010; 7:393—-401.
https://doi.org/10.1123/jpah.7.3.393 PMID: 20551497

Chin A Paw MJM, Jacobs WM, Vaessen EPG, Titze S, van Mechelen W. The motivation of children to
play an active video game. J Sci Med Sport. 2008; 11:163-6. https://doi.org/10.1016/j.jsams.2007.06.
001 PMID: 17706461

Cowley ES, Foweather L, Watson PM, Belton S, Thompson A, Thijssen D, et al. What happened in ‘the
HERIizon project’?—process evaluation of a multi-arm remote physical activity intervention for adoles-
cent girls. Int J Environ Res Public Health. 2022;19. https://doi.org/10.3390/ijerph19020966 PMID:
35055786

Enright G, Allman-Farinelli M, Redfern J. Effectiveness of family-based behavior change interventions
on obesity-related behavior change in children: a realist synthesis. Int J Environ Res Public Health.
2020; 17:1-27. https://doi.org/10.3390/ijerph17114099 PMID: 32521815

Lubans DR, Foster C, Biddle SJH. A review of mediators of behavior in interventions to promote physi-
cal activity among children and adolescents. Prev Med. 2008; 47:463—70. https://doi.org/10.1016/j.
ypmed.2008.07.011 PMID: 18708086

Norozi K, Haworth R, Dempsey AA, Endres K, Altamirano-Diaz L. Are active video games effective at
eliciting moderate-intensity physical activity in children, and do they enjoy playing them? CJC Open.
2020; 2:555-62. https://doi.org/10.1016/j.cjco.2020.07.006 PMID: 33305216

PLOS ONE | https://doi.org/10.1371/journal.pone.0289831 August 9, 2023 23/24


https://doi.org/10.1089/g4h.2011.0028
http://www.ncbi.nlm.nih.gov/pubmed/26196431
https://doi.org/10.1038/oby.2008.295
http://www.ncbi.nlm.nih.gov/pubmed/19186332
https://doi.org/10.1111/dmcn.13065
https://doi.org/10.1111/dmcn.13065
http://www.ncbi.nlm.nih.gov/pubmed/26877078
https://doi.org/10.1136/bmjopen-2013-002853
https://doi.org/10.1136/bmjopen-2013-002853
http://www.ncbi.nlm.nih.gov/pubmed/23578686
https://doi.org/10.1249/MSS.0000000000001835
https://doi.org/10.1249/MSS.0000000000001835
http://www.ncbi.nlm.nih.gov/pubmed/30407275
https://doi.org/10.1186/1471-2431-14-41
http://www.ncbi.nlm.nih.gov/pubmed/24529259
https://doi.org/10.1111/ijpo.12438
http://www.ncbi.nlm.nih.gov/pubmed/30027607
https://doi.org/10.1371/journal.pone.0183317
https://doi.org/10.1371/journal.pone.0183317
http://www.ncbi.nlm.nih.gov/pubmed/28859091
https://doi.org/10.1186/s12889-015-2347-4
http://www.ncbi.nlm.nih.gov/pubmed/26438056
https://doi.org/10.1016/j.psychsport.2006.10.006
https://doi.org/10.1093/her/cyy035
http://www.ncbi.nlm.nih.gov/pubmed/30346530
https://doi.org/10.1001/archpediatrics.2011.15
https://doi.org/10.1001/archpediatrics.2011.15
http://www.ncbi.nlm.nih.gov/pubmed/21383255
https://doi.org/10.1123/jpah.7.3.393
http://www.ncbi.nlm.nih.gov/pubmed/20551497
https://doi.org/10.1016/j.jsams.2007.06.001
https://doi.org/10.1016/j.jsams.2007.06.001
http://www.ncbi.nlm.nih.gov/pubmed/17706461
https://doi.org/10.3390/ijerph19020966
http://www.ncbi.nlm.nih.gov/pubmed/35055786
https://doi.org/10.3390/ijerph17114099
http://www.ncbi.nlm.nih.gov/pubmed/32521815
https://doi.org/10.1016/j.ypmed.2008.07.011
https://doi.org/10.1016/j.ypmed.2008.07.011
http://www.ncbi.nlm.nih.gov/pubmed/18708086
https://doi.org/10.1016/j.cjco.2020.07.006
http://www.ncbi.nlm.nih.gov/pubmed/33305216
https://doi.org/10.1371/journal.pone.0289831

PLOS ONE

Efficacy of home-based physical activity interventions

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Peng W, Lin JH, Crouse J. Is playing exergames really exercising? A meta-analysis of energy expendi-
ture in active video games. Cyberpsychology, Behav Soc Netw. 2011; 14:681-8. https://doi.org/10.
1089/cyber.2010.0578 PMID: 21668370

Sousa CV, Fernandez A, Hwang J, Lu AS. The effect of narrative on physical activity via immersion dur-
ing active video game play in children: mediation analysis. J Med Internet Res. 2020; 22:1-9. https://
doi.org/10.2196/17994 PMID: 32229466

Straker LM, Fenner AA, Howie EK, Feltz DL, Gray CM, Lu AS, et al. Efficient and effective change prin-
ciples in active videogames. Games Health J. 2015; 4:43-52. https://doi.org/10.1089/g4h.2014.0077
PMID: 26181680

Maitland C, Stratton G, Foster S, Braham R, Rosenberg M. The dynamic family home: a qualitative
exploration of physical environmental influences on children’s sedentary behaviour and physical activity
within the home space. Int J Behav Nutr Phys Act. 2014; 11:157. https://doi.org/10.1186/s12966-014-
0157-1 PMID: 25540114

Hawkins J, Madden K, Fletcher A, Midgley L, Grant A, Cox G, et al. Development of a framework for the
co-production and prototyping of public health interventions. BMC Public Health. 2017; 17:1—11. https:/
doi.org/10.1186/s12889-017-4695-8 PMID: 28870192

Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting parallel
group randomised trials. BMJ. 2010; 340:698-702. https://doi.org/10.1136/BMJ.C332 PMID: 20332509

Khawaja I, Woodfield L, Collins P, Benkwitz A, Nevill A. Tracking children’s physical activity patterns
across the school year: a mixed-methods longitudinal case study. Children. 2020; 7:1—18. https://doi.
org/10.3390/children7100178 PMID: 33053815

Alberico CO, Schipperijn J, Reis RS. Use of global positioning system for physical activity research in
youth: ESPACOS Adolescentes, Brazil. Prev Med (Baltim). 2017; 103:S59-65. https://doi.org/10.1016/
j.ypmed.2016.12.026 PMID: 28024861

Schiitz N, Saner H, Botros A, Buluschek P, Urwyler P, Miiri RM, et al. Wearable based calibration of
contactless in-home motion sensors for physical activity monitoring in community-dwelling older adults.
Front Digit Heal. 2021; 2:1—11. https://doi.org/10.3389/fdgth.2020.566595 PMID: 34713038

Lyons EJ, Hatkevich C. Prevalence of behavior changing strategies in fithess video games: theory-
based content analysis. J Med Internet Res. 2013; 15:1—11. https://doi.org/10.2196/jmir.2403 PMID:
23651701

Hoffmann TC, Glasziou PP, Boutron |, Milne R, Perera R, Moher D, et al. Better reporting of interven-
tions: template for intervention description and replication (tidier) checklist and guide. BMJ. 2014;
348:1-12. https://doi.org/10.1136/bmj.g1687 PMID: 24609605

Treasury HM. Magenta book. central government guidance on evaluation. London: HM Treasury;
2020.

Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et al. A new framework for devel-
oping and evaluating complex interventions: update of medical research council guidance. BMJ. 2021;
374:1-11. https://doi.org/10.1136/bmj.n2061 PMID: 34593508

Hall J, Bingham DD, Seims A, Dogra SA, Burkhardt J, Nobles J, et al. A whole system approach to
increasing children’s physical activity in a multi-ethnic UK city: a process evaluation protocol. BMC Pub-
lic Health. 2021; 21:1-16. https://doi.org/10.1186/s12889-021-12255-w PMID: 34922508

PLOS ONE | https://doi.org/10.1371/journal.pone.0289831 August 9, 2023 24/24


https://doi.org/10.1089/cyber.2010.0578
https://doi.org/10.1089/cyber.2010.0578
http://www.ncbi.nlm.nih.gov/pubmed/21668370
https://doi.org/10.2196/17994
https://doi.org/10.2196/17994
http://www.ncbi.nlm.nih.gov/pubmed/32229466
https://doi.org/10.1089/g4h.2014.0077
http://www.ncbi.nlm.nih.gov/pubmed/26181680
https://doi.org/10.1186/s12966-014-0157-1
https://doi.org/10.1186/s12966-014-0157-1
http://www.ncbi.nlm.nih.gov/pubmed/25540114
https://doi.org/10.1186/s12889-017-4695-8
https://doi.org/10.1186/s12889-017-4695-8
http://www.ncbi.nlm.nih.gov/pubmed/28870192
https://doi.org/10.1136/BMJ.C332
http://www.ncbi.nlm.nih.gov/pubmed/20332509
https://doi.org/10.3390/children7100178
https://doi.org/10.3390/children7100178
http://www.ncbi.nlm.nih.gov/pubmed/33053815
https://doi.org/10.1016/j.ypmed.2016.12.026
https://doi.org/10.1016/j.ypmed.2016.12.026
http://www.ncbi.nlm.nih.gov/pubmed/28024861
https://doi.org/10.3389/fdgth.2020.566595
http://www.ncbi.nlm.nih.gov/pubmed/34713038
https://doi.org/10.2196/jmir.2403
http://www.ncbi.nlm.nih.gov/pubmed/23651701
https://doi.org/10.1136/bmj.g1687
http://www.ncbi.nlm.nih.gov/pubmed/24609605
https://doi.org/10.1136/bmj.n2061
http://www.ncbi.nlm.nih.gov/pubmed/34593508
https://doi.org/10.1186/s12889-021-12255-w
http://www.ncbi.nlm.nih.gov/pubmed/34922508
https://doi.org/10.1371/journal.pone.0289831

