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Context. Existing reviews of physical activity (PA) interventions designed to increase PA behavior exclusively
in children (ages 5 to 11 years) focus primarily on the efficacy (e.g., internal validity) of the interventions without
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addressing the applicability of the results in terms of generalizability and translatability (e.g., external validity).

Objective. This review used the RE-AIM (Reach, Efficacy/Effectiveness, Adoption, Implementation, Mainte-
nance) framework to measure the degree to which randomized and non-randomized PA interventions in children
report on internal and external validity factors.

Methods and results. A systematic search for controlled interventions conducted within the past 12 years iden-
tified 78 studies that met the inclusion criteria. Based on the RE-AIM criteria, most of the studies focused on ele-
ments of internal validity (e.g., sample size, intervention location and efficacy/effectiveness) with minimal
reporting of external validity indicators (e.g., representativeness of participants, start-up costs, protocol fidelity
and sustainability).

Translation Conclusions. Results of this RE-AIM review emphasize the need for future PA interventions in children to
report on real-world challenges and limitations, and to highlight considerations for translating evidence-based
results into health promotion practice.

© 2015 Elsevier Inc. All rights reserved.
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The importance of physical activity (PA) for health is evident and
well-defined (Bailey et al., 2013). The literature suggests that participa-
tion in regular PA, especially in childhood, can foster healthy human de-
velopment and equip individuals and communities with sustainable
health promotion and disease prevention practices (Boreham and
Riddoch, 2001; Kelder et al., 1994). Unfortunately, global data suggest
that the majority of school-aged children (5 to 11 years) and adoles-
cents (12 to 17 years) are not participating in the recommended daily
60 min of moderate-to-vigorous physical activity (MVPA) (Physical
Activity Guidelines Advisory Committee, 2008; Tremblay et al., 2011,
2014; WHO, 2010). Self-reported PA data from 39 countries show that
only 23% of children aged 11 years met the recommended guidelines
(Currie et al., 2012). Therefore, it is important to study the effectiveness
and efficacy of different PA interventions in order to develop appropri-
ate programmatic strategies to promote children's PA participation.

To that end, many systemic reviews and meta-analyses of PA inter-
ventions have been conducted in young people (Atkin et al.,, 2011;
Brown and Summerbell, 2009; Jago and Baranowski, 2004; Kriemler
et al., 2011; Lai et al, 2014; Lonsdale et al., 2013; Lubans et al., 2009;
Metcalf et al,, 2012; Rees et al.,, 2006; Salmon et al., 2007; Strong et al.,
2005; van Sluijs et al.,, 2011). However, most of these studies include a
broad age range for participants and have made little distinction be-
tween the intervention effects on younger (i.e., children) versus older
(i.e., adolescents) participants. Further, of the studies that reviewed PA
interventions in children exclusively (Biddle et al., 2014; Kellou et al.,
2014; Norris et al.,, 2015; Salmon et al., 2009) or separately from other
age groups (Timperio et al., 2004; van Sluijs et al., 2007), all primarily fo-
cused on the efficacy/effectiveness (i.e., internal validity) of the inter-
ventions by attempting to provide evidence of a causal relationship
between intervention strategies and increased PA levels. In so doing,
the generalizability and translatability (i.e., external validity) of the re-
sults have not been addressed in this population, thereby underscoring
the need for research that focuses on the translation of health behavior
interventions into practice (Loef and Walach, 2015).

In response to this research—practice gap, Glasgow et al. (1999,
2004) designed the five-dimension RE-AIM (Reach, Efficacy/Effective-
ness, Adoption, Implementation, Maintenance) evaluation framework.
The RE-AIM model expands assessments of interventions beyond
efficacy/effectiveness, which addresses the impact of an intervention on
important outcomes when tested under optimum conditions (efficacy)
or in real-world settings by individuals who are not part of the research
team (effectiveness) (Flay, 1986; Glasgow et al., 2003). Reach and
Adoption dimensions address the generalizability of an intervention by
respectively considering: (i) the extent to which a sample of partici-
pants reflects the entirety of the potentially eligible population; and,
(ii) the potential influences of the intervention's site characteristics on
the intervention's delivery (Glasgow et al., 1999, 2004). Translatability
of an intervention into an applied setting is addressed via the Implemen-
tation and Maintenance dimensions, which jointly consider the extent
and fidelity of the intervention, and the costs associated with its deliv-
ery and institutionalization (Glasgow et al., 1999, 2004). Collectively,
the RE-AIM dimensions form a model that considers the population
health impact of an intervention by balancing the emphasis on internal
and external validity.

The RE-AIM framework has been successfully applied to a number of
health behavior interventions (e.g., obesity prevention) (Duffy et al.,

onstrated utility in guiding literature reviews focused on assessing the
internal and external validity of health promotion intervention research
(Akers et al., 2010; Allen et al., 2011; Bellicha et al., 2015; Dzewaltowski
et al., 2004; Klesges et al., 2008). More specifically, the RE-AIM frame-
work has been used to guide PA interventions in children (De Meij
et al,, 2010; Dunton et al., 2009; Janssen et al.,, 2013; Nigg et al., 2012),
adolescents (Jenkinson et al., 2012) and adults (Caperchione et al.,
2015; DerAnanian et al., 2012), and to evaluate reviews of PA interven-
tions in adolescents (McGoey et al., 2015) and/or adults (Antikainen
and Ellis, 2011; Bellicha et al., 2015; Blackman et al., 2013; White
et al,, 2009). However, there has yet to be a review of PA interventions
in children conducted using the RE-AIM framework. Therefore, the
purpose of this article is to present the findings of a RE-AIM review
in order to address the following research question: to what extent
are randomized and non-randomized PA interventions in children
reporting internal and external validity measures. The findings reported
herein complement those reported in a previous review (McGoey et al.,
2015), which focused on PA interventions in adolescents and similarly
assessed their generalizability across settings and populations, and con-
sidered variables that may have moderated the interventions' efficacy/
effectiveness, such as cost and implementation fidelity (Glasgow et al.,
2003, 2004).

Method
Database search and study inclusion

Five electronic databases (PubMed, Nursing and Allied Health Literature,
SPORTDiscus, PsycINFO, and Educational Resources Information Center) were
searched for articles written in English and published in peer-reviewed journals
from January 2003 to January 2015 (see Appendix A for search terms). After re-
moval of duplicate citations and screening of abstracts, 692 full-text articles
were assessed. To be eligible: studies had to include a direct comparison be-
tween intervention and control/comparison groups, which could be formed
by random assignment (experimental) or included in the study as intact units
(quasi-experimental); participants had to be 5 to 11 years old (defined as the
age range for children in the Canadian Physical Activity Guidelines; Tremblay
etal,, 2011) and not selected on the basis of having a health problem; and, out-
comes had to include a measure of PA participation and/or psychosocial status
related to PA behavior change. All intervention settings, strategies, and types
of assessment were eligible for inclusion. The final review included 104 articles
representing 78 unique interventions (see Fig. 1).

RE-AIM coding and scoring

Two members of the research team independently coded all eligible
articles based on the presence (1) or absence (0) of components for each
RE-AIM dimension (defined in Table 1). Initial percent agreement was
89.8%, and all discrepancies were resolved by discussion. Following resolution,
frequency counts and percentages were recorded for each RE-AIM component,
and means were calculated for each RE-AIM indicator using Microsoft Excel
2007.

Results

The characteristics of the reviewed interventions and measured
outcomes are summarized in Table 2 and Appendix B.
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Non-duplicated items identified
by search (n = 1345)

Removed based on title/abstract
(n =653)

Potentially relevant papers for full
paper review (n = 692)

Papers included (n = 104)

Full paper removed (n = 588) due to following reasons:

Study Design (n =275)

Study Population was clinical (n = 62)

Study Population was < 5 years or > 11 years (n = 169)
Study Population was chosen based on BMI (n = 58)
Measured outcomes limited to weight loss (n =8)

Measured outcomes limited to physical finess (n=12)
Measured outcomes limited to academic achievement (n = 3)

Measured outcomes limited to smoking cessation (n=1)

!

Merging of papers: separate publications
reporting on the same intervention were
treated as one (n = 78)

Fig. 1. Selection of physical activity interventions for RE-AIM review.

RE-AIM dimensions and their components

Table 1 summarizes the number and percent of studies reporting on
each of the RE-AIM components. The average comprehensiveness of
reporting score was 14.2 (ranged from 9 to 20) out of a possible 27 com-
ponents. The majority of the studies (80.8%) reported on approximately
50% (11 to 17) of the RE-AIM components. Of the remaining studies, five
reported on only 35% (9 or 10) and ten reported on more than 65%
(18 to 20) of the RE-AIM components.

Reach

Baseline sample sizes ranged from 18 to 2258 (median 319.5)
participants. In the cluster RCTs, the number of clusters ranged
from 2 to 69 (median 15). All studies reported the age (range = 5
to 11 years) and sex of the participants; most included a racial/ethnic
distribution and measures of socioeconomic status (SES) and anthropom-
etry (e.g., weight, height); and some reported characteristics such as
language literacy and geographical residence (e.g., urban versus rural).
Some of the interventions (38.5%) targeted specific sub-populations
(see Table 2) and most were conducted in North America (53.8%) or
Western Europe (25.6%).

When reported, participation rate was between 4.3% and 100%
(median 76.7%) at the student level and between 12% and 100%
(median 44.5%) at the school level. The eight studies that reported
on the representativeness of the recruited participants compared
with the non-participants found no differences (Cradock et al., 2014;
Gortmaker et al., 2012; Grydeland et al., 2013), that participating
students were more likely to have been already active (Jurg et al.,
2006), or that non-participating schools had lower (Gabriel et al.,
2011) or higher (Janssen et al., 2013) enrolment, or were already in-
volved in community-based health initiatives (Rowland et al., 2003).
The seventh study (McNeil et al., 2009) was denied access to the non-
participant data and was therefore unable to make comparisons.

Efficacy/effectiveness

All reviewed articles included measures of PA participation
(52.6%), PA-related psychosocial outcomes (1.3%), or both (42.3%)
(see Table 2). PA outcomes (reported most frequently as time en-
gaged in overall PA) were measured in 77 studies, 53 of which
reported statistically significant improvements in PA behavior com-
pared with controls. Psychosocial outcomes were measured in 34
of the studies (54.3% were theory- and 28.1% were non-theory-
based), 18 of which reported statistically significant improvements.
Of the studies that specified an intervention focus, 33 and 12 were
identified as effectiveness and efficacy trials, respectively. The re-
maining 33 were coded as effectiveness trials (n = 23) if they were
implemented by regular staff and relied on existing resources and/or
procedures, or as efficacy trials (n = 10) if they were implemented by
the research staff (Glasgow et al., 2003). The percentage of studies
that assessed PA with objective measures (e.g., accelerometers, pedom-
eters, telemeters) alone (40.3%) or in combination with observation or
self-report measures (9.1%) was roughly equal to the percentage of
studies that assessed PA solely by observation and/or self-/parental-
report (50.6%).

Sub-analyses of PA outcomes indicated that study design did
not appear to influence results, with 62.5%, 66.7%, and 73.3% of
the randomized controlled trials (RCT), cluster RCT, and non-
randomized trials reporting significant findings, respectively. Simi-
larly, the percentages of studies reporting significant findings were
comparable for effectiveness (70.9%) and efficacy (63.6%) trials, as
well as for studies that did (72.4%) and did not (66.7%) target sub-
populations. However, the PA measure used, as well as the inter-
vention setting and strategy did appear to influence measured out-
comes. Of the interventions that used objective measures (alone or
in combination with self-report or observation), 78.9% reported
significant differences in PA levels between experimental and control
groups, compared with 59% of those that relied solely on observation
and/or self-/parental-report.
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Table 1
Proportion of physical activity interventions reporting RE-AIM dimensions and components
(n = 78 interventions).

Dimension Number Percent
Component® reporting reporting?
Reach
Method to identify target population 73 93.6
Inclusion criteria 78 100.0
Exclusion criteria 24 30.8
Sample size 78 100.0
Participation rate 58 744
Characteristics of participants 78 100.0
Characteristics of non-participants 8 103
Efficacy/effectiveness
Measures and results 78 100.0
Intent-to-treat analysis utilized 19 244
Presence of psychosocial measures” 37 474
Participant attrition 62 79.5
Baseline activity reported” 64 82.0
Theory-based"” 46 59.0
Adoption
Description of intervention location® 77 98.7
Description of staff delivering intervention® 76 97.4
Methods used to identify staff 8 10.3
Level of expertise of staff 58 744
Inclusion/exclusion criteria for setting and staff 0 0.0
Adoption rate 1 13
Characteristics of adoption/non-adoption 1 13
Start-up costs 12 154
Implementation
Type, frequency, intensity of intervention 78 100.0
Extent to which protocol was delivered 47 60.3
Cost of delivery 15 19.2
Maintenance
Assessed outcomes > 6 months post-intervention 10 12.8
Current status of program/policy 17 21.8
Cost of maintenance® 5 6.4

2 Components were derived from a reliable extraction tool (Akers et al., 2010;
Dzewaltowski et al., 2004; Estabrooks et al., 2002; Glasgow et al., 2004) that was developed
based on the RE-AIM framework, unless otherwise indicated.

b Components were included to ensure relevancy with the behavior (PA) and population
(children) under review.

¢ Components were informed by other RE-AIM reviews of health behavior interventions
(Allen et al., 2011; Blackman et al.,, 2013).

4 Based on a denominator of 78 interventions.

Considering intervention setting, school-based studies (n = 62)
were the most successful, with 69.3% of the studies reporting significant
positive PA outcomes. Of these, the extra-curricular interventions deliv-
ered after-school and/or during recess (n = 17) were most promising,
with 82.3% of the studies showing significant differences between inter-
vention and control groups. The school-based interventions that includ-
ed policy strategies and/or community and family linkages (multi-level)
(n = 27) and those that were curriculum-based (n = 18) were also rel-
atively successful, with 63% and 66.7% of the studies, respectively,
reporting significant results. For the interventions that were performed
in a community- and/or family-based setting (n = 15), 66.7% reported
statistically significant differences in PA outcomes. Examining interven-
tion strategy, of the school-based interventions that included play-
ground markings, 83.3% reported significant findings. Across setting
types, the use of computer-based implementation tools (n = 3) was
unanimously effective, with one delivered as curricular interactive
animated lessons (Goran and Reynolds, 2005) and two delivered in the
form of exergaming during recess (Gao and Xiang, 2014) or at home
(Mark and Rhodes, 2013).

Slightly more than half of the interventions (59%) were theory-
based, most of which applied one or more of the following theories:
social cognitive theory (SCT) (Bandura, 1998), the theory of planned
behavior (TPB) (Ajzen, 1991), and social-ecological models (SEM)
(McLeroy et al., 1988; Stokols, 1992). The SCT was the most frequently

referenced theory and was applied either alone (n = 15) or in combina-
tion with another theory (n = 13). The TPB and a SEM each singularly
informed four studies, and were combined with each other in one
study, and with the SCT in one and four studies, respectively. Of the
46 theory-based studies, 69.6% reported significant findings in mea-
sured PA and/or psychosocial outcomes, compared with 68.7% of the
32 non-theory-based studies. Studies that combined theories (n =
15) did not appear to be more or less successful than those using
only one (n = 31), with 66.7% and 71% reporting significant findings,
respectively. Of the studies that used the TPB or SCT (alone and in
combination with other theories), 71.4% and 67.9% reported significant
outcomes, respectively. Comparatively, 88.9% of the studies using a SEM
(alone and in combination with other theories) reported significant
outcomes.

Attrition data were provided in 79.5% of the studies, with a median at-
trition rate of 14%. Reasons for attrition included participant absence or
re-location and improper use of the assessment tool (e.g., pedometer
malfunction). Some of the highest attrition rates (>35%) occurred
when the intervention was delivered in a community or family setting,
while all of the lowest attrition rates (< 5%) occurred in school-based
interventions.

Adoption

At the setting level, all of the studies specified the location of the
study site, except for one (Chen et al., 2010), which simply identified
as family-based. The percentage and representativeness of the settings
that adopted the intervention program were reported in one study
(Janssen et al., 2013), which cited a 90% adoption rate, and specified
that the decision to adopt was discussed with teachers first, rather
than made top-down by administration. No studies included informa-
tion on why the locations were selected.

At the staff level, all but two of the studies described the
intervention's delivery agent, which included on-site staff
(e.g., teachers) (60.5%), the research staff (10.5%), experts or trained
staff (e.g., fitness specialist) (10.5%), or a combination thereof (18.5%).
The studies that did not specify a delivery agent examined the effects
of the school play environment on student PA levels (Loucaides et al.,
2009; Wood et al., 2014). When specified, the level of expertise of the
staff was pre-existing (n = 8), and/or was augmented through the pro-
vision of intervention-specific training, support and/or resources (n =
55). When reported, start-up costs were associated with assessment
tools, delivery agents (training of/salary for), and equipment acquisi-
tion. Two interventions (Erwin et al., 2011; Grydeland et al., 2013)
were reportedly designed to not require any additional resources relat-
ing to facilities, space or equipment.

Implementation

All studies described the intervention and documented its duration,
which ranged from a single session (n = 3) to one or more (max = 6)
school years (n = 36). Fidelity of implementation was reported in 60.3%
of the studies, 17 of which included process evaluations, and was either
considered a non-issue (i.e., protocol was deliberately flexible) (n = 2),
or was influenced by staff adherence to protocol (n = 16) or training
(n = 2), student attendance/participation (n = 7), scheduling or tech-
nical barriers (e.g., equipment malfunction) (n = 3), and differences in
implementation across study sites (n = 1). Implementation cost data
were collected in four studies, and were either not reported (Cradock
et al,, 2014; Kipping et al., 2014), or were itemized as participant remu-
neration (Chen et al., 2010) and required resources (Erwin et al., 2011).
Four studies indicated that they received funding for implementation
(Coleman et al.,, 2005; Janssen et al., 2013; Kelder et al., 2005; Stratton
and Mullan, 2005), and seven were designed to be either low-cost
(Chin and Ludwig, 2013; Gortmaker et al., 2012; Harrison et al., 2006;
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Table 2
Intervention characteristics of studies reviewed.

Intervention (+ companion publications)® Int. setting + strategy” Int. length (weeks)¢ Int.focus PA measure Targeted sub-population Sig. outcomes®

PA® ps’
Cluster randomized controlled trials (51.3% of studies)
Angelopoulos et al. (2009)*! b3 48 Effect' S-R Low SES Yes NM
Butcher et al. (2007) Il 1 Effect? Ped No Yes NM
Caballero et al. (1998)%? P2 96 Effect! S-R Rural A. Indian communities ~ Yes®! Yes
Christodoulos et al. (2006) 11 32 Effect? S-R No Yes Yes
Efrat (2013) 1l 6 Effic? Acc No No NM
Fairclough et al. (2013) b3 20 Effect? Acc Low SES Yes NM
French et al. (2005) Vb3 104 Effic? S-R Qs No NM
Gentile et al. (2009) -3 32 Effect? Ped No No NM
Goran and Reynolds (2005) P2 8 Effic! Acc No Yes®? Yes
Grydeland et al. (2013)*3 P 80 Effect? Acc No Yes Yes
Hands et al. (2011) \Y 24 Effic? P-R No Yes*? NM
Horne et al. (2009) I 14 Effic! Ped No Yes NM
Huberty et al. (2014)4 1> 32 Effect! Acc, PAO No Yes®> NM
Kain et al. (2014) 116 48 Effect! Ped No No™ NM
Keihner et al. (2011) b3 8 Effect? N/A Low SES NM Yes
Kipping et al. (2014)*° 11 32 Effect! Acc No No NM
Kiran and Knights (2010) I 12 Effect! S-R No No No
Levy et al. (2012) 11 24 Effect’ S-R No No Yes
Loucaides et al. (2009) 1> 4 Effect! Ped No Yes NM
Magnusson et al. (2011) b3 64 Effect? Acc No Yes34 NM
Mahar et al. (2006) I 12 Effect! Ped No Yes NM
McNeil et al. (2009) i1l 44 Effect’ S-R Low SES Yes No
Meyer et al. (2014)%¢ I 32 Effect! Acc No Yes No
Michaud et al. (2012) I 12 Effect’ S-R No Yes NM
Muth et al. (2008) b3 12 Effect’ S-R Rural area No No
Naylor et al. (2008)*7 1 44 Effect? S-R, Ped No Yes* 18 NM
Olvera et al. (2010)* Vb3 12 Effic' Acc Qs (Latina) No NM
Pangrazi et al. (2003) I 12 Effect’ Ped No Yes*? NM
Rosenkranz et al. (2010) IV + Vo3 16 Effect! S-R, Acc Qs Yes®® NM
Rowland et al. (2003) I 32 Effic? P-R No No NM
Salmon et al. (2005)*° I 36 Effect’ Acc Low SES Yes Yes
Salmon et al. (2011) I 7 Effect! S-R Low SES No No
Spiegel and Foulk (2006) 11 24 Effect! S-R No No NR
Trost et al. (2009) \% 4 Effic! Ped No Yes No
Verstraete et al. (2007a)*'° il 64 Effect? S-R, PAO No Yes™ No
Verstraete et al. (2006) Il 12 Effic Acc No Yes NM
Wen et al. (2008) 11 64 Effect! S-R, P-R No Yes*® NM
Williamson et al. (2007) -3 64 Effic! S-R No No® No¢
Wilson et al. (2011) I 17 Effic! Acc Low SES Yes*4 Yes*4
Yildirim et al. (2013) P! 72 Effect? Acc No Yes4 Yes*2#
Non-randomized trials with a comparison group (38.5% of studies)
Barr-Anderson et al. (2012) P2 6 Effect? S-R Low SES Yes°? NM
Boyle-Holmes et al. (2010) I 64 Effect? S-R No Yes°? Yes
Chin and Ludwig (2013) Il 12 Effect? PAO No Yes NM
Coleman et al. (2005) P2 96 Effect? PAO Low SES Yes NM
Cradock et al. (2014) I 12 Effect? Acc No Yes NM
Digelidis et al. (2003) I 32 Effect? S-R No No Yes
Erwin et al. (2011) I 32 Effect? Ped No Yes NM
Farley et al. (2007) v 104 Effect? PAO Low SES Yes NM
Gabriel et al. (2011) Il 12 Effic? S-R Qs Yes Yes
Gao and Xiang (2014) 1>2 36 Effic? S-R Low SES Yes NM
Gorely et al. (2009) 11 40 Effect? Ped No Yes°® No
Gortmaker et al. (2012) Vb3 24 Effect’ Acc No Yes NM
Harrison et al. (2006) I 16 Effic! S-R Low SES Yes Yes
Herbert et al. (2013) b3 12 Effect! S-R No No NM
Herrick et al. (2012) Il 20 Effect! S-R, Acc Low SES No Yes
Janssen et al. (2011)*!! 1l 32 Effect’ PAO Low SES Yes NM
Jordan et al. (2008) 23 32 Effect! S-R No No NR
Jurg et al. (2006)*!2 I 32 Effect! S-R Low SES Yes®? Yes
Kafatos et al. (2007)*'3 P 192 Effect’ S-R Rural Yes NM
Kelder et al. (2005) Vb3 20 Effect! PAO No Yes No
Kelly et al. (2012) 1> 6 Effect! PAO, Acc Low SES No NM
Pate et al. (2003) I 72 Effect! S-R Rural, low SES No No
Puma et al. (2013) >3 64 Effect! SR Rural No No
Ridgers et al. (2007) 1> <1 Effect’ Acc Low SES Yes NM
Sharpe et al. (2011) 1\% 32 Effect? PAO No No NM
Stratton and Mullan (2005) 1> <1 Effect? Tel Low SES Yes NM
Taylor et al. (2007)*'4 11 64 Effect’ S-R, Acc No Yes45 NM
van Beurden et al. (2003) I 32 Effect? PAO No Yes NM
Wilson et al. (2005) 11 4 Effic? Acc Low SES Yes Yes
Wood et al. (2014) 1l 2 Effect? Acc No Yes No

Randomized controlled trials (10.2% of studies)
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Table 2 (continued)

Intervention (+ companion publications)? Int. setting + strategy” Int. length (weeks)® Int.focus PA measure Targeted sub-population Sig. outcomes

PA° ps’
Armitage and Sprigg (2010) Il <1 Effic? S-R Low SES Yes Yes
Chen et al. (2010) Vb3 8 Effic! Ped Chinese A. Yes Yes
Hovell et al. (2009) Vb3 8 Effic? S-R No No NM
Mark and Rhodes (2013) Vb2 6 Effect! S-R No Yes NM
Morgan et al. (2011) Vb3 12 Effic! Ped No Yes NM
Morrison et al. (2013) \% 10 Effic! S-R, Acc No No No
Roemmich et al. (2004) \Y, 6 Effic! Acc No Yes NM
Warren et al. (2003) b3 32 Effic! S-R No No NM

Int. intervention, PA: physical activity, PS: psychosocial, PE: physical education, Sig: statistically significant, NM: not measured/not compared with a control or comparison group,
NR: not reported, PAO: physical activity observation, S-R: self-report, Acc: accelerometer, Ped: pedometer, Tel: telemeter, P-R: parental-report, SES: socioeconomic status,
A: American.
Effect = effectiveness; Effic = efficacy ('specified in study; >coded by researcher).

! : school-based (curricular), II: school-based (extra-curricular), IlI: school-based (multi-level), IV: community-based, V: family-based.

B Not adequately powered to detect statistically significant differences or statistical significance not specified.

* only for: 'S-R data; %Qs; >J's; “mid-point data; *Acc data; ®sedentary children, “select age groups, *J's Ped data, °P-R data. °sub-sample measured with ('Acc) (*Ped) did not have
significant outcomes.

" sub-sample(s) measured with Acc also had significant outcomes.

2 Interventions with separate publications in which additional outcomes were measured: (' Angelopoulos et al., 2006) (*Caballero et al., 2003; Davis et al., 2003; Stevens et al., 2003; Stone
etal,, 2003; Teufel et al., 1999; Going et al., 2003; Steckler et al,, 2003) (*Bergh et al., 2012; Lien et al., 2010) (*Huberty et al., 2011) (Lawlor et al., 2011, 2013) (°Kriemler et al., 2010; Zahner
etal,, 2006) ("Naylor et al., 2006) (®Olvera et al., 2008) (°Salmon et al., 2006, 2008) ('°Verstraete et al., 2007b; Cardon et al., 2009) (''Janssen et al., 2013) (2De Meij et al., 2010, 2011)
(**Manios and Kafatos, 2006) (*Taylor et al., 2006).

b Intervention strategy (! included the use of playground markings) (%incorporated computer-based delivery) (*targeted both PA and dietary behavior).

¢ 32 weeks = 1 school year; 64 weeks = 2 school years; 96 weeks = 3 school years; 128 weeks = 4 school years, 4 weeks = 1 month.

4" Yes = primary PA and/or PS measure reported a statistically significant difference compared with a control or comparison condition.

€ PA context (with output measures) include: leisure time PA (measured via the implementation of school travel plans and percentage of students who walked to and from school, in
minutes of MVPA/day, as percentage of time spent in MVPA on the playground or during girl scout troop meeting, number of children outdoors and physically active, usage of exercise
equipment, and steps/min); overall PA participation (measured in steps/day, daily counts/min and minutes of accumulated MVPA, MPA and/or VPA, frequency of engagement in organized
sport activities, and energy expenditure in METS); recess PA levels (measured in counts/min, as percentage of students engaged in VPA, percentage of time spent in MVPA, VPA and/or LPA,

energy expenditure in METS, and steps/min); and, in-school PA levels (measured in minutes spent in bouts of VPA, counts/min, and steps/day).

f

teachers, school environment, advantage of regular PA, and individual PA levels.

Loucaides et al., 2009), or to not incur any extra costs (Grydeland et al.,
2013; Salmon et al., 2008; Verstraete et al., 2007a).

Maintenance

Most studies followed up immediately post-intervention (74.3%),
some within 6 months (16.7%), and the remaining at least 9 months
(max = 4 years) following completion of the intervention (9%).
When follow-up measures were collected immediately or between
2 weeks and 6 months post-intervention, the same percentage of
studies (69%) indicated that significant differences between experi-
mental and control conditions were maintained, compared with
only 42.8% of those that reported follow-up measures after 6 months
post-intervention. The current status of the intervention was
indicated in 17 of the studies; four of which are either works-in-
progress (Herbert et al., 2013; Yildirim et al.,, 2013) or being
followed-up with a companion study (Horne et al., 2009; Morrison
et al., 2013). Of the remaining, three have not been continued
(Kelder et al., 2005; Kiran and Knights, 2010; Meyer et al., 2014),
five were already (Cradock et al., 2014; Gabriel et al., 2011), or
have developed into (Jordan et al.,, 2008; McNeil et al., 2009;
Pangrazi et al., 2003) ongoing programs or policies, and five are
currently (as of the date of each publication) being implemented at
additional sites (Chin and Ludwig, 2013; Coleman et al., 2005;
Gortmaker et al., 2012; Jurg et al., 2006; Muth et al., 2008). The cost
of maintenance was referenced in five studies, of which one itemized
the annual total implementation costs (Cradock et al., 2014), three indi-
cated that their PA program received ongoing funding/support (Chin
and Ludwig, 2013; Janssen et al., 2013; Jurg et al., 2006), and one ac-
knowledged that the cost would make the intervention unsustainable
(Warren et al., 2003).

measured outcomes include: PA-based knowledge, self-efficacy, enjoyment, intentions, attitude, outcome expectancy, motivation, self-esteem, and perceptions of social support from

Discussion

This study used the RE-AIM framework to systematically review
the degree to which randomized and non-randomized PA interven-
tions in children report on internal and external validity factors.
The results indicate that, on average, studies reported on 52.6% of
the RE-AIM components, the majority of which are related to inter-
nal validity. A shared characteristic of the studies that reported on
more than 65% of the RE-AIM components was a recent publication
date (2013 or later), which suggests that the importance of reporting
on external validity factors is gaining recognition among researchers
in this field; however, the significance of this finding is controverted
by the concurrent finding that not all recently published studies scored
highly on RE-AIM component reporting. Further, those reviewed stud-
ies with a common purpose of replicating a PA intervention in a differ-
ent setting/with a different population (Coleman et al., 2005; Herrick
et al,, 2012; Kelder et al., 2005; Sharpe et al., 2011; Verstraete et al.,
2007a,b) were not more likely to report on RE-AIM components,
highlighting that the reporting of translation-relevant data is not neces-
sarily linked to study purpose, but rather represents a comprehensive
gap in the literature.

Reach

Reach was the most consistently reported RE-AIM dimension
across all studies, with sample size, characteristics of the partici-
pants, and inclusion criteria specified for each study. However, con-
sistent with past research in the field of PA promotion (Blackman
et al., 2013; McGoey et al., 2015; White et al., 2009), very few
studies indicated the degree to which their study samples were rep-
resentative of the larger population. Without data on the
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characteristics of the external population from which the study
samples were drawn, it is difficult to generalize the findings to pop-
ulations with different demographic, economic and/or behavioral
characteristics. For example, one of the reviewed studies that did
examine the representativeness of the study sample found that par-
ticipating children were more likely to have been already active
(Jurg et al., 2006). Although high-risk groups were targeted in a
few of the studies, the reporting of non-participant data, across all
studies, is crucial for ensuring that PA interventions for children
are designed to address the needs of subgroups that are most in
need (e.g., those at risk for obesity).

Efficacy/effectiveness

Intervention outcomes (PA and/or psychosocial) were report-
ed with unanimous consistency across studies. This was expect-
ed since it was an inclusion criterion for study selection and is
the focus of most efficacy/effectiveness studies (Flay, 1986). Al-
most half of the studies reviewed for this paper relied solely on
objective PA measures. By contrast, similar studies conducted
with adolescents were less likely to use only objective (16%)
and more likely (73%) to use only self-report PA measures
(McGoey et al., 2015). Potential reasons for the increased fre-
quency of use of objective measures in children could be related
to concerns surrounding their ability to accurately recall PA,
thus introducing limitations to the self-report measure (Cale,
1994; Sallis, 1991).

Systematic reviews have reported that the outcomes of PA inter-
ventions in children range from negligible (Timperio et al., 2004; van
Sluijs et al., 2007) to inconclusive (Norris et al., 2015) to positive
(Biddle et al., 2014; Kellou et al., 2014; Salmon et al., 2009). Results
from the present review support positive findings, with 68.8% of
the reviewed studies reporting statistically significant improve-
ments in intervention children's PA behavior compared with con-
trols. The high percentage of positive effects found across studies
may be overestimated due to (i) the use of broad inclusion criteria
for study selection; and, (ii) the degree to which attrition was considered
in follow-up analyses within the reviewed studies. The focus of this re-
view was on the quality of reporting across the RE-AIM dimensions;
therefore, leniencies in study selection were conceded in order to ensure
a broad representation of how intervention strategies are being imple-
mented with children. Comprehensive consideration of how individual
study quality may have influenced its relative statistical significance,
such as analyses of effect sizes and risks of biases (e.g., publication bias,
selection bias, reporting bias), were beyond the scope and purpose of
this paper. Regarding follow-up analyses, only 19 of the studies reported
using intent-to-treat analyses while the remaining studies either did not
specify or limited study results to those participants who were present at
follow-up, which introduces a potential bias in generalizability of the
findings.

Previous reviews conducted with children and/or youth have in-
dicated that school-based interventions that target individuals while
involving families and/or the community had a greater potential to
increase PA levels of the students (Kellou et al., 2014; McGoey
et al., 2015). Results from this review support the efficacy/effective-
ness of this intervention setting and further highlight the potential
leadership role of schools in the provision and promotion of daily
PA for young people (Pate et al., 2006). The most successful setting
in this review was after-school and/or during recess, and the use of
playground markings and computer-based implementation tools
(e.g., exergaming) were successful intervention strategies across set-
tings. Collectively, and consistent with recently published research
(Gao et al., 2015), the data reviewed herein suggest that recess and
exergaming provide more effective opportunities for children to
accumulate daily PA at school, compared with curriculum-based pro-
grams. Suggested reasons for the success of recess may be related

to time spent outdoors, which is positively associated with children's
PA (Cleland et al., 2008; Gray et al., 2015; Sallis et al., 2000; Schaefer
et al., 2014). For exergaming, data suggest that it has a strong motiva-
tional power due to the appealing effect of technology for children
(Sun, 2012); however, reviews of the relevant literature have concluded
that there is currently insufficient evidence to recommend exergaming
as a sustainable means of contributing to daily PA (Biddiss and Irwin,
2010; LeBlanc et al., 2013).

The literature proposes that theory-based PA interventions
are more successful than atheoretical approaches in both adults
(Antikainen and Ellis, 2011) and adolescents (McGoey et al.,
2015); however, the results from the present review are less con-
vincing, with theory-based and atheoretical studies being equally
successful. Comparing the results from this review with those
from McGoey et al (2015) indicates that PA interventions in chil-
dren in comparison with adolescents are less likely to be informed
by a theory (78% versus 59% for adolescents and children, respec-
tively), and are much less likely to report on psychosocial measures
(70% versus 47.4% for adolescents and children, respectively)
(McGoey et al., 2015). The latter is consistent with findings report-
ed by Sallis et al (2000), who indicated that the paucity of data
surrounding psychosocial measures in children may be a reflection
of their developing cognitive abilities, which can influence the
accuracy of self-reported measures such as those used to assess
theory-based constructs (Cale, 1994; Saunders et al., 1997;
Wallander et al., 2001).

Structuring study design on a theoretical framework has been
argued to promote an understanding of causal mechanisms
when studying complex behavior change such as regular partici-
pation in PA (Baranowski et al., 1998; Michie et al., 2009). Fur-
ther, as potential mediators of behavior change, psychosocial
variables such as self-efficacy and outcome expectancy (Brown
et al., 2013; Sallis et al., 2000) are relevant measures that could
inform how interventions are affecting PA behavior in children.
Since this type of information could be used to adapt interven-
tions to different settings and populations, it would facilitate the
dissemination of interventions and increase the likelihood of
widespread implementation. Collectively, these findings support
those of a recent systemic review of school-based PA interven-
tions in children and adolescents (Lai et al., 2014), which conclud-
ed that future research examining the effectiveness of different
theoretical constructs as mediators of change in PA levels in children
is needed.

Adoption

Descriptions of both the intervention location and the staff
delivering the intervention were well reported in the reviewed
studies; however, consistent with other RE-AIM reviews (Akers
et al., 2010; Antikainen and Ellis, 2011; Blackman et al., 2013;
Dzewaltowski et al., 2004; Klesges et al., 2008; McGoey et al.,
2015), transparency surrounding the methods used to identify settings
and staff was lacking, which makes it difficult to determine which
types of delivery agents may be suitable based on the interventions'
strategies.

Further, characteristics of intervention sites that agree to adopt the
program, as well as the costs associated with start-up, are of significant
interest to future program development. For example, some interven-
tions reported findings or design characteristics that promote translat-
ability, including no start-up costs (Erwin et al., 2011; Grydeland
et al., 2013), the use of on-site delivery agents without requiring addi-
tional training (Gorely et al., 2009; Salmon et al., 2011; Stratton and
Mullan, 2005), and effective communication among those involved in
the program's delivery (Janssen et al., 2013). Future reporting of such
findings/characteristics will add to the evidence base and ultimately
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promote adoption of PA interventions for children across a variety of
contexts.

Implementation

Intervention duration was consistently reported across studies,
with eight lasting less than 5 weeks in duration, and the remaining
equally distributed (approximately 45% in each group) between
those that were implemented for at least one school year and
those that were shorter than a school year but at least 5 weeks. Of
these three categories, the studies of shortest duration were the
most successful, with 100% of them reporting significant interven-
tion effects on PA levels compared with controls. Most of these in-
terventions were delivered either entirely (Loucaides et al., 2009;
Stratton and Mullan, 2005; Ridgers et al., 2007; Wilson et al, 2005;
Wood et al., 2014) or partially (Butcher et al., 2007) during recess
or after-school. For each of the other intervention length categories
(5 weeks to <1 school year and > 1 school year), approximately 65%
of the studies reported significant differences between groups, sug-
gesting that sustained contact does not influence behavior change
in children. These data do not support findings that sustained con-
tact over a prolonged period of time (at least 1 school year) may in-
crease the likelihood of positive behavior change (Lai et al., 2014;
McGoey et al., 2015); rather, they provide an evidence base for the
use of recess and/or after-school periods in children's PA interven-
tions of short duration (<5 weeks). In their review of PA interven-
tions targeting young girls, Biddle et al (2014) also reported that
interventions of short duration (<12 weeks) were more effective,
citing decreased motivation and increased boredom over time as
potential reasons for the finding.

Consistent with some RE-AIM evaluations of behavior change in-
terventions (McGoey et al., 2015; White et al., 2009), but in contrast
to others (Allen et al., 2011; Antikainen and Ellis, 2011; Blackman
etal.,, 2013; Klesges et al., 2008), the majority of the reviewed studies
herein reported information on the fidelity of protocol implementa-
tion. For example, RE-AIM process evaluations (De Meij et al., 2010;
Janssen et al., 2013) have been published for two of the reviewed
studies (Jurg et al., 2006; Janssen et al., 2011), and based on reported
facilitators and barriers, the researchers were able to make informed
recommendations towards improving program content and organi-
zation for future implementation. However, although they both
applied the RE-AIM framework, only one of the interventions
(Janssen et al., 2011, 2013), along with only eight of the other
reviewed studies, mentioned the cost associated with program de-
livery, making it one of the least reported components among the
RE-AIM dimensions.

Of the successful school-based studies, two (Coleman et al., 2005;
Gorely et al., 2009) reported that the protocol was deliberately flexible,
and three (Grydeland et al., 2013; Salmon et al., 2008; Verstraete et al.,
2007a) were designed to not incur any additional costs. The goal in each
study was to promote wider-spread dissemination of the intervention.
These strategies, which ease program implementation by limiting reli-
ance on external support, were also associated with many of the suc-
cessful school-based PA interventions targeting adolescents (McGoey
et al, 2015).

Maintenance

As is supported by the data herein, RE-AIM evaluations of PA inter-
ventions have consistently ranked maintenance as the least reported di-
mension (Antikainen & Ellis, 2011; Blackman et al., 2013; McGoey et al.,
2015; White et al., 2009). For the present review, 52 of the 78 studies
did not report on any of the maintenance components, making it
difficult to assess the cost of continued delivery and institutionalization
of the interventions. This paucity of data, which includes a lack of
follow-up measures, is reflective of the fact that most of the studies

did not have a goal to achieve and track maintained delivery, and
means that the reported significant differences in PA levels can only
be considered short term benefits. As is consistent with the general con-
sensus among recent reviews of PA interventions in children, studies
need to conduct long-term follow-ups beyond post-intervention to
assess behavior maintenance (Biddle et al., 2014; Kellou et al., 2014;
Norris et al., 2015).

For this review, the studies that conducted follow-up analyses
immediately or within the first 6 months post-intervention indicated
similar outcomes; however, longer-term follow-ups indicated a drop
in behavior change maintenance. These findings suggest recidivism of
positive PA behavior change in children, and suggest that accurate
measurements of maintenance should occur after 6 months post-
intervention.

Conclusions reached herein reflect the degree to which the reviewed
studies reported on specific RE-AIM components. Recognizing that edito-
rial criteria may limit the extent to which researchers report on issues of
external validity, it is possible that some of these data have been
collected, but not reported. In an effort to address this possibility, all
available publications for each intervention were included in this
review; however, a lack of reporting on an outcome cannot be equated
to a lack of measurement, and it is possible that not all publications relat-
ed to the interventions were recovered. Further, there was considerable
heterogeneity across interventions due to different PA contexts and out-
put measures (see Appendix B), which makes it difficult to develop a
comprehensive understanding of the successful elements of the PA
interventions.

Conclusion

Systematic reviews of PA interventions in children (Biddle et al.,
2014; Kellou et al., 2014; Salmon et al., 2009) have highlighted an
existing need for future interventions to evaluate indicators of external
validity (Glasgow et al., 2004), and to study mediators of behavior
change (Michie et al., 2009), thereby matching successful intervention
strategies to population, setting and other contextual characteristics.
To address this need, this review used the RE-AIM framework to expand
the assessment of PA interventions in children beyond efficacy/
effectiveness. Results of this RE-AIM review parallel those reported in
a previous review that focused on adolescents (McGoey et al., 2015)
and emphasize the need for future PA interventions in children to report
on real-world challenges and limitations. The data provide evidence
that, in children, extra-curricular school-based interventions of short
duration are successful, and that long-term follow-up measures should
be collected more than 6 months post-intervention. However, conclu-
sions drawn from reviewing evidence can only reflect the data that
are available (Rychetnik et al., 2012), and due to an underreporting of
the representativeness of participants and settings, adoption rates,
and costs associated with start-up, implementation and maintenance,
there is currently not enough information for future users to adapt pro-
grams to different populations and settings. Therefore, in order to com-
prehensively address promotion of PA in children, the relevance of
research findings needs to be increased and expanded to include
these elements of external validity.
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Appendix A. Search terms

For each database, the following search terms were used: (physical
activity OR fitness OR exercise OR physical education OR sport OR run-
ning) AND (random OR controlled OR trial OR clinical OR intervention)
AND (programs OR strategy OR initiative OR promotion OR curriculum)
AND (effectiveness OR sustainability OR feasibility OR implementation)
AND (child OR youth OR juvenile OR boy OR girl).
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Appendix B. Intervention characteristics: PA output measures and their context

PA output measure

Context of measured PA

Overall (e.g., weekdays and weekends)
n=39
(61.5% reported significant outcomes)

In-school
n=9
(88.9% reported significant findings)

Class-based only Recess only

Leisure Time

(e.g., after-school)

n=17

(64.7% reported significant outcomes)

n=4 n=3_§8
(75% reported (87.5% reported
significant findings) significant findings)
PA frequency n=7 n=1 n=4
n=12 (Caballero et al., 1998%; Gabriel et al., (Chin and Ludwig, (Armitage and Sprigg, 2010%; Digelidis
(50% reported significant 2011%; Herbert et al., 2013; Kiran and 2013%) et al,, 2003; Farley et al., 2007%; McNeil
outcomes) Knights, 2010; Levy et al., 2012; Puma et al.,, 2009%)
et al., 2013; Warren et al., 2003)
Counts per minute n=4 n=3

n=7 (Grydeland et al., 2013%; Morrison et al., (Kelly et al., 2012; Magnusson et al., 2011?;
(57.1% reported significant 2013; Olvera et al., 2010; Taylor et al., Meyer et al,, 2014%)
outcomes) 2007%)
Steps (per day, unless otherwise n==6 n=1 n=1
specified) (Butcher et al., 2007?%; Chen et al., 2010%; (Loucaides et al., 2009 (Trost et al., 2009 [per minute]?)
n=10 Gentile et al., 2009; Horne et al., 2009%; [per minute]?)
(90% reported significant Morgan et al., 2011?; Pangrazi et al., n=2
outcomes) 2003%) (Erwin et al., 2011%; Mahar et al., 2006?)
PA duration and intensity (reported n =19 n=4 n=>5 n=9
as: time engaged in PA, exercise,  (Barr-Anderson et al., 2012%; Cradock (Coleman et al, 2005% (Efrat, 2013; Huberty (Angelopoulos et al., 20062;
or specific intensity of PA; or, per- et al., 2014?; Fairclough et al., 2013%; Kain et al., 2014; van et al., 2014%; Ridgers Christodoulos

cent of time engaged in specific Goran and Reynolds, 2005%; Gorely et al.,

Beurden et al., 2003

et al,, 2007%; Stratton et al,, 2006%; Herrick et al,, 2012;

intensity of PA) 2009?%; Gortmaker et al., 2012%; Hands Verstraete et al., and Mullan, 2005%; Kafatos et al., 2007?; Kelder et al.,

n =41 et al.,, 2011?; Harrison et al., 2006%; Hovell 2007a,b?) Wood et al., 2014%) 2005% Mark and Rhodes, 2013?; Pate
(73.2% reported significant et al., 2009; Jurg et al., 2006%; Kipping n=4 et al., 2003; Rosenkranz et al., 2010%;
outcomes) et al.,, 2014; Muth et al., 2008; Roemmich  (Michaud et al., Sharpe et al., 2011)

et al,, 2004%; Salmon et al., 2005%; Salmon
et al,, 2011; Spiegel and Foulk, 2006;
Wilson et al., 2011%; Wilson et al., 2005%;
Williamson et al., 2007)
Active transportation
n=3
(33.3% reported significant
outcomes)
Energy expenditure (METS)
n=4
(75% reported significant
outcomes)

n=3
(Boyle-Holmes et al., 2010%; French et al.,
2005; Gao and Xiang, 2014%)

2012%; Naylor et al.,
2006%; Verstraete

et al., 2006%; Yildirim
et al, 2013?)

n=3
(Jordan et al., 2008; Rowland et al.,
2003; Wen et al., 2008%)

n=1
(Janssen et al., 2011?)

METS: metabolic equivalents.
“Reported a statistically significant difference compared with a control or comparison
condition.
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