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Abstract

Background: Schools play an important role in physical activity promotion for adolescents. The systematic review
aimed to determine the proportion of secondary (middle and high) school physical education (PE) lesson time that

students spend in moderate to vigorous physical activity (MVPA), and to assess if MVPA was moderated by school

level (middle and high school), type of physical activity measurement and type of PE activities.

Methods: A systematic search of nine electronic databases was conducted (PROSPERO2014:CRD42014009649).

Studies were eligible if they were published between 2005 and 2014; written in English; assessed MVPA in PE lessons of

secondary (middle and high) school students; and used a quantitative MVPA measure (i.e., accelerometry, heart rate
monitoring, pedometers or observational measures). Two reviewers examined the retrieved articles, assessed risk of bias,

and performed data extraction. Random effects meta-analysis was used to calculate a pooled estimate of the percent of

PE lesson time spent in MVPA and to assess moderator effects where data allowed.

Results: The search yielded 5,132 potentially relevant articles; 28 articles representing 25 studies (7 middle and 18 high

school) from seven countries were included. Twelve studies measured MVPA through observational measures, seven used

accelerometers, five used heart rate monitors and four used pedometers (including three studies using a mix
of measures). Meta-analysis of 15 studies found that overall, students spent a mean (95% CI) of 40.5% (34.8–46.2%) of

PE in MVPA. Middle school students spent 48.6% (41.3–55.9%) of the lesson in MVPA (n = 5 studies) and high

school students 35.9% (28.3–43.6%) (n = 10 studies). Studies measuring MVPA using accelerometers (n = 5) showed that
students spent 34.7% (25.1–44.4%) of the lesson in MVPA, while 44.4% (38.3–50.5%) was found for lessons assessed via

observation (n = 9), 43.1% (24.3–61.9%) of the lesson for a heart rate based study, and 35.9% (31.0–40.8%) for a pedometer-

measured study.

Conclusions: The proportion of PE spent in MVPA (40.5%) is below the US Centre for Disease Control and Prevention and

the UK Associations for Physical Education recommendation of 50%. Findings differed according to the method of MVPA

assessment. Additional strategies and intervention research are needed to build more active lesson time in PE.
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Background
Moderate-to-vigorous physical activity (MVPA) during

adolescence has been positively associated with a host of

physiological and psychological outcomes such as

cardiorespiratory fitness [1], reduced metabolic disease

risk [2] and better mental health [3, 4]. The World

Health Organisation (WHO) recommends children and

adolescents aged 5 to 17 years old participate in 60 min

of MVPA everyday [5]. Internationally, as few as 20% of

adolescents meet this recommendation [6]. Schools play

an important role in physical activity promotion for

adolescents [7], an age that has been associated with de-

clining physical activity levels [8, 9].

The United States’ (US) Centre for Disease Control

(CDC) and Prevention [10] and the United Kingdoms

(UK) Associations for Physical Education (AfPE) [11] ad-

vise that children (5–17 years old) should participate in

MVPA for 50% of PE lesson time to gain appropriate

health and academic benefits. The most recent review to

examine the proportion of PE lesson time spent in

MVPA in secondary schools (i.e., middle and high

school) was published in 2005 and reviewed 40 studies

[12]. The majority of studies used heart rate monitoring

to measure MVPA (n = 30), 10 studies used systematic

observation such as the System for Observing Fitness

Instruction Time (SOFIT), and four used accelerometry

[12]. When data from the studies were combined (not a

meta-analysis), the review found that secondary school

students engaged in MVPA for between 27% and 47% of

PE time depending on the type of measurement instru-

ment used to measure MVPA; accelerometers-assessed

MVPA was reported for 46.8 ± 13.9% of lesson time,

heart rate monitor-assessed MVPA for 37.9 ± 14.6% and

observational-assessed MVPA for 26.6 ± 15.2% of lesson

time [12]. Sub-analyses found MVPA levels varied

according to the type of activity students engaged in;

from almost 50% of lesson time when engaged in fitness

orientated activities (48%) or team invasion games (e.g.,

basketball and soccer; 46%) compared to just one third

of time when participating in dance and gymnastics, or

net game activities [12]. The review did not examine

MVPA in middle and high school PE lessons separately.

Since 2005, numerous observational and intervention

studies examining MVPA in middle and high school PE

lessons have been conducted. However there has been

no systematic review to examine the proportion of

secondary school PE lesson time, without intervention,

spent in MVPA. While it is important to acknowledge

that the target of 50% MVPA is only one aspect of asses-

sing the quality of PE lessons, continued monitoring of

guideline implementation is important as a tool to track

any improvements in MVPA or achievements of PE

lesson targets. Therefore, the primary aim of this

systematic review was to update the evidence base and

determine the proportion of secondary (middle and

high) school PE lesson time that students spend in

MVPA. Secondary aims were to evaluate student partici-

pation in MVPA during PE lesson time according to

three potential moderators, namely: i) school level (mid-

dle or high schools); ii) type of physical activity measure-

ment (accelerometer, heart rate monitoring, pedometry

or observational measure); and iii) type of PE activities

(fitness orientated activities, team invasion games, dance

and gymnastics or net game activities).

Methods

Search Strategy

The systematic review protocol was registered with Pros-

pero on the 7th May 2014 (http://www.crd.york.ac.uk/

PROSPERO/display_record.asp?ID=CRD42014009649; PR

OSPERO2014:CRD42014009649). The systematic review

adhered to the Preferred Reporting Items for Systematic

Reviews and Meta-analysis (PRISMA) statement [13]. A

two-step search strategy was used. Firstly, a search using

key words was carried out across nine electronic databases:

Medline, Sport Discus, CINAHL, The Central Cochrane

database of Systematic Reviews, CENTRAL, ERIC Pro-

quest, EMBASE, Scopus and PsycINFO. Key search terms

and their synonyms were searched separately in four main

filters which were then combined. Search filter one identi-

fied the setting such as ‘physical education’, ‘lesson*’, ‘class*’.

Search filter two referred to the target population including

‘child’, ‘adolesc*’ and ‘student’. Measurement terms were

identified using search filter three such as ‘motor activity’,

‘exercise’ and ‘MVPA’. Search filter four identified the study

design including ‘prospective studies’, ‘longitudinal studies’,

‘non-randomized’. Search terms within each filter were

combined using the Boolean operator ‘or’, and all four filters

were combined to form one search using the Boolean

operator ‘and’. See Additional file 1 for a record of the

search strategy used for each database. In the second step

of the search strategy, the reference list of the included

studies was manually searched for additional papers not

previously identified.

The title, abstract and description/MESH heading of

the studies identified during the search were retrieved

and examined by two independent reviewers (JLH and

RS) to determine if the study met the inclusion criteria.

The full texts of the potentially eligible studies were

retrieved and independently assessed by the two re-

viewers for eligibility. If the two independent reviewers

disagreed on whether a study should be included in the

review, a third independent reviewer (EC) was consulted

until a consensus was reached.

Inclusion and exclusion criteria

This review considered studies i) published in English

from 2005 to 2014; ii) that assessed the physical activity
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levels of students during PE lessons at a secondary

school [middle (i.e., Grade 6–8; approximately 10–14

years old) or high school (i.e., Grade 7–12; approxi-

mately 12–18 years old)]; iii) included a quantitative

measure of physical activity levels (e.g., accelerometry,

heart rate monitoring, pedometers or systematic obser-

vational measures); iv) were of cross sectional or

prospective longitudinal quantitative design, or the

baseline intervention and/or control group results of

randomised controlled trials (RCTs), non-randomised

controlled trials (non-RCTs) and pre-post studies. The

control group results during the study period were in-

cluded if no baseline control data was provided and the

control group received no intervention. The review

excluded studies that reported on preschool or elem-

entary/primary school children, abstracts, theses/dis-

sertations and unpublished literature, were published

prior to 2005, and reported on only the follow-up

study results from interventions in RCTs, non-RCTs

and pre-post studies.

Assessment of risk of bias

An 11-item tool was developed to assess the risk of bias

of the included studies (Additional file 2). The tool was

created as no existing risk of bias tool assessed bias that

was relevant to the topic. For example, existing tools

assessed studies on participant recall bias, interviewer

bias, the randomisation procedure and attrition [14–16];

all criteria which were not directly relevant to this

systematic review. The existing tools lacked detailed cri-

terion regarding selection and instrument bias across the

school, class and student level, which were more likely

to influence the findings. The tool consisted of seven

domains covering selection bias at the school, class and

student level, plus selection and instrument bias related

to the PE lessons and MVPA measures. The tool was

used by the authors in a previous systematic review of

MVPA in elementary school PE lessons [17]. In this

review, two independent reviewers (JLH and RS) used

the tool to assess the risk of bias of all studies included

in the systematic review. Any disagreements were re-

solved through discussion between the two reviewers,

and if a consensus could not be reached, a third reviewer

was consulted (EC). Each of the 11 criteria was coded as

‘clearly described and present’ (yes), ‘absent’ (no), or

‘unclear and/or inadequately described’ (unclear) for

each study. Each domain was considered independently

as recommended by PRISMA [13].

Data collection

Data were extracted from the retrieved papers for

evidence synthesis using a pre-piloted standardised data

extraction table developed by the authors. One inde-

pendent reviewer (JLH) extracted the data, and a second

independent review (RS) examined the completed data

extraction table, added any missing information, cor-

rected errors and highlighted any data that were unclear.

The two reviewers discussed all discrepancies. A third

reviewer (EC) was consulted if a consensus could not be

reached. Missing data were requested from study au-

thors if necessary to determine study eligibility and

where insufficient data were provided for inclusion in the

meta-analysis. The extracted data included study design,

the setting (region/country, middle school, high school,

school level), participants (school and student sample size,

student age, sex, socioeconomic status (SES), ethnicity),

teacher training, aim, recruitment, response rate, meas-

urement type, lesson delivery, number of lessons, lesson

duration, and activities engaged in during the lesson.

MVPA in PE lessons was extracted as either: i) mean

percentage of lesson time spent in MVPA, or ii) minutes

of MVPA per lesson and length of the PE lesson so that

percentage MVPA per lesson could be manually calcu-

lated. The activities engaged in during the lesson/s were

extracted verbatim from the study description, with the

intention to re-categorise these into four categories as in

the previous review [12]: i) fitness orientated activities, ii)

team invasion games, iii) dance and gymnastics, and iv)

net game activities. If lessons contained activities that fell

into more than one category, data on the time spent in

each activity from the different categories were also

extracted (if reported).

Data synthesis

Data were synthesised via a narrative description of find-

ings from the included studies. Summaries of the phys-

ical activity levels in each study were presented as both

mean (SD/SE/95%CI) percentage of time and actual mi-

nutes, if provided. Comprehensive Meta-analysis Soft-

ware (version 2.2.064, July 2011) was used to pool the

findings into a meta-analysis for studies that reported i)

mean percentage of time in MVPA, ii) a standard devi-

ation, and iii) the number of PE lessons observed. Find-

ings were combined for the main meta-analysis

regardless of the assessment method. Percentage time

spent in MVPA was quantified from pedometer steps

per minute by the authors (JLH and RS) using a standar-

dised equation [18]. The meta-analysis was weighted by

inverse variance assuming a random-effects model, ac-

cording to the number of PE lessons monitored in each

study. A decision to assign study weighting based on PE

lessons was made as the factor variable of interest is the

variability of MVPA at the lesson level, not the student

level. As studies reported the measure at an aggregate

lesson level (e.g., average of 39% of the lessons spent in

MVPA) and the student sample size for each individual

lesson was not clear for all studies, we are unable to as-

sign study weighting by student sample size. A larger
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number of PE lessons monitored in a study would

provide a more accurate estimate of percentage MVPA

in usual PE lessons. Providing that either i) all students

in a PE lesson are monitored, or ii) students are

randomly selected for monitoring (i.e., the protocol for

observational assessment using SOFIT), then the average

student percentage MVPA data collected should be

representative of percentage MVPA in the assessed

lesson regardless of the number of students monitored.

Moderator analyses were performed to determine per-

cent MVPA by school level (middle or high school), type

of physical activity measurement (accelerometer, heart

rate monitor, pedometer or observational measure) and

type of PE activities (fitness orientated activities, team

invasion games, dance and gymnastics or net game

activities). Cochran’s Q and the I2 Index tests were used

to assess statistical heterogeneity. For the I2 Index;

0-40% may represent low heterogeneity; 30–60% moder-

ate heterogeneity; 50–90% substantial heterogeneity; and

75–100% considerable heterogeneity [14]. The moder-

ator meta-analysis that examined the method of measur-

ing MVPA was also used to examine methodological

heterogeneity.

Results
Description of the studies

The stages of the systematic review and study exclusions

are shown Fig. 1. The initial database search returned

8,300 journal articles prior to de-duplication, or 5,132

journal articles once duplicates were removed. Following

title and abstract review, 71 full text articles were

retrieved and assessed for eligibility. Twenty-eight

papers representing 25 studies (7 middle school and 18

high school studies) met all inclusion criteria and were

included in the systematic review. All study selection

discrepancies between the two reviewers were resolved

through discussion and the third reviewer was not

consulted. Missing data were requested from 13 study

authors to determine study eligibility and/or to obtain

sufficient data for the study to be pooled into the meta-

analysis. Nine authors responded to the email communi-

cation, of which five provided the additional requested

data. No additional eligible articles were retrieved from

the reference lists of the included articles.

Characteristics of included studies

The characteristics and outcomes of the studies are

shown in Tables 1 and 2. Publication dates ranged

from 2005 [19–23] to 2014 [24, 25]. The studies were

primarily conducted in the United States of America

(USA; n = 13) and Australia (n = 6), with two studies

in Portugal and one each in the United Kingdom,

Poland, Brazil and Hong Kong. All seven middle

school studies were conducted in the USA. Almost

50% of the studies were of cross-sectional design (n = 12),

followed by RCT’s (n = 4), non-RCT’s (n = 3), pre-post

Records identified through database 
searching (duplicates removed)

(n = 5132)

Additional records identified through 
other sources

(n = 0)

Records after duplicates removed
(n =5132)

Records screened
(n = 5132)

Records excluded with reasons:

Incorrect age (n = 1789)

Did not examine a PE lesson (n = 2987)

Proportion of time in MVPA not reported (or 
data from which proportions could be 

calculated not reported) (n = 274)

Not a full-text, peer-reviewed article e.g. 
conference abstract or thesis (n = 11)

Full-text articles assessed for 
eligibility
(n = 71) Full-text articles excluded, with reasons:

Incorrect age (n = 4)

Did not examine a PE lesson (n = 12)

Proportion of time in MVPA not reported (or 
data from which proportions could be 

calculated not reported) (n = 26)

Not a full-text, peer-reviewed article e.g. 
conference abstract or thesis (n = 1)

Full-text articles included in 
qualitative synthesis 

(n = 28)
*representing 25 studies

Studies included in 
quantitative synthesis (meta-

analysis)
(n = 15)
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Fig. 1 PRISMA flow chart illustrating study inclusions through the stages of the systematic review and meta-analysis
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studies (n = 2), quasi-experimental RCT (n = 1), cluster

RCT (n = 1), single subject multi-element study (n = 1)

and a group randomised serial cross-sectional study (n = 1).

Of the 12 studies that were not of cross-sectional nature,

six studies contributed baseline intervention and/or control

group data to the systematic review [19, 20, 26–31] and

the remaining six studies contributed only control

group data at follow-up [21, 23, 32–35].

The eligible studies were conducted in 88 middle

schools and 77 high schools. Six of the seven middle

school studies reported data on both male and female

students and did not separate results by sex [27, 32, 34,

36–38] and one study reported a female only sample [29].

Six of the 18 high school studies [26, 30, 31, 39–43] re-

ported data on both male and female students and did not

separate results by sex. Of the remaining 12 high school

studies, two were conducted with a female only sample

[19, 20, 35], two with a male only sample [25, 44], and

eight examined both male and female students and re-

ported results separately for each sex [21–24, 33, 45–47].

Twelve studies measured MVPA through observa-

tional measures (e.g., SOFIT) [19, 20, 29, 32, 34–36, 38–

40, 43, 45–47], seven used accelerometers [24, 25, 28,

33, 37, 41, 44], five used heart rate monitors [19, 20, 22,

23, 26, 31] and four used pedometers [21, 27, 46, 47].

The majority of middle school studies assessed physical

activity through observational measures (n = 5/7).

Studies in a high school setting used a range of measure-

ment tools including observation methods (n = 7), accel-

erometry (n = 6), heart rate monitoring (n = 5), and

pedometers (n = 3). Three high school studies used two

methods of PE lesson monitoring [19, 20, 46, 47].

The number of PE lessons observed in each study

ranged from 1–431. In total, more than 609 middle

school PE lessons and 837 high school PE lessons were

monitored. One middle school study [32] and one high

school study [21] did not report number of lessons mon-

itored. Lesson length was highly variable in both middle

school (range: 37–90 min/lesson) and high schools

(range: 20–90 min/lesson). All middle school studies

(n = 7/7) and the majority of high school studies (n = 15/18)

monitored PE lessons that were led by PE teachers, spe-

cialists or instructors. The remaining studies did not

state who led the PE lesson [23, 41, 44]. The random

effects model was used for main and moderator

meta-analyses as there was heterogeneity among the

studies (main meta-analysis: Q = 455.8, df = 14, p < 0.001,

I2 = 96.9%; moderator analysis by school level: middle

school Q = 70.6, df = 4, p < 0.001, I2 = 94.3%, high

school Q = 274.4, df = 9, p < 0.001, I2 = 96.7%; moder-

ator analysis by type of physical activity measurement:

observational methods Q = 183.7, df = 7, p < 0.001, I2 =

96.2%, accelerometer methods Q = 49.1, df = 4, p < 0.001,

I2 = 91.9%).

Risk of bias

The risk of bias coding criteria and results of the

appraisal are outlined in Table 3. The representativeness

of the school, class and student sample were the primary

sources of potential bias. Few studies demonstrated that

i) the schools examined were representative of other

schools (n = 5), ii) the classes chosen to be monitored

were representative of all classes (n = 9), or iii) the

students chosen to be monitored were representative of

the population (n = 12). All studies adequately described

the demographic characteristics of the school sample.

The majority of studies used an objective measure of

physical activity or cited validation studies (n = 22) and

stated reliability data (n = 22).

MVPA in secondary school PE lessons

Of the 25 studies included in the systematic review, the

percentage of PE lesson time spent in MVPA ranged

between 12.9 and 68.2%. Fifteen studies provided the

necessary data to be pooled into a meta-analysis. The pooled

analysis of these studies (Fig. 2) showed that the mean

(95% CI) percentage of PE lesson time that secondary

school students spent in MVPA was 40.5% (34.8–46.2%).

Moderator analyses

� Student participation in MVPA during PE by school

level (middle vs high school)

Of the 15 studies included in the meta-analysis, five

were conducted in middle schools and 10 in high

schools. Middle school students spent a mean

(95%CI) of 48.6% (41.3–55.9%) of PE lesson time

in MVPA in comparison to 35.9% (28.3–43.6%)

of PE lesson time spent in MVPA by high

school students (Fig. 3).

� Student participation in MVPA during PE by

physical activity measurement type

Five of the 15 studies in the meta-analysis

assessed MVPA with accelerometers, nine used

observational methods, one used heart rate moni-

tors, and one used pedometers. One study used

both observational measures and pedometers. For

studies using accelerometers, students spent 34.7%

(25.1–44.4%) of PE lesson time in MVPA (Fig. 4); in

comparison to 44.4% (38.3–50.5%), 43.1% (24.3–61.9%)

and 35.9% (31.0–40.8%) when measured using

observational methods, heart rate monitors and

pedometers, respectively.

� Student participation in MVPA during PE by PE

lesson type

An analysis to examine whether MVPA in lesson

time differed by lesson type was not conducted due

to a lack of detailed information provided on PE

activities. While nine of the 15 studies included in

Hollis et al. International Journal of Behavioral Nutrition and Physical Activity  (2017) 14:52 Page 18 of 26



T
a
b
le

3
Su
m
m
ar
y
o
f
R
is
k
o
f
B
ia
s
as
se
ss
m
en

t
fo
r
th
e
se
co
n
d
ar
y
sc
h
o
o
l
P
E
le
ss
o
n
st
u
d
ie
s
in
cl
u
d
ed

in
th
e
sy
st
em

at
ic
re
vi
ew

R
ef
:f
ir
st
au
th
o
r

an
d
ye
ar

Sc
h
o
o
ls
le
ve
l

C
la
ss

le
ve
l

St
u
d
en

t
le
ve
l

P
E
le
ss
o
n
o
b
se
rv
at
io
n

1.
A
d
eq

u
at
el
y

d
es
cr
ib
ed

th
e

d
em

o
g
ra
p
h
ic

ch
ar
ac
te
ri
st
ic
s

o
f
th
e
sc
h
o
o
l

sa
m
p
le

2.
Sc
h
o
o
l

sa
m
p
le
w
as

re
p
re
se
n
ta
ti
ve

3.
C
la
ss

ch
o
se
n

w
as

re
p
re
se
n
ta
tiv
e

o
f
al
lc
la
ss
es

4.
A
d
eq

u
at
el
y

d
es
cr
ib
ed

th
e

d
em

o
g
ra
p
h
ic

ch
ar
ac
te
ri
st
ic
s

o
f
th
e
cl
as
s

sa
m
p
le

5.
A
d
eq

u
at
el
y

d
es
cr
ib
ed

th
e

el
ig
ib
ili
ty

cr
it
er
ia

6.
A
d
eq

u
at
el
y

d
es
cr
ib
ed

th
e

d
em

o
g
ra
p
h
ic

ch
ar
ac
te
ri
st
ic
s

o
f
th
e
st
u
d
en

t
sa
m
p
le

7.
St
u
d
en

t
sa
m
p
le

re
p
re
se
n
ta
ti
ve

o
f

th
e
p
o
p
u
la
ti
o
n

8.
D
es
cr
ib
ed

th
e
n
u
m
b
er

o
f
P
E
le
ss
o
n
s

o
b
se
rv
ed

9.
O
b
je
ct
iv
e

m
ea
su
re

o
f
P
A

o
r
ci
te
d
va
lid
at
io
n

st
u
d
ie
s/
st
at
ed

va
lid
it
y
d
at
a

10
.O

b
je
ct
iv
e

m
ea
su
re

o
f
P
A

o
r
st
at
ed

re
lia
b
ili
ty

d
at
a/
ci
te
d
re
lia
b
ili
ty

st
u
d
ie
s

11
.R
ep

o
rt
ed

th
e
n
at
u
re

o
f
th
e

p
h
ys
ic
al
ac
ti
vi
ti
es

o
b
se
rv
ed

M
id
d
le
sc
h
o
o
l
st
u
d
ie
s

B
ar
ro
so

et
al
.

20
09

[ 3
6]

Y
Y

U
Y

Y
N

U
Y

Y
Y

N

C
o
e
et

al
.

20
06
.[
32
]

Y
Y

Y
N

N
N

Y
Y

N
N

N

Fu
et

al
.

20
13

[ 2
7]

Y
U

U
Y

Y
Y

U
Y

Y
Y

Y

G
ao

et
al
.

20
11
a
[3
7
]

Y
U

U
Y

Y
Y

U
N

Y
Y

Y

Li
u
et

al
.

20
13

[ 3
4]

Y
U

Y
Y

Y
Y

U
N

N
N

N

M
cK
en

zi
e

et
al
.2
00
6
[ 2
9
]

Y
U

U
N

N
N

U
Y

Y
Y

N

Sp
ri
n
g
er

et
al
.2
01
3

[3
8
]

Y
U

Y
Y

Y
Y

Y
Y

Y
Y

N

H
ig
h
sc
h
o
o
l
st
u
d
ie
s

B
ro
n
ik
o
w
sk
i

et
al
.2
00
5
[2
3
]

Y
U

U
N

N
N

U
N

Y
Y

Y

C
h
o
w

et
al
.

20
09

[ 4
5]

Y
Y

Y
Y

Y
N

Y
Y

Y
Y

Y

C
o
n
le
y
et

al
.

20
11

[ 2
6]

Y
U

U
Y

Y
Y

U
Y

Y
Y

Y

D
u
d
le
y
et

al
.

20
12
a
[3
9
]
&

D
u
d
le
y
et

al
.

20
12
b
[4
0]

Y
N

Y
Y

Y
Y

Y
Y

Y
Y

N

Fa
ir
cl
o
u
g
h

et
al
.2
00
5

[1
2
,1
9
]
&

Fa
ir
cl
o
u
g
h

et
al
.2
00
6

[ 2
0
]

Y
U

U
Y

Y
Y

Y
Y

Y
Y

Y

Fe
rr
ie
ra

et
al
.

20
14

[2
4]

Y
Y

Y
Y

Y
Y

Y
Y

Y
Y

Y

H
an
n
o
n

et
al
.2
00
5

[2
1
]

Y
U

U
Y

Y
N

U
N

Y
Y

Y

H
o
w

et
al
.

20
13

[ 3
3]

Y
U

U
Y

Y
N

N
Y

Y
Y

Y

K
re
m
er

et
al
.

20
12

[ 4
1]

Y
Y

Y
Y

N
Y

Y
N

Y
Y

N

Hollis et al. International Journal of Behavioral Nutrition and Physical Activity  (2017) 14:52 Page 19 of 26



T
a
b
le

3
Su
m
m
ar
y
o
f
R
is
k
o
f
B
ia
s
as
se
ss
m
en

t
fo
r
th
e
se
co
n
d
ar
y
sc
h
o
o
l
P
E
le
ss
o
n
st
u
d
ie
s
in
cl
u
d
ed

in
th
e
sy
st
em

at
ic
re
vi
ew

(C
o
n
ti
n
u
ed
)

Lo
n
sd
al
e
et

al
.

20
13

[ 2
8,
54
]

&
R
o
se
n
kr
an
z

et
al
.2
01
2
[ 3
0
]

Y
N

U
Y

Y
Y

Y
N

Y
Y

Y

O
w
en

et
al
.

20
13

[4
4]

Y
U

Y
Y

Y
Y

Y
N

Y
Y

N

Sa
n
d
er
s
et

al
.

20
14

[ 2
5]

Y
U

U
Y

Y
Y

U
Y

Y
Y

Y

Sc
ru
g
g
s
et

al
.

20
10
a
[4
6
]

Y
U

U
Y

Y
Y

U
Y

Y
Y

N

Sc
ru
g
g
s
et

al
.

20
10
b
[ 4
7]

Y
U

U
Y

Y
Y

U
Y

Y
Y

Y

Su
ra
p
ib
o
o
n
ch
ai

et
al
.2
01
2
[4
3
]

Y
N

U
Y

Y
Y

Y
N

Y
Y

Y

V
id
o
n
i
et

al
.

20
12

[ 3
1]

Y
U

U
Y

Y
Y

U
N

Y
Y

Y

W
an
g
et

al
.

20
05

[2
2]

Y
U

U
Y

Y
Y

Y
Y

Y
Y

Y

Y
o
u
n
g
et

al
.

20
06

[ 3
5]

Y
U

Y
Y

Y
Y

Y
Y

N
N

U

E
a
ch

cr
it
e
ri
a
w
a
s
co
d
e
d
a
s

‘c
le
a
rl
y
d
e
sc
ri
b
e
d
a
n
d
p
re
se
n
t’
(y
e
s;
Y
),

‘a
b
se
n
t’
(n
o
;
N
),
o
r

‘u
n
cl
e
a
r
o
r
in
a
d
e
q
u
a
te
ly

d
e
sc
ri
b
e
d

’
(u
n
cl
e
a
r;
U
)
ra
ti
n
g
fo
r
e
a
ch

o
f
th
e
1
1
it
e
m
s

Hollis et al. International Journal of Behavioral Nutrition and Physical Activity  (2017) 14:52 Page 20 of 26



the meta-analysis provided details on the type/s of

physical activity that students were engaged in, the

majority (7/9 studies) reported on lessons that in-

cluded activities that fell into multiple categories

(fitness orientated activities, team invasion games,

dance and gymnastics or net game activities) and the

proportion of time spent in MVPA was not reported

separately for each lesson type.

Discussion

Summary of the evidence

This systematic review and meta-analysis aimed to de-

termine the proportion of secondary (middle and high)

school PE lesson time that students spend in MVPA. Of

the 25 studies found, the proportion of time spent in

MVPA varied considerably between 12.9 and 68.2% of

lessons. The meta-analysis of 15 studies found that the

proportion of lesson time spent in MVPA is typically

below the US CDC [9] and UK AfPE [11] recommenda-

tion of 50% of PE lesson time, with only 40.5% of

secondary school lesson time spent in MVPA. Middle

school students were found to spend a higher proportion

of lesson time in MVPA (48.6%) in comparison to high

school students (35.9%), although there was considerable

variability in the proportions from both groups. Results

differed according to the method of MVPA assessment,

ranging from 34.7% in accelerometer-assessed lessons to

44.4% for observational-assessed studies. Caution should

be taken when interpreting these finding as the confi-

dence intervals for the moderator analyses overlapped

and only one study reported findings using heart rate

monitors and pedometers. The heterogeneity in study

findings may be due to the different ages of the students

and the different types of activities in PE (which were

often not reported). The studies also differed in their

measurement protocols, such as using a variety of meas-

urement instruments (e.g., accelerometers vs SOFIT)

with different definitions of reporting time (e.g., sched-

uled lesson vs actual lesson length), which may have also

contributed to the heterogeneity in results between the

studies. We were unable to explore differences in MVPA

according to lesson type due to a lack of detailed infor-

mation and data provided on PE activities.

The findings of the overall proportion of MVPA in PE

lessons (40.5%) are broadly similar to the previous sec-

ondary school review on this topic published in 2005

[12] which reported the proportion of PE lesson time

Study name Subgroup within study Comparison Statistics for each study Mean and 95% CI

Standard Lower Upper 

Relative weight

Mean Error Variance Limit Limit Z-Value

Barroso et al 2009 Total Observation 54.90 5.10 26.025 44.901 64.899 10.762 6.41

Chow et al 2009 Total Observation 34.80 0.84 0.71 33.148 36.452 41.298 7.95

Dudley et al 2012 a & b Combined Observation 55.04 1.82 3.33 51.464 58.627 30.124 7.76

Gao et al 2011 Total Accelerometer 66.62 9.94 98.958 47.123 86.117 6.69 4.12

How et al 2013 Total Accelerometer 21.12 1.10 1.20 18.965 23.275 19.208 7.91

Kremer et al 2012 Combined Accelerometer 28.40 2.88 8.31 22.758 34.061 9.85 7.42

Lonsdale et al 2013 Combined Accelerometer 37.22 4.14 17.168 29.103 45.345 8.98 6.88

Lui et al 2013 Total Observation 46.10 1.49 2.22 43.180 49.020 30.941 7.84

McKenzie et al 2006 Total Observation 37.90 0.89 0.79 36.153 39.647 42.531 7.94

Sanders et al 2014 Total Accelerometer 36.00 3.55 12.608 29.041 42.959 10.139 7.15

Scruggs et al 2010a Total Observation 30.510 5.24 27.454 20.240 40.780 5.82 6.34

Scruggs et al 2010b Total Pedometer 35.88 2.50 6.26 30.974 40.786 14.335 7.55

Springer et al 2013 Total Observation 50.90 1.63 2.67 47.692 54.108 31.100 7.81

Sura... et al 2012 Combined Observation 44.60 14.546 211.599 16.089 73.111 3.06 2.65

Vidoni et al 2012 Total Heart Rate 43.10 9.58 91.872 24.314 61.886 4.49 4.27

40.47 2.89 8.39 34.800 46.156 13.972

-100.00 -50.0 0.00 50.0 100.0

Fig. 2 Individual study and pooled results of the percentage of secondary school PE lesson time spent in MVPA

Fig. 3 Individual study and pooled results of the percentage of middle and high school PE lesson time spent in MVPA
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spent in MVPA separately according to the type of

measurement instrument used, ranging between 27–47%

of the lesson. There were variations in findings between

the two reviews according to the type of measurement

instrument used. For example, accelerometer-measured

lessons reported the lowest levels of MVPA in the

present review (34.7%) and the highest proportion

MVPA in the previous review (46.8%) [12]. The variation

in findings may be explained by differences in method-

ology between the two reviews; the 2005 review was not

a systematic review, did not assess risk of bias and a

meta-analysis was not conducted so we are unable to

comment on any biases of the component studies which

may have influenced the results. The proportion of

studies assessed using different measurement instru-

ments also varied between the two reviews, which may

have influenced the findings since different instruments

may be associated with different types of bias. For

example, of the 15 studies included in our meta-analysis,

9 studies used observational measures. Whilst this is a

similar number as in the previous review, it forms a

higher proportion of the studies (60% v’s 25%). Meth-

odological inconsistencies between the measurement in-

struments (e.g., length of the monitored PE lesson and

the measurement of different elements of activity to

calculate MVPA) make it difficult to draw firm conclu-

sions. The implications of methodological inconsisten-

cies and potential biases are discussed in more detail

below. Regardless of the type of measurement method

used, the findings suggest that overall little progress has

been made in engaging adolescents in more MVPA

during PE lessons.

Some differences in MVPA levels were observed

between studies in the middle and high school setting.

The moderator analyses found that, on average, students

in middle school PE lessons were observed to be al-

most meeting the US CDC [9] and UK AfPE [11] rec-

ommendation with 48.6% (41.3–55.9%) of lesson time

being spent in MVPA, compared with 35.9% (28.3–43.6%)

of PE lesson time in high schools. In a recent meta-

analysis on MVPA in elementary school PE lessons using

the same methodology [17], elementary school students

were found to engage in MVPA for 44.8% (28.2–61.4%) of

the PE lesson. As the confidence intervals for the elemen-

tary, middle and high school analyses overlap, the findings

suggest that the level of MVPA in PE across each school

setting are relatively comparable. Caution should be taken

in interpreting the school level specific results as it is un-

clear whether the seeming decline in MVPA in PE lessons

from middle school to high school was a result of the type

of measurement instruments used rather than the school

setting. For example, four of the five (80%) middle school

studies included in the meta-analysis assessed MVPA

using observational methods, in comparison to four of ten

(40%) high school studies. The previous review did not

examine MVPA in middle and high school PE lessons sep-

arately, so we are unable to comment on progress in

the different secondary school settings.

As all middle school studies were conducted in the

USA, the generalisability of the middle school findings

to other countries is unclear. Middle schools in the USA

normally enrol students aged between 11–13 years old

(6th - 8th grade), although this can vary depending on

school districts. This age range spans both elementary

and high school ages in other countries such as the UK

and Australia. Further research reviewing MVPA in

middle school lessons outside of the USA is needed to

examine whether the observed level of MVPA in middle

school PE lessons is uniform or isolated to the USA.

Gaining a better understanding of the strategies imple-

mented to build active lessons in middle school PE

lessons in the USA may provide insight to build more

active lessons in high schools. Continuing to intervene

within the middle school setting remains important for

both maintaining activity levels and ensuring activity is

undertaken equally across the student population.

Fig. 4 Subgroup meta-analysis of the percentage of secondary school PE lesson time spent in MVPA according to measurement method (accelerometers,

heart rate monitors, observational methods and pedometers)
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Barriers to delivering more active PE lessons have been

described as institutional (e.g., school policies, a crowded

curriculum, limited facilities and equipment, and insuffi-

cient departmental assistance), teacher-related (e.g., re-

lated to teachers’ beliefs, skills and confidence) or

student-related (e.g., lack of student motivation and

interest) [48]. In comparison to elementary schools,

fewer teachers-related barriers are reported in secondary

school studies where a lack of student motivation and

interest emerge as barriers in PE [49]. Evidence suggests

that motivation for physical activity engagement may

change with maturation [50]. Intrinsic motivation (i.e.,

enjoyment of the activity) appears to play a leading role

in physical activity participation among children, while

other forms of autonomous motivations such as identified

regulation (i.e., the outcome is identified as personally im-

portant), become more important among adolescents [50]

and adults [51]. Numerous cross-sectional studies have

identified positive associations between controlled and

autonomous forms of motivation and physical activity in

young people [52], yet empirical studies demonstrating

the effect of school-based interventions on student motiv-

ation is lacking. There is a clear need for high quality

experimental research to evaluate the impact of teacher

professional learning interventions on secondary school

students’ motivation and MVPA in PE lessons [50] and

also to determine any subsequent effects on leisure-time

physical activity.

Risk of bias

The representativeness of the school, class and student

sample were the primary sources of potential bias as

limited information was provided to determine whether

each of these samples were representative of the target

population and the studies representative of usual PE

lessons. This is not surprising given that many of the

studies provided opportunistic data from trials rather

than a purposeful sample for PE lesson proportion esti-

mation. As previously noted, all middle school studies

were conducted in the USA and the generalisability of

findings to other countries for this age group is unclear.

Varied definitions of ‘reporting time’ between different

instruments made it challenging to compare studies and

may explain some of the differences in findings. Some

studies calculated the proportion of MVPA time using

the time of the total scheduled PE lesson (e.g., a 60-min

lesson) while other studies only monitored physical

activity for the time when students are engaged in activ-

ity or when a specified proportion of the class are in

attendance. For example, accelerometer-assessed lessons

typically monitor MVPA for the duration of the sched-

uled lesson based on school timetables, while the SOFIT

observational method monitors student physical activity

levels once 51% of students are present, and concludes

when 51% of students have left the lesson [53]. In-

consistencies in reporting time, whether stated or not,

may distort the results and provide an inaccurate rep-

resentation of true MVPA time to compare against

CDC recommendations [17]. Each instrument also

measures different elements of activity to calculate

MVPA. For example; accelerometers measure activity

using the number of counts above certain cut-points,

pedometers according to the number of steps/min,

heart rate monitors according to heart rate levels

above certain cut-points, and SOFIT uses movement

categories. Some forms of activity may be categorised

differently depending on the instrument used; for

example, SOFIT classifies walking as MVPA while a

non-brisk walking pace measured using accelerome-

ters is unlikely to be considered MVPA [17]. Studies

that used accelerometers to measure physical activity

used different accelerometer cut-points to define

MVPA (e.g., >1500 [37], >1962 [24] and >2001 [41]

counts/min), which may have also contributed to the

variation in findings between studies and made it

difficult to compare and summarise the findings.

Strengths and limitations

This review provides a systematic synthesis of pro-

gress in achieving physically active PE lessons. The

review included objectively-measured physical activity

lessons and also included the addition of pedometer-

assessed physical activity in PE lessons. Two moder-

ator analyses were conducted to assess if MVPA

differed according to middle or high school PE lesson

and type of measurement method. A meta-analysis

was conducted to provide an overall pooled estimate

of MVPA in secondary schools, as well as for the

moderator analyses. The systematic review has some

limitations. Seven studies did not provide adequate

data to be pooled in to the meta-analysis and, despite

several attempts, the study authors were unable to be

contacted or were unable to provide the necessary

additional information and data. In addition, a further

three studies provided data based on one lesson and

could not be included in the meta-analysis. As a re-

sult, only 15 of the 25 studies were included in the

meta-analysis. We did not include any inclusion cri-

teria about probability sampling for any of the study

designs. The review was limited to studies that were

published in English and in prominent databases. This

may not be inclusive of all studies investigating

MVPA in PE and published between 2005 and 2014.

Studies related to MVPA in PE may appear in a

broad range of journals including both educational

and health fields, which may not always appear in

prominent databases. We were unable to retrieve the-

sis and conference abstracts.
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Recommendations for future research measuring activity

levels in PE lessons

Interventions designed to increase physically active

learning time in PE lessons have been recommended as

one potential mode of increasing overall MVPA in

adolescents, and to promote lifelong activity [54, 55].

Intervention and observational studies investigating

physical activity levels in PE lessons remain an import-

ant contribution to monitoring progress in the field. We

offer the following recommendations to improve the

quality of future research:

1. Standardise the definition of ‘PE lesson time’:

One solution could be reporting MVPA for lessons

that monitor within a pre-specified proportion of

the lesson (e.g., ≥90%) separately from lessons that

monitor a smaller proportion of the scheduled

lesson (e.g., <90%) [17]. Or at a minimum, state

both the total allocated PE lesson duration and the

monitoring time, if different.

2. Detailed reporting of MVPA outcomes: Comprehensive

reporting is critical to fully monitor progress and

maximise the number of studies that are eligible for

inclusion in systematic reviews. At minimum, future

observation and intervention studies should state the

mean MVPA percentage of the lesson, a measure of

variation (e.g., standard deviation), minutes of

MVPA and the number of lessons examined so that

data can be pooled into a meta-analysis.

3. Report types of physical activities: Future studies

should include a clear description of the activities

undertaken, and if possible, provide activity results

separately for different types (e.g., fitness orientated,

team invasion games, dance and gymnastics and net

game activities). This may be challenging if different

types of activity are undertaken within one lesson.

4. Ensure that PE lessons monitored are representative of

usual PE lessons: To increase the representativeness

of the findings, studies should monitor lessons from

randomly selected schools and classes. All students

within the lesson could be assessed, or a random

sample of students monitored. Studies should aim to

monitor numerous lessons (as many as feasible) as

conclusions regarding the proportion of lesson time

spent in MVPA can rarely be made from one

observation. Information on the representativeness

of the sample should also be provided.
5. Transparent and detailed reporting on study information:

Many studies were excluded from the review as they

lacked important information to confirm eligibility, and

study authors were unable to be contacted. Reporting

on the lesson context or structure (e.g., time spent in

management, knowledge, skill practice, game play and

fitness), content (e.g., type of PE activities), delivery

(e.g., instructor behaviour) and environment (e.g.,

where the lesson is delivered and weather) will also

enable more comprehensive analysis in future reviews.

Increasing activity levels in secondary school PE lessons

PE is an opportunity to help students meet the 60 min

of MVPA/day recommendation. Maximising MVPA in

the existing scheduled PE lesson time could be achieved

through targeted strategies such as i) teacher profes-

sional learning focused on reducing time spent in class

management, instruction and organisation and optimis-

ing student motivation, and ii) by supplementing usual

PE lessons with high intensity activity such as fitness

infusion [54, 56–58]. Incorporating new technologies

(e.g., Bluetooth pedometers that sync with apps) that

provide real time individualised feedback and summaries

of lesson physical activity levels could be tested as a

strategy to motivate students and enable teachers to

monitor MVPA during PE. Beets et al. [59] have

proposed that future youth physical activity promotion

interventions be designed according to a framework

referred to as the Theory of Expanded, Extended and

Enhanced Opportunities (TEO) using one or more of

three mechanistic approaches: i) expansion – replacing

time allocated for low active/sedentary activities with a

new occasion to be active, ii) extension – increasing the

time allocated for physical activity, and/or iii) enhance-

ment – modifying existing physical activity opportunities

to increase to amount of activity accumulated during an

existing period of time. Whatever approach is taken, it is

important that PE teachers are supported to balance the

need of achieving active PE lessons while also meeting

other curriculum and PE educational objectives. Meeting

the 50% MVPA target is only one aspect of measuring

the quality of PE lessons. Although the MVPA target

could be achieved by asking students to run continuous

laps of an oval or gym, it is unlikely that this approach

will engage students in meaningful learning experiences,

and may negatively impact on student’s attitudes, motiv-

ation and engagement in physical activity [17, 50, 54].

Not all PE lessons are conducive to high levels of MVPA

but may still be, for example, valuable for skill develop-

ment, fitness, knowledge of movements and improving

social and emotional outcomes. For example, a gymnas-

tics lesson may provide an opportunity for students to

practice balance and rotation and involve cooperative

learning, and may not meet the 50% MVPA target.

Conclusion
Few studies specifically examining MVPA in PE lessons

have been completed, and the studies that have been

conducted are difficult to compare due to diverse MVPA

measurement methods and incomplete reporting of

MVPA outcomes. There is also limited data to comment
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on the generalisability of study findings. Based on the

existing evidence, PE lessons in the secondary school

setting fall short of the US CDC and UK AfPE recom-

mendation of 50% of PE lesson time spent in MVPA.

Although middle school PE lessons almost meet the

MVPA recommendation, intervening in the middle

school setting remains important in maintaining activity

levels and ensuring that MVPA is undertaken equally

across the student population. Further intervention

research using the TEO framework [59] is needed to

capitalise on building active lesson time in to existing PE

lessons, working with schools to develop policies to

ensure PE lesson time is protected (i.e., not cancelled)

and/or extending the curriculum time allocated to PE.

Future studies which monitor PE lessons in secondary

schools should aim to incorporate the recommendations

made in this review in to the study design to facilitate

more accurate and comprehensive monitoring of MVPA

in PE lessons.
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