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Chapter 4
Effectiveness and promising behavior change
techniques of interventions targeting energy
balance-related behaviors in children from lower
socioeconomic environments: a systematic review

Manou Anselma, Mai J. M. Chin A Paw, Daniëlle A. Kornet-van der Aa,
and Teatske M. Altenburg
Based on the publication in PLOS ONE (2020), 15(9): e0237969.
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Abstract
This systematic review aims to summarize the evidence regarding the
effectiveness of interventions targeting energy balance-related behaviors
in children from lower socioeconomic environments and the applied
behavior change techniques. The literature search was conducted in
Cochrane, Embase, Psycinfo and Pubmed. Articles had to be published
between January 2000 and September 2019. Studies were included that
i) targeted dietary behavior, physical activity and/or sedentary behavior;
ii) had a controlled trial design; iii) included children aged 9-12 years old;
iv) focused on lower socioeconomic environments; and v) took place in
upper-middle or high income countries. Two independent researchers
extracted data, identified behavior change techniques using the Behavior
Change Technique Taxonomy v1, and performed a methodological quality
assessment using the quality assessment tool of the Effective Public Health
Practice Project. We included 24 studies, of which one received a high and
three a moderate quality rating. Demonstration, practice and providing
instructions on how to perform a behavior were the most commonly applied
behavior change techniques. Seven studies reported significant beneficial
intervention effects: five on physical activity, one on physical activity and
sedentary behavior and one on dietary behavior. When comparing effective
versus non-effective interventions, and comparing our review to previous
reviews focusing on children from the general population, similar behavior
change techniques were applied. More high quality research is needed
to evaluate the effectiveness of interventions and their behavior change
techniques targeting children of low socioeconomic environments.
PROSPERO registration number: CRD42016052599
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4.1. Introduction
Obesity in children remains a major public health problem, with overall rates
still rising[1], especially in children from families with a low socioeconomic
position[2, 3]. Children with overweight or obesity are more likely to maintain
overweight or obese into adulthood[4]. Treating obesity has shown to be
extremely difficult, amplifying the need for early prevention[5]. When
children adopt healthy energy balance-related behaviors at a young
age, they are more likely to continue these habits into adolescence and
adulthood[6]. Therefore, adopting healthy habits at an early age is an
important public health target[7, 8]. This is especially true for children living
in low socioeconomic neighborhoods, where many children experience
multiple barriers to engage in healthy behavior such as lack of finances and
transport, and are therefore at an increased risk of developing obesity[9,
10]. Hence, effective interventions are needed that stimulate healthy energy
balance-related behaviors in children from low socioeconomic environments
to reduce health inequalities between children from lower and higher
socioeconomic positions. Previous systematic reviews focused on children
from all socioeconomic positions[11], on adolescents[12], on children from a
specific ethnicity[13, 14] or were limited to specific intervention designs such
as family-based[15], school-based[16], or policy interventions[17]. Effective
components of obesity prevention interventions in children identified in
systematic reviews include school policies regarding the availability of foods
and beverages meeting nutritional standards; targeting multiple behaviors
and system levels; encouragement of environments and cultural practices
at school and home that support healthy behavior; education of children,
parents and teachers on healthy nutrition and physical activity; improvement
of physical education programs and physical activity possibilities in policy
and practice[11, 16-20]. Previous studies have also shown that energy
balance-related behaviors and its determinants may manifest themselves
differently in children from different socioeconomic levels[21-25]. To reduce
health inequalities between children from lower and higher socioeconomic
environments, more insight is therefore needed in interventions and
intervention strategies that are specifically effective in stimulating healthy
energy balance-related behaviors among children from low socioeconomic
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environments.
The current review aims to summarize the effectiveness of interventions
targeting physical activity, sedentary behavior and/or dietary behavior
among 9-12 year old children from low socioeconomic environments. An
important note is that these interventions target children attending schools
or living in neighborhoods defined as ‘disadvantaged’ or ‘low-income’,
indicating that a substantial percentage of children in these schools or
neighborhoods have a low socioeconomic position. The age group of 9-12year olds was chosen because the transition phase from mid-childhood
into adolescence is a critical period, due to biological changes as well as
changes in the social and physical environment due to a change in school
environment[26, 27]. A second aim was to identify effective behavior change
techniques using the Behavior Change Technique (BCT) Taxonomy v1[28].
Knowledge of BCTs used in interventions that are effective in improving
health behaviors in children from low socioeconomic environments is
important to inform future intervention development and improve the health
of the children who mostly need it.

4.2. Methods
The protocol for this review was registered in PROSPERO (registration
number: CRD42016052599). The Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) statement was used to plan, conduct
and transparently report this systematic review[29].

4.2.1. Literature search
A systematic literature search was conducted in four databases: Cochrane,
Embase, Psycinfo and Pubmed. Articles between January 2000 and
September 2019 were included. The search was limited to articles published
after 2000, to include interventions that are relevant for today’s society. The
search terms were related to health behaviors (physical activity, sedentary
behavior and/or dietary behavior), health promotion, study design (controlled
trial, evaluation, community or school based), socioeconomic position, and
children. The full search strategy can be found in Supporting Information 1.
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Studies were included that i) targeted physical activity, sedentary behavior
or dietary behavior as an outcome; ii) had a controlled trial design; iii)
included children aged 9-12 years old (average age of total sample or a
subgroup analysis); iv) took place in low socioeconomic environments; and
v) took place in upper-middle- or high-income countries. Socioeconomic
environments were indicated by terms related to low-income, deprived,
disadvantaged, low socioeconomic status or position. Upper-middle- (gross
national income per capita between $3,896 and $12,055) or high-income
countries (gross national income per capita of $12,056 or more) were defined
according to criteria of the World Bank[30]. Additionally, studies had to be
written in English and published in a peer reviewed scientific journal. Studies
that focused on specific populations such as children with obesity, clinical
samples or studies that took place in remote areas, were excluded.

4.2.2. Selection process and data extraction
Two independent researchers screened all titles and abstracts retrieved from
the databases (MA and DA or MA and TA). When discrepancies occurred, a
third reviewer (TA or DA) was consulted, and when discrepancies could not
be solved a fourth researcher (MC) was consulted. Full texts were screened
by MA, and TA or DA. In case of discrepancies or uncertainties, a third and/
or fourth reviewer was consulted. In case information was missing and there
was a reference to a protocol paper, the protocol paper was used to retrieve
the required information.
MA and TA independently extracted data, using a standard data extraction
form. Inconsistencies were discussed afterwards until consensus was
reached and if needed MC was consulted. Information on participant
characteristics (sample size, gender, ethnicity, mean age), intervention
strategies, intervention setting, intervention duration and follow-up
(number of weeks after completion of intervention), control group, outcome
measures and results (if reported β and 95% confidence intervals) were
extracted. Results were reported separately for physical activity, sedentary
behavior or dietary behavior. If analyses were stratified for gender, this was
included as well to gain more insight in gender-specific intervention effects.
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An intervention was scored as effective when a beneficial intervention effect
was obtained on at least 75% of the outcomes within that behavior (similar
to e.g. Van Ekris et al., 2016 and Haynes et al., 2018[31, 32]). For example, if
a study measured eight different outcomes related to physical activity, six
had to show a beneficial intervention effect for the study to be considered
effective in improving physical activity.
MA and DA independently identified BCTs applied in all studies using the
BCT Taxonomy v1[28]. If needed, TA was consulted to resolve discrepancies.
The BCT Taxonomy v1 consist of 93 BCTs clustered in sixteen groups. These
BCTs can be used to classify components of behavior change interventions.

4.2.3. Quality assessment
MA and MC conducted a methodological quality assessment using the
quality assessment tool of the Effective Public Health Practice Project[33].
Studies were rated on eight items: Selection bias, Study design, Confounders,
Blinding, Data collection methods, Withdrawals and drop-outs, Intervention
integrity and Analyses (see Supporting Information 2 for all items and subitems). When needed, references to protocol papers or validity and reliability
studies were checked. As all included studies were controlled trials, the
item Study design was always strong and was only included to separate
controlled trials from randomized controlled trials. The items Selection bias,
Confounders, Blinding, Data collection methods and Withdrawals and dropouts, all consisted of two sub-items and were labelled as strong if both subitems were rated as strong. If both sub-items were weak, a weak score was
given; if only one item was strong, a moderate score was given. The item
Analyses consisted of four sub-items. If all four sub-items were strong, the
item was labelled as strong; if three sub-items were strong, a moderate score
was given; if two or less sub-items were strong, a weak score was given.
Both assessors independently rated the included studies and afterwards
inconsistencies were discussed until consensus was reached.
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4.3. Results
Figure 1 presents the flowchart of included studies. The search resulted
in 25,146 items matching our search criteria (2,623 from Cochrane, 3,673
from Embase, 3,462 from Psycinfo, 15,388 from Pubmed). After removing
duplicates, titles and abstracts of 17,302 items were screened and
subsequently 74 full-text studies were assessed. After screening full texts
and strictly checking the inclusion criteria by the third and fourth assessor (11
studies), 26 studies evaluating 25 interventions were included in the review.
Reasons for exclusion of studies in this last phase were: only assessing
attitudes and not behaviors, mean participant age not being between 9-12
years, focusing on specific groups such as children with obesity, or not
including a control group.

Figure 1: Flowchart of included studies

4.3.1. Study characteristics and quality assessment
Table 1 presents the study and intervention characteristics. The sample size
of the 26 included studies varied from 51[34] to 3,463[35] at baseline, with
eight studies having hundred or less participants in the intervention group[34,
36-42]. The intervention duration varied from four weeks to two years. Two
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studies targeted girls only[34, 42], the other 24 studies targeted both genders.
Seventeen studies were conducted in the US[34-50], one study was
conducted in New Zealand[51], two in Canada[52, 53], one in Northern
Ireland[54], one in Mexico[55], one in Ireland[56], two in Australia[57, 58]
and one in the Netherlands[59]. Fourteen studies clearly defined lower
socioeconomic environments, such as a certain percentage of children
eligible for free or reduced-price meals at school. Other studies used more
general criteria such as living in ‘low socioeconomic areas’ or ‘disadvantaged
neighborhoods’. Fourteen studies were performed in the school setting[35,
42, 44, 48, 49, 51-59] and four after school time[38, 39, 41, 46]. The other
studies were conducted both at school and in the community[36, 43, 47],
only in the community[37, 40, 50], at school and corner stores[45], and
there was one mobile application intervention[34]. Studies performed in
the USA[34-50], New Zealand[51] and the Netherlands[59] described the
ethnicity of their study population. The studies from Canada[52, 53], Northern
Ireland[54], Mexico[55], Ireland[56] and Australia[57, 58] did not specify their
study sample’s ethnicity. In seventeen studies, the control group received
no intervention; in three studies, the control groups received the intervention
after completion of the study (i.e. waitlist control group)[48, 50, 58]; in the
other studies, the control groups received part of the intervention[34, 42, 53],
a different health program[52] or a program not related to health behavior[38,
46].
Supporting Information 3 presents the methodological quality rating of the
included studies for each of the items of the quality assessment tool of the
Effective Public Health Practice Project. Figure 2 presents an overview of
the methodological quality rating per item of the included studies. Figure 3
presents the quality ratings of included studies as well as the effectiveness
of interventions. Supporting Information 4 provides a complete overview of
the outcomes of each study.
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Figure 2: Quality rating of items across included studies

One study was rated as strong[56], three as moderate[39, 58, 59], and
twenty-two as weak. Most weak scores were due to lack of ‘blinding’
(N=25), not measuring ‘intervention integrity’ (N=20) or lack of adjustment for
‘confounders’ (N=17).

Ashfield-Watt
et al., 2008[51];
RCT; no name

IG: N=1010; mean age 8.7±1.1; 50.3% female; 2.1% Asian, 5.5% European, 23.3% New
Zealand Maori, 57.8% Pacific People, 11.3%
Mixed/Other
CG: N=890; mean age 8.8±1.2; 49.9% female; 1.2% Asian, 3.5% European, 22.8% New
Zealand Maori, 57.3% Pacific People, 15.1%
Mixed/Other

Year 2:
IG: N=302; mean age 9.7±0.9[50]; 47%
Hispanic, 42% African American
CG: N=103; 70% Hispanic, 9% African American

Year 1:
IG: N=302; mean age 9.6±0.9[50]; 46%
Hispanic, 43% African American
CG: N=108; 62% Hispanic, 18.5% African
American

Alaimo et al.,
2015[43]; CTa;

Project FIT

Participants

Study; design;
intervention

New Zealand; school;
suburbs with a high level
of economic deprivation
(most schools were from
an area where 45% of
children are classified as
the most deprived in the
country)

USA; school and community;
lowest-income neighborhoods in the school
district

Country, setting, indicator for lower socioeconomic environment

Table 1: Study and intervention characteristics of the included studies

10 weeks

Continuous
in school
year - study
duration 2
years

Duration
intervention

6 weeks

NA

Follow-up

No intervention

No intervention

Description
control group
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Playworks

Beyler et al.,
2014[44]; RCT;

IG: N=1285; 52.4% female; 31.5% Black/African American, 33.0% Hispanic/Latino, 27.2%
White, 23.7% Asian/Native Hawaiian, 9.0%
American Indian/Alaskan Native
CG: N=993; 50.6% female; 30.5% Black/African American, 47.4% Hispanic/Latino, 21.9%
White, 12.9% Asian/Native Hawaiian, 6.4%
American Indian/Alaskan Native

Mean age 10.9 years
2009:
IG: N=198; 47.2% female
CG: N=454; 50.8% female
2011:
IG: N=196; 51.0% female
CG: N=309; 49.1% female

Bastian et al.,
2015[52]; CTa;

APPLE schools

Participants

Study; design;
intervention

USA; school; low-income
schools in urban areas,
in which at least 50% of
students qualify for FRP

Canada; school; socioeconomically disadvantaged
neighborhoods

Country, setting, indicator for lower socioeconomic environment

1 school
year (±7
months)

Continuous
in school
year - study
duration 2
years

Duration
intervention

NA

NA

Follow-up

No intervention

No health
facilitator; no
APPLE promotion materials;
only materials
to implement
Alberta health’s
provincial
Healthy Weights
Initiative.

Description
control group
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IG and CGb: mean age 9.1±0.4 years; 51.7%

Breslin et al.,
2012[54]; CT;
Sport for LIFE

Colín-Ramírez
et al., 2010[55];
RCT; RESCATE

IGb: N=52; mean age 9.0±0.9 years; 100% female; 35.3% African-American, 60.8% Latina,
3.9% Caucasian
CGb: N=24; mean age 9.4±1.1 years; 100%
female; 37.5% African-American, 58.3%
Latina, 4.2% Caucasian

Bohnert
and Ward,
2013[42]; RCT;
Girls in the
Game (GIG)

IGb: N=245; 44% female
CGb: N=253; 53% female

IG and CGb: mean age 9.4±0.7 years

female
IGb: N=209
CGb: N=207

Participants

Study; design;
intervention

Mexico; school; schools of
low socioeconomic status
in Mexico City

Northern Ireland; school;
schools scoring worse
than average on: the
proportion of free school
meals (>15%), the proportion of pupils taking the
transfer test to secondary/grammar school
level (<65%) and attaining
a grade A (<25%)

USA; school (after school
hours); underserved
urban low-income communities, with low-income
status ranging from 7298% as indicated by city
report

Country, setting, indicator for lower socioeconomic environment

12 months

12 weeks

30 weeks

Duration
intervention

NA

NA

NA

Follow-up

No intervention

No intervention

No intervention;
only participating in the
health festivals.

Description
control group
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IGb: N=172; mean age 9.3±0.9; 47.7% male;

Gatto et al.,
2017[49]; RCT;
LA Sprouts

Gittelsohn et
al., 2010[40];
CT; Healthy
Foods Hawaii
(HFH)

IG: N=54; mean age 10.3±1.4 years; 52.7%
female; parents 3.8% African-American/
Black, 1.9% Asian, 73.1% Hispanic/Latino,
15.4% White, 5.8% Other
CG: N=57; mean age 10.1±1.2 years; 58.6%
female; parents 7.5% African-American/
Black, 1.9% Asian, 52.8% Hispanic/Latino,
32.1% White, 5.7% Other

Dunton et al.,
2015[41]; RCT;
no name

IG and CG: 64% Native Hawaiian or other
Pacific Islander
IG: N=64 child-caregiver dyads; mean age
children 9.8±1.3 years; 50% female
CG: N=53 child-caregiver dyads; mean age
children 9.9±1.4 years; 47.2% female

89.0% Hispanic/Latino
CGb: N=147; mean age 9.3±0.9; 48.3% male;
88.8% Hispanic/Latino

Participants

Study; design;
intervention

USA; community; >75% of
the population is below
the poverty level

USA; school (after school
hours); 75% of students
participating in the FRP
program

USA; school (after school
hours); schools with approximately 50% of enrolled students participating
in the FRP program

Country, setting, indicator for lower socioeconomic environment

9-11
months

12 weeks

4 months

Duration
intervention

NA

NA

6 weeks

Follow-up

No intervention

No intervention

No intervention

Description
control group
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IGb: N=1571

Keihner et al.,
2017[35]; RCT;
Power Play!

Lent et al.,
2014[45]; RCT;
Snackin’ Fresh
intervention

IG: N=182; mean age 10.2±1.2 years; 44%
female
CG: N=130; mean age 10.3±0.8 years; 42%
female

Harrison et al.,
2006[56]; CT;
Switch Off-Get
Active

57.8% female; 38.3% Black/African American, 13.2% White, 16.2% Hispanic/Latino,
15.9% Asian, 1.5% Native American/Alaskan
native, 15% other/mixed/unknown

IG: N=435; mean age 10.97±1.02 years;
55.4% female; 46.2% Black/African American, 0.5% White, 43.2% Hispanic/Latino,
0.5% Asian, 0.2% Native American/Alaskan
native, 9.4% other/mixed/unknown
CG: N=332; mean age 10.99±0.92 years;

CGb: N=1892
IG and CG: mean age 9.7±0.7 years; 41.4%
Hispanic, 25.3% other/mixed race, 12.5%
non-Hispanic White, 9.1% Asian, 8.9% nonHispanic Black

Participants

Study; design;
intervention

USA; schools and corner
stores (i.e. school-store
cluster); schools were
located in low-income
neighborhoods and had
>50% of students qualifying for FRP

USA; school; low-resource
public schools (50% of
students receiving FRP)

Ireland; school; areas of
greatest social disadvantage according to classifications of the local health
authority

Country, setting, indicator for lower socioeconomic environment

2 years

10 weeks

16 weeks

Duration
intervention

NA

NA

NA

Follow-up

No intervention

Not reported

No intervention

Description
control group
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Participants

IG: N=82; mean age 9.8±0.6 years; 38%
female; 14% African-American, 36% Asian,
38% Latino, 0% White, 13% other
CG: N=74; mean age 9.8±0.7 years; 42%
female; 11% African-American, 27% Asian,
45% Latino, 1% White, 16% Other

IG: N=24; mean age 9.8±0.8 years; 54.1%
female; 4.2% non-Latino White, 37.5%
non-Latino Black, 20.8% Latino, 12.5% Asian,
16.7% Multi-racial/Other, 8.3% missing
CG: N=30; mean age 10.0±0.7 years; 73.3%
female; 6.7% non-Latino White, 13.3%
non-Latino Black, 33.3% Latino, 26.7% Asian,
13.3% Multi-racial/Other, 6.7% missing

IG and CG: N=108; mean age 10.3±1.1 years
IG: N=56; 54% African-American, 13% Asian/
Hmong, 7% White, 3% Hispanic, 23% Other/
mixed
CG: N=52; 55% African-American, 15%
Asian/Hmong, 7% White, 1% Hispanic, 22%
Other/mixed

Study; design;
intervention

Madsen et
al. 2013[39];
RCT; America
SCORES

Mendoza et al.,
2017[36]; RCT;
Bicycle trains

NeumarkSztainer et al.,
2009[46]; RCT;
Ready. Set.
ACTION!

USA; school (after school
hours); ±90% of the students qualified for FRP

USA; school (before and
after school hours) and
community; schools of
which >60% of students
qualified for the FRP

USA; school (after school
hours); 61% of students
were eligible for FRP (range 44%-89%)

Country, setting, indicator for lower socioeconomic environment

1 school
year (from
fall to
spring)

~4 weeks

2x 12 weeks

Duration
intervention

NA

NA

NA

Follow-up

Theatre based
intervention
focused on
environmental
health issues

No intervention

No intervention

Description
control group
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IG: N=26; mean age 11.3±1.5 years; 100%
female; 80.8% African-American, 11.5% bior multi-racial, 7.7% American Indian/Alaska
Native, 0.0% Asian/Pacific Islander, 7.7%
Hispanic/Latina
CG: N=25; mean age 11.3±1.7 years; 100%
female; 86.9% African-American, 4.4% bi- or
multi-racial, 4.4% American Indian/Alaska

Nollen et al.,
2014[34]; RCT;
no name

Mean age boys 10.7±0.4 years, mean age
girls 10.7±0.3 years
IG (3 groups): N=66 (BM), N=74 (FMS), N=93;
(BM/FMS); 50.7% female (BM), 52.6% female
(FMS), 51.1% female (BM/FMS)
CG: N=62; 50.8% female

IG and CG: mean age 10.3±0.6 years; 58%
female
IG: N=467
CG: N= 490

Salmon et al.
2008[57]; RCT;
Switch-Play

Salmon et al.,
2011[58]; RCT;
Switch-2-Activity

Native, 4.4% Asian/Pacific Islander, 8.0%
Hispanic/Latina

Participants

Study; design;
intervention

Australia; school; low socioeconomic urban areas

Australia; school; low socioeconomic status areas
(based on socioeconomic
index for areas scores)

USA; mobile phone; economically disadvantaged
neighborhoods

Country, setting, indicator for lower socioeconomic environment

7 weeks

1 school
year

12 weeks

Duration
intervention

NA

6 and 12
months

NA

Follow-up

Waitlist control
group

No intervention

Written manual,
no action cues
or reward
setting

Description
control group

98 | Chapter 4

IGb: N=73; 58.9% female; 15.1% Hispanic/
Latino, 67.1% Asian/Pacific Islander, 17.8%
Other
CGb: N=48; 56.3% female; 39.6% Hispanic/
Latino, 50.0% Asian/Pacific Islander, 10.4%
Other

IG: N=383; mean age 9.9±0.9 years; 49.6%
female; 78.6% Hispanic, 6.5% African-American, 11.7% White, 3.1% other
CG: N=128; mean age 10.0±0.8 years; 56.3%
female; 76.6% Hispanic, 14.8% African-American, 3.9% White, 4.7% other

IG: 9-15 year olds: N=273 (70.7% 9-12 year
olds); mean age 11.7±1.3; 54.1% female;
95.5% African-American

Slusser et al.,
2013[38]; CT;
Catch Kids
Club

Springer et al.,
2012[47]; CT;
Marathon Kids

Trude et al.,
2018[50]; RCT;
B’more Healthy
Communities
for Kids (BHCK)

CG: 9-15 year olds: N= 236 (61.8% 9-12
years old); mean age 11.9±1.6; 57.2% female; 97.5% African-American

Participants

Study; design;
intervention

USA; community food
environment; low-income
neighborhood (>20% of
residents living below the
poverty line)

the funding agency

USA; school and community; schools with
≥60% students who are
economically disadvantaged, based on criteria
for classifying schools as
low-income provided by

USA; school (after school
hours); schools in a
district where more than
two-thirds (67.8%) of the
students qualified for FRP

Country, setting, indicator for lower socioeconomic environment

2 waves: 3
phases of 2
months

6 months

1 school
year

Duration
intervention

NA

2 months

NA

Follow-up

Waitlist control
group

No intervention

Other after-school
programs
without support
for nutrition
education and
physical activity

Description
control group
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Children with at least one report (parent,
child, observation):
IG: N=504 observation report, N=158
parent report, N=182 child report. Based
on child-report: 50.6% female, 29.7% Dutch,
13.7% Surinamese/Antillean, 32.4% Moroccan/Turkish, 24.2% other/missing.
CG: N=455 observation report, N=198 pa-

Van de Gaar et
al., 2014[59];
RCT; Water
campaign

20.0% other/missing.

rent report, N=205 child report
Based on child-report:
55% female, 17.6% Dutch, 29.3% Surinamese/Antillean, 33.2% Moroccan/Turkish,

Participants

Study; design;
intervention
the Netherlands; school;
socially more deprived
neighborhoods

Country, setting, indicator for lower socioeconomic environment
1 school
year

Duration
intervention
NA

Follow-up

Regular health
promotion
program

Description
control group
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IGb: N=51; mean age 10.0±1.1 years; 56.9%

Wang et al.,
2019[37]; RCT;
H2GO!

CGb: N=49; mean age 10.2±1.0 years; 34.7%
female; 9.3% White, 20.9% Black, 32.6%
Hispanic/Latino, 27.9% Asian, 9.3% Multiracial/Other

female; 11.4% White, 38.6% Black, 43.2%
Hispanic/Latino, 2.3% Asian, 4.6% Multiracial/Other

Mean age 10.9 years; 49.5% female
2009
IG: N=358; 47.2% female
CG: N=454; 50.8% female
2011:
IG: N=196; 51.0% female
CG: N=309; 49.1% female

Vander Ploeg
et al., 2014[53];
CTa; APPLE

schools

Participants

Study; design;
intervention

USA; community-based;
predominately low socioeconomic backgrounds

Canada; school; socioeconomically disadvantaged
neighborhoods

Country, setting, indicator for lower socioeconomic environment

6 weeks

2 years

Duration
intervention

2 and 6
months

NA

Follow-up

Standard ‘Boys
and Girls Clubs
of America’
programming

No access to a
health facilitator or health
promotion
materials; but
they received
materials to
implement
Alberta Health’s
provincial
Healthy Weights
Initiative (public
information
and education
campaign)

Description
control group
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USA; school; ≥50% of students qualifying for FRP

Country, setting, indicator for lower socioeconomic environment

indicates cross-sectional analysis, b indicates analyzed at follow-up

IG: N=115; mean age 9.5±0.7 years; 56.5%
female; 67.0% White, 21.7% African-American, 8.7% Hispanic, 2.6% Asian
CG: N=112; mean age 9.0±0.5 years; 56.3%
female; 35.7% White, 38.4% African-American, 8.9% Hispanic, 17.0% Asian

Wells et al.,
2014[48]; RCT;
Healthy Gardens, Healthy
Youth

IG=intervention group, NA=not applicable, RCT=randomized controlled trial

FMS=fundamental movement skills, FRP= free or reduced-price meal,

BM=behavioral modification, CG=control group, CT=controlled trial,

a

Participants

Study; design;
intervention
1 year

Duration
intervention
NA

Follow-up

Waitlist control
group

Description
control group
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4.3.2. Effectiveness of the intervention
Six studies evaluated effects on physical activity[36, 39, 41, 44, 52, 53]; seven on
dietary behavior[40, 43, 45, 49-51, 59]; five on physical activity and sedentary
behavior[48, 55-58]; four studies on physical activity and dietary behavior[35,
38, 42, 47]; one study on dietary behavior and sedentary behavior[34]; and
three studies on physical activity, sedentary behavior and dietary behavior[37,
46, 54]. No difference was found between the effectiveness of studies
targeting one or multiple behaviors. Seven studies found improvements in at
least 75% of the outcomes on physical activity, dietary behavior or sedentary
behavior and we labelled those studies as ’effective’. Thirteen studies found
improvements in less than 75% of the outcomes on one of the behaviors and
six did not find any beneficial intervention effects. The study duration of the
effective studies varied from four weeks[36] to two school years [52, 53], and
the number of participants from 54 to 959[59]. Notably, of the seven studies
we defined as ‘effective’, two had a weak quality score on the validity and
reliability of data collection methods[36, 54], four had a moderate score[53,
56, 57, 59] and only one a strong score[52]. Not one study had a strong
quality score on selection bias, five scored moderate and two scored weak.
Six out of eighteen studies found beneficial effects on physical activity (see
Fig 3)[36, 52-54, 56, 57]. One strong quality study evaluated an intervention
aimed at improving physical activity at the expense of screen time by
implementing ten lessons emphasizing self-monitoring, budgeting of time
and selective viewing, and introducing children to street games. Children
improved their number of thirty minute blocks/day in moderate-to-vigorous
activity but no significant effects were found on sedentary behavior[56]. In
one weak-quality study, a twelve-week school-based program aimed at
increasing knowledge and understanding the benefits of a healthy diet
and physical activity, improved children’s time spent in light, moderate
and vigorous physical activity[54]. Two weak-quality studies evaluated
the same comprehensive school approach and improved children’s
daily physical activity level (steps/day)[52, 53]. One weak-quality study,
aimed at promoting active transport to school, improved the percentage
of daily commutes by cycling and moderate-to-vigorous physical
activity[36]. One weak-quality study targeting children’s fundamental
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movement skills[57], found significant effects on moderate-to-vigorous
physical activity and counts per day, at post-intervention and at follow-up.
Out of nine studies evaluating effects on sedentary behavior, one weakquality study evaluating a 12-lesson program on the importance of
physical activity and healthy nutrition found beneficial effects on sedentary
behavior[54]. Only one out of fifteen studies that evaluated effects on dietary
behavior demonstrated significant beneficial effects. This moderate quality
study evaluated a water campaign at schools, and demonstrated significant
beneficial effects on parent-reported intake and servings of sugarsweetened beverages and the observation report showed a reduction in
percentage of sugar-sweetened beverages brought to school[59].

4.3.3. Behavior change techniques
In all interventions, BCTs were identified and categorized according the
BCT Taxonomy v1. In total, forty BCTs from this BCT Taxonomy were used
in the included studies. We also identified BCTs that did not match any of
the BCTs in the BCT Taxonomy, therefore three additional BCTs were added:
‘Knowledge transfer’ when new information was provided to children without
a specific strategy or aim, ‘Community involvement’ when the community
was involved in the development or delivery of the intervention, and ‘Active
learn interactive games ing’ when several active teaching methods were
included such as interactive games. Table 2 provides an overview of the
grouped BCTs identified in the included studies. Supporting Information
4 provides a complete overview of all BCTs identified in the included
studies. The most popular BCTs were Behavioral practice/rehearsal (N=21),
Instruction on how to perform a behavior (N=19), and Demonstration of the
behavior (N=18). These three BCTs were often coded together, as in many
intervention settings they complemented each other. The newly added
BCTs, Knowledge transfer (N=18) and Community involvement (N=16) were
also popular. Adding objects to the environment was applied in fourteen
studies. For example, interventions provided healthy food for children, a
garden for the school or extra information or objects were added to grocery
stores to highlight healthy products. Interventions were not always described
in detail, which limited the identification of the used BCTs.
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Figure 3: Effectiveness of included studies in improving Sedentary Behavior, Physical Activity
or Dietary Behavior
DB=dietary behavior, PA=physical activity, SB=sedentary behavior, (+)=study effective in
improving the behavior. Bold number=high quality score, underscored number=moderate
quality score, other numbers=low quality score. Of study 57 the fundamental movement
skills-component was effective in improving PA, the behavioral modification-component was
not.

A variety of BCTs were identified in the seven studies that showed beneficial
effects on health behavior. No major differences were found between
identified BCTs in effective versus non-effective interventions. The most
popular BCTs used in effective interventions were Behavioral practice/
rehearsal, Instruction on how to perform a behavior, Demonstration of the
behavior (N=6), and Knowledge transfer (N=5), but these were also common
in non-effective interventions.

Alaimo et al., 2015 [43]
Ashfield-Watt et al., 2008 [51]
Bastian et al., 2015 [52]
Beyler et al., 2014 [44]
Bohnert and Ward, 2013 [42]
Breslin et al., 2012 [54]
Colín-Ramírez et al., 2010
[55]
Dunton et al., 2015 [41]
Gatto et al., 2017 [49]
Gittelsohn et al., 2010 [40]
Harrison et al., 2006 [56]
Keihner et al., 2017 [35]
Lent et al., 2014 [45]
Madsen et al., 2013 [39]
Mendoza et al., 2017 [36]
Neumark-Sztainer et al.,
2009 [46]

Author, Year ↓

Behavior Change Techniques1 (93) →

Goals and planning
√
√
√

√

Feedback and Monitoring
√
√

Social Support
√

√
√

√

√
√

√

√

√
√

√
√
√
√

√
√
√
√

√

√

√

√

√
√
√
√

Shaping Knowledge
√
√
√
√

Natural Consequences
√

Comparison of Behavior

√

Associations
√

√

√

√

Repetition and Substitution
√

√
√

√
√
√
√

√

√
√
√
√

√

√

√

Comparison of Outcomes

Table 2: Behavior change techniques (grouped) identified in the included studies

Reward and Threat
√

√
√

√

√

Antecedents
√

√
√

√
√

√

√
√
√

Identity
√

Scheduled Consequences
√

Self-Belief
√

Knowledge Transfer
√

√

√
√
√
√
√

√

√

√

√

Active learning
√

Community involvement
√

√
√
√
√
√

√

√
√
√
√

Total (19)
9

1
6
8
11
10
4
3
7

7

6
2
6
5
8
5
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Covert Learning

Regulation

√

√

√

√
6

√

√

√
√

√
9

Social Support
9

√

√

√
√
√

Shaping Knowledge
√
√
19

√

√

√

√

√

Natural Consequences
6

√

√

√

Comparison of Behavior
√
√
20

√

√

√

√

√

Associations
7

√

√

√

Repetition and Substitution
√
√
22

√

√

√
√
√

√

√

Comparison of Outcomes
5

√

√

√

Reward and Threat
10

√

√
√

√

√

Regulation
0

Antecedents
√
√
16

√

√

√
√
√

Identity
2

√

Scheduled Consequences
2

√

Self-Belief
1

Covert Learning
0

Knowledge Transfer
√
18

√

√

√
√

√
√

Active learning
5

√

√
√

√

Community involvement
16

√

√

√

√

√

10
5

7

9

13
1
5
7
12

3

4

Total (19)

1

Within each group several BCTs. Italic are the newly added BCTs. Bold are studies that are effective in changing physical activity, dietary behavior
and/or sedentary behavior. BM=behavioral modification, FMS=fundamental movement skills.

Author, Year ↓

Goals and planning

Nollen et al., 2014 [34]
Salmon et al., 2008 (FMS)
[57]
Salmon et al., 2008 (BM) [57]
Salmon et al., 2011 [58]
Slusser et al., 2010 [38]
Springer et al., 2012 [47]
Trude et al., 2018 [50]
Van de Gaar et al., 2014
[59]
Vander Ploeg et al., 2014
[53]
Wang et al., 2019 [37]
Wells et al., 2014 [48]
Total (27)

Feedback and Monitoring

Behavior Change Techniques1 (93) →
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4.4. Discussion
This review provides an overview of interventions aiming to improve physical
activity, sedentary behavior and dietary behavior in 9-12 year old children
from low socioeconomic environments. We considered an intervention
effective when a beneficial intervention effect was obtained on at least
75% of the outcomes within a behavior (physical activity, dietary behavior
or sedentary behavior). Using this definition, four out of six physical activity
interventions were effective, one out of five physical activity and sedentary
behavior interventions, one out of seven dietary behavior interventions, and
one out of three studies focusing on physical activity, sedentary behavior and
dietary behavior. Thirteen of the included studies found beneficial effects in
less than 75% of the outcomes and six studies found no significant effects.
All effective interventions focused on one or multiple health behaviors.
All but one of the effective interventions took place during school hours.
Reasons for the effectiveness of interventions during school hours could
be that children spend a significant part of their day at school and children
are more likely to take part in the intervention if it is included in the school
curriculum[60]. Unfortunately, in most of the studies included in this review
the participation rate was not adequately reported, nor was the number
of participants that received the intended intervention or how consistently
children participated throughout the intervention.
In our review only four studies had an overall strong or moderate quality
rating. All but one study scored low on blinding of participants and
assessors. Blinding may not be easy in health promotion studies, but even
if this item would be omitted or studies would have included blinding, it
would leave most of the studies with a weak quality rating. Six weak-quality
studies would become moderate quality and one moderate-quality study
would become high quality. More important is that many studies had small
sample sizes and high attrition rates, limiting the power of studies and
increasing the risk of attrition bias[36-38, 40-43, 45, 49, 50, 57]. Finding ways
to improve recruitment of children from low socioeconomic environments
and increasing parental involvement and consent, was often mentioned
as a challenge and remains a point of attention for future studies[46, 47,
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49, 57, 59]. Future studies should also include more valid and reliable data
collections methods, as only seven studies included in this review scored
high on this item. Studies also mentioned that longer-term interventions are
warranted because the limited effectiveness of their intervention might be
due to the short duration of the intervention (i.e. 4-16 weeks)[34-36, 49, 51, 56].
Thus, more high quality studies are needed to gain insights into promising
BCTs for children from low socioeconomic environments.
No difference in BCTs used in effective and non-effective interventions was
identified in our review, similar to a previous review focusing on obesity
prevention and treatment interventions in adolescents from disadvantaged
backgrounds[12]. Moreover, in the current review BCTs identified in the
included studies targeting children from low socioeconomic environments
were similar to BCTs identified in previous reviews that included studies
focusing on the general population of children[11, 61, 62]. Another review
that used a BCT Taxonomy to evaluate obesity prevention interventions
in the general population of 2-18 year olds, concluded that Generalizing
behavior was included in all four effective interventions[63], while this
strategy was not present in the non-effective interventions. Therefore
Generalizing behavior – which aims to encourage children to implement
a behavior that was successful in one setting also in another setting[64]
– seems a promising strategy to further examine in future interventions.
Giving general info, Rewards and Social comparison were present in all four
non-effective interventions suggesting that these BCTs are not sufficient
for behavior change[64]. In our review Knowledge transfer and Rewards
were part of effective as well as non-effective interventions, Generalizing
behavior was part of three non-effective interventions and Social
comparison was included in one effective intervention. More high quality
research is needed to identify which BCTs are most effective for children
in low socioeconomic environments, and how to effectively implement
these BCTs, as implementation of is dependent on the local context[65]. As
BCTs applied in effective interventions did not differ from those applied in
non-effective interventions, the process of implementation may be key in
successful behavior change. Further understanding is needed about how
BCTs have their effects – i.e. their mechanisms of action – and how they
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should be implemented[66, 67]. This should also be studied specifically in
interventions targeting children in low socioeconomic environments, to see
whether different BCTs have to be applied or modes of implementation.
A possible explanation for the lack of evidence for effective BCTs,
could be the low level of community participation in the development,
implementation and evaluation of the intervention[69]. Even though many
studies involved the community in the delivery of their intervention, few
studies actively participated with the community and/or children in the
development, implementation, and/or evaluation of the intervention. The
lack of active involvement of the target group in this process may limit
the support for and ownership of an intervention[69]. For example, corner
stores did not have the capacity to store fresh items or fresh/healthier items
were perceived as too expensive[45], intervention materials were not childappropriate[40], or reimbursement of a physical activity program was not
attractive because families did not have the finances to cover the costs up
front[41]. One study described that the cooking and gardening intervention
was culturally tailored by working with recipes that reflected foods prepared
in the household of that community[49]. However, the questionnaire used in
the effect evaluation of this study did not include fruits and vegetables that
were commonly consumed in that specific community, leading to biased
outcomes. Tailoring interventions to a specific community – by collaborating
with the target group in intervention development and implementation –
might lead to interventions that are more suitable to the needs and interests
of the target group, creating more support for and ownership over the
intervention, thereby potentially increasing its effectiveness. The target
group can also be actively involved in the evaluation of the intervention,
to make sure data collection methods are suitable and data is interpreted
correctly[70].
Only three studies in our review involved children, parents or other
community members to some extent in the development or implementation
of the intervention[37, 40, 43]. Participatory studies rarely have a controlled
design[71, 72], which may explain the lack of participatory studies in this
review. Involving the target group already from the start of the intervention
development may lead to better tailored and thereby more effective
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interventions. This may be specifically the case for people from lower
socioeconomic environments and minority groups that are generally not
represented among intervention developers[73, 74]. By involving them,
interventions could become more suitable to their needs and interests and
help in a more thorough understanding of relevant barriers and facilitators
of health behaviors in the study population[75, 76]. For example, food
access and physical activity options in the community; the financial situation
of the household; and norms, beliefs, culture and preferences about health
behaviors[14, 76]. Moreover, being involved in the intervention development
can increase the feeling of agency and leadership[77], which can have a
positive influence on ownership, adherence and thus the effectiveness of
the intervention[75]. Future research should compare the effectiveness of
top-down developed interventions and interventions developed together
with the target group and/or local stakeholders in a controlled design
to explore the added value of co-creation in intervention development.
Another explanation for the lack of evidence for effective BCTs could be
related to the delivery of interventions[39, 58]. Many interventions are in their
delivery dependent on the commitment of schools or organizations whose
primary task is not implementation of the intervention[78]. Commitment
of the people and organizations that deliver the intervention is important
for successful implementation and needs to be better evaluated and
reported[79]. More knowledge of which BCTs are effective for which target
group, could promote optimal use of BCTs.
This review has several strengths and limitations. A strength of this
review is that the extraction of BCTs, data and the quality assessment
was independently done by two researchers. The BCTs were structurally
identified using the BCT Taxonomy v1, providing a thorough overview of the
included studies and its content. We added three BCTs to this taxonomy,
as we identified techniques that we could not link to any of the listed BCTs.
Two of the added BCTs – Knowledge transfer and Community involvement
– were frequently used. It must be noted that Community involvement may
also encompass implementation strategies. Moreover, based on our review
we cannot draw conclusions on the effectiveness of a single BCT but only
on the effectiveness of the intervention as a whole. Another strength of
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this review is the focus on children from low socioeconomic environments
which is important to gain more insights in effective BCTs for this high risk
and hard to reach target group. Our review is restricted by the low number
of studies (N=26) making it difficult to draw conclusions on effective BCTs.
Another limitation is that we score an intervention as effective based on the
percentage of outcomes that were beneficially affected. As a result, studies
that only report beneficial intervention effects are scored as more effective
than studies that also report finding null findings. We therefore encourage
authors to present both positive, negative and null findings. Moreover, the
low number of studies (n=4) with a moderate or strong quality rating hinders
drawing strong conclusions. Lastly, a limitation is that a meta-analysis
was not appropriate because of the heterogeneity in reported outcomes,
intervention strategies and intervention duration between studies.

4.5. Conclusions
Only seven out of 26 interventions in this review – of which one of high
methodological quality – found significant beneficial effects on physical
activity, sedentary behavior or dietary behavior. Secondly, both effective
and non-effective interventions used similar BCTs. Moreover, BCTs applied
in studies included in our review targeting children from low socioeconomic
environments were similar to BCTs applied in studies targeting children from
the general population included in previous reviews. A possible solution
for more effective interventions that are better tailored to the specific
circumstances, needs and interests of the target group, may be co-creating
interventions in collaboration with the children themselves as well as
relevant stakeholders. This needs further research in both effectiveness
studies comparing co-created interventions with top-down implemented
interventions as well as implementation studies using appropriate evaluation
designs.
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Supporting Information 1: Search strategy applied in Pubmed
#1

“sedentary behaviour” OR “sedentary behaviours” OR “sedentary behavior” OR
“sedentary behaviors” OR “sedentary time” OR “sedentary lifestyle” OR “sitting time”
OR “prolonged sitting” OR “computer time” OR “computer use” OR “screen time”
OR “screen-time” OR “sedentary activity” OR “sedentary activities” OR television OR
gaming OR “cell phone” OR “mobile phone”

#2

“physical activity” OR “physical activities” OR exercis* OR sport OR sports OR active
OR activities OR activity OR walking OR cycling OR running OR recreation OR play

#3

nutrition OR food OR diet OR intake OR beverages OR “sugar sweetened beverages” OR “energy drinks” OR “energy drink” OR “carbonated beverage*” OR
“carbonated drink*” OR “fruit vegetable juice” OR “fast foods” OR “fast food” OR
candy OR snack OR snacking OR snacks OR “snack food” OR “soft drink” OR fruit OR
fruits OR vegetables OR vegetable OR drinks OR soda OR drinking OR breakfast OR
supper OR lunch OR meal OR dinner OR tea OR fat OR “5-a-day” OR eating

#4

#1 OR #2 OR #3

#5

Health promotion[MeSH:noexp]

#6

“health promotion”[MeSH] OR “health behaviour” OR “health behavior” OR (“policy”
and (“social” OR “school” OR “food” OR public OR urban OR environmental OR
fiscal)) OR “urban planning” OR “city planning” OR “built environment” OR “social
environment” OR “physical environment” OR “cultural environment” OR “urban
environment” OR “school environment” OR neighbourhood OR neighborhood OR
community OR societal OR “social interventions” OR “community interventions” OR
“obesogenic environment” OR “individual level” OR “lifestyle” OR “individual” OR tax
OR taxes OR subsid* OR price* OR “health education” OR “social marketing” OR
(diet AND (advice OR counseling)) OR (exercise AND (advice OR counseling)) OR
“weight management” OR “cash transfer*” OR “lifestyle counselling” OR “behavioural counseling” OR “behavioral counseling” OR “exercise on prescription” OR
exercise OR “health trainer*” OR school OR workplace OR campaign* OR “access to
facilities” OR “green space” OR “walking ability” OR “food label*” OR “food advert*”

#7

#5 OR #6

#8

evaluat* OR effective* OR intervention OR “RCT” OR experiment* OR placebo OR
random* OR trial OR “quasi-experiment*” OR “pre-test” OR “post-test” OR trial
OR “time series” OR evaluat* OR intervention* OR “before and after” OR “community trial” OR “non-randomized” OR “non-randomised” OR repeat* OR “clinical
trial” OR “latin square” OR “pseudo-experimental” OR “pseudo-randomized” OR
“pseudo-randomised” OR “quasi-randomized” OR “quasi-randomised” OR “quasiexperiment*” OR pretest OR posttest OR nonrandomized OR nonrandomised OR
pseudoexperimental OR pseudorandomized OR pseudorandomised OR quasirandomized OR quasirandomised

114 | Chapter 4

#9

“clinical trial” OR “clinical trials as topic” OR “randomized controlled trial” OR “randomized controlled trials as topic” OR “random allocation” OR “double-blind method”
OR “single-blind method” OR “cross-over studies” OR “evaluation studies” OR “evaluation studies as topic” OR controlled trial OR “control group”

#10

(“population level” OR “population based” OR “population orientated” OR “population oriented” OR “community level” OR “community based” OR “community orientated” OR “community oriented” OR school OR “school-based” OR institution OR
institutional OR class) AND (intervention* OR prevention OR policy OR policies OR
program* OR project* OR program OR programs OR programme OR programmes
OR change OR changing OR trial OR trials OR approach OR approaches)

#11

#8 OR #9 OR #10

#12

#4 AND #7 AND #11

#13

“socioeconomic factors” OR income OR “socioeconomic” OR “socio-economic” OR
“social economic” OR “SES” OR “low-income population” OR “Household income”
OR “disadvantage*”

#14

#12 AND #13

#15

#12 AND #13 Filters: Publication date from 2000/01/01 to 2019/08/31; Child:
birth-18 years
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Supporting Information 2: Quality assessment tool
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Supporting Information 3:

Quality assessment scores of

Author, Year ↓

Analyses

Intervention integrity

Withdrawals and drop-outs

Data collection methods

Blinding

Confounders

Study design

Selection bias

Overall quality score

included studies and its items

Alaimo et al., 2015 [43]
Ashfield-Watt et al., 2008 [51]
Bastian et al., 2015 [52]
Beyler et al., 2014 [44]
Bohnert and Ward, 2013 [42]
Breslin et al., 2012 [54]
Colín-Ramírez et al., 2010 [55]
Dunton et al., 2015 [41]
Gatto et al., 2017 [49]
Gittelsohn et al., 2010 [40]
Harrison et al., 2006 [56]
Keihner et al., 2017 [35]
Lent et al., 2014 [45]
Madsen et al., 2013 [39]
Mendoza et al., 2017 [36]
Neumark-Sztainer et al., 2009 [46]
Nollen et al., 2014 [34]
Salmon et al., 2008 [FMS] [57]
Salmon et al., 2008 [BM] [57]
Salmon et al., 2011 [58]
Slusser et al., 2010 [38]
Springer et al., 2012 [47]
Trude et al., 2018 [5]
Van de Gaar et al., 2014 [59]
Vander Ploeg et al., 2014 [53]
Wang et al., 2019 [37]
Wells et al., 2014 [48]

+
+/+
+
+/+/+/+
+
+
+
+
+
+/+/+/+
+/+
+
+

+
+/+
+/+/+/-

+/+
+
+/+
+
+
+
+
+
+
+
+
+
+
+/+
+
-

+/+
+
+
+/+/+/+
+
+
+/+/+/+/+/+/+/+/+

-

+/+/+/+/+
+/+/+
+/+/-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+/+/+/+/+/+/+/+/+/+/+/+/-

+
+/+
+
+/+/-

Quality items →

Bold are studies that are effective in changing physical activity, dietary behavior and/or
sedentary behavior. BM=behavioral modification, FMS=fundamental movement skills, +=strong
score, +/-=moderate score -=weak score.

10 lessons aimed to increase physical activity at the expense of
screen time, based on concepts for behavioral change (self-control
(of screen time), self-monitoring, budgeting and goal setting).

Harrison et
al., 2006(56);
strong quality rating

1.1 Goal setting (behavior) – self-monitoring, budgeting and goal
setting practiced to decrease screen time and increase physical
activity
1.2 Problem solving – self-control of physical activity was enhanced by addressing barriers to increased activity and ways of
overcoming these barriers
1.4 Action planning – children were encouraged to set personal
targets
2.1 Monitoring of behavior by others without feedback – parents verify behavior by signing diaries
2.3 Self-monitoring of behavior – pupil diaries to record leisure
time activity/screen time
3.1 Social support (unspecified) – parents were encouraged in
writing to support children in their attempts to switch off and get
active
4.1 Instruction on how to perform a behavior – this is the aim
of the ten lessons

Summary intervention and applied behavior change techniques
(BCTs)

Summary of results

PA: ↑
At T1 (post-intervention)
compared to T0, significant increase in MVPA in
the intervention group
vs the control group (adjusted difference β=0.84
(95%CI: 0.11, 1.57)).
ST: ↔
No significant effects

Measurement tools

PA: 1-day Previous Day
Physical Activity Recall
(PDPAR). Administered
on one Sunday and two
other weekdays: number
of 30 minute blocks/day of
MVPA (breathlessness and
sweating).
ST: 1-day Previous Day
Physical Activity Recall
(PDPAR). Administered
on one Sunday and two
other weekdays: number
of 30 minute blocks/day of
screen time per day (TV/
video/dvd, computer game
usage).

Behavior change techniques and outcomes of the included articles, sorted

Study and
methodological quality

by methodological quality

Supporting Information 4:
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Madsen et
al., 2013(39);
moderate
quality rating

Study and
methodological quality

4.1 Instruction on how to perform the behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – students spend 2-3 days per
week in soccer drills or games for up to 2 hours each day

After-school soccer program, also including creative writing and
service learning. Primary goal of building competencies and skills
that support students’ overall development. Includes the train-thetrainer model.

6.2 Social comparison – the diaries were also used for minor
intra- and inter-school competitions
8.2 Behavior substitution – children were required to reflect on
how they spend their leisure time and challenged to identify realistic
alternatives to television viewing and computer game usage
10.2 Material reward (behavior) – one point was awarded for
every 5 min of physical activity
10.3 Non-specific reward – small prizes were used to reinforce
individual improvement and class achievement
14.1 Behavior cost – one point deducted for every 15 min of
screen time
Community participation/involvement – parents were encouraged in writing to support children and verify behavior
Knowledge transfer – aim of the 10 lessons

Summary intervention and applied behavior change techniques
(BCTs)

PA: Accelerometer: after
school and Saturday MVPA
minutes

Measurement tools

PA: ↔
No significant effects

Summary of results
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moderate
quality rating

van de
Gaar et al.,
2014(59);

Based on Switch-play. Six lessons of the BM-arm used and adapted;
targeting screen behaviors and physical activity directly as well as
through mediators of change.

Salmon et
al., 2011(58);
moderate
quality rating

3.2 Social support (practical) – parents responsible for giving the
child his/her water bottle to school
5.1 Information about health consequences – promotional
material: ‘water is the best thing I can give to my child!’
7.1 Prompts/cues – pimp up your water bottle – pimp up your

Implementation of a ‘water campaign’ at schools, using social
marketing, lessons at school, integrated community activities to
promote water consumption.

Knowledge transfer – education and awareness training on physical activity and health – the beginning of each subsequent lesson
involved a summary and brief discussion of what was learnt in the
previous lesson

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

PA: ↔
No significant effects,
also when stratified for
gender
ST: ↔
No overall effects for
screen behaviors. At T1
(post-intervention) compared to T0 moderation
effects of gender: favorable intervention effects
on weekend screen time
in boys β=-0.62 (95%CI:
-1.15, -0.1) but not in
girls β=0.13 (95%CI: 0.01,
0.25).
DB: ↑
At T1 (post-intervention
compared to T0, parent
report: average SSB
intake (liters) β=-0.19
(95%CI=-0.28, -0.10);
SSB servings β=-0.54
(95%CI=-0.82, -0.26). No
significant effects for

Measurement tools

PA: Self-reported survey:
physical activities (min/
week; 30 different activities) on weekdays and
weekend days, to calculate
min/day in MVPA
ST: Self-reported survey:
screen behaviors (minutes/
hours; TV viewing, playing
electronic games, computer use) on weekdays and
weekend days.

DB: Child- and parent
self-report: children’s
sugar sweetened beverages (SSB) intake (%every
day, liters and number of
servings).
Observations: %SSB
brought to school
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rating

Alaimo et al.
2015(43);
weak quality

Study and
methodological quality

4.1 Instruction on how to perform a behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – healthy eating coaching;
taste testing of healthy foods

A multi-component initiative including school, community and social
marketing elements, designed to improve dietary behaviors and
increase physical activity among children. Project FIT has a schooland a social marketing component.

water jug
8.1 Behavioral practice/rehearsal, and
8.3 Habit formation – taking a water break during physical educa
tion lessons
9.1 Credible source – water show provided by children’s role models – promotion by water ambassadors
12.5 Adding objects to the environment – provision of free
water bottles – provision of free water at school
Community participation/involvement – parents are responsible for giving the child his/her water bottle to school – water magazine for mothers – promotional material: ‘water is the best thing I
can give to my child!’
Knowledge transfer – storytelling about promoting water
consumption – educational water lessons – water magazine for
mothers
Active learning – fun games involving water consumption

Summary intervention and applied behavior change techniques
(BCTs)

DB: Questionnaire with
questions adapted from
the School Physical Activity
and Nutrition Questionnaire and the 4th grade Nutrition Education Survey;
Frequency of consumption
of common foods (whole
grain cereals, vegetables,

Measurement tools

DB: ↔
At T1 (after first year): No
significant effects.
At T2 (after second year):
whole grain breads
frequency increased
(times/d) (β=0.76; 0.06,
1.46) in intervention
group vs# the control

child report.
Observation report:
%SSB brought to school
β=0.51 (95%CI=0.36,
0.72).

Summary of results
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Asfield-Watt
et al.
2008(51);
weak quality
rating

Study and
methodological quality

12.5 Adding objects to the environment – seasonal fruits were
provided
Community participation/involvement – distribution of the
fruits within schools was undertaken by the children

total fruit intake in the
intervention group vs the
control group.

DB: ↔
At T1 (post-intervention)
compared to T0*: significantly higher fruit intake
in the intervention group
vs the control group
(0.39 more pieces/school
day). At T2 (6 week
follow-up) compared to
T1: significantly lower

DB: Day in the Life
Questionnaire; (diet recall
methodology): fruit intake
(at school and total fruit
intake)

Provision of free seasonal fruits to schools.

group; frequency of vegetables intake increased
(β=0.90; 0.11, 1.69),
Fruit intake increased
(times/d) (β=1.02; 0.33,
1.7);
Fruit servings increased
(β=2.16; 1.01, 4.62).

beans, fruits, fruit juice);
Plate consumption for
school lunches (or plate
waste)

7.4 Remove access to the reward – help teachers move away
from using food as rewards
12.1 Restructuring the physical environment – improvements
of school policies, programs and environments
12.5 Adding objects to the environment – non-food reward
boxes
Knowledge transfer – nutrition education – health messages

Summary of results

Measurement tools

Summary intervention and applied behavior change techniques
(BCTs)
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APPLE schools is a school-based health promotion intervention
working with the Comprehensive School Health (CSH) approach.
A school health facilitator is placed at the school to work with students, teachers, parents and the community to implement health
promotion strategies that meet the school’s needs. Examples are
the organization of extra activities during and after school hours
and improved access to after school PA facilities and programs;
school-wide activities are organized for students and parents; traffic
safety is increased to support/promote active transport; monthly
newsletters describing affordably, easily accessible and seasonally
appropriate activities for children outside of school.

Bastian et
al. 2015(52);
weak quality
rating

4.1 Instruction on how to perform the behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – a variety of enjoyable activity
choices were offered weekly
12.1 Restructuring the physical environment – increasing traffic safety to promote and support active transportation – improve
access to after-school physical activity facilities and programs
Community participation/involvement – student/parent activities – monthly school newsletters
Knowledge transfer – monthly school newsletters describing
activities for children

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

PA: ↑
At T1 (post-intervention)
compared to T0 daily
step counts increased
10.5% more on school
days (β=1221 steps/day;
95%CI: 306, 2135) and
21.6% more on weekend
days (β=2001 steps/day;
95%CI: 600, 3402) in the
intervention group vs the
control group. Hourly
step counts increased
15.8% more during
non-school hours (β=137
steps/hour; 95%CI: 31,
242) in the intervention
group vs the control
group.

Measurement tools

PA: Daily physical activity
using a pedometer
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rating

Bohnert
and Ward,
2013(42);
weak quality

Playworks places full-time coaches at low-income schools to engage
more children in physical activities and related life skills. The coaches are trained and supervised by Playworks staff. The coaches
organize games and activities during recess, work with teachers to
engage students in physical activity during class game time, and
coordinate a junior coach program where older students help
monitor recess periods.

Beyler et al.,
2014(44);
weak quality
rating

4.1 Instruction on how to perform a behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – physical instruction and
energetic activity through traditional and non-traditional sports and
fitness activities

GIG is a 30-week program with 10x3 modules, in which each module covers a different sport, health and leadership topic. The sessions
are led by a GIG coach and involve physical instruction and physical
activities, and education (health, nutrition, leadership, life skills)

1.2 Problem solving – conflict resolution
4.1 Instruction on how to perform a behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – full-time coaches organize
games and activities during recess
Community participation/involvement – youth adults as coaches

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

PA: ↔
At T1 (post-intervention) compared to T0
(baseline) teacher-reported levels of student
physical activity during
recess increased in the
intervention group vs the
control group (effect size:
32.4±0.85). No significant
effects for accelerometer
data and student survey.

PA: ↔
No significant effects
DB: ↔
No significant effects

Measurement tools

PA: Accelerometer (subgroup): Intensity counts
during recess; steps during
recess; time in MVPA;
time in MPA. Survey for
teachers and students:
percentage of students
participating in activities
making them sweat and
breath hard, percentage
of teachers agreeing their
students participated in
activities making them
sweat and breath hard.
PA: Questionnaire on PA
behavior (frequency of
sport participation of at
least 20 min high intensity;
frequency of strengthening
exercises)
DB: Questionnaire on
nutrition behavior (vegetable intake; intake of
snacks)
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Breslin et
al., 2012(54);
weak quality
rating

Study and
methodological quality

4.1 Instruction on how to perform a behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – children were taught
activities on the effects of physical activity on health, fun games for
indoors and outdoors

Sport for LIFE is a 12-week program aimed to increase knowledge
and understanding about the benefits and importance of physical
activity and healthy nutrition. Each week for 1 hour, children were
taught activities on the effects of physical activity on health, fun
games for indoors and outdoors and nutrition. The program ended
with a physical activity festival.

10.2 Material reward (behavior) – small prize for the girl who
worked hardest at each session
10.4 Social reward – girl of the day award for the girl who worked
the hardest at each session
12.5 Adding objects to the environment – a healthy snack or
meal is provided at every session
15.1 Verbal persuasion about capability – empowering the girls
to believe that they can make healthy choices as well as promoting
self-control around health and life choices
Community participation/involvement – take-home materials
for families to reinforce program messages
Knowledge transfer – health education, nutrition education, and
leadership and life skills topics

Summary intervention and applied behavior change techniques
(BCTs)

PA: Questionnaire with
questions from the
Physical Activity in Scotland
Schoolchildren questionnaire (PASS): meeting
60-min MVPA recommendation. Accelerometer
(subgroup): time spent
in light, moderate and
vigorous activities.
DB: Modified Child Nutrition Questionnaire. Items

Measurement tools

PA: ↑
At T1 (post-intervention) compared to
T0 significant main
effects on levels of light
(F(1,49)=23.650), moderate (F(1,49)=35.578),
and vigorous activities
(F(1,49)=24.337) in the
intervention group vs the
control group.

Summary of results
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Study and
methodological quality

Measurement tools

on:
food intake (non-core
foods, fruit, vegetables,
water, sweetened beverages without diet drinks),
healthy eating behavior,
environment (home or
school environment fruit
and vegetable consumption)
SB: Accelerometer (subgroup): time spent sedentary. Question from the
Health Promotion Agencies
National Children’s Survey:
screen time (watching TV,
watching DVD, playing
video games)

Summary intervention and applied behavior change techniques
(BCTs)

5.1 Information about health consequences – understanding
the benefits of regular participation in physical activity and sport
and the importance of eating a healthy balanced diet
9.1 Credible source – the program ended with a physical activity
festival with an invited Olympic gold medal winning guest in attendance

DB: ↔
Significant mean reduction in non-core food from
baseline to follow-up in
the intervention group
vs the control group
(F(1,414)=6.969).
SB: ↑ ST: ↔
Significant main
effects from baseline
to follow-up on levels
of sedentary activities
(F(1,49)=5.585) in the
intervention group vs
the control group. No
significant effects on
screen time.

Summary of results
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Intervention to increase PA, implementation at 3 levels. Individual
level: classroom lessons and activity breaks. School level: increase
duration of MVPA time in PE classes. Family level: involving family
members in support and reinforcement of classroom lessons and
recommendations for achieving a more active lifestyle for parents

ColínRamírez et
al., 2010(55);
weak quality
rating

3.1 Social support (unspecified) – each child received a book
of activities to take home with exercises that corresponded to the
lessons at school and was implemented with collaboration with his
parents
4.1 Instruction on how to perform a behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – physical education classes
8.1 Behavioral practice/rehearsal – exercise breaks
8.2 Behavior substitution – a substitution of regular exercise
during physical education classes for new ones that required moderate to vigorous energy output
8.6 Generalization of target behavior – take home book
9.1 Credible source – the lessons were given by health team
Community participation/involvement – parents received recommendations for achieving a more active lifestyle
Knowledge transfer – 30 min classroom lessons

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

PA: ↔
No significant effects
ST: ↔
No significant effects

Measurement tools

PA: sPAN questionnaire.
Items: how many days
in the last week did you
participate in MVPA and
in MPA
ST: sPAN questionnaire.
Items: hours of watching
TV or video movies yesterday; usual amount of
hours spent on computer
use (away from school);
usual amount of hours
spending on playing video
games
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Parents could receive reimbursement up to $200 following enrolment of their school-aged child in a qualified after-school physical
activity program. Program requirements include: aiming to encourage children to be active for 30 minutes of MVPA during a session;
supervised by an adult, suitable for children, duration of at least 8
weeks with a minimum of one session per week.

Dunton et
al., 2015(41);
weak quality
rating

10.1 Material incentive
10.2 Material reward – parents receive $200 if they sign their
child up to a qualified physical activity program

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

PA: ↔
At T1 (post-intervention)
compared to T0, the
intervention group was
more likely to be enrolled in an after-school
program vs the control
group OR=1.8 (95%CI:
0.2, 17.2). At T2 (6 week
follow-up) compared
to T0, the intervention
group was less likely to
continue enrolment at 6
week follow-up OR=0.8
(95%CI= 0.6,9.7). No
significant effects in time
spent in after school
programs, or time spent
in MVPA.

Measurement tools

PA: Assessed by self-report of parents (questionnaire; time allocation
diary): enrolment rate in
PA after-school programs;
weekly participation in after-school programs, duration of enrolment (weeks)
in after school programs,
long-term enrolment
pattern in after-school PA
programs. Accelerometer:
time spent in MVPA
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LA Sprouts is a 12 week after-school gardening, nutrition/cooking
intervention. Schools receive a raised bed planter box and an outdoor modular kitchen. Children receive nutrition lessons focused on
increasing fruit and vegetable intake, and gardening lessons where
children learn and participate in gardening activities. Children for
example learn planting, harvesting, recycling and cooking.

Gatto et al.
2017(49);
weak quality
rating

4.1 Instruction on how to perform a behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – interactive cooking/nutrition
lessons – gardening lesson
6.1 Demonstration of the behavior – the snack was eaten in a
family-style manner
12.5 Adding objects to the environment – raised bed planter
boxes were places, gardening tools were provided, outdoor modular kitchen
Community participation/involvement – parallel classes were
offered to parents bimonthly on mornings, evenings and weekends
– monthly visits to a local farmers market
Knowledge transfer – children learned and participated in
planting, growing, maintaining, and harvesting organic fruits and vegetables – gardening lessons also included identification of plants,
square for gardening, seasonal crops, transplanting, recycling,
composting, irrigation, and mulching.

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

DB: ↔
At T1 (post-intervention)
compared to T0 intake of
dietary fiber in intervention group increased by
0.4 grams/day (+3.4%),
while this decreases in
the control group by
2.0 grams/day (-16.5%).
Both the intervention
(-0.03 cup equivalent/
day) and control group
(-0.2 cup equivalent/day)
had decreased vegetable
intake from T0 to T1,
but this was smaller in
the intervention group
(-3.7%), than the control
group (-26.1%).

Measurement tools

DB: Dietary intake using
the Block Kids Food Screener (“last week” version); 41
items: Nutrients: energy,
protein, fat, carbohydrate,
added sugar, dietary fibers.
+ Food/food groups: meat,
diary, whole grains, vegetables, fruit/fruit juices,
apples/bananas/oranges,
lettuce/salads, green beans/peas, tomatoes.
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HFH aimed to increase the availability of healthy foods in stores,
and promote healthier food choices and food preparation methods.
Posters, educational displays and shelf labels were used in stores.
Cooking demonstrations/taste tests were held four to six times per
phase (4 phases in total; lasting 6-8 weeks each). Involvement of
local producers and distributors for the provision of products and
promotional items (cooking and taste tests).

Gittelsohn et
al., 2010(40);
weak quality
rating

4.1 Instruction on how to perform a behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – cooking demonstrations and
taste tests were held with brochures and recipe cards distributed
during the demonstrations/taste tests
7.1 Prompts/cues – local producers and their products were highlighted through the use of a ‘producer biography’, which was hung
above their product in the produce section
10.2 Material reward (behavior) – gift certificates/giveaways
12.1 Restructuring the physical environment – changes in
product distribution during specific phases
12.5 Adding objects to the environment – local producers and
their products were highlighted through the use of a “producer
biography”, which was hung above their product in the produce
section
Community participation/involvement – phases were developed in a participative process with community members – decisions

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

DB: ↔
At T1 (post-intervention)
compared to T0, significantly higher Healthy
Eating Index (HEI) scores
in the intervention
group vs the control
group (adjusted β=8.53;
SE=3.49); increased grain
HEI (adjusted β=1.83;
SE=0.73); and total water
consumption (adjusted
β=2.72; SE=0.74). No
significant effects on
frequency of healthy or
unhealthy food consumption.

Measurement tools

DB: Customer Impact
Questionnaire (CIQ). Items:
household meal patterns,
child feeding, consume
and prepare foods promoted by the intervention.
Child Customer Impact
Questionnaire (CCIQ).
Items: food frequency.
24-hour dietary recall for
both child and parent
using the US Department
of Agriculture’s five-step
multiple pass methodology
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Keihner et
al. 2017(35);
weak quality
rating

Study and
methodological quality

servings of FVs in their day
1.5 Review behavior goal(s) – set goals for improving FV intake
and levels of PA and assess their progress
2.3 Self-monitoring of behavior – students examine their current
habits (FV, snack, breakfast)
5.1 Information about health consequences – identify benefits

1.1 Goal setting (behavior) – set goals for increasing FV intake
and levels of PA
1.2 Problem solving – identify barriers to eating FVs and PA, identify ways to overcome perceived barriers and build skills to reduce
or eliminate barriers
1.4 Action planning – students make a plan to include at least five

Power Play! is an education intervention during/after school and
social marketing in the classroom cafeteria, after-school program,
home, and community setting. Throughout 10 weeks, activities were
conducted during/after school, including weekly FV/PA lessons and
PA breaks; biweekly classroom promotions/taste tests; posters
displayed in/around schools; and weekly nutrition materials for
parents.

about which foods to focus on were (also) based on community
workshops – two local producers and four local distributors were
involved in the project
Knowledge transfer – posters, educational displays, and shelf
labels were used as educational tools

Summary intervention and applied behavior change techniques
(BCTs)

PA: Survey consisting of
the Self- Administered
Physical Activity Check- list.
Children reported how
many minutes they spent
doing each activity yesterday: before school, during
school (classroom, physical
education, and recess/
lunch), and after school.
DB: 24-hour food diary,
24-hour recall interview

Measurement tools

PA: ↔
At T1 compared to T0
the intervention group
showed a significant
increase in PA minutes
during recess/lunch (5.1
minutes more) compared to the control group.
DB: ?
At T1 (post-intervention)
compared to T0 the
intervention group increased FV intake, while the
FV intake of the control
group decreased (mean
difference in change
0.26 cups). Most of this
difference came from the
intervention group eating
more whole fruits (0.18

Summary of results
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Study and
methodological quality

of eating FVs and being physically active
6.2 Social comparison – students identify their nutritional and PA
habits and those of their classmates
7.1 Prompts/cues – posters were displayed in the cafeteria, at after-school programs, and in the community for visual reinforcement
8.1 Behavioral practice/rehearsal – taste tests
8.2 Behavior substitution – brainstorm about healthy snack/
breakfast options that include FVs – brainstorm ways to be more
physically active, or reduce television viewing time
12.5 Adding objects to the environment – FV serving size information poster, stickers
Community participation/involvement – families were given
materials with guidelines, recipes, and tips
Knowledge transfer – increase knowledge in several areas, classroom-based nutrition and PA education lessons
Active learning – children conduct their own research; combine
FV with mathematics; students write a persuasive letter to friends;
students do presentations; students write a letter advocating for
a change that they would like to see at their school or in their
community; students use advertising techniques to develop a jingle
or slogan; students identify the effect of food advertising on food
preferences

Summary intervention and applied behavior change techniques
(BCTs)

Measurement tools

cups more) than the control group from T0 to T1;
a smaller amount was
observed for vegetable
intake (0.10 cups more).

Summary of results

| 131

This study aimed to impact healthy purchases in corner stores close
to the school. Corner stores: (1) display study marketing materials; (2) stock a minimum of products targeted by the intervention
(3) group healthier items for easy identification. The three main
intervention components are: 1) seven classroom-based nutrition education lessons 2) a branded social marketing campaign 3)
corner store-level initiatives including storeowner trainings, adding
healthier items, and signage identifying healthy items

Lent et al.,
2014(45);
weak quality
rating

1.3 Goal setting (outcome) – goal setting taught by project staff
12.1 Restructuring the physical environment – change in prices
- owners were encouraged to group healthy snacks together
12.5 Adding objects to the environment – 11 branded refrigerated barrels and one branded countertop refrigerator were provided
to intervention stores – adding healthier items in stores, signage
identifying healthy items – a branded social marketing campaign
communicated messaging regarding healthy eating and well-being
– logo was imprinted on small giveaways and banners and was
displayed in corner stores – website, comic book and video
Community participation/involvement – youth leaders provided feedback on which healthy items to introduce and on marketing messaging – for store owners: training
Knowledge transfer – classroom-based nutrition education lessons on identifying healthy snacks

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality
DB: corner store intercepts. Include: intercept
interview (1-2 minutes),
based on product’s category, size, name, quantity was
determined the energy
content, fat, sodium, carbohydrate, sugar, protein,
fiber.

Measurement tools

DB: ↔
No significant effects.

Summary of results
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Bicycle trains consist of a group of children who cycle to school
under supervision of an adult. At ‘train stops’ in the neighborhood
children are being picked up and dropped off at set times.

Mendoza et
al. 2017(36);
weak quality
rating

3.2 Social support – study staff rode along the route
4.1 Instruction on how to perform a behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – 2-3-hour professional bicycle riding safety course
8.1 Behavioral practice/rehearsal – several children learned to
ride a bicycle for the very first time
8.2 Behavior substitution, and
8.4 Habit reversal – the bicycle train was designed to instill an
active lifestyle in children by promoting cycling to and from school
over passive commuting
8.3 Habit formation – going by bicycle to school 5 days/week
10.1 Material incentive (behavior) – children were eligible to
keep the study bicycles and equipment after study completion
12.2 Restructuring the social environment – bicycle train route
based on children’s addresses with stops located along the route to
school
12.5 Adding objects to the environment – participants were
provided and fitted with (free) bicycles and safety equipment
Knowledge transfer – 2-3-hour professional bicycle riding safety
course

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

PA: ↑
At T1 compared to T0
the intervention group
had an absolute increase
in mean percentage
of daily commutes
by cycling of 44.9%
compared with controls.
Intervention participants
had an increase in mean
MVPA of 21.6 minutes/
day (95%CI=8.7, 34.6)
compared to controls
from T0 to T1.

Measurement tools

PA: A questionnaire
administered in one whole
week the percentage of
trips made to school by cycling. MVPA (minutes/day)
measured by 1) a combination of accelerometers and
GPS units (for cycling only)
and 2) accelerometers only
(for all PA activities except
cycling). Devices were worn
for 7 days.
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Theatre-based after-school program to reach ethnically diverse
and low-income children and their parents with obesity prevention
messages

NeumarkSztainer et
al., 2009(46);
weak quality
rating

3.1 Social support (unspecified) – the family component aimed
to enhance home support for behavioral changes through positive
reinforcement of healthy behaviors, parent-child participation in
physical activities and availability of healthy foods – children were
given an opportunity to share any behavioral changes they had
made over the past week
4.1 Instruction on how to perform a behavior – parent postcard with information and interactive activities on a topic addressed
in the after-school program
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – participants furthered their
physical activity skills by teaching their classmates and they learned
exercises to do at home with their families
5.2 Salience of consequences – intervention messages were
transformed into play scenes
7.1 Prompts/cues – weekly fun and fitness packs were sent home
that included a healthy food with a simple recipe or fitness incentives for the family – a CD of the Ready. Set. ACTION! Songs was also
sent home to foster dance at home – parent postcard
13.4 Valued self-identity – promoting a positive body image
through interactive activities

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

PA: ↔
No significant effects
DB: ↔
No significant effects
ST: ↔
No significant effects

Measurement tools

PA: Self-report: hours/day
after school and previous
day
DB: 24-hr recall: energy
intake (kcal/day), fruit/vegetable intake (number of
servings/day), sweetened
beverages (number of servings/day), ST: Self-report:
TV viewing (hours/day)
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Nollen et al.,
2014(34);
weak quality
rating

Study and
methodological quality

preselected times throughout the day
10.3 Non-specific reward – song-based reward system that
provided girls one song per day if they responded to 80% of daily
prompts

1.1 Goal setting (behavior), and
1.4 Action planning – girls were required to set two daily goals
and an accompanying plan for improving the behavior
2.2 Feedback on behavior – feedback and reinforcement on
goal-attainment
2.3 Self-monitoring of behavior – cues to action and self-monitoring that prompted girls to self-monitor progress toward their goals
7.1 Prompts/cues – cues to action and self-monitoring that
prompted girls to self-monitor progress toward their goals at five

This is a mobile technology intervention targeting nutrition and
sedentary behavior of girls. Through their mobile phone girls had to
set two daily goals and an accompanying plan for improving the behavior addressed in three four-week modules. The app gave them
cues to actions and feedback to self-monitor goal attainment.

Community participation/involvement– two family events –
props sent home to parents
Knowledge transfer – the ACTivities focused on enhancing knowledge related to physical activity and healthy eating

Summary intervention and applied behavior change techniques
(BCTs)

DB: 24-hour dietary recall
multiple pass method to
assess fruit/vegetables, sugar sweetened beverages
ST: Brief Questionnaire
of Television Viewing and
Computer Use

Measurement tools

DB: ↔
No significant effects
ST: ↔
No significant effects

Summary of results
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The intervention is aimed at preventing excess weight gain, reduce
likelihood of being overweight or obese, reduce screen time and
promote PA. There are 3 intervention conditions: behavioral modification (BM), fundamental movement skills (FMS), or combination
(BM/FMS). Intervention groups received 19 lessons, combination
group double, delivered by a qualified PE teacher.

Salmon et
al., 2008(57);
weak quality
rating

BM
1.1 Goal setting (behavior), and
1.4 Action planning – the child selects the TV programs that he/
she wants to watch and limits viewing to those programs
1.8 Behavioral contract – children signed a contract pledging to
switch off one TV program per week over the next 4 weeks
2.2 Feedback on behavior – reinforce children’s awareness of
their physical activity through the use of pedometers
2.3 Self-monitoring of behavior – children self-monitored the
time they spent in sedentary behaviors and physical activity
4.1 Instruction on how to perform a behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – children participated in
physical activities that they could easily perform at home on their
own
4.4 Behavioral experiments – raise children’s awareness of the
home and community environments through map drawing and
photographic techniques

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

PA: BM vs control group
↔: counts/day β=47.0
(95%CI: 24.2, 69.8) at T1
(post-intervention) and
β=7.5 (95%CI: 24.6, 70.4)
at T2 (12-month follow
up); VPA (min/day) β=2.8
(95%CI: 0.3, 5.4) at T1
and β=2.8 (95%CI: 0.2,
5.4) at T2.
FMS vs control group
↑: counts/day β=76.7
(95%CI: 35.2, 118.0) at
T1 β=76.1 (95%CI: 33.4,
118.9) at T2; MPA (min/
day) β=10.4 (95%CI: 2.8,
18.1) at T1 and β=9.5
(95%CI: 1.4, 17.6) at
T2; VPA(min/day) β=7.8
(95%CI: 3.4, 12.3) at T1
and β=7.7 (95%CI: 3.2,
12.1) at T2.
BM/FMS vs control
group ↔: No significant
effects

Measurement tools

PA: Accelerometer:
counts/day, time/day in
MPA and VPA
ST: Questionnaire: TV
viewing, computer use and
playing electronic games
(hours/minutes on weekdays and weekend days).
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Study and
methodological quality

5.1 Information about health consequences – health benefits
of physical activity were covered
8.2 Behavior substitution – children developed their own physical
activities and games in which they could participate as an alternative to being sedentary
8.6 Generalization of a target behavior – children participated
in physical activities that they could easily perform at home on their
own
8.7 Graded task – children had to switch off one TV program per
week
9.2 Pros and cons – children had to weigh up the positives and
negatives of choosing between being active or sedentary
10.2 Material reward (behavior) – an intermittent reinforcement
schedule was employed with children receiving a small reward for
the return of each of the first four contracts and thereafter an intermittent reward for continuing to maintain the switch-off
10.3 Non-specific reward – children received a participation
medal
13.1 Identification of self as role model – children presented
their advocacy posters to children in the younger grades
14.9 Reduce reward frequency – intermittent reward for continuing to maintain the switch-off
Community participation/involvement – parents had to sign
the contract each week

Summary intervention and applied behavior change techniques
(BCTs)

Measurement tools

In girls:
BM vs control group:
counts per day β=36.5

In boys:
BM vs control group:
counts/day β=61.6
(95%CI: 12.4, 110.9) at
T2; VPA (min/day) β=4.5
(95%CI: 0.91, 8.0) at T1;
VPA (min/day) β=4.4
(95%CI: 0.44, 8.4) at T2.
FMS vs control group:
counts per day β=112.8
(95%CI: 59.1, 166.6) at
T1 and β=114.0 (95%CI:
52.8, 175.2) at T2; VPA
(min/day) β=13.8 (95%CI:
8.7, 18.9) at T1 and
β=13.8 (95%CI: 8.4, 19.1)
at T2.
BM/FMS vs control
group: VPA β=5.7
(95%CI: 0.21, 11.2) at T1.

Summary of results
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Study and
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w

Knowledge transfer – lessons – raising awareness about advertisements on TV
Active learning – children write their own scripts, perform plays
and design posters about choices to be active or sedentary based
on real-life situations

FMS
4.1 Instruction on how to perform the behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – children were taught six
skills: three object control skills and three locomotor skills
13.1 Identification of self as role model – children presented
their advocacy posters to children in the younger grades
14.9 Reduce reward frequency – intermittent reward for continuing to maintain the switch-off
Community participation/involvement – parents had to sign
the contract each week
Knowledge transfer – lessons – raising awareness about advertisements on TV
Active learning – children write their own scripts, perform plays
and design posters about choices to be active or sedentary based
on real-life situations

Measurement tools

Summary intervention and applied behavior change techniques
(BCTs)

(95%CI: 0.29, 72.7) at T1
and β=29.3 (95%CI: 9.4,
69.1) at T2; MPA β=12.1
(95%CI: 3.9, 20.3) at T1
and β=11.1 (95%CI: 3.8,
18.4) at T2
FMS vs control group:
No significant effects
BM/FMS vs control
group: No significant
effects
ST: BM vs control
group↔: TV viewing (min/
week) β=229.3 (95%CI:
16.6, 442.0) at T1 and
β=239.9 (95%CI: 27.6,
452.2) at T2;
FMS vs control group ↔:
No significant effects
BM/FMS vs control
group ↔: No significant
effects

Summary of results
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weak quality
rating

Springer et
al., 2012(47);

Staff training on nutrition education and PA; regular monitoring
and technical assistance visits; after-school youth specialists were
coached to increase students’ opportunities to participate in MVPA;
Catch Kids Club curriculum are 32 lessons on nutrition and skills to
make healthy dietary and PA choices at school, in the community
and at home

Slusser et
al., 2013(38);
weak quality
rating

1.1 Goal setting (behavior), and
1.4 Action planning – successful completion of MK is based on a
set of targets

Students track the number of miles they walk or run along with the
number of fruits and vegetables they eat. Successful completion of
MK is 26.2 miles walking or running over 6 months and eating fruit
or vegetables 5 times a day for 26 days for 1 month.

3.1 Social support (unspecified) – youth specialists were encouraged to serve as positive role models to the children
4.1 Instruction on how to perform the behavior – nutrition
education – materials for parents
4.1 Instruction on how to perform the behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – hands-on snack preparation
activities
12.2 Restructuring the social environment – physical activity
cards

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

PA: ↔
No significant effects
DB: ↔
At T1 (post-intervention)
compared to T0 frequency of drinking juice lower
in intervention group vs
control group (0.18 vs
0.44); frequency of eating
junk food lower in intervention group vs control
group (-0.23 vs 0.01).

PA: ↔
At T3 (post-intervention)
compared to T0 (repeated measures) a higher
mean number of times
running in the intervention group vs the control
group (4.38 and 3.83

Measurement tools

PA: Catch Kids club
questionnaire: physical
activity behavior. Previous
day physical activity recall
(PDPAR): i.e. previous day
recess and lunchtime activities, transport. Calculated
into one score (including
SB)
DB: Day in the Life Questionnaire: frequency of fruit,
vegetable, snack food and
juice intake (previous day)

PA: Active Kids Project
questionnaire with items
from PAC-Q, the Athletic
Identity Questionnaire, the
GEMS study: includes PA
engagement.
Items from the PAC-Q:
7-day recall items on
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Study and
methodological quality

Measurement tools

running, walking and other
leisure-time PA
DB: Active Kids Project
questionnaire, includes
items from SPAN survey
and SIP 15 project: fruit
and vegetable consumption (FVC) at home and at
school.

Summary intervention and applied behavior change techniques
(BCTs)

2.3 Self-monitoring of behavior – students track the number of
miles they walk or run along with the number of fruits and vegetables they eat
3.1 Social support (unspecified) – promoting teacher and parent
encouragement
3.2 Social support (practical) – teachers often assist students
with the tracking of their miles and FVC
8.1 Behavioral practice/rehearsal, and
8.3 Habit formation – walking or running 26.2 miles over a
6-month period and eating fruit or vegetables 5 times a day for 26
days for 1 month
10.10 Reward (outcome) – students who complete the program
receive a finisher t-shirt and those who attend the final mile run
also receive a medal
12.1 Restructuring the physical environment – structured time
is provided during recess, PE class, or other periods of the school
day for students to walk or run
12.5 Adding objects to the environment – logo and bumper stickers, community signage such as advertising on buses, MK t-shirts,
widely publicized book-end events
Knowledge transfer – presentations to school districts and PE
teachers, information packets, promotion of school garden

respectively; standardized effect size 0.16).
No effects on walking,
recreational activity or
global PA.
DB: ↔
At T3 compared to T0
a higher mean times of
fruit intake in the intervention group vs control
group (3.25 vs 2.96;
standardized effect size
0.14) and vegetable (2.67
vs. 2.38; standardized
effect size 0.14) intake
per day, and higher
vegetable intake during
school lunch (2.66 vs
2.44). No differences for
fruit juice consumption
or frequency of eating
fruit at school.

Summary of results
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BHCK is a multilevel, multicomponent childhood obesity prevention trial that sought to modify the food environment on the policy,
environmental, interpersonal and intrapersonal level. BHCK involves
wholesalers, small food stores, recreation centers/peer-mentors,
and social media. The intervention consists of three phases: 1)
healthier beverages – promoting healthier alternatives to sugar
sweetened beverages; 2) healthier snacks – promoting low-fat and
low-sugar alternatives to unhealthy snacks; 3) healthier cooking –
promoting cooking ingredients.

Trude et al.,
2018(50);
weak quality
rating

1.1 Goal setting (behavior) – goal setting for healthier food intake
3.1 Social support (unspecified) – interaction between parents is
encouraged
4.1 Instruction on how to perform the behavior – storeowner
training which aim to improve their knowledge of healthier food
options and self-efficacy to be able to stock, prepare and sell their
foods; taste tests and blind tasting challenges in stores
4.1 Instruction on how to perform the behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – cooking classes
6.2 Social comparison – participants are asked to share whether
they were able to achieve weekly goals and advise other parents
7.1 Prompts/cues – caregivers receive a text message to encourage completion of an attainable and specific goal, subsequent
text-messages offer support to help parents reach the goal, social

Summary intervention and applied behavior change techniques
(BCTs)

Study and
methodological quality

Summary of results

DB: ↔
No significant effects

Measurement tools

DB: Block Kids 2004 Food
Frequency Questionnaire
(consumption of 77 common food items in past 7
days)
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Active learning – the instructional period is followed by interactive
games, activities, taste tests, and cooking classes to reinforce promotional messages; youth-leaders will deliver interactive sessions in
the corner stores

media mirror the content of the text-messages
9.1 Credible source – youth-leaders are trained to deliver components of the intervention
10.4 Social reward – stores will be deemed a bronze, silver, gold
or platinum certified healthy store if they successfully stock new,
healthy food options and allow the BHCK team to promote the
foods with their stores throughout the phases
12.1 Restructuring the physical environment – increase access
to healthier foods by small retail and prepared food sources in the
city, by increasing the stocking and sales of affordable healthy food
options at local wholesalers that supply corner stores and carryout;
wholesalers provide discounts on BHCK promoted food items to
participating small food sources; at carryout storeowners are asked
to make the default beverage option a healthier option, provide
healthier side dishes, engage in healthier cooking methods and
create a healthy combo meal on their menu
12.5 Adding objects to the environment – storeowners receive
gift cards from small food sources; corner storeowners are asked to
stock at least four new healthy food options; signage such as menu
boards, shelf talkers, labels and posters

Summary intervention and applied behavior change techniques
(BCTs)

Measurement tools

Summary of results
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Vander
Ploeg et al.,
2014(53);
weak quality
rating

Study and
methodological quality

6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – a variety of enjoyable activity
choices were offered weekly
8.2 Behavior substitution – improve traffic safety to promote and
support active transportation
12.1 Restructuring the physical environment – improve access

3.1 Social support (unspecified) – student/parent activities
4.1 Instruction on how to perform the behavior, and

Comprehensive school health approach, with actions in 4 pillars: social and physical environment, teaching and learning, healthy school
policy, partnerships and services. Involves the placement of a fulltime facilitator, to create and sustain supportive physical and social
environments that cultivate a healthy lifestyle. Activities were organized, PA equipment in classrooms, improve access to after-school PA
facilities and programs, support active transportation

Community involvement/participation – collaboration with key
stakeholders, wholesalers, recreation centers, peer leaders, corner
stores/carryout, families; the youth-leader intervention was developed in a participatory process with community partners and young
people; youth leaders deliver intervention components in stores, via
promotional materials, and on social media
Knowledge transfer – storeowner trainings to improve their
knowledge of healthier food options and self-efficacy to be able to
stock, prepare and sell their foods.

Summary intervention and applied behavior change techniques
(BCTs)

PA: Pedometer: daily
physical activity level, i.e.
steps.

Measurement tools

PA: ↑
At T1 (post-intervention) compared to T0
steps/day increased
with 13.0% more in the
intervention group vs the
control group, β=1399
(95%CI: 485, 2312).

Summary of results
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Wang et al.,
2019(37);
weak quality
rating

Study and
methodological quality

1.1 Goal setting (behavior) – through health and narrative sessions, e.g. set individual water intake goals
1.2 Problem solving – through health and narrative sessions, e.g.
identify triggers for SSBs, brainstorm ways to avoid SSB’s, create
video narratives to overcome barriers to drinking water participants

Community-based behavioral intervention, delivered through Boys
and Girls Clubs of America (BGCs). The intervention consists of 1)
12 group-based weekly sessions (1-h session, twice a week); 2) BGC
open house event for youth and parents. Intervention activities
consisted of three components: 1) health sessions for youth (knowledge, attitude, skills), 2) narrative sessions for youth (behavioral
messages on SSB and water intake), 3) youth-led activities empowering youth as change agents (e.g. teaching parents knowledge and
skills, sharing of narrative materials produced)

to after-school physical activity facilities and programs
12.2 Restructuring the social environment – placement of a
full-time School Health Facilitator in each school
12.5 Adding objects to the environment – schools had easy and
ready-to-use equipment in classrooms to facilitate increased activity
Community participation/involvement – student/parent activities – monthly school newsletters
Knowledge transfer – monthly school newsletters describing
affordable, easily accessible, and seasonally appropriate activities
for children to participate in outside of school

Summary intervention and applied behavior change techniques
(BCTs)

PA: Items of the YRBS
survey (number of days
engaged in at least 60min
of MVPA per day over the
past 7 days)

DB: Items adapted from
the Youth Risk Behavior
Surveillance (YRBS) survey
and Youth Adolescent
Food Frequency Questionnaire (consumption of
SSBs, water, fast food, FV,
in past 7 days)

Measurement tools

DB: ↔
At T1 (2-month follow
up) compared to T0
SSB intake decreased
(servings/day) β=-0.97
(95%CI: -1.75, -0.20) and
water intake (cups/day)
increased β=1.23 (95%CI:
0.42, 2.05), in intervention group vs control
group. At T2 (6-month
follow-up) compared to
T0 SSB intake decreased
β=
-1.64 (95%CI: -2.52,

Summary of results
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Study and
methodological quality
ST: Items of the YRBS survey (number of hours of
screen time on an average
school day)

received included parent-child take-home activities
2.3 Self-monitoring of behavior – the booklet that child participants received included intervention activity worksheets, and water
and SSB consumption tracking sheets
4.1 Instruction on how to perform the behavior – through
health sessions, e.g. instruct youth on nutrition labels
4.1 Instruction on how to perform the behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – weekly health module and
narrative module, where the narrative modules include intervention
objectives and activities that reinforce the knowledge, attitudes,
skills and behaviors targeted in the health component
5.1 Information on health consequences – health and narrative
sessions, e.g. discuss benefits of drinking water
8.2 Behavior substitution – help youth identify non-sweetened
alternative beverages to SSBs; encourage youth to try different
beverage options
8.6 Generalization of a target behavior – health and narrative
sessions
10.2 Material reward – celebrate youth program completion
through distribution of certificates and prizes
12.5 Adding objects to the environment – child participants receive
a reusable water bottle and a pictorial intervention booklet

Active learning – weekly health module and narrative module,

Measurement tools

Summary intervention and applied behavior change techniques
(BCTs)

ST: ↔
No significant effects

PA: ↔
No significant effects

-0.76) and water intake
increased β=1.31 (95%CI:
0.38, 2.23), in the intervention group vs the
control group.

Summary of results
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4.1 Instruction on how to perform the behavior, and
6.1 Demonstration of the behavior, and
8.1 Behavioral practice/rehearsal – educators led activities in
the garden such as planting, weeding and harvesting
12.5 Adding objects to the environment – the school garden
Knowledge transfer – information and implementation guide to
the school – 20-lesson curriculum for children

School garden program to increase physical activity and decrease sedentary behavior. Four components in the program: 1) the
garden 2) access to a curriculum of 20 lessons 3) resources for the
school 4) a garden implementation guide

where the narrative modules include intervention objectives and activities that reinforce the knowledge, attitudes, skills and behaviors
targeted in the health component
Community involvement/participation – the booklet that child

Summary intervention and applied behavior change techniques
(BCTs)

PA: ↔
At T1 (post-intervention)
compared to T0 greater
increase in % of time
spent in MPA and MVPA
in the intervention group
vs the control group
based on accelerometer
data, mean diff=0.58 and
1.0, respectively.
SB: ↔
The intervention group
showed less sedentary behavior (usually,
not yesterday): mean
diff=-0.19. No significant
effects on accelerometer
based SB.

SB: GEMS Activity Questionnaire (GAQ): information
on sedentary activities
(usually; yesterday) in 7
sedentary activities (e.g.
TV viewing, video gaming,
computer games, board
games, music listening).
Accelerometer: physical
activity (sedentary).

Summary of results

PA: GEMS Activity Questionnaire (GAQ): information
on physical activity (usually;
yesterday) in 28 sports and
physical activities (e.g. Volleyball, hiking, gymnastics,
bicycling).
Accelerometer: physical
activity (light PA, MPA, VPA,
MVPA).

Measurement tools

*

BM=behavioral modification, CG=control group, DB=dietary behavior, FMS=fundamental movement skills, FV=fruits and vegetables,
IG=intervention group, MPA=moderate physical activity, MVPA=moderate to vigorous physical activity, PA=physical activity, SB=sedentary
behavior, ST=screen time, T0=baseline, VPA=vigorous physical activity, vs=versus
ST is reported when a study specifically focused on ST instead of on SB in general

↔ indicates intervention overall not effective on at least 75% of the outcomes within the behavior, ↑ indicates intervention overall effective on at
least 75% of the outcomes within the behavior, ?= unclear on the amount of outcome measures in the questionnaire

Wells et al.,
2014(48);
weak quality
rating

Study and
methodological quality
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