Vazou et al. Sports Medicine - Open (2020) 6:1 ici -
https://doi.org/10.1186/s40798-019-0218-8 Sports Med|CI ne Open

SYSTEMATIC REVIEW Open Access

A Systematic Review and Qualitative ")
Synthesis Resulting in a Typology of
Elementary Classroom Movement

Integration Interventions

Spyridoula Vazou' ®, Collin A. Webster?, Gregory Stewart®, Priscila Candal', Cate A. Egan®, Adam Pennell’ and
Laura B. Russ®

Abstract

Background/Objective: Movement integration (M) involves infusing physical activity into normal classroom time.
A wide range of Ml interventions have succeeded in increasing children’s participation in physical activity. However,
no previous research has attempted to unpack the various Ml intervention approaches. Therefore, this study aimed
to systematically review, qualitatively analyze, and develop a typology of Ml interventions conducted in primary/
elementary school settings.

Subjects/Methods: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were
followed to identify published MI interventions. Irrelevant records were removed first by title, then by abstract, and
finally by full texts of articles, resulting in 72 studies being retained for qualitative analysis. A deductive approach,
using previous Ml research as an a priori analytic framework, alongside inductive techniques were used to analyze
the data.

Results: Four types of Ml interventions were identified and labeled based on their design: student-driven, teacher-
driven, researcher-teacher collaboration, and researcher-driven. Each type was further refined based on the Ml
strategies (movement breaks, active lessons, other: opening activity, transitions, reward, awareness), the level of
intrapersonal and institutional support (training, resources), and the delivery (dose, intensity, type, fidelity). Nearly
half of the interventions were researcher-driven, which may undermine the sustainability of MI as a routine practice
by teachers in schools. An imbalance is evident on the Ml strategies, with transitions, opening and awareness
activities, and rewards being limitedly studied. Delivery should be further examined with a strong focus on
reporting fidelity.

Conclusions: There are distinct approaches that are most often employed to promote the use of Ml and these
approaches may often lack a minimum standard for reporting Ml intervention details. This typology may be useful
to effectively translate the evidence into practice in real-life settings to better understand and study Ml
interventions.
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Key Points

e This systematic review presents a typology of MI
interventions based on their design, strategies,
support, and delivery, to highlight the different types
of existing MI interventions in the primary/
elementary classroom setting.

e Nearly half of the interventions were researcher-
driven, which may undermine the sustainability of
MI as a routine practice by teachers in schools.

e There are distinct approaches that are most often
employed to promote the use of MI and these
approaches often lack a minimum standard for
reporting MI intervention details.

Background
Schools are viewed as natural settings to increase chil-
dren’s physical activity because of their extensive ac-
cess to youth (6-7h per day, 36-49 h per week) and
their existing infrastructure for physical activity pro-
motion (teachers, facilities, and other resources) [1]. In
collaboration with the Society of Health and Physical
Educators (SHAPE) America, the Centers for Disease
Control and Prevention issued recommendations to
support the design, implementation, and evaluation of
Comprehensive School Physical Activity Programs
(CSPAPs) [2]. A CSPAP is commonly conceptualized
as consisting of five components: (a) physical educa-
tion, (b) physical activity during school, (c) physical
activity before and after school, (d) staff involvement,
and (e) family and community engagement [2]. Each
component of a CSPAP can be designed to support
children in developing the skills and knowledge needed
for a physically active lifestyle and achieving the national
recommendations of 60 min of daily physical activity [2].

Traditionally, school-based physical activity oppor-
tunities for children have been provided mainly
through physical education and recess. However, aca-
demic and educational policy has led to school admin-
istrators cutting significant amounts of allotted time
from these programs [3]. As a result, CSPAP compo-
nents should be designed to expand children’s daily
physical activity opportunities, as well as to reinforce
physical education [4]. One approach in particular that
has seen a significant rise in intervention focus is class-
room movement integration (MI), which is the process
of infusing movement, at any level of intensity, into
regularly scheduled classroom time [5]. Examples of MI
include providing movement breaks during academic
lessons, teaching academic content through movement,
and using regularly occurring transitions (e.g., between
lessons) to increase movement opportunities [6].

Several review studies have been conducted to examine
the effects of MI on students’ physical activity, as well as on
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students’ cognition, classroom performance, and academic
outcomes [7—11]. Overall, the results of these reviews dem-
onstrate that MI can be beneficial to students’ physical
activity and academic achievement, and in the worst case, it
does not decrease overall physical activity or interfere with
school performance and/or academic achievement [7-11].
There seems to be sufficient evidence to support MI as
educationally sound and potentially health-promoting [5].
The generally positive outcomes of MI interventions, along
with the increase in the number of these interventions,
underscore the need to ensure that the details of different
intervention approaches are navigable and replicable, where
appropriate, for researchers and practitioners. However, the
specific nature of different MI strategies included in the
design and implementation of published interventions has
not been foregrounded in most reviews.

The most recent systematic review provided descriptive
information about MI interventions in elementary/primary
schools [11]. There was a wide range of intervention con-
tent reported across 39 studies with details such as the
scheduled physical activity (type, intensity, duration, fre-
quency), MI focus (academic or non-academic), and inter-
vention dose (days per week; minutes per week). The
authors also reported information about intervention fidel-
ity, when such information was included in the reviewed
studies. In tandem with these aspects of review [11], we
aimed in the present study to build upon the still nascent
descriptive knowledge base for MI interventions and pro-
vide a more in-depth qualitative analysis of the literature
from nearly double the body of evidence. Specifically, our
intention was to increase the transparency of varied inter-
vention approaches for future consideration by interven-
tion scientists, teachers, teacher educators, and others who
may be interested in further testing specific MI strategies,
adopting MI practices, and/or training school professionals
to use and support ML Toward this end, the purpose of
this study was to systematically review and qualitatively
synthesize MI interventions in elementary/primary schools.
The goal was to, as thoroughly as possible, canvas all pub-
lished MI interventions in the targeted setting so that we
could distill the full scope of reported intervention details,
thematically analyze, and subsequently classify different
intervention approaches, resulting in a typology of MI
interventions in primary schools.

Methods

Protocol

This study followed the Preferred Reporting Items of
Systematic Reviews and Meta-Analyses (PRISMA)
recommendations for systematic review reporting [12].

Search Strategy
Studies were ascertained through a systematic search in-
cluding four electronic databases (Google Scholar, PubMed,
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ERIC, Psyclnfo) conducted from February 10 to March 31,
2017, by the third author. During this time period, the same
author enrolled in a notification service for all four data-
bases to ensure studies published during this timeframe
would also be included. The second, third, and fifth authors
identified a total of 14 keywords related to MI. These key-
words were then divided into three categories: action, strat-
egy, and participants (Table 1). Researchers conducted pilot
searches consisting of all possible combinations of the 14
keywords and identified 11 search combinations that were
found to elicit the most relevant study results (Table 1). A
separate search was conducted for each of the 11 keyword
combinations in each of the four databases (totaling 44
searches). The default “AND” was used between keywords
in each combination (e.g., exercise AND int* AND class*).
Searches were sorted by relevance and restricted to records
published in English. No other restrictions were used (e.g.,
date range). In most cases, relevant records appeared within
approximately the first 200 records returned for each
search. However, to ensure no relevant records were
omitted, the first 2000 returned records from each search
were exported into an Excel spreadsheet to begin the
identification stage of PRISMA [12].

Inclusion and Exclusion Criteria
The following set of inclusion criteria was utilized to
select papers for this qualitative synthesis:

1. Intervention study design in a school setting.
At least 1 component of the MI intervention had to
take place in the regular classroom setting, at a
regular classroom time.

3. Study population included primary/elementary
school age children (i.e., 4—10 years old;
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Kindergarten—5th Grade). Studies were included if
they contained pre-school age (i.e., 3—4 years old)
or middle school age children (i.e., 10-13 years old)
in the sample population but were excluded if the
entire population consisted of those populations.

4. Presented original data with results. Dissertations,
theses, review studies, and conference
presentations/proceedings were excluded.

5. The university database had access to the study.

Study Selection

A systematic search generated 7985 possible records in
the initial search, and 73 possible records were identified
through other sources, meaning previous reviews and
meta-analyses of this literature and extensive search of
reference lists from obtained articles (Fig. 1). After using
Excel to eliminate duplicates (n = 2014), the titles and
abstracts of 6044 were screened by the first, third, and
fifth authors. A total of 225 publications were identified
as possibly relevant to the inclusion criteria, and the
earlier mentioned authors reviewed these records in full
text. Disagreements between reviewers regarding inclu-
sion/exclusion of a study were resolved through discus-
sion. Of the 225 full-text articles reviewed, a total of 72
articles satisfied the inclusion criteria and were included
in the subsequent phases of the review.

Data Extraction

All authors extracted relevant data for the analysis from
the included articles, and the first author reviewed all re-
cords from the original studies and the information in-
cluded in the review to ensure the quality and accuracy
of the data extracted. Data extraction from each study
included country, school location (e.g., urban, rural,

Table 1 Databases searched, keywords by category, and keyword combinations used for the review

Databases Keyword category 1: action Keyword category 2: strategy Keyword category 3: participants
PubMed Physical activity Child*
Google Scholar Exercise Youth
ERIC Movement Program* Student*
PsycINFO Training Class*
Elementary
Primary
School

Keyword combinations used for the review
exercise AND int* AND class*

physical activity AND trial AND class*
movement AND program* AND class*
exercise AND int* AND school

physical activity AND trial AND school
movement AND program* AND school
exercise AND int* AND school

physical activity AND trial AND elementary
movement AND program* AND elementary
physical activity AND class* AND child*
physical activity AND child* AND school*
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suburban), participant characteristics (e.g., grade levels
and number of children that received the intervention),
intervention characteristics (e.g., intervention design,
intervention strategy, description of program, physical ac-
tivity characteristics, resources and equipment, training),
and implementation characteristics (e.g., implementation
fidelity, implementation measures) (Additional file 1).

Data Analysis

Before analyzing the data, the first three authors collapsed
the information extracted from the included articles into
categories, based on its different areas of general focus (e.g.,
participant characteristics, school characteristics, interven-
tion characteristics). Subsequently, these researchers used
both deductive and inductive data analysis techniques. The
deductive approach consisted of drawing upon two previous
studies [6, 13] to analyze the data within and across categor-
ies. In the first study [6], an observation system that codifies
MI into distinct strategies (e.g, movement break, opening
activity, transition) was developed. In the second study [13],
common facilitators (e.g., administrative support, availability
of resources) and barriers to MI (e.g., lack of time, lack of re-
sources) in elementary school classrooms were identified
using a social-ecological perspective, which considered vari-
ables that could be associated with MI at multiple levels of
influence (e.g, intrapersonal, interpersonal, institutional).
The results from these previous studies served as an a priori

analytic framework for the present investigation, providing
the researchers with existing, relevant, and evidence-based
lenses to search for common and distinguishing features
among the various MI intervention approaches.

Modified analytic induction [14] was used to incorpor-
ate inductive techniques into the data analysis. While
comparing the data to the a priori framework and con-
sidering features of each intervention in light of MI
strategies, facilitators, and barriers, the researchers also
searched for intervention features that the a priori
framework did not help to classify. These features (e.g.,
who planned/implemented the intervention strategies;
the intensity of the physical activities used in the inter-
vention) were then examined to find commonalities and
consistencies. The researchers recursively analyzed the
data using these deductive and inductive techniques
until they felt that each intervention could be classified
into a unique “type,” and that the different types of in-
terventions (comprising what we refer to as a “typology”)
parsimoniously captured the diverse range of MI inter-
vention approaches.

Movement break is defined as a physical activity in the
classroom that does not include academic content and it
is used as an activity break, whereas, academically in-
fused, or integrated MI refers to any physical activity
that is used to review or teach academic content. Open-
ing activity MI is movement directed by the teacher
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within the first 10 min of the official start of the school
day. Transitional MI (both teacher-directed and non-
teacher-directed) involves students walking from point
A to point B. Reward/incentive MI is a movement pro-
vided by the teacher as an obvious reward for providing
a correct response or behavior in class [6].

Results
A total of 72 MI interventions [15-86] were classified
based on their approach into 4 MI categories according to
their design: student-driven, teacher-driven, researcher-
teacher collaboration, and researcher-driven interventions.
These categories were mainly informed by the inductive
analysis, as they represent new perspectives not reported
in the previous studies (i.e., the a priori analytic frame-
work) used for the deductive analysis. Next, each unique
type of intervention is described, along with three other
grouping categories: (a) the adopted strategies (movement
break, academically infused, opening activity, transition,
reward), informed by the a priori framework, (b) the level
of support received at an institutional and intrapersonal
level (resources and training), also informed by the a priori
framework, and (c) the characteristics of the delivery
(dose, intensity, type of physical activity, and fidelity), in-
formed by the inductive analysis.

The categories of the MI intervention approach and
the total number of studies in each category are pre-
sented in Fig. 2, whereas the number of interventions for
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the different categories is presented in Table 2. The
focus of the support given to teachers to promote their
use of MI can be conceptualized in different ways. One
way to understand support for MI is to consider existing
facilitators and barriers to its use [13]. According to a
previous systematic review, facilitators and barriers can
be separated into two levels of influence on MI: institu-
tional (factors within the school environment that are
beyond the teacher’s direct control) and intrapersonal
(factors specific to the teacher’s background, experience,
and beliefs). At the institutional level, facilitators
included administrative support and availability of
resources, whereas barriers included lack of time, lack of
resources, lack of space, and lack of administrative
support. At the intrapersonal level, facilitators included a
perception that physical activity is valuable, perceived
ease of implementation, and teacher confidence, whereas
barriers included implementation challenges, lack of
teacher motivation, and lack of training [13].

The majority of the interventions had a research-
driven design, were mainly focused on movement breaks
and academically infused activities, provided some kind
of resources and training to the participating teachers or
schools, and measured implementation fidelity. The dose
(duration per day in minutes and/or frequency per week)
for MI varied from 2 to 90 min per day with the most
frequent being under 10 min. The duration of the inter-
vention varied from a day or a week (mostly in acute

Movement Integration Typology
Y Riasarifiés Thach Regearel
c'o\-o Student-Driven Teacher-Driven esearcher- leacher esearcher
2 (10) (13) Collaboration Driven
Q ’ (10 (37
o Q; Academically
N . . Academically Other
@O‘O Physical Mov em»ent Infused (Opening, Transitions,
{'b Environment Breéks (Integrated) Rewards, Awareness)
v (8) (26) (30) (1)
XN
N
QO Resources Training
R (67) (47)
4
S
\\4‘ D?se Intensity Type Fidelity
Q@ ) * (49)
Fig. 2 Typology of Ml interventions. Note. Numbers in parenthesis represent the overall number of interventions for each category. *Frequency
table is provided separately for those categories
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Student-Driven Teacher-Driven R-T Collaboration Researcher-Driven Total
(10) (15) (10) (37) (72)
Strategies”
Physical environment 8 0 0 0 8
Academically infused 0 6 7 17 30
Movement break 3 8 3 10 24
Other 1 3 0 7 M
Support: training
Yes, by Researcher/Experts (before impl.) 2 8 17 32
Yes, by School Staff/Adm. (before impl.) 1 4 0 3 8
Yes, but unclear by whom 0 1 1 0 2
Ongoing (after impl.)* 1 6 2 5 14
Not required/provided 3 1 1 13 18
Not reported/missing 4 4 0 4 12
Support: duration of training
<1h 1 1 1 3
Up to a school day (between 6 and 8 h) 0 4 3 4 1M
> a school day 0 1 1 0 2
Not required/provided 3 1 2 5 11
Not reported/missing 6 9 3 27 45
Support: resources
Desk/chairs/stability balls 9 0 0 0 9
Fitness equipment 1 5 0 2 8
Lessons plans/cards/manuals 1 4 9 18 32
Websites/electronic/DVD 0 2 5 5 12
Not required 1 4 1 6 12
Not reported/missing 0 4 0 9 13
Delivery: intensity/type of PA#
Light 8 0 0 6 14
MVPA 2 9 9 26 42
FMS 0 8 1 2 1
Fitness 1 0 3 3 7
Dance 0 4 1 1 6
Yoga/breath/stretch 1 3 2 6 12
Other 1 0 0 3 4
Not reported/missing 0 0 0 4 4
Dose per day
< 10min 0 4 5 5 14
10-20 min 0 2 17 24
21-35min 2 1 2 7 12
> 35min (50-90 min) 2 3 0 2 7
Throughout the day (no specific dose) 6 0 0 0 6
Not reported/missing 0 2 1 6 9
Duration of intervention
Acute (< 1 week) 2 1 0 8 11
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Table 2 Frequency of interventions based on design and overall data on strategies, support, and delivery (Continued)

Student-Driven Teacher-Driven R-T Collaboration Researcher-Driven Total

(10) (15) (10) (37) (72)
2-3 weeks 0 1 0 0 1
1-6 months 3 4 3 13 23
7-11 months 5 5 3 5 18
1-3 years 0 1 2 8 1
Not reported/missing 0 3 1 0 4

Fidelity

Observation 4 1 1 5 11
Teacher log 0 4 3 7 14
Activity monitor 1 1 0 3 5
Combination/other 2 1 4 8 15
Not reported/missing 3 8 2 14 27

*as assessed by the researchers based on content provided; *independent of other categories; Impl., implementation; MVPA, moderate-to-vigorous physical

activity; FMS, fundamental motor skills

studies) to 3 years with the most frequent being from 1
to 6 months. The MI activities were mainly moderate-
to-vigorous intensity and the type varied greatly among
fundamental motor skills, fitness aerobic, fitness resist-
ance, yoga, stretching, and dance. The missing informa-
tion for delivery was high for all categories with the
highest being on the type of physical activities used for
MI (26 studies) and the implementation fidelity (23
studies). A total of 19 MI interventions were part of a
multi-component approach that targeted multiple be-
haviors (e.g., nutrition, health education) and/or multiple
contexts (e.g., classroom, PE, family). All data presented
in the results section are also provided collectively in
Additional file 1 along with the information regarding
the study population.

Student-Driven
A total of 10 interventions [15-24] were classified as
student-driven MI. These interventions were character-
ized by high student autonomy in adding movement in
the classroom throughout the school day, mainly by
standing or using alternative options to sitting, without
teacher prompts and without interrupting the teacher
during instruction. The majority of student-driven inter-
ventions [15-21, 23] were centered on changes in the
physical environment, which is defined as when the
“equipment used is facilitative, resulting in student activ-
ity, regardless of level of intensity” (p. 301) [6].
Student-driven MI interventions utilized ergonomic
furniture, including stand-based/height-adjustable
desks [15, 16, 18, 19, 23] and stability/therapy balls
[17, 20, 21, 23] or a combination of ergonomic furniture
and room organization (e.g., strategically placing materials
on different sides of the classroom) [18]. The remaining
two student-driven interventions provided autonomy for
the students to engage in movement breaks based on their

preference. The first study used fitness stations in the
classroom where the students received incentives depend-
ing on how frequently they used the stations [22], and the
second study promoted self-directed physical activity out-
side of school after a short introduction of a variety of ac-
tivities at school [24]. In student-driven MI interventions,
researchers either provided schools with ergonomic furni-
ture or assisted the school in writing a grant to help ac-
quire the furniture.

Most student-driven MI interventions did not include
[15, 16, 22] or report [17, 18, 21, 23] a teacher training. In-
terventions that did include a training [19, 20, 24] focused
on appropriate use of the desks or nutritional education
[22]; one of the interventions included pedagogical strat-
egies for reducing sitting time and adapting traditional de-
livery of the academic curriculum [19]. When reported,
training was delivered by a physical education teacher in
collaboration with a researcher [20] or the County Health
Coordinator [24] and in one intervention training lasted for
30 min [19].

Regarding delivery, the intensity of the physical ac-
tivities of most student-driven interventions was
light [15-21, 23], such as standing, dynamic sitting, and
upper body movements (rotation, lateral flexion); one in-
corporated a manipulative motor skill focus by throwing
bean bags while spelling [19]. Two interventions incorpo-
rated higher intensity levels of physical activity (ie.,
moderate-to-vigorous physical activity [MVPA]) [22, 24].
The majority of student-driven interventions included en-
vironmental changes that were available in the classroom
throughout the school day [15, 16, 20-23] and in most
cases throughout the school year [15, 16, 19, 21, 22].
Therefore, a specific dose of the MI was not provided with
the exception of four interventions [17-19, 24] that
recommended MI for 30-60 min per day, with two of
them being acute studies [17, 18]. The most common
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measure for intervention fidelity was direct observation
[17, 20, 21, 23]. Three interventions did not report in-
formation about fidelity [15, 16, 24] whereas the
remaining interventions used a questionnaire [18], ac-
tivity monitors [19], or personal meetings with the
teachers [22]. Four interventions delivered the program
as intended [16, 18, 20, 23].

Teacher-Driven

A total of 15 interventions [25-39] were classified as
teacher-driven MI interventions. These interventions
were characterized by high teacher autonomy in the de-
sign and implementation of the movement opportunities.
Teacher-driven MI included mainly academically infused
(integrated) movement [29, 32, 35, 36, 38, 39] and move-
ment breaks [25-28, 30, 31, 34, 37]. A limited number of
interventions incorporated movement as an opening activ-
ity for the school day in addition to the movement breaks
[28, 37], or a reward for classroom behavior [28]. Informa-
tion about the MI strategy was missing from one interven-
tion [33].

The top three most used resources and equipment in
teacher-driven interventions were as follows: fitness
equipment such as jump ropes, exercise bands, bean
bags, and sport balls [28, 32, 34, 36, 37], written mate-
rials or material kits such as lesson plans, activities, and
handouts [27, 28, 34, 36], and exercise videos [34, 37].
Four interventions encouraged teachers to use MI but
did not require the use of any resources or materials
[26%, 29, 35, 38] and four interventions did not report
that information [25, 30, 31, 33].

The majority (10 out of 15; 6 being academically infused
MI) of the teacher-driven interventions offered training
[27-30, 32, 34-36, 38, 39] delivered by researchers [32,
34, 36] or PE/Health teachers and school coordinators
[27, 30, 39]. The training lasted from 3 h [35] to 20 h [30]
with the majority of the interventions that reported the
duration of the training being a full school day [29, 34,
36]. Additional ongoing support throughout the imple-
mentation included meetings and workshops delivered by
school staff (e.g., PE teachers) [27, 28, 34, 35] and emails
or use of a website to share lesson plans provided by the
research team [32, 36].

Most of the MI activities focused on MVPA levels
[26-29, 32-34, 37, 39], followed by fundamental
motor skills [26, 29, 31, 32, 34—37], whereas some in-
terventions incorporated other types of physical activities,
such as dance [34-36, 38], stretching [26, 38], and yoga
[38]. None of the physical activities was light intensity,
compared with the previous section of student-driven inter-
ventions where the majority were light physical activity.
About an equal number of interventions focused on MVPA
levels and/or fundamental motor skills during movement
breaks and academically infused movement. Over half of
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the teacher-driven MI activities were below 20 min in dur-
ation [25-27, 29, 31, 33, 34, 37, 38]; three of the MI activ-
ities ranged from 30 to 60 min [32, 35, 36], one was more
than 60 min per MI activity [39] and two interventions did
not report on activity duration [28, 30]. Almost half of the
interventions had a typical weekly frequency of 2-5
times [25, 29, 32, 34-37] with two interventions pro-
vided flexibility for teachers to implement the activ-
ities as needed [38, 39], whereas six interventions did
not report the typical frequency of MI per week [27,
28, 30, 31, 33, 36]. One intervention was an acute
study with 1-week delivery dose [25]. Six out of the
15 teacher-driven interventions measured fidelity with
the most common measure being a teacher log [28,
34, 36, 38] followed by direct observation [35] and
activity monitors [33]. Three interventions delivered
the programs as intended [28, 34, 36].

Researcher-Teacher Collaboration

A total of 10 interventions were classified as researcher-
teacher collaboration MI interventions [34—49].
Researcher-teacher collaboration MI interventions were
characterized by the design and implementation of
physical activity opportunities as a collaborative effort
between researchers and teachers. This collaboration
was achieved through the researcher designing physical
activity opportunities and then allowing the teachers to
adapt these activities to provide a “better fit” for their
individual classrooms [45, 48], providing teachers with
a menu of activities to select from or when and how to
use them [42, 43, 47, 49], or working together (re-
searchers and teachers) to create lesson plans [40, 41,
44, 46]. The majority of the researcher-teacher collab-
oration interventions incorporated academically infused
movement [40-42, 45-49] with only three focusing on
movement breaks [43, 44, 49].

All researcher-teacher collaboration interventions
provided materials/equipment in the form of lessons
plans, a teacher guide or a fitness manual [40-42,
44-46], or activity cards, games, and DVD [43, 48,
49]. However, none of these interventions provided
fitness equipment to the teachers, unlike the student-
driven and teacher-driven interventions. All but one
intervention [48] provided training before the start of
the implementation period, delivered by researchers
[41-47, 49], with the duration varying from 30-min
individual meetings [45] to two full school days [41].
Throughout the implementation, only two researcher-
teacher collaboration interventions [45, 47] provided
ongoing support with one of them included two
email/phone communications with the participating
schools [47].

Nine of the 10 researcher-teacher collaboration inter-
ventions focused on MVPA levels [40-45, 47-49],
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whereas only two incorporated other forms of physical
activities like dancing, yoga and stretching [42], or fun-
damental motor skills [48]. Most research-teacher col-
laboration interventions mentioned the dose of their MI
activities; five of the interventions reported MI activities
of 10 min or less [40, 42, 43, 48, 49], four had MI activ-
ities between 20 and 30 min [41, 44, 45, 47] with only
one intervention not reporting the duration of MI per
day [46]. Half of the research-teacher collaboration in-
terventions reported a weekly frequency of 2-5 times
[41-44, 47, 48], while two interventions allowed teacher
discretion and flexibility to incorporate the MI activities
[40, 49] and two did not report weekly frequency [45,
46]. The most common measure for intervention fidelity
was a teacher log [43, 47, 48], in combination with direct
observations [40, 41, 49], as well as focus groups and ac-
tivity monitors [45]. One study used only direct observa-
tions [42] and two studies did not report fidelity [44,
46]. Three research-teacher collaboration interventions
delivered the program as intended [42, 45, 47].

Researcher-Driven

A total of 37 interventions were classified as researcher-
driven MI interventions [50-86]. In these interventions,
the researchers controlled the design and/or implementa-
tion of physical activity opportunities. The participating
teachers were usually responsible for delivering the inter-
vention as designed by the researcher. Like teacher-driven
MI interventions, researcher-driven interventions included
both academically infused movement [50-52, 54—56, 58—
62, 70, 71, 74, 79, 85, 86] and movement breaks [53, 64—
66, 68, 73, 75, 80, 81, 83]. Some research-driven interven-
tions included MI programs that incorporated a body
awareness approach, in which body posture, coordination,
mindful movements, breathing, and relaxation were the
main focus [57, 72, 76, 77]. Two interventions integrated
movement as an opening activity or during school transi-
tions [72, 73] while four studies did not report how move-
ment was integrated in their intervention [63, 67, 69, 78].

The majority (21 out of 37) of the researcher-driven inter-
ventions provided written materials in form of lesson plans,
manuals or resources, such as CDs, magazines, activity
cards, and kits [50-55, 57-59, 61, 70-72, 74, 75, 77, 79,
80, 82, 83, 85, 86] while six interventions did not share
resources with teachers, schools, and/or students [56, 62, 65,
68, 73, 76]. The remaining nine interventions did not report
any information about resources [60, 63, 64, 66, 67, 69, 78,
81, 84]. In addition to the aforementioned resources, only
two studies utilized equipment (e.g., sports balls) in their
programs [57, 85].

Seventeen interventions provided training to class-
room teachers delivered by researchers [50, 51, 54-61,
70, 72-74, 78, 85, 86] and six interventions identified
professionals such as qualified physical education
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teacher [66], trained intervention coaches [69, 71], the
researchers [62, 65, 80], or trained medical students [81]
to deliver the intervention instead of training the class-
room teachers to deliver MI. Two interventions used a
standardized video for MI [77, 83]. Seven researcher-
driven interventions did not provide training [53, 63, 64,
67, 68, 75, 79] and four did not report if there was any
training [52, 76, 82, 84]. The duration of the training var-
ied from 30 min [54] to a full school day [50, 60, 61, 78].
Ongoing support throughout the implementation was re-
ported only by five interventions [51, 58, 60, 61, 86] with
one providing weekly consultations [51] and two offering
1-2 booster sessions halfway through [60, 61]. The
remaining two interventions reported providing consult-
ation support throughout implementation without being
specific about the type of support.

The majority of the researcher-driven interventions
(26 out of 37) focused on the intensity (MVPA) of the
MI activities [52-54, 5659, 61-66, 68, 69, 71-75, 79—
84, 86], whereas some had a fitness approach, either in
the form of aerobic exercise [81, 83] or strengthening
exercise [83]. Two researcher-driven interventions fo-
cused on fundamental motor skill development [78, 85]
and six on light intensity physical activities, such as
stretching, yoga, coordination and breathing exercises
[57, 72, 76, 77, 84, 86]. Lastly, five interventions did not
report the type and/or intensity of the activities [51, 55,
60, 67, 70]. The duration of MI activities per day varied
substantially from under 10 min [52, 65, 68, 73, 76] to
over 50 min [60, 66], with the most common duration
being 10-20 min [51, 53, 56, 58, 59, 61-65, 70-72, 75,
80, 83, 85, 86] and the shortest being 3—4 min [68, 73].
Six studies did not specify the recommended dur-
ation of the activities [50, 55, 57, 67, 69, 84] and
seven lasted between 20 and 30 min per day [54, 74,
77-79, 81, 82]. Almost all of the researcher-driven
interventions were recommended on a daily basis or
did not provide information about weekly frequency.

About one-fourth of the researcher-driven interven-
tions did not measure fidelity [52, 53, 63, 64, 67, 69, 72,
76, 82, 84], and of those that measured it, about half
studies reported that the intervention was delivered as
intended [50, 51, 58, 61, 62, 65, 68, 70, 74, 80, 81, 83,
85]. The measures used for fidelity varied between
teacher logs [54-56, 58, 73, 75, 77], direct observation
[51, 57, 65, 68, 74], activity monitors [62, 70, 80], meet-
ings or ending surveys [60, 86], or a combination of
measures [50, 59, 61, 66, 78, 79].

Discussion

As demonstrated in this paper, in recent years, this line of
research has shown an increase in the rate of accumula-
tion of data on MI interventions. Despite the developing
empirical studies, little research has examined the nature
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of classroom MI interventions, which makes it difficult to
trace and unpack the various intervention approaches that
have been used in previous studies. This, in turn, exacer-
bates efforts to compare or replicate previous MI interven-
tions and poses a challenge to evaluate the feasibility and
sustainability of different approaches to increasing MI. In
the present study, a systematic literature search ascer-
tained a total of 72 studies that reported MI interventions
with primary-/elementary-age children. Using the infor-
mation provided in these studies, and drawing from previ-
ous MI research [6, 13] as an a priori framework for
analysis, the researchers created a typology of MI inter-
ventions based on their design, the implemented strat-
egies, the level of institutional and intrapersonal support,
and the type of delivery.

Design

The design of the MI interventions (student-driven,
teacher-driven, researcher-teacher collaboration, and
researcher-driven) was a unique factor that emerged
from our qualitative analysis that had not been identified
in previous reviews on MI [11] or studies that examined
implementation factors of MI [87-89]. MI interventions
in this review were found to be more researcher-driven
than teacher-driven, student-driven, or collaborative in
nature. The majority (37 studies) of the interventions
involved the researcher as a key stakeholder in interven-
tion design and implementation. As the results
demonstrated, in researcher-driven interventions, train-
ing was provided to the teachers mainly before the start
of the intervention, whereas the more teachers involved
in the design of the activities, the more administrative
support was provided throughout the implementation
period (13.5% in researcher-driven, 20% in researcher-
teacher collaboration, and 40% in teacher-driven inter-
ventions). Researcher-driven interventions have the po-
tential to be limited in scope due to a lack of first-hand/
insider knowledge about the particular school context(s)
and influencing variables. Researcher-driven interven-
tions also may lack sustainability based on a lack of
teacher buy-in due to academic/teaching barriers and
intrapersonal factors, such as lack of motivation,
perceived value for the MI, and perceived competence
[13, 87, 88]. It is essential for a research to become more
pragmatic and translational with programs accounting
for the constraints that the schools have, such as lack of
time. Interventions with a higher involvement of
teachers on the design of the programs may be more
pragmatic and potentially more sustainable. As previous
research has shown, teachers are often implementing MI
in the classroom and are interested in doing more when
receiving support and ideas as well as learning more
about the research on MI [89].
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A limited number of interventions had a collaborative ap-
proach between researchers and teachers. A community-
based participatory research (CBPR) approach may benefit
MI interventions [90]. CBPR involves collaboration be-
tween change agents in the school community (e.g., class-
room teachers, administrators, physical education teachers)
and researchers throughout all phases of the research
process [91]. Health promotion research provides strong
evidence that CBPR can lead to greater implementation ef-
ficiency, reduce dependency on researchers, ensure cultural
and local sensitivity, enhance program productivity, pro-
mote equitable distribution of services, and increase pro-
gram sustainability [92]. Ultimately, partnerships through
CBPR take advantage of stakeholders’ localized knowledge
as well as researchers’ empirical knowledge and scientific
expertise to promote a more contextually valid intervention
design [92]. The results of the review demonstrated that
the number of interventions that were developed by
teachers or provided the autonomy to students to benefit
from the MI when needed was high (35%). It can be as-
sumed that many of those MI interventions were easy to
implement as they did not require training but relied on
the confidence and motivation of the participating teachers.
We believe that these types of interventions hold promise
for long-term implementation and sustainability on MI as
teachers and students can be more independent and imple-
mentation can rely more on autonomous motivation with-
out being driven by external factors (e.g., because of
requests from the principal or the research team) [93].
However, it should be emphasized that institutional sup-
port, regarding equipment, and space were critical for the
implementation of the student-driven MI interventions,
whereas the need for equipment or resources in the
teacher-driven interventions was low to zero and, in most
cases, limited to small fitness equipment, like stretching
bands or balls.

Strategies

The present study demonstrated that, overall, 75% of MI
interventions (54 studies) in this review implemented
movement as a break from instruction or in the form of
integrated lessons (academically infused), strategies that
have been classified as “other movement” in previous MI
interventions [6]. Interestingly, the majority (70%) of the
researcher-teacher collaboration MI interventions and
about half (46%) of the researcher-driven MI interven-
tions were focused on academically infused physical
activities. Even though the existing evidence is limited to
draw clear conclusions about the effectiveness of inte-
grated physical activities on academic outcomes [94],
multiple advantages have been identified in recent stud-
ies (e.g., directly facilitating learning, increasing intrinsic
motivation for the educational process) [48, 95, 96].
Arguably, an additional major benefit may be that it can
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further allay concerns that the time spent on physical ac-
tivity is a time taken away from academics, especially
since lack of time is a common barrier identified by
teachers [13, 87, 88]. However, achieving true integration
can be a labor-intensive task requiring collaborative
teams of activity and education experts that may not be
feasible in many cases. More research is needed to shed
light on the required delivery attributes of academically
infused lessons and the characteristics of the teachers to
successfully implement this strategy in the classroom.

Fewer interventions focused on manipulating the phys-
ical environment (e.g., pedal desks) or on strategies such
as transitions, opening activities, and rewards. A unique
category that emerged in our study was the “awareness”
strategy that included bodily awareness and mindful con-
trol for correct posture, elimination of noise in the class-
room, and/or increased concentration. Considering the
unequal number of interventions on the different MI
strategies (mainly activity breaks and academically in-
fused), future studies should expand on MI strategies that
have received less attention, such as transitions, opening
activities, awareness activities, and rewards. It is expected
that transitions hold promise on being easily implemented
in the classroom due to the fact that transitions are a nat-
urally occurring and often frequent part of classroom rou-
tines that require minimal resources and time to promote
student physical activity [6]. Considering that the afore-
mentioned MI strategies vary substantially in their content
and structure, it is crucial for researchers to identify or
systematically examine factors that could be perceived as
barriers and facilitators for each of the MI strategies separ-
ately. For example, academically infused physical activities
may require more experience in teaching an academic
concept, whereas an opening or a transition activity may
require more skills in managing space and time. Future re-
search is needed in order to better understand how phys-
ical activity can be implemented through a variety of MI
strategies in the academic classroom and design meaning-
ful programs that will defeat the impression that move-
ment and learning are pitched against each other in an
antagonistic relation.

Support

Overall, the majority of interventions (67 studies) reviewed
in the present study primarily focused on providing re-
sources (e.g., stability balls, resource manuals; equipment
bins), which represent institutional factors for implementa-
tion. Many of these resources were prepacked material that
can be easily provided and are cost efficient. These mate-
rials usually came in the form of a resource manual with
example activities for teachers to choose from or a step-by-
step curriculum guide for teachers to implement. However,
descriptions of these materials generally lacked detail. At a

minimum, studies should provide examples of the
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materials/activities or a link to the materials/activities. De-
signing programs that require minimum resources may be
considered more feasible for implementation. Cost-
effectiveness studies are needed in order to better under-
stand the efficacy and feasibility of MI programs.

Many of the MI interventions in this review (42 stud-
ies) provided training of some type to the teachers or
school staff as an intervention component. However,
the information provided about these trainings was
limited. Details about trainings typically were presented
in 3-4 sentences identifying parts of the following in-
formation (rarely all of the categories presented here
were reported by one study): the rationale for the train-
ing, the purpose of the training, the length of the train-
ing, who led the training, and a broad outline of what
the training included. Little to no information was pro-
vided with respect to the theoretical/empirical basis of
the training; specific training objectives; training activ-
ities or professional learning experiences; teacher satis-
faction with the training; and steps taken to determine
if the training achieved the desired professional devel-
opment for the intervention to be feasible or successful.
Training was typically provided before the start of the
intervention and lasted from a couple of hours to one
or two full days.

Ongoing support and feedback throughout the interven-
tion period were rarely provided, whereas in most interven-
tions, the level of support or the climate from the school
administrators was not measured. A possible solution to on-
going support for MI interventions could be the use of on-
line communities of practice as a platform for interactions
among teachers with a shared goal. Online communities of
practice have been proposed as a promising avenue for
teachers to share their best practices and experiences for MI
and to strengthen their confidence through increased aware-
ness/knowledge and peer modeling [90, 97, 98]. However, as
this strategy is relatively new, understanding how to best en-
gage teachers in an online community of practice by over-
coming barriers such as lack of time remains unclear [99].
Despite the support at the institutional level, an ecological
model of behavior change emphasizes intrapersonal vari-
ables as central and most directly influential to changing the
behavior of targeted individuals (e.g., teachers) [100]. MI in-
terventions that only focus on institutional factors related to
MI do not empower teachers to use MI and may lack sus-
tainability once the institutional resources are no longer
present. MI interventions that include a focus on intraper-
sonal characteristics of teachers (e.g., self-efficacy, perceived
competence, attitudes) could lead to more effective, sustain-
able interventions in the future [97].

Delivery
It was evident in our review that an optimal delivery of MI
has not been identified in the existing literature. The dose
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(frequency and duration), intensity, and type of physical
activities varied substantially from study to study making
it hard to make comparisons among studies (Table 2). As
the results showed, student-driven interventions were fo-
cused mainly on light intensity of physical activity of no
specific duration, evident throughout the school day. On
the contrary, the focus on MVPA was predominant in
researcher-driven and researcher-teacher collaboration MI
interventions. In teacher-driven interventions, an equal
number of studies focused on MVPA (9 out of 15) and
fundamental motor skills (8 out of 15). We did not iden-
tify substantial differences on the daily duration of the MI
activities across different designs (with the exception of
the student-driven interventions). The most common dur-
ation was between 10 and 20 min per day with some ex-
ceptions being as low as 3—4 min per day (activity break
of high intensity) or as high as 50-60 min (full lesson plan
integrated with academics). It was interesting that the
researcher-driven interventions recommended MI on a
daily basis, whereas most teacher-driven and researcher-
teacher collaboration interventions provided more flexibil-
ity with a 2—5 days per week implementation. It is possible
that a different duration, frequency, intensity, or type of
MI is needed when the activities are integrated with aca-
demic subjects (such as math, language arts, science, and
social studies), are activity breaks, or are offered as part of
transitions, rewards, or awareness. Systematic and exten-
sive research is needed in order to understand the optimal
conditions for the delivery of MI with different character-
istics and for different purposes.

Another area that needs extensive work is treatment
fidelity. Treatment fidelity is the final stage in imple-
menting an intervention and is defined as “strategies that
monitor and enhance the accuracy and consistency of an
intervention to ensure it is implemented as planned and
that each component is delivered in a comparable man-
ner to all study participants over time” (page 122, [101]).
Even though over half of the interventions (49 studies)
measured fidelity of implementation, of those, fewer in-
terventions (35 studies) provided some information
about whether the intervention was delivered as
intended with the majority focusing only on the accu-
mulation of minutes of physical activity but not on the
qualitative characteristics of the program implementa-
tion (e.g., how it was perceived by teachers and students,
whether modifications were necessary, and if yes, what
modifications were made, were the expectations for the
activities realistic and easy to conduct, etc.). Generally,
teacher self-reports were used to measure fidelity of im-
plementation, and in many cases, the data were collected
after the completion of the intervention making the in-
formation less precise or accurate. This is an issue not
only within MI intervention research, but also across
other types of PA interventions [102]. It is
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recommended that studies report the fidelity of the im-
plementation to the intervention protocol and the theor-
etical approach that was used (if any) [103, 104].

Overall, the information reported about the intervention
in each study differs dramatically in its scope and depth.
Some degree of reporting variance is to be expected, given
that the studies were published in a wide range of journals
that have different aims, target audiences, and submission
requirements. In addition, there is considerable heterogen-
eity in the amount of the reported detail, given that in
some interventions, MI is the sole independent variable,
whereas in others, it is only one component of a multi-
component intervention. However, a minimum standard
for reporting MI intervention details should be established
and followed to ensure that interventions can be carefully
compared and replicated. For example, a recent study de-
veloped a 12-item checklist that can guide future report-
ing of MI interventions [105]. The items include the
following: (a) brief name of the intervention; (b) rationale
for the intervention; (c) materials used in intervention; (d)
procedures used in intervention; (e) who provided the
intervention; (f) modes of intervention delivery; (g) types
of locations where the intervention occurred; (h) when
and how the intervention was delivered (dose); (i) if the
intervention was personalized and adapted and why; (j)
modifications during the course of the intervention; (k)
assessment of intervention adherence/fidelity; and (1) the
extent to which the intervention was delivered as planned.

Summary, Limitations, and Conclusions

This study presents a typology of MI interventions to
highlight the different types of previous MI interventions
in the primary/elementary classroom setting. The sys-
tematic review included a total of 72 MI interventions
with variability in the approach, methodology, and scope
of the study. Based on the results, we identified MI in-
terventions with a different design, strategies, support,
and delivery and qualitatively analyzed them to develop
a typology and provide a review of the various interven-
tion approaches that have been used in previous studies.
Based on the results, it is clear that there are distinct ap-
proaches that are most often employed to promote the
use of MI, and these approaches may often lack certain
emphases, which could potentially enhance the effective-
ness and sustainability of MI programming. It is possible
that various aspects of the interventions reviewed in this
study were not reported but were in fact implemented.
Moving forward, it is important that authors strive to re-
port as much detail about their MI interventions as pos-
sible in order to increase the transparency of these
efforts. This will allow others who are interested in
maximizing the effectiveness and sustainability of MI in-
terventions to make more informed decisions about
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adopting, adapting, and creating MI programs that are
best suited to specific contexts.

A limitation of this systematic literature review is that
it did not evaluate the quality of the MI interventions or
their effectiveness; therefore, no conclusions can be
made regarding the feasibility and sustainability of the
different characteristics identified in the typology to in-
creasing MI. This approach was beyond the scope of this
review in order to avoid the risk of eliminating a large
number of MI interventions that may had adopted a
more pragmatic approach in implementing physical ac-
tivity in the elementary classroom. As with any system-
atic reviews, it is possible that MI studies conducted
during the search period were missed to be identified by
the researchers and included in this review.

To conclude, this study makes a unique contribution
to the literature as it is the first systematic review that
has developed a typology of MI interventions in the pri-
mary/elementary classroom with the largest number of
included MI studies. It is anticipated that the developed
typology may provide insights to researchers and practi-
tioners to expand limited studies regarding MI strategies
and designs, build on support systems that maximize ef-
fectiveness, identify the best practices on delivery, and
recommend new directions for future growth. All of
these factors may play a substantial role with respect on
how to successfully translate MI research into best prac-
tice in the elementary classroom and should be further
examined in the future.

Additional Files

Additional file 1. Table with all the information retrieved from the MI
intervention studies included in the systematic review.

Additional file 2. Supplemental References*.

Abbreviations
MI: Movement integration; PA: Physical activity

Acknowledgements
Not applicable.

Authors’ Contributions

SV and CW conceptualized the paper, contributed to all steps of the
manuscript development and interpretation of the findings, and drafted the
final version of the manuscript. CW, GS, and CE conducted the search
strategy. SV, GS, CE, and AP performed the study selection. SV, GS, CE, PC, AP,
and LR did the data extraction. SV, CW, and GS conducted the data analysis.
GS helped in drafting the manuscript. All authors have approved the
submitted version of the manuscript and the author’s order list and
contributions.

Funding
No funding was received for this systematic review.

Availability of Data and Materials
All data generated or analyzed during this study are included in this
published article (and its supplementary online support file).

Page 13 of 16

Ethics Approval and Consent to Participate
Not applicable.

Consent for Publication
Not applicable.

Competing Interests

All authors, Spyridoula Vazou, Collin A. Webster, Gregory Stewart, Priscila
Candal, Cate A. Egan, Adam Pennell, and Laura B. Russ, declare that they
have no competing interests.

Author details

1Depar‘[ment of Kinesiology, lowa State University, 534 Wallace Road, Ames,
IA 50011, USA. “Department of Physical Education, University of South
Carolina, 1300 Wheat Street, Columbia, SC 29208, USA. 3Department of
Physical Education and Exercise Science, Methodist University, 5400 Ramsey
Street, Fayetteville, NC 28311, USA. 4Depar‘[ment of Movement Studies,
University of Idaho, 875 Perimeter Drive, Moscow, ID 83844, USA. *Natural
Science Division, Pepperdine University, Malibu, CA, USA.

Received: 5 April 2019 Accepted: 1 October 2019
Published online: 06 January 2020

References

1. Pate RR, Ward DS, Saunders RP, Felton G, Dishman RK, Dowda M. Promotion
of physical activity among high-school girls: a randomized controlled trial.
Am J Public Health. 2005;95:1582-7.

2. Centers for Disease Control and Prevention. Comprehensive school physical
activity programs: a guide for schools. Atlanta: U.S. Department of Health
and Human Services; 2013.

3. Institute of Medicine. Educating the student body: taking physical activity
and physical education to school. Washington, DC: The National Academies
Press. https://doi.org/10.17226/18314

4. Webster CA, Stodden DF, Carson RL, Egan C, Nesbitt D. Integrative public
health-aligned physical education and implications for the professional
preparation of future teachers and teacher educators/researchers in the
field. Quest. 2016,68:457-74.

5. Webster CA, Russ L, Vazou S, Goh TL, Erwin H. Integrating movement in
academic classrooms: understanding, applying and advancing the
knowledge base. Obes Rev. 2015;16(8):691-701.

6. Russ LB, Webster CA, Beets MW, Egan C, Weaver RG, Harvey R, Phillips DS.
Development of the System for Observing Student Movement in Academic
Routines and Transitions (SOSMART). Health Educ Behav. 2016;44(2):304-15.

7. Donnelly JE, Lambourne K. Classroom-based physical activity, cognition, and
academic achievement. Prev Med. 2011; https://doi.org/10.1016/j.ypmed.
2011.01.021.

8. Erwin H, Beighle A, Carson RL, Castelli D. Comprehensive school-based
physical activity promotion: a review. Quest. 2013;65(4):412-28 https://doi.
0rg/10.1080/00336297.2013.791872.

9. Naylor PJ, Nettlefold L, Race D, Hoy C, Ashe MC, Wharf H, McKay HA.
Implementation of school based physical activity interventions: a systematic
review. Prev Med. 2015;72:95-115 https;//doi.org/10.1016/j.ypmed.2014.12.
034.

10.  Owen KB, Parker PD, Van Zanden B, MacMillan F, Astell-Burt T, Lonsdale C.
Physical activity and school engagement in youth: a systematic review and
meta-analysis. Educ Psychol. 2016;51(2):129-45 https://doi.org/10.1080/
00461520.2016.1151793.

11. Watson A, Timperio A, Brown H, Best K, Hesketh KD. Effect of classroom-
based physical activity interventions on academic and physical activity
outcomes: a systematic review and meta-analysis. Int J Behav Nutr Phys Act.
2017;14:114 https;//dx.doi.org/10.1186%2Fs12966-017-0569-9.

12. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009; https://doi.org/10.1371/journal pmed.1000097.

13. Michael RD, Webster CA, Egan CA, Nilges L, Brian A, Johnson R, Carson RL.
Facilitators and Barriers to movement integration in elementary classrooms:
a systematic review. Res Q Exerc Sport. 2019;18:1-2.

14.  Bogdan RC, Bilden SK. Qualitative research for education: an introduction to
theory and methods. 2nd ed. Boston: Allyn and Bacon; 1992.



Vazou et al. Sports Medicine - Open

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

(2020) 6:1

Benden ME, Blake JJ, Wendel ML, Huber J. The impact of stand-biased desks
in classrooms on calorie expenditure in children. Am J Public Health. 2011;
101(8):1433-6 https://dx.doi.org/10.2105%2FAJPH.2010.300072.

Benden ME, Zhao H, Jeffrey CE, Wendel M, Blake J. The evaluation of the
impact of a stand-biased desk on energy expenditure and physical activity
for elementary school students. Int J Environ Res Public Health. 2014;11(9):
9361-75 https/dx.doi.org/10.3390%:2Fijerph110909361.

Burgoyne ME, Ketcham CJ. Observation of classroom performance using
therapy balls as a substitute for chairs in elementary school children. J of
Educ and Training Studies. 2015;3(4):42-8 https;//doi.org/10.11114/jets.v3i4.
730.

Cardon G, De Clercq D, De Bourdeaudhuij I, Breithecker D. Sitting habits in
elementary schoolchildren: a traditional versus a “Moving school”. Patient
Educ Couns. 2004;54(2):133-42 https://psycnet.apa.org/doi/10.1016/50738-
3991(03)00215-5.

Contardo Ayala AM, Salmon J, Timperio A, Bronwyn S, Ridgers N, Sethi P,
Dunstan D. Impact of an 8-month trial using height-adjustable desks on
children’s classroom sitting patterns and markers of cardio-metabolic and
musculoskeletal health. Int J of Environ Res Public Health. 2016;13(12):1227
https://dx.doi.org/10.3390%2Fijerph13121227.

Fedewa AL, Erwin HE. Stability balls and students with attention and
hyperactivity concerns: Implications for on-task and in-seat behavior. Am J
Occ Ther. 2011;65:393-9.

Fedewa A, Davis MA, Ahn S. Effects of stability balls on children’s on-task
behavior, academic achievement, and discipline referrals: a randomized
controlled trial. Am J Occ Ther. 2015;69:1-9.

Harris KJ, Paine-Andrews A, Richter KP, Lewis RK, Johnston JA, James V,
Fawcett SB. Reducing elementary school children’s risks for chronic diseases
through school lunch modifications, nutrition education, and physical
activity interventions. J Nutr Educ. 1997;29(4):196-202. https://doi.org/10.
1016/50022-3182(97)70198-5

Hinckson EA, Aminian S, lkeda E, Stewart T, Oliver M, Duncan S, Schofield G.
Acceptability of standing workstations in elementary schools: a pilot study.
Prev Med. 2013;56(1):82-5 https://doi.org/10.1016/j.ypmed.2012.10.014.
Pangrazi RP, Beighle A, Vehige T, Vack C. Impact of promoting lifestyle
activity for youth (PLAY) on children’s physical activity. J Sch Health. 2009;
73(8):317-21 https://doi.org/10.1111/}.1746-1561.2003.tb06589..
Bershwinger T, Brusseau TA. The impact of classroom activity breaks on the
school-day physical activity of rural children. Int J Exerc Sci. 2013;6:134-43.
Burns RD, Brusseau TA, Hannon JC. Effect of a comprehensive school
physical activity program on school day step counts in children. J Phys
Activ Health. 2015;5:134-43 https://doi.org/10.1123/jpah.2014-0578.

Carlson JA, Engelberg JK, Cain KL, Conway TL, Mignano AM, Bonilla EA, Sallis
JF. Implementing classroom physical activity breaks: associations with
student physical activity and classroom behavior. Prev Med. 2015; https//
doi.org/10.1016/j.ypmed.2015.08.006.

Cluss P, Lorigan D, Kinsky S, Nikolajski C, McDermott A, Bhat K. School-based
health promotion initiative increases children’s physical activity. Am J Health
Educ. 2016; https://doi.org/10.1080/19325037.2016.1219287.

Erwin HE, Abel MG, Beighle A, Beets M. Promoting children’s health through
physically active math classes: a pilot study. Health Promot Pract. 2009;
https.//doi.org/10.1177%2F1524839909331911.

Grillich L, Kien C, Takuya Y, Weber M, Gartlehner G. Effectiveness evaluation
of a health promotion programme in primary schools: a cluster randomised
controlled trial. BMC Public Health. 2016; https.//doi.org/10.1186/512889-
016-3330-4.

Meyer U, Schindler C, Zahner L, Emst D, Hebestreit H, van Mechelen W,
Brunner-La Rocca HP, Probst-Hensch N, Puder JJ, Kriemler S. Long-term
effect of a school-based physical activity program (KISS) on fitness and
adiposity in children: a cluster-randomized controlled trial. PLoS One. 2013;
https://doi.org/10.1371/journal.pone.0087929.

Kvale SE, Bru E, Brennick K, Dyrstad SM. Does increased physical activity in
school affect children’s executive function and aerobic fitness? Scand J Med
Sci Spor. 2017; https://doi.org/10.1111/sms.12856.

Liu A, Hu X, Ma G, Cui Z, Pan Y, Chang S, Zhao W, Chen C. Evaluation of a
classroom-based physical activity promoting programme. Obes Rev. 2008;
https://doi.org/10.1111/].1467-789X.2007.00454.x.

Naylor PJ, Macdonald HM, Warburton DE, Reed KE, McKay HA. An active
school model to promote physical activity in elementary schools: action
schools! BC. Brit J Sport Med. 2008; https://doi.org/10.1136/bjsm.2007.
042036.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

52.

53.

54.

Page 14 of 16

Reed JA, Einstein G, Hahn E, Hooker SP, Gross VP, Kravitz J. Examining the
impact of integrating physical activity on fluid intelligence and academic
performance in an elementary school setting: a preliminary investigation. J
Phys Act Health. 2010;7:343-51.

Riley N, Lubans DR, Holmes K, Morgan PJ. Findings from the EASY Minds
cluster randomized controlled trial: Evaluation of a physical activity
integration program for mathematics in primary schools. J Phys Act Health.
2016; https://doi.org/10.1123/jpah.2015-0046.

Sibley B, Ward RM, Yazvac TS, Zullig K, Potteiger JA. Making the grade with
diet and exercise. AASA J Scholarship Practice. 2008;5:38-45.

Sirota D, Meyer D, Nieto A, Zamula A, Stockwell M, Berger-Jenkins E. In-
classroom physical activity and its impact on physical activity outside of
school in a Hispanic community. J Phys Act Health. 2014;11:1350-3.
Snyder K, Dinkel D, Schaffer C, Hiveley S, Colpitts A. Purposeful movement:
the integration of physical activity into a mathematics unit. Intl J Res Educ
Sci. 2017,3:75-87.

Donnelly JE, Greene JL, Gibson CA, Smith BK, Washburn RA, Sullivan DK,
DuBose K, Mayo MS, Schmelzle KH, Ryab JJ, Jacobsen DJ. Physical Activity
Across the Curriculum (PAAC): a randomized controlled trial to promote
physical activity and diminish overweight and obesity in elementary school
children. Prev Med. 2009;49:336-41.

Donnelly JE, Hillman CH, Greene JL, Hansenn W. Physical activity and
academic achievement across the curriculum: results from a 3-year cluster-
randomized trial. Prev Med. 2017,99:140-5.

Dunn LL, Venturanza JA, Walsh RJ, Nonas CA. An observational evaluation of
move-to-improve, a classroom-based physical activity program, New York
City schools. Prev Chronic Dis. 2010;2012 https://doi.org/10.5888/pcd9.
120072.

Erwin HE, Beighle A, Morgan CF, Noland M. Effect of a low-cost, teacher-
directed classroom intervention on elementary students’ physical activity. J
School Health. 2011; https;//doi.org/10.1111/j.1746-1561.2011.00614.x.

Katz DL, Cushman D, Reynolds J, Njike V, Treu JA, Katz C, Walker J, Smith E.
Putting physical activity where it fits in the school day: preliminary results of
the ABC (Activity Bursts in the Classroom) for fitness program. Prev Chronic
Dis. 2010; http://www.cdc.gov/pcd/issues/2010/jul/09_0176.htm.

Martin R, Murtagh E. Active classrooms: a cluster randomized controlled trial
evaluating the effects of a movement integration intervention on the
physical activity levels of primary school children. J Phys Act Health. 2017;
14:290-300.

Oliver M, Schofield G, McEvoy E. An integrated curriculum approach to
increasing habitual physical activity in children: a feasibility study. J School
Health. 2006; https://doi.org/10.1111/}.1746-1561.2006.00071.x.

Resaland GK, Aadland E, Moe VF, Aadland KN, Skrede T, Stavnsbo M,
Suominen L, Steene-Johannessen J, Glosvik @, Andersen JR, Kvalheim OM.
Effects of physical activity on schoolchildren’s academic performance: the
Active Smarter Kids (ASK) cluster-randomized controlled trial. Prev Med.
2016; https://doi.org/10.1016/j.ypmed.2016.09.005.

Vazou S, Skrade M. Intervention integrating physical activity with math:
math performance, perceived competence, and need satisfaction. Int J
Sport Exerc Psychol. 2017; https://doi.org/10.1080/1612197X.2016.1164226.
Whitt-Glover MC, Ham SA, Yancey AK. Instant Recess®: A practical tool for
increasing physical activity during the school day. Progress in Community
Health Partnerships: Research, Education, and Action. 2011;5:289-97.
Anderson EL, Howe LD, Kipping RR, Campbell R, Jago R, Noble SM, Wells S,
Chittleborough C, Peters TJ, Lawlor DA. Long-term effects of the Active for
Life Year 5 (AFLY5) school-based cluster-randomised controlled trial. BMJ
Open. 2016; https://doi.org/10.1136/bmjopen-2015-010957.

Bailey CG, DiPerna JC. Effects of classroom-based energizers on primary
grade students' physical activity levels. Physical Educator. 2015;72:480-95.
Colin-Ramirez E, Castillo-Martinez L, Orea-Tejeda A, Vergara-Castaneda A,
Keirns-Davis C, Villa-Romero A. Outcomes of a school-based intervention
(RESCATE) to improve physical activity patterns in Mexican children aged 8-
10 years. Health Educ Res. 2010;25:1042-9.

Drummy C, Murtagh EM, Mckee DP, Breslin G, Davison GW, Murphy MH.
The effect of a classroom activity break on physical activity levels and
adiposity in primary school children. J Paediatr Child H. 2016; https://doi.
0rg/10.1111/jpc.13182.

Erwin H, Fedewa A, Ahn S. Student academic performance outcomes of a
classroom physical activity intervention: a pilot study. International
Electronic Journal of Elementary Education. 2012; https//www.iejee.com/
index.php/IEJEE/article/view/191.



Vazou et al. Sports Medicine - Open

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

(2020) 6:1

Evans A, Ranjit N, Hoelscher D, Jovanovic C, Lopez M, McIntosh A, Ory M,
Whittlesey L, McKyer L, Kirk A, Smith C. Impact of school-based vegetable
garden and physical activity coordinated health interventions on weight
status and weight-related behaviors of ethnically diverse, low-income
students: study design and baseline data of the Texas, Grow! Eat! Go!
(TGEG) cluster-randomized controlled trial. BMC Public Health. 2016; https:.//
doi.org/10.1186/512889-016-3453-7.

Fedewa AL, Ahn S, Erwin H, Davis MC. A randomized controlled design
investigating the effects of classroom-based physical activity on children’s
fluid intelligence and achievement. School Psychol Int. 2015;36:135-53.
Geldhof E, Cardon G, De Bourdeaudhuij |, De Clercq D. Effects of a two-
school-year multifactorial back education program in elementary
schoolchildren. Spine. 2006;3:1965-73.

Goh TL, Hannon JC, Brusseau TA, Newton M. Effects of classroom-based
physical activity on children’s physical activity intensity. J Teach Phys Educ.
2014;33:558-72.

Goh TL, Hannon J, Webster C, Podlog L, Newton M. Effects of a TAKE 10!
Classroom-based physical activity intervention on third- to fifth-grade
children’s on-task behavior. J Phys Activ Health. 2016;13:712-8.

Gortmaker SL, Cheung LW, Peterson KE, Chomitz G, Cradle JH, Dart H, Fox MK,
Bullock RB, Sobol AM, Colditz G, Field AE. Impact of a school-based interdisciplinary
intervention on diet and physical activity among urban primary school children:
eat well and keep moving. Arch Pediat Adol Med. 1999;153:975-83.

Grieco LA, Jowers EM, Bartholomew JB. Physically active academic lessons
and time on task: the moderating effect of body mass index. Med Sci
Sports Exerc. 2009;41:1921-6.

Grieco LA, Jowers EM, Errisuriz VL, Bartholomew JB. Physically active vs.
sedentary academic lessons: a dose response study for elementary student
time on task. Prev Med. 2016;89:98-103.

Hill L, Williams JH, Aucott L, Milne J, Thomson J, Greig J, Munro V, Mon-
Williams MA. Exercising attention within the classroom. Dev Med Child
Neurol. 2010; https://doi.org/10.1111/}.1469-8749.2010.03661 X.

Hill L, Williams JH, Aucott L, Milne J, Thomson J, Greig J, Munro V, Mon-
Williams MA. How does exercise benefit performance on cognitive tests in
primary-school pupils? Dev Med Child Neurol. 2011; https://doi.org/10.1111/
j.1469-8749.2011.03954.x.

Howie EK, Schatz J, Pate RR. Acute effects of classroom exercise breaks on
executive function and math performance: a dose-response study. Res Q
Exerc Sport. 2015; https://doi.org/10.1080/02701367.2015.1039892.

Hunter L, Abbott R, Macdonald D, Ziviani J, Cuskelly M. Active kids active
minds: a physical activity intervention to promote learning? Asia-Pac J
Health Sport Phys Edu. 2014; https://doi.org/10.1080/18377122.2014.906057.
Keihner A, Rosen N, Wakimoto P, Goldstein L, Sugerman S, Hudes M, Ritchie
L, McDevitt K. Impact of California Children’s Power Play! Campaign on fruit
and vegetable intake and physical activity among fourth- and fifth-grade
students. Am J Health Promot. 2017; https;//doi.org/10.4278%2Fajhp.
141125-ARB-592.

Ma JK, Mare LL, Gurd BJ. Classroom-based high-intensity interval activity
improves off-task behaviour in primary school students. App Physiol Nutr
Me. 2014; https://doi.org/10.1139/apnm-2014-0125.

Madsen K, Linchey J, Gerstein D, Ross M, Myers E, Brown K, Crawford P.
Energy Balance 4 Kids with Play: results from a two-year cluster-randomized
trial. Child Obes. 2015;11:375-83.

Mahar MT, Murphy SK, Rowe DA, Golden J, Shields AT, Raedeke TD. Effects
of a classroom-based program on physical activity and on-task behavior.
Med Sci Sports Exerc. 2006;38(12):2086.

King KM, Ling J. Results of a 3-year, nutrition and physical activity
intervention for children in rural, low-socioeconomic status elementary
schools. Health Educ Res. 2015; https://doi.org/10.1093/her/cyv029.
McClelland E, Pitt A, Stein J. Enhanced academic performance using a novel
classroom physical activity intervention to increase awareness, attention and
self-control: putting embodied cognition into practice. Improv Sch. 2014;
https://doi.org/10.1177%2F1365480214562125.

McKay HA, MacLean L, Petit M, MacKelvie-O'Brien K, Janssen P, Beck T, Khan
KM. “Bounce at the Bell": a novel program of short bouts of exercise
improves proximal femur bone mass in early pubertal children. Brit J Sport
Med. 2005; https://doi.org/10.1136/bjsm.2004.014266.

Mullender-Wijnsma MJ, Hartman E, de Greeff JW, Doolaard S, Bosker RJ,
Visscher C. Physically active math and language lessons improve academic
achievement: a cluster randomized controlled trial. Pediatrics. 2016;137:
€20152743.

75.

76.

77.

78.

79.

80.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

94.

Page 15 of 16

Murtagh E, Mulvihill M, Markey O. Bizzy Break! The effect of a classroom-
based activity break on in-school physical activity levels of primary school
children. Pediatr Exerc Sci. 2013; https://doi.org/10.1123/pes.25.2.300.
Norlander T, Moas L, Archer T. Noise and stress in primary and secondary
school children: noise reduction and increased concentration ability
through a short but regular exercise and relaxation program. Sch Eff Sch
Improv. 2002; https://doi.org/10.1080/092434505000114173.

Peck HL, Kehle TJ, Bray MA, Theodore LA. Yoga as an intervention for
children with attention problems. School Psychol Rev. 2005;34:415-24.

Piek JP, McLaren S, Kane R, Jensen L, Dender A, Roberts C, Rooney R, Packer
T, Straker L. Does the Animal Fun program improve motor performance in
children aged 4-6 years? Hum Movement Sci. 2013;32:1086-96.

Reznik M, Wylie-Rosett J, Kim M, Ozuah PO. A classroom-based physical
activity intervention for urban kindergarten and first-grade students: a
feasibility study. Child Obes. 2015;11:314-24.

Schmidt M, Benzing V, Kamer M. Classroom-based physical activity breaks
and children’s attention: cognitive engagement works! Front Psychol. 2016.
https://doi.org/10.3389/fpsyg.2016.01474.

Stephens MB, Wentz SW. Supplemental fitness activities and fitness in urban
elementary school classrooms. Fam Med. 1998;30:220-3.

Treu JA, Doughty K, Reynolds JS, Njike VY, Katz DL. Advancing School and
Community Engagement Now for Disease Prevention (ASCEND) a quasi-
experimental trial of school-based interventions to prevent childhood
obesity. Am J Health Promot. 2017;31:143-52.

Van den Berg V, Saliasi E, de Groot RH, Jolles J, Chinapaw MJ, Singh AS.
Physical activity in the school setting: cognitive performance is not affected
by three different types of acute exercise. Front Psychol. 2016; https://doi.
0rg/10.3389/fpsyg.2016.00723.

van Stralen MM, de Meij J, Te Velde SJ, Van der Wal MF, Van Mechelen W,
Knol DL, Chinapaw MJ. Mediators of the effect of the JUMP-in intervention
on physical activity and sedentary behavior in Dutch primary schoolchildren
from disadvantaged neighborhoods. Int J Behav Nutr Phy. 2012; https://doi.
org/10.1186/1479-5868-9-131.

Vazou S, Gavrilou P, Mamalaki E, Papanastasiou A, Sioumala N. Does
integrating physical activity in the elementary school classroom influence
academic motivation? Int J Sport Exerc Psychol. 2012; https://doi.org/10.
1080/1612197X.2012.682368.

Wright CM, Duguesnay PJ, Anzman-Frasca S, Chomitz VR, Chui K, Economos
CD, Langevin EG, Nelson ME, Sacheck JM. Study protocol: the Fueling
Learning through Exercise (FLEX) study-a randomized controlled trial of the
impact of school-based physical activity programs on children’s physical
activity, cognitive function, and academic achievement. BMC Public Health.
2016; https://doi.org/10.1186/512889-016-3719-0.

Carlson JA, Engelberg JK, Cain KL, et al. Contextual factors related to
implementation of classroom physical activity breaks. Transl Behav Med.
2017;7(3):581-92.

Calvert HG, Lane HG, Bejarano CM, et al. An evaluation of the coverage of
theoretically based implementation factors in disseminated classroom
physical activity programs. Transl Behav Med. 2018.

Dinkel D, Schaffer C, Snyder K, Lee JM. They just need to move: teachers’
perception of classroom physical activity breaks. Teach Teach Edu. 2017,63:
186-95.

Webster CA, Beets M, Weaver RG, Vazou S, Russ L. Rethinking
recommendations for implementing comprehensive school physical activity
programs: a partnership model. Quest. 2015,67(2):185-202.

Israel BA, Schulz AJ, Parker EA, Becker AB. Critical issues in developing and
following community-based participatory research principles. In: Minkler M,
Wallerstein N, editors. Community-based participatory research for health.
San Francisco: Jossey-Bass; 2003. p. 56-73.

Israel BA, Parker EA, Rowe Z, Salvatore A, Minkler M, Lopez J, Butz A, Mosley
A, Coates L, Lambert G, Potito PA. Community-based participatory research:
lessons learned from the centers for children’s environmental health and
disease prevention research. Environ Health Perspect. 2005; https://doi.org/
10.1289/ehp.7675.

Vazou S, Vlachopoulos SP. Motivation and intention to integrate physical
activity into daily school life: the JAM World Record Event. Health Prom
Practice. 2014;15(6):819-27.

\Norris E, Shelton N, Dunsmuir S, Duke-Williams O, Stamatakis E.
Physically active lessons as physical activity and educational
interventions: a systematic review of methods and results. Prev Med.
2015;72:116-25.



Vazou et al. Sports Medicine - Open

95.

96.

97.

98.

99.

100.

101.

(2020) 6:1

Egger F, Benzing V, Conzelmann A, Schmidt M. Boost your brain, while
having a break! The effects of long-term cognitively engaging physical
activity breaks on children’s executive functions and academic achievement.
PloS one. 2019;14(3):20212482.

Mavilidi MF, Okely AD, Chandler P, Cliff DP, Paas F. Effects of integrated
physical exercises and gestures on preschool children’s foreign language
vocabulary learning. Educ. Psychol. Rev. 2015;27:413-26.

Harken R. Online communities of practice as a strategy for staff involvement
in SWITCH (Master’s thesis). 2018; Retrieved from https://lib.dr.iastate.edu/
etd/16590/

Vazou S, Hutchinson A, Webster CA. Empowering teachers to integrate
physical activity: online communities of practice. Res Q Exerc Sport. 2015;86:
A6-7.

Webster CA, Weaver RG, Egan CA, Brian A, Vazou S. Two-year process
evaluation of a pilot program to increase elementary children’s physical
activity during school. Eval Program Plan. 2018,67:200-6.

Bronfenbrenner U. Contexts of child rearing: problems and prospects. Am
Psychol. 1979; https://psycnet.apa.org/doi/10.1037/0003-066X.34.10.844.
Smith SW, Daunic AP, Taylor GG. Treatment fidelity in applied educational
research: expanding the adoption and application of measures to ensure
evidence-based practice. Educ Treat Child. 2007;30(4):121-34.

. Antikainen |, Ellis R. A RE-AIM evaluation of theory-based physical activity

interventions. J Sport Exerc Psychol. 2011;33:198-214.

. Paxton RJ, Nigg CR, Motl RW, McGee K, McCurdy D, Matthai CH, Dishman

RK. Are constructs of the transtheoretical model for physical activity
measured equivalently between sexes, age groups, and ethnicities? Ann
Behav Med. 2008;35:308-18.

. Ward D, Saunders RP, Pate RR. Physical activity interventions in children and

adolescents. Champaign: human kinetics; 2007.

. Hoffmann TC, Glasziou PP, Boutron |, Milne R, Perera R, Moher D, Altman

DG, Barbour V, Macdonald H, Johnston M, Lamb SE. Better reporting of
interventions: template for intervention description and replication (TIDieR)
checklist and guide. BMJ. 2014; https.//doi.org/10.1136/bmj.g1687.

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

Page 16 of 16

Submit your manuscript to a SpringerOpen®

journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Abstract
	Background/Objective
	Subjects/Methods
	Results
	Conclusions

	Key Points
	Background
	Methods
	Protocol
	Search Strategy
	Inclusion and Exclusion Criteria
	Study Selection
	Data Extraction
	Data Analysis

	Results
	Student-Driven
	Teacher-Driven
	Researcher-Teacher Collaboration
	Researcher-Driven

	Discussion
	Design
	Strategies
	Support
	Delivery

	Summary, Limitations, and Conclusions
	Additional Files
	Abbreviations
	Acknowledgements
	Authors’ Contributions
	Funding
	Availability of Data and Materials
	Ethics Approval and Consent to Participate
	Consent for Publication
	Competing Interests
	Author details
	References
	Publisher’s Note

