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Abstract

Schools are key settings for the promotion of students’ physical activity, fitness,
and motor competence. The purpose of our study was to investigate the efficacy
of a 5-month-long intervention program that aimed to increase students’ motor
competence and health-related fitness during school days. We conducted a quasi-
experimental study with 325 Finnish Grade 5 (Mg =11.26, SD=0.33) students
from five schools. Two schools were allocated to the intervention group and three
schools to the control group. The intervention consisted of three components:
(a) weekly 20min session during regular PE lessons, (b) weekly 20min session
during recess, and (c) daily 5-minute-long classroom activity breaks. All activi-
ties were designed to systematically develop different elements of motor com-
petence and fitness. The following assessments were conducted at baseline and
5-months: cardiorespiratory fitness levels were measured by 20-meter shuttle run
test, muscular fitness by curl-up and push-up tests, and motor competence by
5-leaps and throwing-catching combination tests. We analyzed the data using
a multi-group latent change score modeling. Results showed that students in
the intervention group developed significantly better in 20-meter shuttle run
test ($=0.269, p=0.000, 95% CI [0.141, 0.397]; +5.0 laps), push-up (f=0.442,
p=0.000, 95% CI [0.267, 0.617]; +6.5 repetitions), curl-up (#=0.353, p=0.001,
95% C1[0.154, 0.552]; +7.8 repetitions), and throwing-catching combination tests
(#=0.195, p=0.019, 95% CI [0.033, 0.356]; +1.1 repetitions) than students in the
control group. The intervention program appeared to be feasible and effective in
increasing students’ cardiorespiratory fitness, muscular fitness, and object con-
trol skills. This indicates that guided school-based physical activity programs can
be influential in promoting physical fitness and motor competence among early
adolescent students.
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1 | INTRODUCTION

It is evident that a vast majority of children and adoles-
cents do not meet the current physical activity guidelines.'
Concurrently, negative trends have been documented in
young people's motor competence” and health-related fit-
ness.>* These findings are alarming as lowered physical
performance in adolescence has been shown to negatively
influence several health outcomes such as weight status
and cardiovascular disease risk factors.”™® Drawing from
these findings, a wide range of actions in multiple do-
mains have been explored to reverse the negative course.
The school setting has been identified as one of the most
compelling contexts to promote motor competence and
health-related fitness as it effectively reaches the whole
age cohort of children and adolescence.” In addition to
the effective reach of the population, schools also have
teachers and other experts with access to equipment and
facilities for physical activity promotion.'* Therefore, the
aim of this study was to investigate the effectiveness of a
multicomponent school-based intervention that targeted
early adolescent students’ motor competence and health-
related fitness.

Motor competence is a global term to describe goal-
directed human movement and is often used interchange-
ably with the following: motor proficiency, motor ability,
and motor coordination.'? It has been shown that for op-
timal motor competence development during childhood
systematic training and practice are needed."*™'* The pro-
ficient level and progression of motor competence form
the building blocks for various physical activities, sport
skills, and motor behaviors across the life course.!>°
Previous studies and systematic reviews have shown that
motor competence is associated with several important
health-related factors, including higher levels of CRF and
muscular fitness,"*’° higher physical activity engage-
ment in organized settings,”” and improved weight sta-
tus.>'” Moreover, previous studies have demonstrated the
potential of school-based interventions to improve stu-
dents' motor competence. For example, in a meta-analysis
including 56 trials and over 48000 participants (aged
3-18years) quality-based PE interventions were positively
related with increases in motor competence (pooled ef-
fect size: Hedges g=0.38; 95% CI=O.27—0.49).9 Another
review and meta-analyses by Dudley et al. showed that
the highest effects in PE learning interventions were ob-
served in psychomotor outcomes (e.g., motor competence,
fundamental movement skills) (d=0.52) followed by af-
fective (d=0.47), social (d=0.32), and cognitive (d=0.17)
outcomes.?! Moreover, the systematic review and meta-
analysis by Morgan et al. found that school-based pro-
grams delivered by physical education (PE) professionals

can improve children's motor competence (standardized
mean difference [SMD]=1.42, 95% CI=0.68-2.16).*

Health-related fitness (HRF) is a multidimensional
construct comprising cardiorespiratory fitness (CRF),
musculoskeletal fitness, flexibility, and body composi-
tion.”*® Previous research has well established that HRF
in youth, especially cardiorespiratory and muscular fit-
ness, are significant markers of overall health.”%**2°
Moreover, previous studies have demonstrated that
school-based interventions can improve young people’s
HRF. For example, Villa-Gonzales et al. concluded that
school-based activities that include strength exercises may
enhance muscular fitness among primary school students
(aged <13years).”® In another review and meta-analytic
study, school-based interventions which targeted muscu-
lar fitness in adolescent boys showed small to-moderate
effects.”” Moreover, Hartwig et al. showed that physical
activity interventions have a modest effect on CRF among
4-18-year-old students based on a pooled analysis of 20
controlled trials (overall effect: 0.47 mL/kg/ min [95% CI
0.33t0 0.61]).®

Although there is a wealth of information regarding
the effects of different physical activity interventions
on young people's motor competence****! and health-
related fitness,'®*?°2® more studies especially in the school
context are needed. In a recent Delphi study utilizing 46
experts in the field, school-based interventions for in-
creasing HRF that are feasible and scalable was ranked
fourth in international priorities for physical fitness re-
search.”” Hence, more evidence-based empirical pro-
cedures to contribute students' motor competence and
health-related fitness are needed. Additionally, there is a
need for programs where the cost-effectiveness and the
potential scalability to wider use have been considered.*
This intervention has the potential to be scaled-up to im-
prove public health among Finnish students. As noted by
Milat and colleagues for interventions to be scalable, they
need to have: (i) evidence of effectiveness, (ii) potential for
extended reach, (iii) show high acceptability among the
target population and setting, and (iv) acceptable delivery
costs.”>** Interventions that are integrated into existing
school structures such as PE lessons and recess time are
more likely to be scalable because they address the crite-
ria outlined above.* Stemming from these arguments, our
study adds to the existing literature by examining the ef-
fects of an intervention program that was integrated into
PE lessons, academic lessons, and recess time.

More specifically, the aim of our study was to assess
the effectiveness of a multicomponent school-based inter-
vention on adolescents’ motor competence and HRF. We
hypothesized that students allocated to the intervention
group would have significantly higher CRF, muscular
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fitness, locomotor, and object control skill proficiency
compared to students in the control group. Additionally,
the effects of body mass index (BMI) and gender were in-
vestigated in our analysis.

2 | METHOD

2.1 | Participants and recruitment

The reporting of the current study was aligned with the
Transparent Evaluations with Non-Randomized Design
(TREND) statement.’® A quasi-experimental interven-
tion design, with experimental and control groups,
and pre- and posttests was implemented. Participants
of the study were 325 Finnish Grade 5 students (base-
line M,,.=11.26, SD=0.33) from Central-Finland.
Participants represented 16 classes from five schools
that were conveniently selected based on their distance
from the University. In the beginning of the study,
schools were allocated to intervention or control groups.
The intervention group consisted of 157 students (78
boys and 78 girls, one student unknown) from two
schools and seven classes. The control group consisted
of 168 students (81 boys and 83 girls, four students un-
known) from three schools and nine classes. The study
schools represented typical Finnish elementary schools,
and they shared many attributes that were similar. All
schools were similar in size, had similar indoor and out-
door facilities for physical activity, had teachers with
similar master-level education and teaching experience
(general classroom teachers), and had similar student
populations (e.g., ethnicity mostly white, drawing from
similar neighborhoods). Both control and intervention
schools followed the same national core curriculum for
PE which specifies the overall aims in PE and guides the
selection of different contents and methods.*”*

The students’ guardians were informed about the study
protocols and provided written informed consent for their
children to participate in the study. The study protocol was
approved by the ethics committee of the local university.

2.2 | Intervention
description and components

The intervention program aimed to increase students’
motor competence and health-related fitness through
weekly guided activities, aligned with the aims of the na-
tional PE curriculum. The 5-month-long program was im-
plemented during regular school days and consisted of the
three components described below. Two example weeks

elaborating the intervention activities and structure in
more detail are provided in the Supporting Information
Table S1. The selection and design of the components
were aligned with the Theory of Expanded, Extended, and
Enhanced Opportunities (TEO) which describes a prac-
tical threefold taxonomy to identify intervention targets
and to better understand physical activity engagement of
youth.35 The three elements of TEO include: (a) the expan-
sion of opportunities to be active (e.g., breaks during aca-
demic lessons), (b) the extension of an existing physical
activity opportunity (e.g., a long recess devoted for activ-
ity), and (c) the enhancement of existing physical activity
opportunities (e.g., increasing the intensity of PE lessons).

2.2.1 | PE lesson component

A 20-minutes-long specific fitness and motor competence
unit that was implemented weekly in the beginning of stu-
dents’ regular 90-minutes physical education lesson (i.e.,
extended warm-up). The unit contained different activi-
ties, games, and tasks that systematically developed dif-
ferent elements of physical fitness and motor competence.
Each unit targeted one or two different elements, such as
CRF and throwing skills through a certain game or move-
ment task (see Supporting Information Table S1 for de-
tailed examples). This component was delivered by two
trained researchers.

2.2.2 | Recess component

A 20min-long recess activity that was implemented once
aweek during students’ regular recess time. Similar, to the
PE lesson component, the recess component contained a
variety of activities, games, and tasks that systematically
developed different elements of fitness and motor compe-
tence (see Supporting Information Table S1 for detailed
examples). To effectively use the recess time, students
were instructed for the activities at the end of the preced-
ing academic lesson. This component was delivered by
two trained researchers.

2.2.3 | Classroom activity breaks

Daily 5-minute-long activity breaks were organized dur-
ing academic lessons. The research team designed the
activities and their order of implementation. Each activ-
ity break was designed to promote a certain physical per-
formance indicator, for example muscular fitness (see
Supporting Information Table S1 for detailed examples).

B5UB17 SLOLLLOD SAIERID 3|ded! dde 8U) Aq pauLRA0D 88 S3[0 1L YO B8N JO S3IMNJ J0J AIq 1T 3UIIUO A1 U (SUONIPUD-PUR-SLUIBY/WI0D A8 | IMAseIq 1 U IUO//:SaNY) SUOIPUOD PUe WS L L) 89S *[£202/90/80] U0 Ariqiauliuo Asiim ‘Ariqielfseri Jo Aisoaun Aq 0Ty T SWS/TTTTOT/I0p/wod A 1M Afeiq 1 pul uo//sdiy wouy papeojumoq ‘0 ‘8E80009T



HUHTINIEMI ET AL.

ﬂ—WI LEY

The breaks were administered by the class teachers who
followed written instructions and education given by the
research team.

All activities and their implementation were planned
by the research team. All classes in the intervention
group received the same standardized program. The
total duration of the intervention program was 5 months
starting in October and finishing in the end of March.
During regular school breaks (e.g., Christmas holiday pe-
riod) there were no activities, and therefore, the program
consisted of 18 active weeks with 65min of structured
content per week. The weekly activities were instructed
by trained research assistants who were fifth-year mas-
ter's degree students from the PE teaching education
program of the local university. The various games, tasks
and other activities chosen to the program were easy to
implement and did not require any special equipment or
other special arrangements. Tasks and activities included
an abundance of variation (e.g., easy or hard option for
a certain task) to enable students with different fitness
and skill levels to participate. Moreover, students’ en-
gagement and commitment were fortified by including a
student-designed elements to the intervention program.
Each class designed their own favorite activity week
which was then executed at the end of the intervention
period.

Students in the control group did not receive the in-
tervention but they had a similar school week structure.
Physical education classes (one 90 min class once a week)
and recesses (one long recess per day but without guided
activities) were structured in a similar way compared to
the intervention schools. After the post-measurements,
the intervention activities were also provided to the con-
trol group schools.

2.3 | Intervention fidelity and adherence
We confirmed intervention fidelity through a set of meas-
ures. A predesigned structured intervention plan was fol-
lowed in all intervention classes that allowed the research
team to evaluate how precisely the plan was executed.
Research assistants used lesson plans to deliver the ac-
tivities and they were instructed to write down all possible
changes at the end of each lesson. They were also in-
structed to report possible problems regarding participa-
tion or other influencing factors. In addition, the regular
teacher of the class was present during the activities and
was also guided to report any issues (e.g., misbehaviors).
The research team met weekly to discuss the implementa-
tion process. Teachers or research assistants did not report
any deviations from the structured plan or other problems
during the intervention period.

Participation rate was monitored throughout the study.
As the intervention program was integrated to the school
day structure, all students in the class took part in the ac-
tivities, including those who did not want to participate
in the study. During the intervention period, regular ab-
sences were reported resulting typically from short-term
sickness. All intervention group students participated to
at least 16 out of 18 intervention weeks which was consid-
ered acceptable, and therefore, no students were excluded
from the analysis.

2.4 | Measures

Baseline measures were conducted in September 2018 for
both groups. The intervention program started 2weeks
after the pretests. The weekly program followed the regu-
lar yearly schedule of Finnish schools. All posttests were
completed in April 2019 for both groups. The interven-
tion group completed posttests 1 week after the end of the
program.

All physical performance tests were administered by
the trained researchers for both intervention and control
groups in pre- and post-testing phases. Researchers who
conducted the measurements were blinded regarding the
groups condition. All tests were completed in gym hall
during a 90-minute class, and the order of tests was the
following: (1) throwing-catching combination test, (2)
5-leaps test, (3) curl-up test, (4) push-up test, and (5) 20-
meter shuttle run test. In addition, students' height and
weight were measured. A separate session was organized
to collect students’ background information using a ques-
tionnaire administered during a regular school class.

2.4.1 | Motor competence

Students’ motor competence was measured using two
product-oriented measures; the throwing-catching com-
bination test (object control skills) and 5-leaps test (lo-
comotor skills).” In the throwing-catching combination
test, the participant throws a tennis ball at a target area
1.5%1.5m square situated at 90cm above floor level.
Throwing distance is 7m for girls and 8 m for boys. The
participant throws the ball behind a marked line, hits the
target area, and catches the ball after one bounce. The
final score is the number of correctly performed throwing-
catching combinations from 20 attempts. In the 5-leaps
test, the participant completes five leaps, beginning and
finishing with the legs in a parallel position. The final test
score was the distance from the start to finish position
measured from the heel of the nearest foot. Both motor
competence tests have demonstrated acceptable validity
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and reliability among Finnish adolescents.*>*' More spe-
cifically, the test-retest intraclass correlations have been
adequate in both throw-catch combination (0.69) and 5-
leaps (0.84) tests.*

242 | Cardiorespiratory fitness

Students’ CRF was measured using the 20-meter shut-
tle run test also referred as the Progressive Aerobic
Cardiovascular Endurance Run (PACER).* In the test,
the participant runs continuously between two lines that
are set 20m apart following a progressive cadence. The
final score is the number of shuttles reached before the
participant is unable to keep pace with the signals.

2.4.3 | Muscular fitness

Students' muscular fitness was measured with curl-up
and push-up tests.*® In the curl-up test, participants lie
on their back with legs bent to 100 degrees and curl-up
slowly keeping their heels on the floor. A measuring strip
is located on the mat under their legs such that, in the start
position, their fingertips are resting on the nearest edge
of the measuring strip. As the participants curl-up, their
fingers slide across the strip. When their fingertips reach
the other side of the measuring strip, the participants curl
back down until their head touches the floor. Before the
actual test, a participant was allowed tries. The test score
is the number of correctly completed curl-ups performed
before being unable to keep pace with the rhythm set
by the audio recording or when they reach 75 curl-ups.
The push-up test is conducted for boys and the girls in a
slightly different way. Boys use a starting position where
their hands and toes touch the floor, whereas girls use a
starting position where their hands and knees touch the
floor. In both versions of the test, body and legs are kept
in a straight line and arms are shoulder-width apart. In
the test, a participant lowers their body until there is a
90-degree angle in the elbows (with the upper arms paral-
lel to the floor). The final score is the number of correctly
completed push-ups in 60seconds. Both muscular fitness
tests have shown adequate reliability and validity among
Finnish adolescents.*

2.4.4 | Body mass index

Participants’ weight and height were measured using a
calibrated scale and a portable measuring equipment to
the nearest 0.1kg and 0.1cm, respectively. Participant
were barefoot and wearing light clothes. Participants body

mass index was calculated using a weight (kg) and height
(m) formula (kg/ m?).*

2.5 | Statistical analyses

Preliminary analyses were performed with IBM SPSS
26 software.** Data were first inspected for inputting er-
rors, outliers, and missing data patterns. Following this,
descriptive statistics and standardized data values were
calculated. Because fitness measurements procedures
were different between boys and girls in push-ups and
throwing-catching combination tests, the standardization
was performed separately for boys and girls using pre-
test means and variances. Main analyses were conducted
using Mplus 8.6 software.*’ Latent change score analysis,
in the structural equation modeling framework, was used
to examine the effects of the intervention in the 20-meter
shuttle run, 5-leaps, curl-up, push-up and throwing-
catching combination tests, along with the body mass
index. Baseline scores were controlled in the analysis. All
analyses followed the intention-to-treat principles.*®

Latent change score modeling combines features
from cross-lagged regression modeling and latent growth
curves.””* In latent change models, the change between
TO and T1 is represented as a latent variable with a mean
(i.e., average change), a variance (i.e., individual differ-
ences in change), and a covariation of the change with
the initial factor and possible other factors in the model.*
This means that the model can estimate latent means and
latent intraindividual mean changes (e.g., between pretest
and posttest) but also interindividual differences in these
variables.” The latent change score modeling has been
successfully applied in previous intervention studies.” >

In the current study, a multi-group latent change mod-
eling was used to test the differences between groups.
More specifically, mean parameters for latent change
were constrained to be equal between boys and girls, and
between intervention and control groups, and the subse-
quent change in model fit was evaluated. Wald test was
used to test the difference between intervention and con-
trol groups, and between boys and girls.*’

To take possible non-normality of data into account,
the robust full information maximum likelihood estimator
(MLR) was used in the analyses. The standard procedure
for handling missing values in Mplus was used, which
utilizes all observations in the data without imputing the
data.* Multiple indicators were used to evaluate the over-
all model fit. More specifically, the chi-square goodness-
of-fit statistics (Xz), the comparative fit index (CFI), the
Tucker-Lewis index (TLI), root mean square error of
approximation (RMSEA), and standardized root mean
square residual (SRMR) were used. Following guidelines
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by Hu and Bentler, the model fit was considered good
when values of CFI and TLI are close to 0.95, the SRMR
is lower than 0.08, and the RMSEA is lower than 0.06.%

3 | RESULTS
3.1 | Preliminary analyses

Graphical inspection showed that the variables were ap-
proximately normally distributed. Values for skewness
and kurtosis were below 1.2. In addition, no significant
outliers were detected. The missing completely at random
(MCAR) test (X2 =210.8, df=186, p=0.103) demonstrated
that the data with and without missing values were simi-
lar, and thus, the missing data were considered to be miss-
ing completely at random.>*

The means and standard deviations for both interven-
tion and control groups are presented in Table 1. All bivar-
iate correlations among study variables are presented in
Supporting Information Table S2.

3.2 | Intervention effects

A latent change score model was established to study the ef-
fect of the intervention on the change between TO and T1. All
five fitness and motor competence test variables, that is, 20-
meter shuttle run, 5-leaps, curl-up, push-up, and throwing-
catching combination tests, along with the body mass index,
were used in the final model. The baseline scores were con-
trolled in the analysis. The model (Figure 1) demonstrated
a good fit to the data [y*(6)=8.54, p<0.201, CFI=0.999,
TLI=0.993, RMSEA=0.036, 90% CI [0.000, 0.087],
SRMR=0.02]. Model parameters, including regression and
correlation estimates, are presented in Table 2. Results re-
vealed that the group condition had a statistically signifi-
cant positive effect on the latent change in 20-meter shuttle
run ($=0.269, p=0.000, 95% CI [0.141, 0.397]; adjusted
mean difference=5.0 laps), curl-up (#=0.353, p=0.001,
95% CI [0.154, 0.552]; adjusted mean difference =7.8 repeti-
tions), push-up (#=0.442, p=0.000, 95% CI [0.267, 0.617];
adjusted mean difference=6.5 repetitions) and throwing-
catching combination tests (#=0.195, p=0.019, 95% CI

TABLE 1 Means and standard deviations for control and intervention groups at pre- and posttests.

Control group Intervention group

Pretest Posttest Pretest Posttest

M (SD) M (SD) M (SD) M (SD)
All
Body mass index (kg/m?) 18.66 (2.82) 18.99 (2.94) 18.46 (2.48) 18.97 (2.57)
20-m shuttle run test 38.71(17.81) 42.06 (18.22) 36.66 (18.56) 45.06 (19.33)
5-leaps 7.91(0.97) 8.17 (1.04) 8.11 (0.87) 8.38 (0.90)
Catching-throwing 11.61 (4.67) 12.91 (4.69) 11.25 (5.36) 13.65 (4.74)
Curl-up 45.39 (23.29) 42.47 (21.00) 37.59 (21.79) 42.49 (21.59)
Push-up 24.14 (13.31) 23.15(13.38) 20.66 (11.99) 26.16 (14.34)
Boys
Body mass index (kg/m?) 18.55 (2.69) 19.12 (3.07) 18.61 (2.64) 19.21 (2.77)
20-m shuttle run test 42.44 (18.70) 45.45(19.21) 40.22 (21.27) 48.63 (22.89)
5-leaps 7.92 (0.94) 8.16 (1.10) 8.15 (0.89) 8.40 (0.89)
Catching-throwing 12.77 (4.45) 13.22 (4.46) 11.58 (5.83) 14.15 (4.84)
Curl-up 44.81 (23.80) 40.42 (21.71) 38.37 (22.08) 40.15 (21.21)
Push-up 19.85 (11.85) 19.48 (12.89) 19.25 (13.00) 22.08 (13.27)
Girls
Body mass index (kg/m?) 18.75 (2.96) 18.87 (2.82) 18.32(2.31) 18.77 (2.38)
20-m shuttle run test 35.28 (16.32) 38.89 (16.78) 32.90 (14.49) 41.90 (14.77)
5-leaps 7.89 (1.00) 8.17 (0.98) 8.06 (0.85) 8.37(0.91)
Catching-throwing 10.54 (4.64) 12.61 (4.93) 10.96 (4.82) 13.17 (4.67)
Curl-up 45.91 (22.95) 44.44 (20.27) 36.24 (21.27) 44.22 (21.71)
Push-up 28.10 (13.43) 26.93 (12.92) 22.14 (10.78) 29.83 (14.45)
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[0.033, 0.356]; adjusted mean difference=1.1 repetitions),
but not on 5-leaps (#=0.060, p=0.402, 95% CI [—0.080,
0.199]; adjusted mean difference=0.01m) or body mass
index (/=—-0.066, p=0.580, 95%CI [—0.302, 0.169]; adjusted
mean difference =0.18kg/m?). Based on the two-group test
[%*(6)=43.63, p<0.001], there was an overall intervention
effect, indicating that students in the intervention group
developed significantly better than students in the control
group when considering all motor competence and HRF
variables simultaneously. The effect of gender was also in-
vestigated, and based on the Wald test results, the change
between pre- and posttests were similar between boys and
girls in both control and intervention groups (X2(5)=8.62,
p=0.125).

4 | DISCUSSION

The aim of our study was to investigate the efficacy of a
multicomponent school-based intervention program on
students’ motor competence and HRF. In general, we
found that students allocated to the intervention group
showed significant improvements in most indicators of
motor competence and HRF. More specifically, students
in the intervention group developed significantly bet-
ter in 20-meter shuttle run test, push-up, curl-up, and
throwing-catching combination tests than students in the
control group. Furthermore, neither weight status nor sex
moderated the intervention effect.

The overall positive findings of the intervention are in
line with previous review studies demonstrating that inter-
ventions can improve both motor competence and health-
related fitness among children and adolescents.”**™® It
is noteworthy, that professionally instructed activities in
schools are targeted to all students, including those who
are inactive or who perceive themselves as poor movers,
and not just for those who are already physically active.
Unfortunately, it is not uncommon for school-based phys-
ical activity interventions to be ineffective among those
who need it the most.> Moreover, Hartwig et al. showed
based on a pooled analysis from 20 trials that students
with lower levels of baseline physical activity benefitted
less from school-based physical activity interventions.*®
This finding, highlighting organized and guided activities,
is especially important for decision-makers who decide
what kind of elements are included in future physical
activity programs. Recent analysis of systematic reviews
indicated that school-based interventions have shown
limited effects on physical activity,'® whereas our study
suggests that they may improve motor competence and
health-related fitness.

One key finding of the 5-month-long study was the pos-
itive development of CRF in intervention group students

(+8,4 laps) compared to the control group students (+3,4
laps). In the intervention program, the time allocated to
enhancing the activity of students was relatively short,
roughly an hour per week, and only a part of the activities
specifically developed CRF. Hence, positive development
in CRF achieved with relatively low effort, is especially
important as researchers and societies have been increas-
ingly worried in declining trends of youth cardiorespira-
tory fitness levels.”® Our finding is mostly in line with, or
succeeding, the results of previous intervention programs
that have analyzed the effects of vigorous, high-intensity
PA programs on the development of CRF. For example,
Lubans et al. reported similar development (+4.1 laps) on
20-meter shuttle run test at 6-months follow-up for ado-
lescent students.”” However, Wassenaar et al. found that
vigorous PA intervention did not improve students’ CRF
following a 10-months long program,”® and Martinez-
Vizcaino et al. reported positive development only for girls
(43,4 laps), but not for boys in a academic-year-long high-
intensity PA intervention.* It is clear that positive devel-
opment of youths' CRF is called for as it has been linked
with overall health.®*°

Another key finding of the study was that muscular
fitness of the intervention group students developed sig-
nificantly better compared to the control group. Results
in both push-up (difference =6,5 repetitions) and curl-up
tests (difference=7,8 repetitions) improved more in the
intervention group compared to the control group which
was expected as the performed exercises and tasks in the
program systematically and progressively developed mus-
cular fitness attributes. Compared to similar studies, the
effect in muscular fitness was substantial. For example, in
a previous cluster-randomized controlled trial among ad-
olescents push-up test results improved by 2.0 repetitions
at 6-months follow-up.”' In general, the findings are in
line with previous studies as shown by a recent review of
school-based interventions targeting muscular fitness.?’
In the control group, push-up test results declined from
baseline to posttest. A corresponding declining trend in
push-ups has been documented among similarly aged
Finnish students in a nationally representative sample.*
Taking these together, it is encouraging that a relatively
short and easily executable intervention was able to im-
prove students’ upper-body strength and endurance, as
well as their abdominal strength and endurance. This pos-
itive finding is further amplified by the fact that muscular
fitness has been associated with the overall health status
of youth,”2+?°

Intervention effects on motor competence measures
were mixed as students in the intervention group devel-
oped significantly better in throwing-catching combina-
tion test (difference =1,1) but no differences were found
in 5-leaps. As previously described, the throwing-catching
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FIGURE 1 The latent change score model. All paths are significant at the p <0.05 level.

combination test measures students’ object control skill
proficiency. The increase in object control skills is an im-
portant positive finding as object control skills have been
shown to be clear predictors of adolescent PA engage-
ment."? It is also notable that both girls’ and boys' object
control skills developed positively in the current study,
which is especially important as previous findings have
indicated girls performing more poorly in object control
skills than boys.'* There might be several reasons for the
lack of intervention effect in 5-leaps test. As a perfor-
mance, it requires both physical and skill-related quali-
ties, especially explosive strength, dynamic balance, and
rhythmical skills.®*®* These multiple requirements might
make it more difficult for students to develop in the leap-
ing distance. Moreover, it could also be that the inter-
vention activities were not specific enough for this kind
of multifaceted leaping performance to develop, even
though the program consisted of several activities that
were aimed to enhance locomotor skills. In future stud-
ies and intervention programs, it might be reasonable to
increase the specificity of the guiding, especially in skill-
related activities.

Equitable access of all students in PA promotion pro-
grams should be driven not only because of the clear
health benefits but also because improving students'
physical performance and their physical activity engage-
ment might help their academic achievement.®* Hence, it
should be in schools' interest to promote physical activ-
ity and fitness programs, especially when program goals
are corroborating wider curricular aims. Nevertheless, the
feasibility, scalability, and effectiveness of school-based
physical fitness and motor competence interventions are
important aspects to consider.**** All activities and tasks
included in the current intervention were designed to be
easy to perform by students and easy to be instructed by
practitioners. In addition, no additional equipment or
special sport venues were needed. Therefore, the interven-
tion can be widely adapted to different schools, and the
program activities can be implemented by regular school
staff members such as general classroom teachers. From a
cost perspective, the PE and classroom activity break com-
ponents were delivered during regular school hours, and
therefore require no additional staff or funding. The only
component in this intervention that would require extra
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TABLE 2 Regression and correlation estimates of the latent change score model.

Group condition

ABMI

APush-up ACatch-throw

A5-leaps ACurl- up

A20mSRT

control

0=

intervention

1=

B (SE) B (SE) B (SE) B (SE) B (SE)

B (SE)

0.083(0.23)

—0.009 (0.01)
—0.029 (0.02)
0.005 (0.02)
0.000 (0.02)
0.015 (0.02)
0.020 (0.03)

0.027 (0.04)
0.028 (0.04)
—0.016 (0.06)
—0.012 (0.05)

0.027 (0.05)

0.047 (0.04)
—0.071 (0.06)
—0.418 (0.07)**

0.036 (0.02)
—0.029 (0.02)
—0.155 (0.03)**

0.051 (0.05)
—0.212 (0.05)**
—0.116 (0.07)
—0.029 (0.07)

—0.164 (0.05)**

20mSRT TO
5-leaps TO

0.256 (0.12)*

0.139 (0.49)
—0.095 (0.18)
—0.033 (0.12)
—0.182 (0.29)

0.075 (0.05)

0.396 (0.07)**

Curl-up TO
Push-up TO

0.098 (0.03)**
0.039 (0.02)
0.041 (0.04)

0.326 (0.06)**
0.139 (0.07)
0.139 (0.07)

—0.500 (0.05)**

0.084 (0.05)
0.026 (0.09)

0.137 (0.05)*

0.002 (0.08)

Catch-throw TO

BMI TO

0.147 (0.07)*

0.269 (0.07)**
0.059 (0.07)

A20mSRT
A5-leaps

0.083 (0.03)*
0.019 (0.03)

0.353 (0.10)**

0.442 (0.09)**

0.194 (0.08)*
—0.057 (0.12)

0.053 (0.04)

ACurl-up

0.127 (0.05)*
0.090 (0.04)*
—0.007 (0.05)

0.094 (0.03)*
0.077 (0.04)
—0.130 (0.06)*

0.100 (0.02)**
0.044 (0.03)
—0.074 (0.03)*

APush-up

0.079 (0.03)*
—0.080 (0.05)

ACatch-throw

ABMI

—0.114 (0.05)*

*p(0.05; **p(0.001.
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funding, is the guided recess activity. Yet, some schools in
Finland currently use teaching assistants or older students
as recess activators.”> These recess activators, with the
help of the structured program, might be able to increase
students’ physical activity but also their physical perfor-
mance during school hours.

This study includes a number of strengths and weak-
nesses that should be noted. One of the major strengths
of the study is the feasible and scalable program design
that enabled it to be integrated into the school day. This
also allows the inclusion of all students to the activities
without anyone being left out based on gender, ethnicity,
fitness status, or motor skill status. In addition, the study
utilized a latent change score modeling approach that has
been described as a flexible and powerful tool for interven-
tion study analysis.™

The limitations of this study should be considered
while interpreting the results. The first limitation is our
failure to include long-term follow-up. As such, we do not
know if our intervention effects were sustained over time.
Also, the non-random allocation of schools to different
study conditions limits the representativeness of the re-
sults. In addition, the measurement of MC was based on
two tests whereas a more comprehensive battery would
have provided additional information. For example, the
MC measures in this study did not include a specific
stability component. Also, the measures were product-
oriented meaning that the qualitative aspects of motor
skills (process-oriented measures) were not considered
while interpreting the results.

In conclusion, the 5-month-long school-based inter-
vention program was found to be effective in increasing
students’ Motor competence and health-related fitness.
More specifically, students allocated to the intervention
group developed significantly better in 20-meter shuttle
run test, push-up, curl-up, and throwing-catching com-
bination tests than students in the control group. This
indicates that the intervention program appeared to be ef-
fective in increasing students' CRF, muscular fitness, and
object control skills. The intervention effect was found to
be similar for boys and girls. Findings demonstrate that
guided school-based physical activity programs can be in-
fluential in promoting physical fitness and motor compe-
tence among early adolescent students.

4.1 | Perspectives

Negative trends have been documented for early adoles-
cents' motor competence>*! and HRF.***® This is espe-
cially worrying from a public health perspective, as weak
physical performance in adolescence has been negatively
linked to many health outcomes.’ ® School has been clearly
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identified as an important context to promote motor com-
petence and HRF.” 7 Also recently, an expert panel rec-
ognized scalable school-based interventions as one of the
top priorities in physical fitness research.*> Our present
study described a 5-month-long, easy-to-administer, cost-
effective intervention program that was conducted during
PE lessons, academic lessons, and recess time in Finnish
elementary school setting. The results showed that stu-
dents allocated to the intervention group developed signif-
icantly better in different physical performance elements
compared to the control group students. This study pro-
vides preliminary evidence of the effectiveness of the pro-
gram; however, future studies are needed with larger and
fully randomized samples to confirm the findings.

FUNDING INFORMATION

This work was supported by the Finnish Ministry of
Education and Culture. In addition, MH was funded by
the Jenny and Antti Wihuri Foundation and the Finnish
Sport Foundation. DRL is funded by an NHMRC Senior
Research Fellowship (APP1154507).

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest.

DATA AVAILABILITY STATEMENT

Data are not publicly available due to privacy or ethical
restrictions. Contact the corresponding author for more
information.

SPECIALTY SECTION
Section IIT: Health, Disease & Physical Activity.

ORCID
Mikko Huhtiniemi © https://orcid.org/0000-0002-1643-2671
Arja Sddkslahti (© https://orcid.org/0000-0003-4354-0990

Asko Tolvanen
David R. Lubans
Timo Jaakkola

https://orcid.org/0000-0001-6430-8897
https://orcid.org/0000-0002-0204-8257
https://orcid.org/0000-0003-1227-2460

REFERENCES

1. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in
insufficient physical activity among adolescents: a pooled anal-
ysis of 298 population-based surveys with 1-6 million partici-
pants. Lancet child adolesc Health. 2019;4:23-35. d0i:10.1016/
$2352-4642(19)30323-2

2. Huotari P, Johansson PH, Watt A, Jaakkola TT. Fundamental
movement skills in adolescents: secular trends from 2003 to
2010 and associations with physical activity and BMI. Scand J
Med Sci Sports. 2018;28(3):1121-1129. doi:10.1111/sms.13028

3. Fiihner T, Kliegl R, Arntz F, Kriemler S, Granacher U. An up-
date on secular trends in physical fitness of children and ad-
olescents from 1972 to 2015: a systematic review. Sports Med.
2021;51(2):303-320. doi:10.1007/s40279-020-01373-x

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Tomkinson GR, Olds TS. Secular changes in pediatric aero-
bic fitness test performance: the global picture. Med Sport Sci.
2007;50:46-66. d0i:10.1159/000101075

Chagas DDV, Mohebbi M, Barnett LM. How important is motor
competence for healthy weight status across adolescence? Child
Obes. 2021;17(3):220-227. doi:10.1089/chi.2020.0353
Raghuveer G, Hartz J, Lubans DR, et al. Cardiorespiratory
fitness in youth: an important marker of health: a scientific
statement from the American Heart Association. Circulation.
2020;142(7):€101-e118. doi:10.1161/cir.0000000000000866
Ortega FB, Ruiz JR, Castillo MJ, Sjostrom M. Physical fitness in
childhood and adolescence: a powerful marker of health. IntJ
Obesity. 2008;32(1):1-11. doi:10.1038/sj.ij0.0803774

Ruiz JR, Castro-Pifiero J, Artero EG, et al. Predictive validity of
health-related fitness in youth: a systematic review. Brit J Sport
Med. 2009;43(12):909-923. doi:10.1136/bjsm.2008.056499
Garcia-Hermoso A, Alonso-Martinez AM, Ramirez-Vélez
R, Pérez-Sousa MA, Ramirez-Campillo R, Izquierdo M.
Association of Physical Education with Improvement of
health-related physical fitness outcomes and fundamental
motor skills among youths. JAMA Pediatr. 2020;174(6):e200223.
doi:10.1001/jamapediatrics.2020.0223

Neil-Sztramko SE, Caldwell H, Dobbins M. School-based physi-
cal activity programs for promoting physical activity and fitness
in children and adolescents aged 6 to 18. Cochrane Db Syst Rev.
2021;2021(9):CD007651. doi:10.1002/14651858.cd007651.pub3
Sallis JF, McKenzie TL, Beets MW, Beighle A, Erwin H, Lee S.
Physical Education’s role in public health. Res Q Exercise Sport.
2012;83(2):125-135. doi:10.1080/02701367.2012.10599842
Robinson LE, Stodden DF, Barnett LM, et al. Motor compe-
tence and its effect on positive developmental trajectories
of health. Sports Med. 2015;45(9):1273-1284. doi:10.1007/
$40279-015-0351-6

Stodden DF, Goodway JD, Langendorfer SJ, et al. A developmen-
tal perspective on the role of motor skill competence in physical
activity: an emergent relationship. Quest. 2008;60(2):290-306.
doi:10.1080/00336297.2008.10483582

Barnett LM, Lai SK, Veldman SLC, et al. Correlates of gross
motor competence in children and adolescents: a systematic
review and meta-analysis. Sports Med. 2016;46(11):1663-1688.
doi:10.1007/s40279-016-0495-z

Donnelly FC, Mueller SS, Gallahue DL. Developmental physical
education for all children. Theory into practice. Human Kinetics;
2017.

Hulteen RM, Morgan PJ, Barnett LM, Stodden DF, Lubans DR.
Development of foundational movement skills: a conceptual
model for physical activity across the lifespan. Sports Med.
2018;48(7):1533-1540. doi:10.1007/s40279-018-0892-6

Barnett LM, Webster EK, Hulteen RM, et al. Through the look-
ing glass: a systematic review of longitudinal evidence, provid-
ing new insight for motor competence and health. Sports Med.
2022;52(4):875-920. doi:10.1007/s40279-021-01516-8

Utesch T, Bardid F, Biisch D, Strauss B. The relationship be-
tween motor competence and physical fitness from early
childhood to early adulthood: a meta-analysis. Sports Med.
2019;49(4):541-551. doi:10.1007/s40279-019-01068-y

Cattuzzo MT, dos Santos Henrique R, Ré AH, et al. Motor com-
petence and health related physical fitness in youth: a system-
atic review. J Sci Med Sport. 2016;19(2):123-129. doi:10.1016/j.
jsams.2014.12.004

B5UB17 SLOLLLOD SAIERID 3|ded! dde 8U) Aq pauLRA0D 88 S3[0 1L YO B8N JO S3IMNJ J0J AIq 1T 3UIIUO A1 U (SUONIPUD-PUR-SLUIBY/WI0D A8 | IMAseIq 1 U IUO//:SaNY) SUOIPUOD PUe WS L L) 89S *[£202/90/80] U0 Ariqiauliuo Asiim ‘Ariqielfseri Jo Aisoaun Aq 0Ty T SWS/TTTTOT/I0p/wod A 1M Afeiq 1 pul uo//sdiy wouy papeojumoq ‘0 ‘8E80009T


https://orcid.org/0000-0002-1643-2671
https://orcid.org/0000-0002-1643-2671
https://orcid.org/0000-0003-4354-0990
https://orcid.org/0000-0003-4354-0990
https://orcid.org/0000-0001-6430-8897
https://orcid.org/0000-0001-6430-8897
https://orcid.org/0000-0002-0204-8257
https://orcid.org/0000-0002-0204-8257
https://orcid.org/0000-0003-1227-2460
https://orcid.org/0000-0003-1227-2460
https://doi.org//10.1016/s2352-4642(19)30323-2
https://doi.org//10.1016/s2352-4642(19)30323-2
https://doi.org//10.1111/sms.13028
https://doi.org//10.1007/s40279-020-01373-x
https://doi.org//10.1159/000101075
https://doi.org//10.1089/chi.2020.0353
https://doi.org//10.1161/cir.0000000000000866
https://doi.org//10.1038/sj.ijo.0803774
https://doi.org//10.1136/bjsm.2008.056499
https://doi.org//10.1001/jamapediatrics.2020.0223
https://doi.org//10.1002/14651858.cd007651.pub3
https://doi.org//10.1080/02701367.2012.10599842
https://doi.org//10.1007/s40279-015-0351-6
https://doi.org//10.1007/s40279-015-0351-6
https://doi.org//10.1080/00336297.2008.10483582
https://doi.org//10.1007/s40279-016-0495-z
https://doi.org//10.1007/s40279-018-0892-6
https://doi.org//10.1007/s40279-021-01516-8
https://doi.org//10.1007/s40279-019-01068-y
https://doi.org//10.1016/j.jsams.2014.12.004
https://doi.org//10.1016/j.jsams.2014.12.004

HUHTINIEMI ET AL.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Holfelder B, Schott N. Relationship of fundamental move-
ment skills and physical activity in children and adolescents:
a systematic review. Psychol Sport Exerc. 2014;15(4):382-391.
doi:10.1016/j.psychsport.2014.03.005

Dudley D, Mackenzie E, Bergen PV, Cairney J, Barnett L.
What drives quality physical education? A systematic re-
view and meta-analysis of learning and development effects
from physical education-based interventions. Front Psychol.
2022;13:799330. doi:10.3389/fpsyg.2022.799330

Morgan PJ, Barnett LM, Cliff DP, et al. Fundamental movement
skill interventions in youth: a systematic review and meta-
analysis. Pediatrics. 2013;132(5):e1361-e1383. doi:10.1542/
peds.2013-1167

Caspersen CJ, Powell KE, Christenson GM. Physical ac-
tivity, exercise, and physical fitness: definitions and dis-
tinctions for health-related research. Public Health Rep.
1985;100(2):126-131.

Garcia-Hermoso A, Ramirez-Campillo R, Izquierdo M. Is
muscular fitness associated with future health benefits in chil-
dren and adolescents? A systematic review and meta-analysis
of longitudinal studies. Sports Med. 2019;49(7):1079-1094.
doi:10.1007/s40279-019-01098-6

Smith JJ, Eather N, Morgan PJ, Plotnikoff RC, Faigenbaum AD,
Lubans DR. The health benefits of muscular fitness for children
and adolescents: a systematic review and meta-analysis. Sports
Med. 2014;44(9):1209-1223. doi:10.1007/s40279-014-0196-4
Villa-Gonzalez E, Barranco-Ruiz Y, Garcia-Hermoso A,
Faigenbaum AD. Efficacy of school-based interventions for
improving muscular fitness outcomes in children: a systematic
review and meta-analysis. Eur J Sport Sci. 2022;23:1-34. doi:10.
1080/17461391.2022.2029578

Cox A, Fairclough SJ, Kosteli MC, Noonan RJ. Efficacy of school-
based interventions for improving muscular fitness outcomes in
adolescent boys: a systematic review and meta-analysis. Sports
Med. 2020;50(3):543-560. doi:10.1007/s40279-019-01215-5
Hartwig TB, Sanders T, Vasconcellos D, et al. School-based in-
terventions modestly increase physical activity and cardiorespi-
ratory fitness but are least effective for youth who need them
most: an individual participant pooled analysis of 20 controlled
trials. Brit J Sport Med. 2021;55(13):721-729. do0i:10.1136/
bjsports-2020-102740

Loras H. The effects of physical education on motor com-
petence in children and adolescents: a systematic re-
view and meta-analysis. Sports. 2020;8(6):88. doi:10.3390/
sports8060088

Lai SK, Costigan SA, Morgan PJ, et al. Do School-based inter-
ventions focusing on physical activity, fitness, or fundamen-
tal movement skill competency produce a sustained impact
in these outcomes in children and adolescents? A systematic
review of follow-up studies. Sports Med. 2014;44(1):67-79.
doi:10.1007/s40279-013-0099-9

Kalaja SP, Jaakkola TT, Liukkonen JO, Digelidis N. Development
of junior high school students’ fundamental movement skills
and physical activity in a naturalistic physical education set-
ting. Phys Educ & Sport Ped. 2012;17(4):411-428. doi:10.1080/17
408989.2011.603124

Lang JJ, Zhang K, Agostinis-Sobrinho C, et al. Top 10 interna-
tional priorities for physical fitness research and surveillance
among children and adolescents: a twin-panel Delphi study.
Sports Med. 2022;53:549-564. doi:10.1007/s40279-022-01752-6

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

WILEY-2

Milat A, Newson R, King L, et al. A guide to scaling up
population health interventions. Public Heal Res Pract.
2016;26(1):2611604. d0i:10.17061/phrp2611604

Milat AJ, King L, Bauman AE, Redman S. The concept of scal-
ability: increasing the scale and potential adoption of health
promotion interventions into policy and practice. Health
Promot Int. 2013;28(3):285-298. doi:10.1093/heapro/dar097
Beets MW, Okely A, Weaver RG, et al. The theory of expanded,
extended, and enhanced opportunities for youth physical activ-
ity promotion. IntJ Behav Nutr Phy. 2016;13(1):120. doi:10.1186/
$12966-016-0442-2

Des Jarlais DC, Lyles C, Crepaz N, Group T. Improving the re-
porting quality of nonrandomized evaluations of behavioral
and public health interventions: the TREND statement. Am J
Public Health. 2004;94(3):361-366. doi:10.2105/ajph.94.3.361
Finnish National Agency for Education. National Core
Curriculum for Basic Education. Finnish National Agency for
Education; 2014. doi:10.4103/1357-6283.152181

Yli-Piipari S. Physical education curriculum reform in Finland.
Quest. 2014;66(4):468-484. d0i:10.1080/00336297.2014.948688
Jaakkola TT, Saidkslahti A, Liukkonen JO, Iivonen S.
Peruskoululaisten fyysisen toimintakyvyn seurantajdrjestelmd [a
system to develop and follow Finnish students’ physical fitness
and motor skills]. University of Jyviskyld, Faculty of Sport and
Health Sciences. 2012;184.

Jaakkola TT, Huhtiniemi M, Salin K, et al. Motor competence,
perceived physical competence, physical fitness, and physical
activity within Finnish children. Scand J Med & Sci Sports.
2019;118(6):1627-1629. doi:10.1111/sms.13412

Jaakkola T, Grasten A, Huhtiniemi M, Huotari P. Changes in
the continuous leaping performance of Finnish adolescents be-
tween 1979 and 2020. J Sport Sci. 2022;40(13):1532-1541. doi:10
.1080/02640414.2022.2091344

Plowman SA, Meredith MD, eds. Fitnessgram/Activitygram
Reference Guide. 4th ed. Dallas, TX; 2013.

Nuttall FQ. Body mass index. Nutr Today. 2015;50(3):117-128.
doi:10.1097/nt.0000000000000092

IBM Corp. Released 2019. IBM SPSS Statistics for Windows,
Version 26.0. IBM Corp.

Muthén LK, Muthén BO. Mplus User’s Guide. 8th ed. Muthén &
Muthén; 2017.

White IR, Carpenter J, Horton NJ. Including all individuals is
not enough: lessons for intention-to-treat analysis. Clin Trials.
2012;9(4):396-407. doi:10.1177/1740774512450098

Ferrer E, McArdle J. Alternative structural models for multivar-
iate longitudinal data analysis. Struct Equ Model Multidiscip J.
2003;10(4):493-524. doi:10.1207/s15328007sem1004_1
McArdle JJ, Prindle JJ. A latent change score analysis of a
randomized clinical trial in reasoning training. Psychol Aging.
2008;23(4):702-719. doi:10.1037/20014349

McArdle JJ. Latent variable modeling of differences and changes
with longitudinal data. Annu Rev Psychol. 2009;60(1):577-605.
doi:10.1146/annurev.psych.60.110707.163612

Koénen T, Karbach J. Analyzing individual differences in
intervention-related changes. Adv Methods Pract Psychological
Sci. 2021;4(1):2515245920979172. d0i:10.1177/2515245920979172
Sheftel A, Lindstrom L, McWhirter B. Motivational enhance-
ment career intervention for youth with disabilities. Adv Sch
Ment Heal Promot. 2014;7(4):208-224. do0i:10.1080/17547
30x.2014.949061

B5UB17 SLOLLLOD SAIERID 3|ded! dde 8U) Aq pauLRA0D 88 S3[0 1L YO B8N JO S3IMNJ J0J AIq 1T 3UIIUO A1 U (SUONIPUD-PUR-SLUIBY/WI0D A8 | IMAseIq 1 U IUO//:SaNY) SUOIPUOD PUe WS L L) 89S *[£202/90/80] U0 Ariqiauliuo Asiim ‘Ariqielfseri Jo Aisoaun Aq 0Ty T SWS/TTTTOT/I0p/wod A 1M Afeiq 1 pul uo//sdiy wouy papeojumoq ‘0 ‘8E80009T


https://doi.org//10.1016/j.psychsport.2014.03.005
https://doi.org//10.3389/fpsyg.2022.799330
https://doi.org//10.1542/peds.2013-1167
https://doi.org//10.1542/peds.2013-1167
https://doi.org//10.1007/s40279-019-01098-6
https://doi.org//10.1007/s40279-014-0196-4
https://doi.org//10.1080/17461391.2022.2029578
https://doi.org//10.1080/17461391.2022.2029578
https://doi.org//10.1007/s40279-019-01215-5
https://doi.org//10.1136/bjsports-2020-102740
https://doi.org//10.1136/bjsports-2020-102740
https://doi.org//10.3390/sports8060088
https://doi.org//10.3390/sports8060088
https://doi.org//10.1007/s40279-013-0099-9
https://doi.org//10.1080/17408989.2011.603124
https://doi.org//10.1080/17408989.2011.603124
https://doi.org//10.1007/s40279-022-01752-6
https://doi.org//10.17061/phrp2611604
https://doi.org//10.1093/heapro/dar097
https://doi.org//10.1186/s12966-016-0442-2
https://doi.org//10.1186/s12966-016-0442-2
https://doi.org//10.2105/ajph.94.3.361
https://doi.org//10.4103/1357-6283.152181
https://doi.org//10.1080/00336297.2014.948688
https://doi.org//10.1111/sms.13412
https://doi.org//10.1080/02640414.2022.2091344
https://doi.org//10.1080/02640414.2022.2091344
https://doi.org//10.1097/nt.0000000000000092
https://doi.org//10.1177/1740774512450098
https://doi.org//10.1207/s15328007sem1004_1
https://doi.org//10.1037/a0014349
https://doi.org//10.1146/annurev.psych.60.110707.163612
https://doi.org//10.1177/2515245920979172
https://doi.org//10.1080/1754730x.2014.949061
https://doi.org//10.1080/1754730x.2014.949061

il—Wl LEY

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

HUHTINIEMI ET AL.

Mun EY, Eye A von, White HR. An SEM approach for the
evaluation of intervention effects using pre-post-post de-
signs. Struct Equ Model Multidiscip J 2009;16(2):315-337.
doi:10.1080/10705510902751358

Hu L, Bentler PM. Cutoff criteria for fit indexes in covari-
ance structure analysis: conventional criteria versus new al-
ternatives. Struct Equ Model Multidiscip J. 1999;6(1):1-55.
doi:10.1080/10705519909540118

Little RJA, Rubin DB. Statistical Analysis with Missing Data.
John Wiley & Sons; 2002:408.

Lonsdale C, Sanders T, Parker P, et al. Effect of a scalable
school-based intervention on cardiorespiratory fitness in
children. JAMA Pediatr. 2021;175(7):680-688. doi:10.1001/
jamapediatrics.2021.0417

Tomkinson GR, Lang JJ, Tremblay MS. Temporal trends in
the cardiorespiratory fitness of children and adolescents rep-
resenting 19 high-income and upper middle-income countries
between 1981 and 2014. Brit J Sport Med. 2019;53(8):478-486.
doi:10.1136/bjsports-2017-097982

Lubans DR, Smith JJ, Eather N, et al. Time-efficient interven-
tion to improve older adolescents’ cardiorespiratory fitness:
findings from the ‘burn 2 learn’ cluster randomised controlled
trial. Brit J Sport Med. 2021;55(13):751-758. doi:10.1136/
bjsports-2020-103277

Wassenaar TM, Wheatley CM, Beale N, et al. The effect of a
one-year vigorous physical activity intervention on fitness, cog-
nitive performance and mental health in young adolescents:
the fit to study cluster randomised controlled trial. Int J Behav
Nutr Phy. 2021;18(1):47. doi:10.1186/s12966-021-01113-y
Martinez-Vizcaino V, Soriano-Cano A, Garrido-Miguel M,
Cavero-Redondo I, Medio EP de, Madrid VM, et al. The ef-
fectiveness of a high-intensity interval games intervention in
schoolchildren: a cluster-randomized trial. Scand J Med Sci
Sport 2022;32(4):765-781. doi:10.1111/sms.14113

Lang JJ, Belanger K, Poitras V, Janssen I, Tomkinson GR,
Tremblay MS. Systematic review of the relationship between
20m shuttle run performance and health indicators among
children and youth. J Sci Med Sport. 2018;21(4):383-397.
doi:10.1016/j.jsams.2017.08.002

Kennedy SG, Smith JJ, Morgan PJ, et al. Implementing resis-
tance training in secondary schools: a cluster randomized

62.

63.

64.

65.

66.

67.

controlled trial. Med Sci Sports Exerc. 2018;50(1):62-72.
doi:10.1249/mss.0000000000001410

Ramirez-Campillo R, Andrade DC, Izquierdo M. Effects of
plyometric training volume and training surface on explo-
sive strength. J Strength Cond Res. 2013;27(10):2714-2722.
doi:10.1519/jsc.0b013e318280c9e9

McGinnis PM. Biomechanics of Sport and Exercise. Human
Kinetics; 2013:460.

Donnelly JE, Hillman CH, Castelli D, et al. Physical activity,
fitness, cognitive function, and academic achievement in chil-
dren. Med Sci Sports Exerc. 2016;48(6):1197-1222. doi:10.1249/
mss.0000000000000901

Haapala HL, Hirvensalo MH, Laine K, et al. Adolescents'
physical activity at recess and actions to promote a physically
active school day in four Finnish schools. Health Educ Res.
2014;29(5):840-852. doi:10.1093/her/cyu030

Huotari P, Grastén A, Huhtiniemi M, Jaakkola T. Secular trends
in 20 m shuttle run test performance of 14- to 15-year-old ado-
lescents from 1995 to 2020. Scand J Med Sci sport. 2022;33:495-
502. d0i:10.1111/sms.14290

Love R, Adams J, Sluijs EMF. Are school-based physical activity
interventions effective and equitable? A meta-analysis of clus-
ter randomized controlled trials with accelerometer-assessed
activity. Obes Rev. 2019;20(6):859-870. doi:10.1111/0br.12823

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Huhtiniemi M,
Sadkslahti A, Tolvanen A, Lubans DR, Jaakkola T.
A scalable school-based intervention to increase
early adolescents’ motor competence and health-
related fitness. Scand J Med Sci Sports. 2023;00:1-12.
do0i:10.1111/sms.14410

B5UB17 SLOLLLOD SAIERID 3|ded! dde 8U) Aq pauLRA0D 88 S3[0 1L YO B8N JO S3IMNJ J0J AIq 1T 3UIIUO A1 U (SUONIPUD-PUR-SLUIBY/WI0D A8 | IMAseIq 1 U IUO//:SaNY) SUOIPUOD PUe WS L L) 89S *[£202/90/80] U0 Ariqiauliuo Asiim ‘Ariqielfseri Jo Aisoaun Aq 0Ty T SWS/TTTTOT/I0p/wod A 1M Afeiq 1 pul uo//sdiy wouy papeojumoq ‘0 ‘8E80009T


https://doi.org//10.1080/10705510902751358
https://doi.org//10.1080/10705519909540118
https://doi.org//10.1001/jamapediatrics.2021.0417
https://doi.org//10.1001/jamapediatrics.2021.0417
https://doi.org//10.1136/bjsports-2017-097982
https://doi.org//10.1136/bjsports-2020-103277
https://doi.org//10.1136/bjsports-2020-103277
https://doi.org//10.1186/s12966-021-01113-y
https://doi.org//10.1111/sms.14113
https://doi.org//10.1016/j.jsams.2017.08.002
https://doi.org//10.1249/mss.0000000000001410
https://doi.org//10.1519/jsc.0b013e318280c9e9
https://doi.org//10.1249/mss.0000000000000901
https://doi.org//10.1249/mss.0000000000000901
https://doi.org//10.1093/her/cyu030
https://doi.org//10.1111/sms.14290
https://doi.org//10.1111/obr.12823
https://doi.org/10.1111/sms.14410

	A scalable school-­based intervention to increase early adolescents' motor competence and health-­related fitness
	Abstract
	1|INTRODUCTION
	2|METHOD
	2.1|Participants and recruitment
	2.2|Intervention description and components
	2.2.1|PE lesson component
	2.2.2|Recess component
	2.2.3|Classroom activity breaks

	2.3|Intervention fidelity and adherence
	2.4|Measures
	2.4.1|Motor competence
	2.4.2|Cardiorespiratory fitness
	2.4.3|Muscular fitness
	2.4.4|Body mass index

	2.5|Statistical analyses

	3|RESULTS
	3.1|Preliminary analyses
	3.2|Intervention effects

	4|DISCUSSION
	4.1|Perspectives

	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	SPECIALTY SECTION
	REFERENCES


