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1.1 Abstract
Purpose. To conduct a systematic review of classroom-based PA interventions which

integrate academic content and assess the effectiveness of the interventions on PA,
learning, facilitators of learning, and health outcomes. Method. Six electronic databases
(ERIC; PubMed; Google Scholar; Science Direct; Cochrane Library, and EMBASE)
and reference lists were searched for English language articles, published January 1990
- March 2015, reporting classroom-based interventions which deliberately taught
academic content using physically active teaching methods, > 1 week duration, with
PA, health, learning or facilitators of learning outcomes. Full text articles were
reviewed by two authors. Data was extracted onto an Excel spreadsheet and authors
were contacted to confirm accuracy of information presented. Results. Fifteen studies
met the inclusion criteria. Six studies reporting on PA levels were found to have
medium-to-large effect sizes. All four studies reporting learning outcomes reported
positive effects of intervention lessons. Teachers and students were pleased with the
programmes and enhanced on-task-behavior was identified (n = 3). Positive effects
were also reported on students’ BMI levels (n = 3). Conclusions. Physically active
academic lessons increase PA levels and may benefit learning and health outcomes.
These teaching methods are also positively received and enjoyed by both students and
teachers. These findings emphasize the need for such interventions to contribute

towards public health policy.

Keywords: classroom, academic content, movement integration



1.2 Introduction
Recent evidence has shown that since the 1990°s an increasing number of primary

school aged children are inactive (Holt et al. 2013, Metcalf et al. 2002). The World
Health Organization (WHOQO) (2010) recommends that school aged children should
accumulate at least 60 min of MVPA per day for health benefits. However, less than
20% of children worldwide are achieving these recommendations (WHO 2010).
Children who participate in high levels of PA are less likely to develop cardiovascular
disease, type 2 diabetes, cancer, and other chronic illnesses (Hamilton et al. 2008). For
health improvements to occur, it has been proposed that PA should be made a public
health priority throughout the world (WHO 2010).

Schools have been targeted to implement PA interventions as they are prime locations
to reach the majority of children (Martin and Murtagh 2015b). However, ironically, as
children are often required to remain seated to receive instruction, class time represents
a significant sedentary period of their day (Holt et al. 2013). Globally it is
recommended that all schools develop policies to address PA during the school day and
not just in PE or active travel (WHO 2010). Previous reviews illustrate that there is
evidence of the success of these school-based programmes (Barr-Anderson et al. 2011,
Dobbins et al. 2013). However, emphasis on Literacy and Numeracy has resulted in
reduced time for activity breaks and little emphasis on PE (Erwin et al. 2012).
Therefore, in an effort to overcome these barriers it has specifically been recommended
by the CDC (2010) that PA should be integrated into academic lessons since movement
has been found to enhance learning while also improving students’ PA levels. These
physically active academic lessons intend to teach academic content through the use of
physically active teaching methods (Martin and Murtagh 2015b) and are distinct from

PA breaks which may be unrelated to educational outcomes.

Previous systematic reviews of PA interventions in the classroom setting examined
studies which incorporated PA breaks, active transitions, standalone physical activities,
and active academic lessons (Erwin et al. 2012, Webster et al. 2015). These reviews
evaluate the interventions with regard to the benefits of movement integration (Webster
et al. 2015), PA, health outcomes, and educational outcomes (Erwin et al. 2012, Norris
et al. 2015). Interventions evaluating the effect of classroom-based PA breaks on health
outcomes- such as posture, bone strength, bone mineral content and stress- were
previously reviewed and noted positive results (Erwin et al. 2012). However, the effect

of classroom-based PA on students’ BMI was not evaluated in this review. The
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relationship between PA and BMI is well documented with PA deemed to be essential
to achieve BMI levels within the healthy range, preventing obesity (Doak et al. 2006,
Kimm et al. 2005).

In their recent comprehensive review Norris and colleagues (Norris et al. 2015)
concluded that all studies reported improved PA in intervention groups or in specific
demographics, such as least active girls, as a result of the active academic lessons.
Additionally, educational outcomes reported have shown either significant
improvements or no difference compared to traditional teaching (Norris et al. 2015).
This contributes to the growing evidence supporting the link between PA and learning

outcomes (Tomporowski et al. 2008).

However, both teacher approval and student enjoyment, which have been shown to be
essential for success, have not been reviewed previously in relation to such active
academic lessons. Although teaching with a physically active academic curriculum has
been identified as a way of coping with barriers such as time and assessment pressures
(Cothran et al. 2010, Naylor et al. 2015), to improve PA levels and reduce sedentary
behavior in primary school children (Bartholomew and Jowers 2011), teachers have a
fundamental role in determining the effectiveness (Fullan 2007) of such interventions.
The teacher largely influences what children do in the classroom, it is therefore crucial
that teachers are satisfied with the programme. Teachers’ opinions, views, and attitudes
towards PA have been recognized as the greatest obstacles to PA promotion in the
classroom (Morgan and Hansen 2008) and executing change is ultimately an individual
decision by teachers (Martin and Murtagh 2015b). Therefore, behavioral change on the
part of the teacher, as well as providing them with interventions that coincide with their
curriculum, schedules, and their principles and beliefs about teaching (McMullen et al.
2014) are required to encourage classroom teachers to adopt responsibility for
integrating PA into academic lessons. Student enjoyment has also been found to
influence and control the effects of PA interventions (Howie et al. 2014). Enjoyment
has been recognized as a key component of acceptability and a prevailing motivational
element for children to engage in PA (Allender et al. 2006). Evidence illustrates that the
beneficial effects of PA interventions are determined by levels of student enjoyment
with increased PA resulting from greater enjoyment (Dishman et al. 2005, Schneider
and Cooper 2011). Teacher approval of classroom-based interventions has also been
found to rely on student enjoyment (McMullen et al. 2014). Therefore, it is essential to

consider teacher approval and student enjoyment of PA interventions.
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In their recent review Norris and colleagues (2015) identified a need for further, more
rigorous research in order to firmly ascertain the effects of physically active lessons.
Additionally, Webster et al. (2015) concluded that there is a need for research which
demonstrates the contribution of physically active lessons towards students’ positive
dispositions towards PA. Therefore, the present systematic review intends to synthesize
the existing evidence base by including BMI as a health outcome and facilitators of
learning outcomes such as student enjoyment and teachers’ approval, which have been
deemed essential in determining the success or failure of such classroom-based PA
interventions (Cothran et al. 2010, Howie et al. 2014).

This paper is the first review to consider the effects of physically active academic
lessons on PA, learning, facilitators of learning (to include teacher approval, student
enjoyment and on-task behavior), and health (BMI) outcomes. To inform future practice
and present a strong case for schools to incorporate PA into academic lessons in the
classroom it is important to provide a comprehensive summary of previous
interventions with regard to these outcomes. Therefore, this systematic review aims to
identify existing classroom-based PA interventions which integrate academic content
and assess the effect of the interventions on PA, learning, facilitators of learning, and

health outcomes.

1.3 Method
The PRISMA statement (Preferred Reporting Items for Systematic Reviews and Meta-

Analysis) was followed in conducting and reporting this systematic literature review

(Moher et al. 2009). A review protocol has not been published previously.

1.3.1 Criteria for Considering Studies for this Review
In this review the following conditions were used to select studies: (a) the intervention

was applied in a school classroom setting; (b) study participants were school aged
children (5-18 years) and included all children regardless of their body mass index
category. Studies where PA interventions formed part of treatment programmes for
participants with specific illnesses or multifactorial diseases (e.g. heart disease) were
excluded; (c) interventions which deliberately taught academic content using physically
active methods; (d) the intervention must be of at least one week duration; (e) one or
more of the following outcomes reported: proportion of class time in moderate-to-
vigorous physical activity (MVPA); duration of MVVPA (time spent engaged in MVPA);
learning outcomes (e.g. academic performance); facilitators of learning (e.g. behavior,
enjoyment, concentration, attention); health outcomes (e.g. BMI); (f) English language
4



articles published in peer-reviewed journals between January 1990 and March 2015.
Articles reporting multicomponent interventions were excluded if the effects of the

classroom-based intervention were not specified.

1.3.2 Search Methods for Identification of Studies
A systematic literature review was conducted to identify classroom-based PA

interventions. This review places emphasis on the school classroom setting therefore the
search focused on location (classroom-based), behavior (PA), and accumulation of PA,
health benefits or educational benefits as outcome measures. A comprehensive search
strategy was developed to coincide with the Cochrane Collaboration methodology for
conducting literature searches (Higgins and Green 2011). The following data bases were
searched ERIC; PubMed; Google Scholar; Science Direct; Cochrane Library, and
EMBASE. English language studies only were included and date limits were set from
January 1990 to March 2015. The search terms used to search titles/abstracts were
(classroom AND (physical activity OR exercise OR physical inactivity OR sedentary)
AND (school)). The search terms were slightly modified for certain databases such as
Google Scholar and PubMed where the search terms were classroom AND physical
activity AND school.

Papers in press were included. Where conference proceeding titles or abstracts were
found authors were contacted for full-text papers. Reference lists from related review

and original articles were also hand-searched for relevant papers.

1.3.3 Study Selection



The initial eligibility assessment was performed by one author who reviewed paper
titles and abstracts. The full text versions of 63 articles were then reviewed
independently by two authors. Where disagreements between reviewers occurred,
consensus was achieved through discussion and reassessment of each of the eligibility

criteria for the study. The study selection process is summarized in the PRISMA flow-
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chart below (Figure 2.1).

Figure 2.1 Study Selection Process and Flow of Systematic Review
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1.3.4 Data Extraction
A data extraction sheet was created in Microsoft Excel to record the following

characteristics of each included study: study location, duration, and design; participants’
characteristics (age/grade level); intervention characteristics; MVPA, learning, health,
and facilitators of learning outcomes. One author extracted the data from included
studies.

The primary outcomes of interest are the effects of classroom-based PA intervention
programmes which integrate academic content on the MVPA levels, health, learning,
and/or facilitators of learning of children aged 5-18 years. The effect size (ES) for each
outcome of interest was calculated using the method described in Zhu (2016) within
each of the included studies and recorded in Table 2.3. Cohen’s d index (ES) (Cohen
1988) was calculated as the difference between treatment and control group means
divided by the pooled standard deviation. In studies where pre- and post- test means and
standard deviations were reported for each group, ES was calculated by subtracting pre-
test ES from post-test ES (Erwin et al. 2012). Difference between post-test and pre-test
means divided by the pooled standard deviation was used to compute ES for pre/post-
test designs (Cohen 1988). In studies which evaluated difference in effect between
different grade levels ES was calculated by subtracting the lower grade mean from the
upper grade mean (difference between the groups) and dividing by the pooled standard
deviation (Cohen 1988). Reported results were assessed in terms of Cohen’s effect size
standard (> 0.8 = large; < 0.8 to > 0.2 = medium; < 0.2 = small) (Cohen 1988). Studies
with secondary outcomes received separate effect size scores for each outcome. Neither
Liu et al. (2007) nor Reed et al. (2010) provided sufficient information to allow effect
size calculation for PA outcomes. PA was a secondary outcome in the study by Reed et
al. (2010).

All relevant information related to the outcomes of interest was extracted from each of
the included studies and inserted into an Excel spreadsheet where it was collated and

analyzed.

The studies were also grouped into those which presented PA outcomes only, learning,
facilitators of learning or health outcomes only or those which presented a combination
of these outcomes (See Appendix B, Appendix C, and Appendix D). Authors of all
included articles were contacted via email and asked to confirm that the information

outlined in the appendices accurately represents their study. Thirteen authors responded
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confirming the accuracy of the information presented (Donnelly et al. 2009, Donnelly
and Lambourne 2011, Erwin et al. 2011a, Finn and Mclnnis 2014, Goh et al. 2014,
Lee and Thomas 2011, Liu et al. 2007, Mahar et al. 2006, Mullender-Wijnsma et al.
2015, Oliver et al. 2006, Reznik et al. 2015, Riley et al. 2015, Lietal. 2010).

1.3.5 Risk of Bias Assessment
An evaluation of study merit was carried out using the Cochrane Collaboration ‘risk of

bias’s assessment tool (Higgins et al. 2011). This seven-component rating scale for
trials assesses randomization, allocation blinding, blinding of participants and
researchers, incomplete outcome data, discriminatory reporting, and other potential
biases. High, unclear or low risk of bias were awarded in each category. A summary of

the assessment is outlined in Table 2.1.

1.4 Results

1.4.1 Study Selection

A total of 909 studies were identified through the electronic databases and an additional
26 articles through searching references of relevant papers and searching studies that
have cited these papers. Three hundred and four duplicates were removed. Of the 631
titles and abstracts screened 568 were excluded as they did not meet the inclusion
criteria. Sixty-three full text articles were then reviewed. Fifteen of these met the
inclusion conditions and were examined in the systematic review. Two of these studies
reported outcome measures from the same participants so they were combined in the
analysis (Donnelly et al. 2009, Donnelly and Lambourne 2011). Figure 2.1 outlines

further details including the reasons for exclusion of the full text articles reviewed.



Table 2.1 Risk of Bias Assessment of Identified Studies

c E L8 o L oE .
£82 S£ 28 2ez i ,2f
8¢5 88 STE& Sg8g Es oS85 &
52§ =§ £%5 £2% 82 £32§ &
x:nmO <O m o Mo = 0O Lo O

Donnelly et al. (2009) unclear  unclear high low low unclear low
Donnelly and

Lambourne (2011) unclear  unclear unclear low unclear unclear unclear
Dunn et al. (2012) high high high low low unclear high
Erwin et al. (2011a) high high unclear unclear high unclear  high
Finn and Mclnnis

(2014) high high unclear unclear unclear unclear high
Goh et al. (2014) high high unclear unclear low unclear high
Lee and Thomas

(2011) high high unclear unclear unclear unclear high
Lietal. (2010) unclear  unclear unclear low low unclear low
Liu et al. (2007) high high unclear unclear unclear high high
Mahar et al. (2006) unclear  unclear high high unclear unclear high
Mullender-Wijnsma et

al. (2015) high high unclear unclear unclear unclear high
Oliver et al. (2006) high high high high low unclear  high
Reed et al. (2010) unclear  unclear unclear unclear high unclear  high
Reznik et al. (2015) unclear  unclear high high low unclear low
Riley et al. (2015) low unclear high high low unclear low

1.4.2 Study Characteristics

All 15 studies selected for this review are classroom-based interventions of at least 1

week duration which integrate PA and academic content. Study sizes ranged from n =
47 (Finn and Mclnnis 2014) to n = 4700 (Li et al. 2010). A total of 9,067 students were

tested across included studies however, this does not include one study which reported

the number of classrooms (n = 144) rather than the number of participants in the study
(Dunn et al. 2012). Overall 2,554 students were assessed for MVVPA outcomes, n =

2,173 for learning outcomes, n = 416 for facilitators of learning outcomes and n = 6,980

students were assessed for health outcomes. All participants were aged between 5 and
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12 years with all studies taking place in primary schools. No intervention based in a
secondary school setting met the inclusion criteria. One study had female participants
only (Finn and Mclnnis 2014). Sex of participants ranged from 42.9% males (Donnelly
et al. 2009) to 58.7% males (Erwin et al. 2011a). Three studies did not report
participants’ sex (Dunn et al. 2012, Lee and Thomas 2011, Mahar et al. 2006).

Nine studies took place in the U.S. with the remaining studies located in China,
Netherlands, New Zealand, and Australia. Six studies conducted randomised controlled
trials (Donnelly et al. 2009, Mahar et al. 2006, Reed et al. 2010, Reznik et al. 2015,
Riley et al. 2015, Li et al. 2010) while the other studies used non-randomised
controlled trials or employed pre/post-test designs with baseline, intervention, and post-
intervention assessments. One study did not use a comparative group (Finn and Mclnnis
2014). The included studies evaluate a range of primary and secondary outcomes which
are summarized in Table 2.2 along with the aforementioned study characteristics.

1.4.3 Intervention
To be included in this review, the intervention duration was set at a minimum of one

week. This included interventions which took place on five consecutive weekdays.
Table 2.2 outlines the intervention durations which ranged from 2 weeks (Lee and
Thomas, 2011) to 3 academic years (Donnelly et al. 2009). The majority of studies (8)
were in the range of 2 to 8 weeks. All included interventions were required to involve
the teaching of academic lessons with the integration of PA. The classroom-based PA
intervention was the sole intervention of all included studies. Five interventions were
based on the principles of TAKE 10! which comprises 10 min of PA integrated into
core academic lessons at least once a day (Donnelly et al. 2009, Goh et al. 2014, Liu et
al. 2007, Mullender-Wijnsma et al. 2015, Lietal. 2010). Move-To-Improve (Dunn et
al. 2012), Energizers (Mahar et al. 2006), the EASY Minds study (Riley et al. 2015),
and the studies by Erwin et al. (2011a) and Reed et al. (2010) also involve the
integration of PA into core curricular content from once a day to three times a week.
Two interventions involved the use of PA data objectively collected from the students
to teach math and science content (Finn and Mclnnis 2014, Lee and Thomas 2011).
The CHAM JAM intervention consisted of educational focused aerobic activities taught
through the use of a CD, for 10 min three times a day (Reznik et al. 2015). The final
study involved virtually walking around New Zealand which integrated educational

content and the tracking of steps taken by individual students to reach each destination
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city (Oliver et al. 2006). Tables 2.2 and 2.3 summarize the data which was extracted
and present effect sizes for outcome measures. Appendix B, Appendix C and Appendix

D provide more detailed information on the individual studies.

Implementation of the interventions varied with some research teams implementing the
active lessons themselves (Riley et al. 2015), other research teams assisting teachers
with design and execution of the lessons (Donnelly et al. 2009, Lee and Thomas 2011),
specialist teachers were hired and trained to deliver the F&V programme (Mullender-
Wijnsma et al. 2015) while classroom teachers implemented physically active lessons
themselves in the eleven remaining studies. Seven studies provided classroom teachers
with training on the intervention programmes (Donnelly et al. 2009, Dunn et al. 2012,
Erwin et al. 2011a, Goh et al. 2014, Mahar et al. 2006, Reed et al. 2010, Li et al.
2010). This training varied in duration and frequency between the studies from 45 min
of once off training (Mahar et al. 2006) to 6 hours at the beginning of each academic
year (Donnelly et al. 2009). No teacher training was specified in the other studies.
Resources provided to teachers also varied. Some studies did not provide any resources
at all (Donnelly et al. 2009, Erwin et al. 2011a, Liu et al. 2007, Mullender-Wijnsma et
al. 2015, Oliver et al. 2006, Reed et al. 2010, Riley et al. 2015) whereas 30 fitness
breaks and equipment Kits were provided to participating teachers in one study (Dunn et
al. 2012). Lee and Thomas (2011) supplied Physical Activity Data (PAD) technologies
for student use and many studies supplied teachers with lesson plans and web links to
their respective programmes (Finn and Mclnnis 2014, Goh et al. 2014, Mabhar et al.
2006, Reznik et al. 2015, Li et al. 2010). Incentives for participation in the PA
intervention were provided in four studies. Two studies used tracking posters and
stickers to motivate student participation (Liu et al. 2007, Li et al. 2010), a third study
awarded students with sports center passes and teachers with an undisclosed payment
for their participation and compliance with the programme (Erwin et al. 2011a) while
the fourth study awarded teachers with a professional development stipend of $68.14
(Dunn et al. 2012). Riley et al. (2015) specified that no incentives were used in their
project. No other paper referred to whether incentives or rewards were used or not. Six
studies outline the detail of intervention lessons (Erwin et al. 2011a, Oliver et al. 2006,
Riley et al. 2015) or include web links to the lessons allowing them to be replicated
(Goh et al. 2014, Mahar et al. 2006, Reznik et al. 2015). Only three studies mention
that theoretical frameworks guide their intervention designs. Erwin et al. (2011a)

discuss the Ecological Model with emphasis on the impact of community and
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surroundings on the behavior of individuals. Mullender-Wijnsma et al. (2015) describe
the theory of ‘brain-based learning’ which places emphasis on grounding teaching
methods in the neuroscience of learning and Reznik et al. (2015) use the RE-AIM
framework to guide their design. This places emphasis on the “Reach, Effectiveness,

Adoption, Implementation, and Maintenance” of an intervention programme.

Nine studies reported the use of subgroups for analysis of outcomes. Four of these
included subgroups to assess PA levels (Donnelly et al. 2009, Erwin et al. 2011a, Goh
et al. 2014) or energy expenditure (Liu et al. 2007) using PA monitors. Four studies
observed on-task behavior of subgroups (Donnelly et al. 2009, Mahar et al. 2006,
Mullender-Wijnsma et al. 2015, Reed et al. 2010) and two studies selected subgroups
to participate in focus group or individual interviews to assess learning and enjoyment
(Finn and Mclinnis 2014, Lee and Thomas 2011). Of the studies which featured
subgroups, only one (Mahar et al. 2006) described the selection of participants by
randomization. All other subgroups were preferentially selected by teachers or

researchers or by means not specified in the study.

1.4.4 Intervention Fidelity and Implementation
Direct observation by the researchers and teacher self-report records were used to

evaluate intervention fidelity and/ or teacher compliance in six studies (Donnelly et al.
2009, Goh et al. 2014, Mabhar et al. 2006, Mullender-Wijnsma et al. 2015, Reed et al.
2010, Reznik et al. 2015). Teacher self-report questionnaires revealed that PAAC
schools achieved 50-83% of the target 90 minutes of MVVPA (Donnelly et al. 2009).
Teachers reported that an average of one ten minute TAKE 10! activity per school day
can be successfully implemented (Goh et al. 2014). Eighty nine percent of teachers
were found to comply with performing Energizers activities once a day (Mahar et al.
2006). Implementation and fidelity of the F&V (Mullender-Wijnsma et al. 2015)
programme was assessed using observations, teacher-reports and heart rate monitors.
Results indicate lessons lasted close to the intended 20-30 minutes, 98% of the lesson
content was discussed, on-task behaviour was above 70%, and the students were
moderate-to-vigorous physically active for 64% of the lesson time. Similar process
measures from the CHAM JAM study report that teachers implemented an average of
60-83% of the target activities at Time 2. Finally, to monitor fidelity of their
intervention delivery Reed et al. (2010) state that random audits by direct observation

were carried out, however, they do not provide a report of these observations.

12



(fep/Ayrsuayur 2p Jonuod (1s°d
Arapy Fayoea sdas) yq Aep [ooyos ou X ) SPam 7] vsn (F102) TR 32 Yoo
SU0SSI|
2DUIIIS OJUT WOTRISIT suondaoiad siuspug
JURTHSAOTE JO ANIqISER suondaorad smagoea] Jopd=yg SYoam VSl (FI0T) SO PUR U g
Wd SSe[2 e
Apsuagun yd sse[o ew Vd 4Aep j0012s X siep €] vsn (1107) Te 12 vrauyg
Arep vd 1D SIUOT g vsn (T107) Te 12 BUNQ
(Burpapow 3p Arsuur
*AraAT[a(]) S2IMSBIA] §53205] (1102
JUSTIRASN]Y JNH2PeIY SUWINOQIUE] P AJ[2Uuo(]
(Aep/sum) g IINd B X X sTRaA ¢ VIl (6007) Te 3R AqpeUmo(
“ojuy
samoNn() LIEpUoIag SaMOoNN() AIETLL] PPV PO Ld®d 1LDA
Passassy samonng) usisa(] Apmi§ uoneIn(] WoNEd0| Apmig

S9IPNIS PapN|oU] JO SonsLIgIorIRyD JO AdrWwWNg Z'Z 3|gel

13



(1oL

(Aep ooryas;sdans) q-mnm
JOOTARYR] HSE}TUO S[EASl Vd F=1snpR X X R Vs (90027) Te 32 FRUEIN
uotssas 12d Ansuw v ®» 99
Aysaqo (Aep;Apsusymzp
P IYST2MI2A0 JO 30U[BAI] uonemp) vd
[N ¥ W81sm 181 ‘HA 1D b Te3A | BUTY) (L00T) Te1e i
183 Apoq
0, “SSET 18] “SSBTl 221] 1B nAg mead
"$21005 Z TN G WS TSI M Ng 3502 X X T mad | BUTY) (010D TR VT
Epajnommy Jupus L21d X S=esMm 7 V5 (1107) sewoq, pue 3377
“oyuy
SATOY)N() LIEPUOIAIG samonQ AIEWLL] PPV PPO Ld®d LDH
Passassy samonn() uSisa(q Apmig UonEIn(] WOREDIO] Apmyg

(P3u0d) S3IPNIS PAPN|IU] JO SINSLIBIoRIRYD JO AdewWnS 2°Z 9|gel

14



S2INSEW s52001d

2y HonRIuHR]dUN BONUIAT2)U]

Aouanbaxg ssa0ar “din “sse[2 4 (Aepsd=1s)
JURTUSS2SSE JNRmwodoruyy v Aep [ooros 1502 X X sy=am § WS (C107) Te 12 yuzayg
aouennopad ssaun g U2 AIN] Y
sdnoas m2amiaq W ITIIPEIY
(Aep/sdass) vd VUSRI PIJ ISO]D X X STUOW ¢ VSN (0107) TR 32 P2y
(Aepsd=1s) [onuo pue[Rs7
s[PAl] Vd ou X syeaMm M3IN (9007) TR 12 32ATQ)
sT0ssa] JO S[2A2] VAAW
INOIARY2q JURTIIRAST . [onuod dxqg (C107) T®
YSB)-U() [SINSBIW UoTRIuaw2]duw] uIpeIR LAY -0 X SeaMm [7  SPUBR[RIIAN 1@ ewsulijy) -JepuR(Iniy
“ojur
samoNn() AIEPU0IIY STO0N() ATEWLL] PPV wBpo LIYd 1LDA

Passassy samodng)

usisa(] Apmis uoneIn(g WoEIO| Apmyg

(PU02) S3IPNIS PapNou| JO SaNsida1veIRYD JO Alewwns Z'z ajge.l

15



ysej-mo-amin [ O Hiwsmiadxy zend) dxq-0) f1sa3-)sod 3 -au g LW fuwenednpy [ensdqg 44 SAOranoe
[edsiqd v g eurpaseq apdunpy g-nnu inonusatuy [ idn-sofjoq . ‘Arojeropdxy sojdxyq jsunypuadxy AS1aue g {[eLi] po[onuo))

Juanmeaa ], —uﬁ.hﬂﬁmﬁ— La1Ld mﬁﬁm.—..-.. Pejomo’y 1) mﬁﬁﬁ-aﬂm FIMATHIATD ) ATO ) mmﬂm—mmﬂm qa mﬂﬁmaﬁahﬁmﬂ—” [EUOIPPY "oJU] PPV -SUONEIASIqQY >
I—

(Aep/eumn
(Anprqrses g) %) Vd SSe[o fpew
UOHIBISHEG JUSPTAG 2§ 131283, (Aep/eumn (+102)
INOTART=q {SE)-TUQ) 04 W Aep Jootos X SN=2M § EBI[EISNY Te 12 Aoy
"oyu]
SO0 N LIEPUOIIY samoyn()y ATemLL ] PPV B LIRd 109
Passassy Sammodng) usisa([ Apmig TWOTJEITY] UWOLEDIO] Apmig

(Pu02) S3IPNIS PapNou| JO SansidalveIeyD JO Arewwns Z'z ajge.l



Table 2.3 Summary of Classroom-Based PA Interventions and their Overall Effects on
PA, BMI and Academic Outcomes

Study Classroom-based PA Outcomes (Effect Size Reported as Cohen’s d)

intervention elements
PA Active PA BMI Learning Facilitators of

integrated learning Learning
into core & using
academic PA data
subjects

Donnelly et X 0.65 1 0.01« )

al. (2009), —

Donnelly &

Lambourne

(2011)

Dunn et al. X 1.24 ¢ 7

(2012)

Erwin et al. X 1.84° « 1

(2011) 0.54° 1

Finn and X q/d e

Mclinnis

(2014)

Gohet al. X -0.11% ¢ &

(2014) 0.24%¢ 1

Lee and X 0.48% ¢

Thomas 1.51"e 1

(2011)

Li et al. X -0.13 -

(2010) !

Liu et al. X o 18 1

(2007)

Mabhar et al. X 0491 0.6 1

(2006)

17



Table 2.3 Summary of Classroom-Based PA Interventions and their Overall Effects on
PA, BMI and Academic Outcomes (cont’d)

Study Classroom-based PA Outcomes (Effect Size Reported as Cohen’s d)
intervention elements
PA Active PA BMI Learning Facilitators of
integrated learning Learning
into core & using
academic PA data
subjects
Mullender- X i- 0.66,
Wijnsma et 0.7
al. (2015) 1.0.16,
0.53
Oliver et al. X 0.09 + <
(2006)
Reed et al. X o2 0.3'1
(2010) M SN
Reznik et al. X 0.16 « 1
(2015)
Riley et al. X 2.48" ¢ 1 0.9 1
(2014) 1.62°¢ 1

Note. » = primary outcome; 1 = reported as statistically significant increase; | = reported as
statistically significant decrease; < = no significant change; ~ = mixed results; g/d =

qualitative data

% not enough information provided to calculate; ® Math class; ¢ whole school day; ¢ no _
comparative group; ° change in daily steps; "change in intensity; ¢ learning; " reasoning; '
Maths grade 2, grade 3;’ Reading grade 2, grade 3; “virtual walk; ' fluid intelligence; ™ Social
Studies; "Maths, Science & English
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1.5 Outcomes

1.5.1 Physical Activity

As illustrated in Table 2.3 ten studies reported the effects of interventions on PA outcomes.
Accelerometers (Donnelly et al. 2009, Riley et al. 2015), pedometers (Mahar et al. 2006,
Oliver et al. 2006, Reed et al. 2010, Reznik et al. 2015), and both accelerometers and
pedometers (Erwin et al. 2011a, Goh et al. 2014) were used to evaluate PA intensity levels
and step counts in eight studies. Dunn et al. (2012) used observation to evaluate minutes
spent in PA per day. Donnelly et al. (2009) used the System for Observing Fitness
Instructional Time (SOFIT) to evaluate the intensity of classroom PA. Energy expenditure
was assessed using Zhi-Ji UX-01 PA monitors and time spent in PA was evaluated using a
self-report questionnaire completed by students in one study (Liu et al. 2007). In addition to
using pedometers, Reed et al. (2010) also used the Previous Day Physical Activity Recall
(PDPAR) questionnaire to evaluate students’ PA levels. Two additional studies incorporated
the use of heart rate monitors and pedometers to collect PA data however, the data was used
for educational purposes within the classroom and was not evaluated by the researchers (Finn
and Mclnnis 2014, Lee and Thomas 2011).

Of the ten studies reporting PA outcomes for physically active academic lesson interventions
on students’ daily PA levels, three were found to exceed Cohen’s convention for a large
effect (Cohen’s d > 0.8) (Dunn et al. 2012, Erwin et al. 2011a, Riley et al. 2015). Effect

sizes for all ten studies are outlined in Table 2.3.

1.5.2 Learning Outcomes
Four studies assessed the effect of physically active academic lessons on academic attainment

(Donnelly et al. 2009, Lee and Thomas 2011, Mullender-Wijnsma et al. 2015, Reed et al.
2010). Standardized assessments were used in three of these studies. Donnelly et al. (2009)
used the Wechsler Individual Achievement Test-2nd Edition (WIAT-II-A; The Psychological
Corporation 2001) to assess achievement in literacy skills and math. Reed et al. (2010)
evaluated student achievement using the Palmetto Achievement Challenge Test (PACT)
authorized by the South Carolina Education Accountability Act of 1998 and the U.S.
government No Child Left Behind Act of 2001. Mullender-Wijnsma et al. (2015) assessed
academic achievement in math through the use of a Tempo-Test-Rekenen (Speed Test

Arithmetic), and the E"en-Minuut-Test (1-Minute Test) assessed the students’ reading ability.
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Lee and Thomas (2011) alternatively used a researcher and teacher designed written test and

structured interviews to evaluate the students’ learning of math and science topics.

Effect sizes for the studies reporting learning outcomes are outlined in Table 2.3. The PAAC
study did not provide sufficient information to calculate effect size for active academic
lessons on student’s academic achievement however, the authors report a statistically

significant improvement (Donnelly et al. 2009, Donnelly and Lambourne 2011).

1.5.3 Facilitators of Learning Outcomes
Three of the included studies evaluated facilitators of learning. Three main facilitators were

considered: teacher approval (Finn and Mcinnis 2014, Riley et al. 2015), student enjoyment
(Finn and Mclnnis 2014, Riley et al. 2015), and on-task behavior (Mahar et al. 2006, Riley
et al. 2015). The nature of qualitative data collected for these outcomes did not allow for

effect size calculations.

Teacher approval was evaluated using survey (Riley et al. 2015) and interview techniques
(Finn and Mclnnis, 2014). Two teachers completed a 5-point Likert scale to evaluate the
timing, instructor quality, appropriateness of programme content, and programme impact of
the EASY Minds study (Riley et al. 2015). It was revealed that teachers were highly satisfied
with the EASY Minds programme and its impact. They also indicated that the programme
was well received by the children and that they would feel comfortable teaching the
programme. Two teachers participated in semi structured interviews to evaluate the
feasibility and teacher approval of the Active Science Curriculum (Finn and Mcinnis, 2014).
They reported that the programme improved students’ science inquiry skills, promoted
enjoyment of PA, provided opportunities to use technology, and provided opportunities to

incorporate PA into academic lessons.

Both studies (Finn and Mclnnis 2014, Riley et al. 2015) which evaluated student enjoyment
of active academic lessons used student questionnaires. Finn and Mclnnis (2014) adapted the
Physical Activity Enjoyment Scales (PACES) questionnaire (Kendzierski and DeCarlo 1991)
and also conducted focus group discussions with a sub-sample of students. They reported
that students enjoyed the integration of PA into science lessons and that the students felt they
gained academically from the active lessons. The evaluation questions in the EASY Minds

study (Riley et al. 2015) applied a 5 point Likert scale ordered from 1 (strongly disagree) to
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5 (strongly agree). Results revealed that students were highly satisfied with the programme,
that they found the programme highly enjoyable, and enjoyed engaging in PA during their

lessons.

Both studies (Mahar et al. 2006, Riley et al. 2015) which evaluated on-task behavior used
momentary time sampling procedures to observe a sub-sample of students. Both studies also
assigned two trained observers to simultaneously observe 6 students at a time on a rotational
basis. Students were observed at 15 second intervals over a 30 min period (Mahar et al.
2006, Riley et al. 2015). Periods the students were observed varied between the studies.
Students were observed in a 1 hour time slot at baseline, midpoint, and post-test during the
EASY Minds study (Riley et al. 2015). Intervention lessons were taking place within this
observational time at midpoint and post-test. Alternatively, on-task behavior was evaluated
for 30 min during regular lessons directly pre and post student participation in Energizers
activities (Mahar et al. 2006), by one observer throughout the Energizers study. However,
the second observer only observed 40% of all classes. Both studies were found to have
positive effects of physically active academic lessons on students’ on-task behavior. The
EASY Minds study (Riley et al. 2015) was found to have a large effect for change in
students’ on-task behavior between intervention and control groups from pre- to post-
intervention. Energizers (Mahar et al. 2006) were found to have a medium effect on on-task

behavior from pre- to post- Energizers, across all classes, during the study period.

1.5.4 Health Outcome (BMI)
Three studies included in this review evaluated health outcomes as a result of implementing

physically active academic lessons in the classroom (Donnelly et al. 2009, Liu et al. 2007,
Li et al. 2010). All three studies evaluated the intervention effect on students’ BMI levels
and defined BMI categories based on age- and sex-specific BMI calculations (Group of
China Obesity Task Force 2004, Kuczmarski et al. 2002, Multicenter Growth Reference
Study Group, World Health Organization 2006). Weight and height measurements were
taken with stadiometers and digital scales. Donnelly et al. (2009) obtained height and weight
measures at the beginning and end of each of their 3 intervention years. Liu et al. (2007)
collected age, sex, height, and weight data pre- and post- intervention. Li et al. (2010)
collected measures at baseline, 1 year later during the intervention and the following year at
follow-up. Li et al. (2010) reported that students fasted the night before measurements took

place.
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All three studies evaluating BMI noted small effect sizes. Although no significant difference
was identified in the prevalence of overweight and obesity between control and intervention
groups in the Happy 10! studies (Li et al. 2010, Liu et al. 2007), a small effect size was
calculated for change in both BMI and BMI z-scores between the groups in Li et al. (2010).
In this report Happy 10! was found to have a similar effect on boys (-0.06) and girls (-0.08)
with a more pronounced effect among obese children at baseline (-0.07) (Li et al. 2010). The
Liu et al. (2007) report however, did not provide sufficient information to compute effect
sizes. In the PAAC study (Donnelly et al. 2009) a small effect was found for change in BMI
between PAAC and control schools from baseline to year three. However, change in BMI
was influenced by exposure to PAAC, with a moderate correlation reported for BMI change
and average weekly PAAC minutes. Schools that participated in > 75 min of PAAC/week
had statistically significant lower increases in BMI at 3 years in comparison to those that
participated in < 75 min of PAAC/week (r* = 0.42, p = .02).

1.6 Discussion
This systematic literature review suggests that physically active academic lessons in the

classroom can improve MVPA levels of children. There is also evidence that BMI, academic
performance, and facilitators of learning may be improved by teaching academic content
using physically active methods. Readers should be cognizant however of the great variances
that were identified between the studies with regard to number of study participants,
intervention duration, training and resources provided, implementation personnel, use of
theoretical frameworks, and outcomes. With only six of the included studies using
randomised controlled trials to evaluate their primary outcomes (See Table 2.2), this review
demonstrates the need to undertake more robust research to evaluate the effects of physically
active academic lessons on health and academic outcomes. Nevertheless, the body of
evidence presented supports recommendations by the Comprehensive School Physical
Activity Program (CSPAP) (Centers for Disease Control and Prevention 2010) to integrate
PA into academic lessons since results indicate that improvements occurred in students’ PA
levels in addition to enhancing their learning. Suggestions that short stints of PA throughout
the school day can contribute towards health benefits (Barr-Anderson et al. 2011) are also
supported. This implies that if implemented long-term and widely, such interventions may
result in health improvements reducing the risk of early death and the problem of non-
communicable diseases (WHO 2010).
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Of the ten studies reporting PA outcomes, six were found to have medium-to-large effects
(Cohen 1988) of the physically active lessons on student PA levels. A variety of data
collection instruments were used to gather PA data across the studies. These ranged from
objective tools such as accelerometers, pedometers, heart rate and PA monitors, and direct
observation (SOFIT) which provide measures of PA intensity and/or duration, to self-report
questionnaires and Previous Day Physical Activity Recall questionnaires (PDPAR). It has
been argued that each measurement tool has its strengths and limitations and that there will
always be a compromise between “practicality and accuracy when it comes to... PA
measurement... among children” (Trost 2007, p. 299). Baranowski et al. (1984) evaluated the
use of self-report instruments with children and reported that children younger than 10 years
were unable to accurately recall activities or quantify the duration of the activities.
Nevertheless, self-report measures have been deemed valid and reliable instruments to
observe changes in PA behavior in children (Pate et al. 2005) since they provide detailed
information on the nature and circumstances of PA along with being inexpensive. Objective
measures have been recommended (Trost 2007) as more acceptable for young children since
they are unobtrusive and not subject to recall bias. However, they too have their limitations
such as being expensive and logistically difficult to administer. Therefore, the positive
results which have emerged, considering the strengths and limitations of the range of
measurement tools used, demonstrate that there is potential in such interventions to improve

the PA levels of primary school children.

Several reports have emphasized the importance that teacher and student attitudes play in
determining the success or failure of classroom-based PA interventions (Cothran et al. 2010,
Fullan 2007, McMullen et al. 2014). This review found that students enjoyed physically
active lessons and that teachers expressed positive attitudes towards their implementation and
outcomes (Finn and Mclnnis 2014, Riley et al. 2015). These findings are reconcilable with
previous work which examined teacher approval and student enjoyment of school- and
classroom-based PA programmes (Cothran et al. 2010, Dishman et al. 2005, McMullen et
al. 2014, Schneider and Cooper 2011). Cothran et al. (2010) and McMullen et al. (2014)
reported that teachers were most satisfied with PA breaks that incorporate academic content
and support what they had planned to teach rather than being additional activities. Teachers
approved lessons which were easy to implement, enhanced learning, and which lead to
student enjoyment. Teachers in the Cothran et al. (2010) and McMullen et al. (2014) studies

also reported that integrating PA increased attentiveness in academic lessons while also
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motivating and exciting students to participate academically. Schneider and Cooper (2011)
and Dishman et al. (2005) previously emphasized that interventions should target student
enjoyment and aim to promote successful PA experiences which incorporate small group
interaction and deemphasize competition. This evidence (Allender et al. 2006, Cothran et al.
2010, Howie et al. 2014, McMullen et al. 2014) suggests that it is essential to evaluate
teacher approval and student enjoyment with regard to PA interventions, however these
outcomes have only been evaluated in two included studies. What children do in the
classroom is mainly controlled by the teacher, as students cannot be physically active in the
classroom without teacher approval (Martin and Murtagh 2015b). Therefore, teachers’
behavior and attitudes play a fundamental role in influencing the effectiveness (Fullan 2007)
of classroom-based interventions. Changing their teaching methods is a personal decision by
the teacher and decisions to participate are influenced by their approval of intervention
programmes (Cothran et al. 2010). Since student enjoyment has also been found to influence
and control the effect of PA interventions (Howie et al. 2014), as well as being identified as
a dominant motivational factor to participate in PA and the primary element of student
acceptability of PA programmes (Allender et al. 2006), it is an outcome which should not be
overlooked. Teacher approval of classroom-based PA interventions also relies on this
enjoyment (McMullen et al. 2014, Martin and Murtagh 2015b). Therefore, to develop
effective PA interventions it is essential that both teachers and students are satisfied with the
programme and perhaps these are outcomes which should be considered in similar studies in

the future.

Given that it is well documented that girls are much less active than boys (Riddoch et al.
2004, Sherar et al. 2007) it is quite surprising that only one study (Oliver et al. 2006)
reported sex specific findings of PA data. In an evaluation of sedentary behavior and PA
levels of 10 to 14-year-old children during the segmented school day, Bailey et al. (2012)
reported that the least amount of MVPA was accumulated during class time (Boys 11.2%,
Girls 10.2%) and the majority of class time was spent in sedentary (Boys 69.4%, Girls
71.2%) with no significant differences between the sexes for either. However, during their
classroom-based intervention Oliver et al. (2006) reported that least active students,
especially girls, significantly increased their PA levels. Similarly, in an evaluation of PA
breaks in the classroom, Erwin et al. (2011b) found that the intervention was particularly
effective for those in the high risk, low-active groups and had the same effect for boys and

girls. Erwin et al. (2011b) concluded that the insignificant difference between the sexes may
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have been because the intervention was carried out in the confined space of the classroom
where all children participated equally in the opportunities presented to them. Martin and
Murtagh (2015b) also report no significant difference in the PA levels accumulated during
intervention lessons between the sexes. It has been reported that in less structured school-
based time periods such as recess and lunch, boys have been found to accumulate more
MVPA (Bailey et al. 2012) therefore, under structured guidance such as during classroom
interventions girls seem to be likely to make similar gains to their male counterparts. This
indicates that classroom-based PA interventions hold great promise in increasing the PA
levels of all students, regardless of sex. These interventions could also especially benefit
least-active children who need to be facilitated with more structured opportunities to be

active.

The extensiveness of childhood obesity has reached pandemic proportions in the US (Ogden
et al. 2014), the UK (Stamatakis et al. 2010), and in European countries (Wang and Lobstein
2006) with over 22% of 7 to 17-year-old children now considered overweight/obese. This is
also seen in Ireland with 26% of 9 and 13-year-old children considered overweight/obese
(Layte and McCrory 2011). Since childhood obesity continues into adulthood and
significantly increases the risk of disease and premature death, prevention has become a
matter of urgency (WHO 2010). Increasing PA has been identified as an important strategy
for the prevention of childhood obesity as it reduces BMI through increased energy
expenditure and fat oxidation (Epstein and Goldfield 1999). The results presented in the
current review indicate potential for classroom-based PA programmes in improving future
public health. All three studies which examined intervention effects on students’ BMI
reported some positive results (Donnelly et al. 2009, Liu et al. 2007, Li et al. 2010). This
can be supported by other investigations which examined the link between PA and BMI.
Kimm et al. (2005) reported that increased PA is linked to decreased weight gain in
adolescents and children. They found that children who engaged in more MVPA had a
reduced risk of obesity than their sedentary peers. A systematic review of the literature by
Doak et al. (2006) concluded that simple PA intervention programmes, such as incorporating
daily PA into the school curriculum (Dwyer et al. 1983) and increasing PA during school
break times (Sallis et al. 1993), are capable of preventing obesity in children. The evidence
presented lends promise to the use of classroom-based PA interventions in contributing
towards the improvement of children’s health by striving to achieve BMI levels which are

within the range for optimum health benefits.
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With schools facing challenges in designating time for PA throughout the school day due to
emphasis on core academic subjects, it is important to illustrate that incorporating PA into the
classroom does not detract from academic performance but may enhance it. It has been
proven that PA has a positive impact on cognitive development (Hillman et al. 2008),
cognitive skills, attitudes, and academic behavior, such as memory and concentration which
are all important elements of enhanced academic performance (Centers for Disease Control
and Prevention 2010). Of the studies evaluating the impact of physically active academic
lessons on student learning in the current review, all four studies reported some positive
effects (Donnelly et al. 2009, Lee and Thomas 2011, Mullender-Wijnsma et al. 2015, Reed
et al. 2010). Students were examined mainly in math, reading, writing, and science. Lee and
Thomas (2011) argue that the lack of difference in academic achievement between control
and intervention groups in their study indicates that similar learning content was being
covered in the traditional classroom and the classroom using PAD technologies. However,
the authors claim that the PAD activities facilitate students to work with more complex data
than their textbooks provide and consequently this intervention was found to have a large

effect on reasoning tasks with contextualized data between the groups.

Of note is that all of the studies administered different assessments which limits
comparability across interventions. Direct observation was used in both studies examining the
relationship between the active lessons and time-on-task (Mahar et al. 2006, Riley et al.
2015). Medium and large effect sizes for behavior and time-on-task both during and
following the active lessons were demonstrated in these studies. The findings presented
support several previous publications which summarized the effect of active lessons on
educational outcomes (Barr-Anderson et al. 2011, Bartholomew and Jowers 2011, Centers
for Disease Control and Prevention 2010). Furthermore, implementing the interventions did
not negatively affect students’ learning, which provides counter-argument to some teachers’
beliefs that increasing time spent teaching PA adversely affects students’ academic

achievements (Morgan and Hansen 2008).

The variances outlined across the studies with regard to duration of student exposure to
physically active lessons, proportion of PA incorporated into lesson time, frequency of
implementation, types of activities, teacher training, provision of resources and
implementation personnel (teacher or researchers) highlights the need to rigorously examine

and develop specific guidelines for teachers on how best physically active academic lessons

26



should be implemented in the classroom in order to be effective in achieving health and
educational gains.

1.7 Limitations
There are several limitations of note. First, the search strategy was limited to English-

language publications. Second, no studies with children over 12 years old met the inclusion
criteria so results are limited to interventions which took place in primary schools only.
Third, there is a limited number of studies included in the review particularly for BMI,
learning and/or facilitators of learning outcomes and consequently conclusions are drawn
based on a small number of articles. Many of the included studies were assessed to be of high
risk of bias in many areas according to the Cochrane Collaboration assessment tool (Higgins
et al. 2011) or did not include sufficient information to make firm judgements about bias.
Therefore, the results reported must be interpreted with caution since less rigorous studies
may be biased toward overestimating or underestimating true intervention effects (Higgins et
al. 2011). Fourth, as also noted in an earlier review (Norris et al. 2015), only three of the
included studies considered theoretical frameworks in the development of their interventions
(Erwin et al. 2011a, Mullender-Wijnsma et al. 2015, Reznik et al. 2015). There is evidence
that PA interventions guided by behavior change theories are more effective and have more
enduring results (Michie and Abraham 2004) than those that are not. Grounding future
interventions in behavior change theories will ensure that they are provided with a valid
foundation for their development (Norris et al. 2015). Fifth, only six studies provided
detailed information regarding the active lessons implemented (Erwin et al. 2011a, Goh et
al. 2014, Mahar et al. 2006, Oliver et al. 2006, Reznik et al. 2015, Riley et al. 2015)
which limits the extent to which the components of the interventions can be fully examined
or replicated. Variation in the duration of the interventions, which range from 1 week to 3
academic years, is an additional limitation. This great variance in student exposure to
physically active academic lessons makes comparisons across the studies difficult since
students received different total volume and frequency of active lessons. Sixth, not all of the
authors contacted responded to confirm the accuracy of information presented regarding their
studies. Seventh, since nine of the fourteen studies were carried out in the U.S. it may be
problematic to generalize results to educational systems of other countries. Though it is worth
noting that the US-based TAKE 10! programme was successfully adapted for China (Liu et
al. 2007, Li et al. 2010) and Netherlands (Mullender-Wijnsma et al. 2015). Finally, we

acknowledge that our findings are based on the published evidence available. It is possible
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that studies suggesting a beneficial intervention effect or a larger effect size are published,
while a similar amount of data pointing in the other direction remains unpublished (Sterne et
al. 2011). Such publication bias could overestimate the impact of classroom-based PA

interventions on health and/or academic outcomes.

1.8 Conclusions
This review illustrates the important role that physically active academic lessons can play in

increasing PA levels of schoolchildren. Additionally, potential benefits for education and
health outcomes, and facilitators of learning were observed. Several recommendations with
regard to study design and reporting have been identified. Specifically, this review
demonstrates the need for future research to involve more robust designs, i.e. randomized
controlled trials, and adhere to reporting standards, e.g. CONSORT (Schulz et al. 2010) so
that conclusions can be drawn from well designed and reported, high quality studies. The
results reported are of relevance for policy-makers, educational administrators, and teachers.
Our findings provide evidence for the valuable contribution that physically active teaching

methods can make to school-based health promotion.

1.9 What Does This Article Add?
This review evaluates existing classroom-based PA interventions which integrate academic

content with respect to four major outcomes in this area. Although a previous review has
been carried out which evaluates the effect of such interventions on PA levels and academic
attainment, this is the first review to consider these outcomes as well as, health (BMI) and
facilitators of learning outcomes. Facilitators of learning outcomes such as teacher approval
and student enjoyment have previously been identified as essential in determining the success
of classroom-based PA interventions and although a limited number of studies were available
to assess this outcome in the current review, results support these previous findings and
indicate that evaluations of teacher approval and student enjoyment should be included in
future intervention studies. Results also indicate the potentially positive contribution
accumulating PA through these interventions can make to the health of students. This review
also demonstrates the need for researchers to undertake more robust research designs such as
randomized controlled trials in their evaluation of such interventions to reduce the potential
for bias and avoid misleading conclusions being drawn. Notwithstanding the aforementioned
limitations regarding risk of bias in studies and the limited number of studies available, this

review illustrates the positive effects physically active academic lessons can have on PA
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levels, health, learning, and facilitators of learning outcomes. It also highlights how such
interventions can assist teachers in coping with barriers to improve PA levels of their students
without negatively affecting academic teaching time. The evaluation of these outcomes in
this review provides emerging evidence for the implementation of such interventions and

makes a valuable contribution to the existing body of knowledge in this area.
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