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Abstract

Background Previous research has suggested that school-based physical activity (PA) interventions may have a
positive impact on academic performance. However, existing literature on school-based interventions encompasses
various forms of PA, spanning from vigorous intensity PA outside the academic classes to light intensity PA and
movement integrated into academic learning tasks, and results on academic performance are inconclusive. ACTIVE
SCHOOL will implement two different PA interventions for one school year and assess the effects on the pupils’
academic performance, with math performance as the primary outcome.

Methods/design The ACTIVE SCHOOL project consists of two phases: 1) Development phase and 2) Randomized
Controlled Trial (RCT). In phase one, two interventions were developed in collaboration with school staff. The two
interventions were tested in an 8-weeks feasibility study. In phase two, a RCT-study with three arms will be conducted
in 9-10-year-old children for one school year. The RCT-study will be carried out in two intervention rounds during

the school years 2023/2024 and 2024/2025. Schools will be randomized to one of two interventions or control;1)

Run, Jump & Fun intervention (4 x 30 min/week of moderate-to-vigorous physical activity; 2) Move & Learn intervention
(4% 30 min/week focusing on embodied learning in math and Danish lessons); or 3) a control condition, consisting

of normal teaching practices. Outcome measures include academic performance, PA level, cognitive functions,
cardiorespiratory fitness, anthropometry, well-being and school motivation (collected before, during and after the
intervention period). A process evaluation will be conducted to assess implementation.

Discussion The ACTIVE SCHOOL study will expand knowledge regarding the impact of PA on academic
performance. The study will have the potential to significantly contribute to future research, as well as the scientific
and educational debate on the best way to implement PA to support education and learning.

Trial registration The study was registered on the 25th of October 2022 in ClinicalTrials.gov, NCT05602948.
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Background

Academic performance is important both in formal edu-
cation and for success later in life [1]. At the individual
level, academic performance is affected by several fac-
tors and underlying mechanisms, including brain struc-
ture and function, cognitive function, mental health and
well-being, school motivation, and school attitude [2, 3].
Furthermore, emerging evidence suggests positive asso-
ciations between physical activity (PA), aerobic fitness,
and academic outcome in children and adolescents [3],
and several school-based studies have found that enhanc-
ing PA in schools can improve academic performance
[4-8].

The physiological mechanisms by which PA affects
academic performance are representing a rapidly grow-
ing area of multidisciplinary research. Animal models
provide cellular and molecular explanations for altered
brain function after PA training, and imaging models on
humans show how specific brain structures are affected
by PA [9, 10]. In children, some studies have found both
acute and chronic benefits of PA on cognitive and aca-
demic performance [11-13]. This research has primarily
used cross-sectional study designs or been conducted in
highly controlled laboratory-based or after-school set-
tings focused on the quantitative aspects of PA such as
intensity, frequency, and duration. This body of research
has been summarized in several reviews concluding
that most studies report either a positive relation of PA
to academic performance, or no relationship between
these constructs [2, 7, 11-15]. The positive relationship
between PA and academic performance has also been
demonstrated in school-based interventions lasting one-
to-three years with a PA dose ranging from 60 to 120 min
of extra moderate-to-vigorous PA (MVPA) per week
[16-18]. In school settings, this type of PA has often
been conducted outside of the academic sessions, such as
before or after lessons, during PA breaks or at recess [7,
11,13, 19].

An emerging line of research is rooted in embodied
cognition theory, characterized in the education field
as “embodied learning” This research line focuses, for
example, on gestures and bodily engagement closely
related to and integrated into curricular learning tasks
[20], and suggests that forming actions with the body
can lead to the construction of enhanced mental repre-
sentations that positively affect memory recall [21, 22].
This theory suggests that sensory-motor experiences can
be linked to the cognitive processes involved in complex
problem-solving and strategy use, and therefore, that PA
can play a crucial role in the knowledge retention and

retrieval [23—25]. This line of research has focused on the
qualitative aspects of PA, such as cognitive and coordi-
native demands [26—28]. Some school-based studies have
shown promising results on academic performance fol-
lowing interventions containing elements of embodied
learning [4, 29, 30].

Therefore, the overall aim of the ACTIVE SCHOOL
study is to investigate the effects of these two different
types of PA interventions (MVPA and PA integrated in
the learning tasks) on academic performance in Danish
children aged of 9-10-years-old (3rd grade). Due to the
challenge of implementing PA in schools, both interven-
tions have been co-developed with school staff, as rec-
ommended [31]. The design phase is described in more
details and published elsewhere [32]. Prior to commenc-
ing the randomized controlled trial (RCT), an 8-week
feasibility study was set up to evaluate the implementa-
tion of the two interventions, and the feasibility of the
proposed test battery for the RCT [33] Accordingly, the
aim of this protocol is to summarize knowledge and
experiences from the development phase, and to intro-
duce the rationale and design of the cluster RCT-study.

Methods

The ACTIVE SCHOOL study consists of two phases: 1)
The Development phase including the design phase and
feasibility testing of the two PA interventions, and 2) the
RCT investigating the effects of the interventions. The
two phases of ACTIVE SCHOOL study are illustrated in
Fig. 1.

Design phase

The ACTIVE SCHOOL study’s design phase was con-
ducted from May 2021 until June 2022 and is published
elsewhere [32]. It was guided by McKenney and Reeves’
Generic Model for conducting research in education [34].
This model integrates theory, research, and practice into
one model. The model comprises three core phases 1)
Exploration and Analysis, 2) Construction and Design,
and 3) Reflection and Evaluation. The two PA interven-
tions ‘Run, Jump & Fur’ (RJF) and ‘Move & Learn’ (ML)
were designed in collaboration between researchers and
school staff, and the results were the intervention prin-
ciples presented in Table 1. The intervention dose were
defined as 30 min of PA delivered four times per week,
with several implementation strategies to facilitate adop-
tion and practice of the interventions [35].
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PHASE 1: DEVELOPMENT

DESIGN PHASE (8-weeks)

Exploration and Analysis
of the context and status
of physical activity in
6 schools

(Schools)

Inclusion of 7 schools

Design and construction
of the two school-based
intervention arms

Consent to participate

Evaluation and reflection
of in-school testing

Intervention 2:
Move & Learn
4*weekly/30 min
/8 weeks

Intervention 1:

Run, Jump & Fun

4*weekly/30 min
/8 weeks

Intervention 1:

Run, Jump & Fun

4*weekly/30 min
/8 weeks

Post-intervention (T1)
Data collection

May 2021 - June 2022

Fig. 1 Phases and timeline in the ACTIVE SCHOOL study

Table 1 Principles of ‘Run, Jump & Fun'and'Move & Learn’
interventions developed throughout the design phase and
based on in-school testing, observations, and reflections in the
researcher team
RJF principles

ML principles

- Connect a pedagogical aim to the
RJF activity.

- Pay attention to the target group
and prepare activities in advance.

« Instructions must be short and
precise.

+ Modify the activities, so inactive
breaks do not occur.

« Be aware of the duration and inten-
sity of activities.

- Foster the possibility of autonomy in
activities.

- Discover opportunities for activities
in alternative settings.

- Integrate curriculum-based PA
in two Danish and two Math
lessons per week.

- The bodily engagement must
underpin the curricular aim of
the lesson.

« The body can and must be a
part of the immersion or the
solution of an academic activity
during the intervention time.

- Organize group activities with
a maximum of three members
in each group.

- Foster the possibility of
autonomy in activities.

Feasibility study
As recommended before performing an effect study,
implementation outcomes (e.g., acceptability and feasi-
bility) of the two interventions were assessed during an
eight-week feasibility study conducted between Septem-
ber and November, 2022 [33, 36] (will be reported else-
where — manuscript under preparation).

The aims of the feasibility study were to: 1) Inves-
tigate implementation outcomes of the RJF and ML

PILOT STUDY

Invitation to Participate

Invitation to participate
(app. 250 children)

Baseline (T0)
Data collection

Intervention 2:
Move & Learn
4*weekly/30 min
/8 weeks

September - November
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PHASE 2: RCT

RCT STUDY
(one school year)

Invitation to Participate
(Schools)

Inclusion of 27 schools

Invitation to participate
(app.1000-1500 children)
Decline

Decline i
participation

participation
Consent to participate

Randomization

Baseline (TO)
Data collection

Intervention 2:
Move & Learn
4*weekly/30 min
/one school year

Intervention 1:
Run, Jump & Fun
4*weekly/30 min
/Jone school year

Control Group:
Regular school
activities
/Jone school year

Post-intervention (T1)
Data collection

August 2023 - June 2024
August 2024 - June 2025

interventions and, 2) Test the preliminary test-battery for
the RCT-study.

The feasibility study resulted in the final definition of
the two interventions, including principles, strategies,
course designs, dose and frequencies (see Intervention
conditions and Training of school staff). During the feasi-
bility study the test-battery was tested at four schools to
ensure that the final battery was applicable for the RCT,
considering logistical factors such as resources, test days,
duration, and feasibility. The feasibility of the test loop
during the test day was examined, leading to necessary
adjustments. Furthermore, optimization and standard-
ization of test procedures were assessed, considering the
duration of the testing process. Adjustments were made
after the feasibility study, refining the test schedule, sup-
plementing academic and executive function tests, and
standardizing equipment for anthropometry in prepara-
tion for the RCT. Various approaches were explored for
standardized academic outcomes, including evaluating
mathematical tests for second and third-grade students
to determine the appropriate academic level for the RCT.
Teachers were found to be capable of conducting stan-
dardized academic tests.

During the feasibility study, challenges occurred in
managing data across paper and various software plat-
forms. To address this, we implemented REDCap (see
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Methods, Outcome Measures) to streamline data collec-
tion and handle extensive datasets.

Randomized controlled trial (RCT)
The overall aim of the ACTIVE SCHOOL RCT study is to
investigate the effects of two different types of in-school
PA interventions on academic performance in children
aged 9-10 years (3rd grade). The cluster RCT has three
arms and includes two intervention groups; (1) RJF and
(2) ML, and (3) control group (CG). The interventions
are planned for one school year carried out in two rounds
during the school years 2023/2024 and 2024/2025. The
randomization will be stratified at the school level with
an approximate 1:1:1 recruitment protocol (RJF:ML:CG).
Approximately nine schools will be allocated to each arm
(see Randomization). Due to the study design, blinding
of instructors, teachers and participants will not be pos-
sible, which is common practice in school-based studies.
Schools from all regions of Denmark will be recruited
by phone, e-mail, relevant websites, and digital/social
media targeting school staff and school principals. If
principals and school staff agree to participate in the
study, an informal project meeting will be held, and com-
prehensive information will be provided.

Intervention conditions

Run, Jump & Fun intervention RJF consists of four ses-
sions of 30 min of MVPA each week for one school year.
RJF must be conducted on all school days except the day
timetabled with mandatory Physical Education (PE).

During two initial process meetings, the RJF inter-
vention is established and tailored to fit the local school
structure. ACTIVE SCHOOL project personnel, school
principal and school staff take part in this establishing
process, before the beginning of the intervention. RJF
sessions can be placed in different time slots during the
day, and should be delivered by either PE teachers, teach-
ers from other subjects or the school’s pedagogical per-
sonnel (pedagogues). The intervention deliverers must
engage in all RJF training and use the intervention mate-
rials (see below).

Besides the duration and intensity requirements, an
additional aim of RJF activities is that they are fun, moti-
vational, and inclusive for all children, regardless of aca-
demic skills, PA, fitness or motor skill level. To achieve
this aim a motivational environment supportive of chil-
dren’s” needs will be created, as outlined in the self-deter-
mination theory [37]. The delivery of the intervention
and practice with RJF will be guided by the seven prin-
ciples developed in the design phase (see Table 1).

Examples of RJF activities include ball games in small
teams, relay and obstacle run, martial art games or dance.
RJF can be conducted in various settings depending on
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the individual school. Typically, RJF will take place in
either the classroom or adjacent indoor spaces, or out-
door spaces (e.g. in the schoolyard, or in the gym hall).

Move & Learn intervention ML consists of four ses-
sions of 30 min of Physical Active learning (two math les-
sons and two Danish lessons) every week for one school
year. ML will be conducted on all school days except the
day timetabled with PE. All 3rd grade classes in the Dan-
ish school system have a minimum of four lessons (45 min
each) of math and six lessons of Danish each week. ML
lessons will be conducted in the classroom, adjacent
spaces in the school building, outdoors in the school yard,
or in the local environment. One initial process meeting
with ACTIVE SCHOOL project personnel, school princi-
pal and school staff is held at each ML intervention school
to establish and tailor the intervention to the local school
structure.

ML is delivered by Danish and math teachers, who
must engage in all ML training and use the intervention
materials.

All ML lessons should focus on embodied learning,
with a close connection between the academic learn-
ing task and bodily engagement. ML activities aim to be
fun, motivating and foster mastery of the subject mat-
ter among the children. ML is guided by five principles
developed in the design phase (see Table 1).

In ML activities could, for example, be group work dra-
matizing verbs with the whole body while reading a story
out loud, using big grids in the school yard and let the
children play an active figure in a coordinate system, or
discovering ambience in a novel, by visiting and exploring
places that sound, smell or feel like the place described
by adjectives in the novel. Integration of the body in
learning tasks can vary. It can be physical or motor-skill
demanding activities, or it can be less vigorous activities,
even standing up miming, using hand gestures or facial
expressions.

Both interventions To support implementation, school
principals should agree to allocate 22 h to each teacher/
pedagogue involved in delivering the interventions
and 32 h for one teacher to coordinate with ACTIVE
SCHOOL, e.g., set dates for courses and testing. Every
teacher or pedagogue involved in the project will have
these hours prioritized in their teaching load (their
planned tasks during the year) to be able to participate in
project training and meetings.

As a strategy to sustain the interventions for a whole
year, each school organize school staff meetings about
the intervention every second month to plan and share
experiences about the intervention. Meeting agendas and
guides will be provided by the ACTIVE SCHOOL project
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group. These meetings must be supported by school lead-
ers who can attend or get minutes from the meeting.

Training of school staff

Teachers and pedagogues receive specific training for
delivering either RJF or ML interventions. The training is
conducted by educators from University College Copen-
hagen teacher education and pedagogue education. To
ensure the sustainability of the interventions, a gradual
introduction to the intervention principles has proven
effective in previous studies [38—40]. Therefore, a gradual
introduction will be applied in both interventions.

The RJF teacher training program includes a 6-hour
introduction course held at a central location for all
schools before the intervention starts, a 3-hour follow-up
course held at each school after 2 months, and a 5-hour
thematic follow-up course held at a central location for
all schools after 6 months.

The ML teacher training program includes a 6-hour
introduction course held at a central location for all
schools before the intervention starts, a 3-hour follow-
up course held at each school after 2 months, a 2-hour
thematic follow-up course held in hybrid formats (on-site
or online) at local schools after 4 months, and a 3-hour
advanced course held at a central location for all schools
after 7 months.

In both interventions, school staff are expected to
organize internal team-meetings in the months without
planned courses. These serve to maintain focus through-
out the whole intervention period. A reflection paper will
guide the internal staff-meetings in common reflections
regarding progression and delivery of the interventions.

Control condition

The control schools will continue their normal practice
but take part in all baseline- and post-testing of primary
and secondary outcomes.

Recruitment of participants
Once schools agree to participate, all children and par-
ents or legal guardians in participating classes will receive
written information and consent forms from the research
team. For a child to participate in the scientific measure-
ments the parents/legal guardians must return a written
informed consent prior to baseline measurement, but all
children from intervention schools will participate in the
intervention activities (See fig. 1: Phases and timeline in
the ACTIVE SCHOOL study). Participation in the proj-
ect is voluntary and free of charge, and it is possible to
withdraw consent at any time without giving a reason.
There are no exclusion criteria for children in the par-
ticipating classes. It is unlikely that adverse events and
other unintended effects of the interventions will occur
when using the described scientific methods. In the

Page 5 of 12

rare cases where incidental findings, like mis-thriving
and anxiety may occur, the person responsible for the
research will contact the school for further contact to
parents/guardians and relevant authorities.

Randomization

An independent statistician employed at the Department
of Mathematics, University of Copenhagen, facilitated
the process of randomizing the participating schools into
three groups. The statistician utilized the open-source
software R and the sample function to generate a ran-
domized list of numbers for the 27 schools. To ensure a
balanced stratification, we sequentially assigned numeri-
cal labels to the schools based on their receipt of writ-
ten consent for participation. The statistician remained
unaware of the intervention content and the true identi-
ties of the schools. The schools enrolled in the study for
the school year 2023/24 were informed of their assigned
groups before the summer holiday starting in June 2023
and new schools for the school year 2024/25 will be
informed before summer holiday 2024.

Sample size and power

Schools are the units of cluster-randomization. A con-
servative power estimation with an expected effect size
of 0.42 for the main outcome (general math, based on
results from [17]) and an intra class correlation of 0.15,
resulted in a sample of =9 schools per intervention arm
(27 in total), with a mean of 20 children per class and a
minimum of one class per school (power 0.8, 1-tailed,
«=0.05). Mixed-effects models will be used to test the
between-group difference (intervention vs. control) for
the main outcome (general Math), controlling for base-
line values and including school and class as random
effects [41].

Outcome measures

To evaluate the effects of the interventions, children will
be assessed before (T0) and after the intervention period
(T1). Assessments will be carried out by research staff
trained by senior research team members of ACTIVE
SCHOOL and will be performed during school hours.
Outcomes measured to assess potential effects of the
two interventions (RJF and ML) include academic per-
formance in math (primary outcome) and Danish, cog-
nitive functions (working memory tasks), motivation for
school, well-being, anthropometry, cardiorespiratory fit-
ness, and physical activity level as secondary outcomes.
Data entry will be performed onsite in REDCap using
laptop computers and written on paper for random sam-
ple quality testing. REDCap is a secure web application
for building and managing online surveys and databases
[42]. Additionally, objective PA measures will be con-
ducted at TO, T1 and at some schools also during the
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intervention. Implementation outcomes will be assessed
on a regular basis (see below).

Academic performance tests

Standardized academic tests in Danish and math will be
performed by school’s teachers, who will follow the test
team’s written and oral instruction given in advance. The
academic tests will be conducted early on the school day,
before any school-based PA is initiated to avoid acute
effects. The tests will be performed on computers in the
classroom before the intervention start (T0) and in the
end of the intervention period (T1). The children will be
placed at distance to avoid copying.

Test results will be collected and administered by
Hogrefe, a publisher of psychometric assessments and
psychology books and journals. Data from tests will be
securely transferred to ACTIVE SCHOOL research team
and stored on a secure drive. The tests from Hogrefe
are commonly used in educational practice in Denmark
[43-46].

Standardized Test in Math A standard, diagnostic,
computerized test will be used to evaluate children’s
math proficiency in relation to second (MAT?2 assessed
at TO) and third-grade (MAT3 at T1) proficiency [45].
Fifty problems from arithmetic (addition, subtraction,
and multiplication), geometry, and probability will be
included in the test. Children will be positioned in front
of a computer, given the task of solving all 50 problems
to the best of their abilities. The test is conducted during
one school-week at several timeslots and managed to the
manufactory description. The quantity of problems that
are successfully solved will be the outcome indicator.

Standardized Reading Tests in Danish Standardized
Reading Comprehension Test: A valid and reliable Dan-
ish reading comprehension test (Seetningsleseprove 2)
will be used to evaluate the children’s reading abilities
[44]. The test will be performed online and instructed by
the Danish teacher. The test is appropriate for children
in 3rd grade, and will be used both at baseline (T0) and
at the end of the intervention (T1). The test includes 27
drawings of situations that are each accompanied by four
statements. The child must check a true or false box next
to each statement to indicate whether the text agree with
the situation depicted in the drawing. The complexity
and length of the sentences will increase gradually. Fol-
lowing the test protocol, eight minutes will be allotted for
the child to complete as many statements as they can. The
number of statements correctly evaluated will serve as the
outcome.

Standardized Word Reading Test The word reading
test (Ordleesepraven 2) assesses children’s word reading
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ability and will be administrated strictly according to the
manufacturer’s description [46]. Within four minutes,
children must read as many words as possible. The test is a
multiple choice with four drawings for each printed word.
Each child should read the word and choose the matching
drawing. The test outcome is the number of correctly read
words in four minutes.

Anthropometric and demographic variables

Participants’ height will be measured using a stadiom-
eter (West Sussex, UK) with a precision of 0.5 cm. Body
weight will be measured to one decimal (0.1 kg) using an
electronic scale (Tanita WB-150 SMA, Tokyo, Japan) and
the children will not be able to see their weight measure.
Overweight and obesity will be determined based on age-
and gender-specific body mass index (BMI) reference
values [47]. Waist circumference will be measured to the
nearest 0.5 cm above the navel, with a minimum of two
measurements taken. If the measurements differ by more
than 2.0 cm, a third measurement will be performed and
the average of the two closest measurements will be used.
Participants will self-report their puberty stage using a
questionnaire, which consists of five categories of sec-
ondary sex characteristics defined by Tanner [48], using
standardized color images as suggested by Carel and
Leger [49]. Information on pubic hairs development in
boys, and menstruation (yes/no), breast and pubic hair
development in girls will be collected.

Cognitive tests
The cognitive test battery includes visuo-spatial working
memory and a 1-back working memory task.

Visuo-Spatial Working Memory Task Visuo-Spatial
Working Memory (VSWM) task is a self-ordered search
task, which assesses an individual’s ability to store and
manipulate information about the location of objects on
a computer screen [50]. First, the test displays three filled
circles on a computer screen (level 3). The participant
must find a red dot behind one of the circles by touch-
ing each of the circles one at the time. The objective is
to touch as few times as possible at each level. The red
dot can only be positioned behind one circle and must be
dragged to a column on the right side of the screen, when
found. The red dot cannot be placed behind the circle
more than one time at a given level. When a given level is
finished, the participant continues to the next level where
there are additional number of circles. The number of cir-
cles increases until there are ten circles on the screen. The
placement of the circles is randomly distributed from trial
to trial. The test measures time to complete each level, the
number of errors made and the number of times the par-
ticipant changes search strategy during the trials. Errors
are defined as touching circles where the red dot cannot
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be (i.e., either previously found or already touched). The
outcome measure will be a score based on time, error and
strategy during the last three levels.

1-back working memory task Updating of working
memory is assessed using a 1-back task. This 1-back task
is constructed of representations of symbols (e.g., car,
cloud, key, eye and bicycle); one symbol is presented at
the time. The child must compare the symbol seen on the
screen with the symbol previously presented. Children
are instructed to press “yes” (a green key) on the keyboard
if these two symbols are identical and “no” (a red key) if
they are dissimilar, as fast, and as accurate as possible.
The test consists of 20 practice trials followed by one test
block of 20 trials (both 30% “yes” trials). Symbols are pre-
sented for 500 ms followed by a 3000 ms blank screen.
The response window and inter-stimuli interval is 3500
ms each. The results from the test constitute number of
correct and wrong “yes” and “no” answers, mean reaction
time for correct “yes” and “no” answers, and number of
non-responses in the test block. Normative data on the
n-back task for children and young adolescents have pre-
viously been reported [51].

Physical Tests

Andersen Test Cardiorespiratory fitness will be mea-
sured using the Andersen-test, a 10-minute intermittent
running test (15 s running and 15 s pausing), running
back and forth on a 20 m track [52]. Total distance cov-
ered will be used to represent cardiorespiratory fitness.
Verbal encouragement is given to encourage maximal
performance. If an obvious submaximal performance by
a child is seen, the results will be discarded. This test has
been proven valid and reliable compared to direct mea-
sures of maximum oxygen uptake in a similar cohort [53].
The Andersen-test has demonstrated reliability and valid-
ity for the target age group [54].

Accelerometry PA will be assessed using accelerometer
measurements (Axivity, Newcastle, UK) for one week
before the intervention starts (T0), once during the inter-
vention at randomly selected schools (but not the full
sample), and one week for all schools towards the end of
the intervention (T1). Children will wear the accelerom-
eter for seven consecutive days taped on their right thigh.
Data for a full day will be analyzed with minimum wear-
time requirements of 8 h/day. ACTi 4 software (Version
14.09, ACTi Corp., Copenhagen, Denmark) will be used
to identify different types of PA such as sitting, stand-
ing, walking, fast walking, running, cycling, sit-to-stand
movements, and steps taken. The amount of time spent
on each activity type each day will be calculated and time
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spent in different PA intensity levels according to the rec-
ommendations will be reported [55].

Wellbeing

Children’s wellbeing and quality of life will be assessed
using the Kidsscreen-27 questionnaire. The Kidss-
creen-27 is a valid and reliable tool for measuring health-
related quality of life and wellbeing in children and
adolescents. The questionnaire has been used in various
research projects to gain insights into the subjective expe-
riences and perceptions of young people regarding their
quality of life and well-being [56]. Kidscreen-27 assesses
the following 5 domains of health related to quality of life:
physical well-being (5 items), psychological well-being (7
items), relation to parents and autonomy (7 items), social
support and peers (4 items), and the school environment
(4 items). The original questionnaire consists of 27 items
and is structured in a series of questions answered on a
five-point Likert scale, ranging from “never” to “always”.
As this intervention is school-based only, the parent and
the autonomy domain are not included in this study. The
questionnaire will be administered in a paper version and
every item will be read aloud for the children to over-
come any reading difficulties.

Motivation

Children’s motivation for school will be assessed with the
Self-Regulation Questionnaire-Academic (SRQ-A) [57].
SRQ-A is a domain specific, self-reported questionnaire
developed and validated for children in primary and
lower secondary school [37]. The SRQ-A originally mea-
sures four types of motivation (or behavior regulation)
for engaging in schoolwork and learning activities iden-
tified in the Self Determination Theory; intrinsic moti-
vation, identified regulation, introjected regulation and
external regulation. However, in this study only the two
autonomous types of motivation; intrinsic motivation
and identified regulation, will be measured to shorten
the questionnaire tol0 questions. The questionnaire will
be administrated electronically in REDCap. A trained
person will aid the children with reading each item while
they complete the questionnaire on a computer.

Implementation process evaluation

To evaluate the implementation of the interventions,
the Reach, Effectiveness, Adoption, Implementation,
and Maintenance (RE-AIM) framework will be used as
a guide [58]. The RE-AIM framework is widely used to
plan, guide and evaluate intervention studies and expand
the knowledge of “how and why”. Definitions of the RE-
AIM implementation outcomes adapted to ACTIVE
SHOOL are displayed in Table 2. The outcomes will be
assessed both quantitative and qualitatively and will
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Table 2 Dimension definitions of RE-AIM in ACTIVE SCHOOL
process evaluation
Evaluation dimensions definitions of RE-AIM

Dimension Definition
Reach Refers to recruitment strategy and procedure
for this.

Refers to the proportion and representative-
ness of included schools and children.

Refers to the effect of the interventions on ac-
ademic performance, cognitive performance,
motivation and well-being in intervention
group children compared to the control
group, who do not receive the intervention.
Refers to the principal’s decision to accept
the intervention as a part of a school year,
and staff decision to adopt the intervention
or not. This is reported as the acceptability,
appropriateness rated by the staff and their
delivery of any part of the intervention.
Refers to the staff adherence to the target
minutes of the intervention and the fidelity to
intervention principles delivered as intended.
Feasibility and adaptability additionally refer
to implementation quality.

Refers to the extent to which intervention
implementation was maintained throughout
the school year (short-term maintenance).
Additionally, indicators of sustainability are
identified.

Effectiveness

Adoption

Implementation

Maintenance

be collected on multiple levels (child, teacher, school
management).

Reach In the present study, the reach dimension reports
how the recruitment of schools is executed, as well as the
size and representativeness of the included school. Also,
the strategy for recruiting children is reported. Reach also
covers demographic description of parents/guardians of
the participating children and the teachers, where the
proportion of consents returned will be a measure of will-
ingness and commitment to the project.

Effectiveness Effectiveness is to which extend the inter-
ventions affect academic, cognitive, physical and motiva-
tion outcomes, as described in Outcome Measures.

Adoption Adoption is a measure of the acceptability and
understanding of the interventions experienced by the
school staff assessed both quantitatively and qualitatively.

Teachers and pedagogues will complete the survey
Usage Rating Profile-Intervention (URP-I) before the
interventions begin, midway and at the end of the inter-
vention period [59]. URP-I is a validated, self-reported
questionnaire containing 29 items covering six factors:
acceptability, understanding, feasibility, system climate,
and system support. Each item is rated on a scale from
1 (Strongly disagree) to 6 (Strongly agree). A summed
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score will be calculated for each of the factors. The origi-
nal URP-I is translated into Danish following a protocol
of a four-step-process inspired by WHO guidelines [60].

Additionally, adoption will be evaluated by interviews
with school staff involved in the study. Teachers, peda-
gogues, and school principals will be invited to focus
group interviews. The purpose of the interviews is to
gain deeper understanding of how the interventions were
adopted into practice and which adaptations were made.
Interviews will be conducted in the last months of the
intervention. The interviews will follow a semi-structured
guide, be transcribed verbatim and undergo reflexive the-
matic analysis [61].

Implementation The implementation evaluation will
give comprehensive knowledge of how the interven-
tions are implemented in the schools and how they are
adapted to the specific schools’ context. Implementation
fidelity will be evaluated in a self-reported SMS survey
sent out every week throughout the study period. The
teachers/pedagogues will receive a SMS with a link to a
short survey, which can be answered from their mobile
phones. These surveys will be distributed, and data will
be collected and stored using REDCap. The survey ques-
tions will assess adherence in all three groups (RJF, ML
and CQ), in terms of the total minutes of PA delivered. In
the two intervention groups fidelity will be measured, in
terms of how closely the intervention principles were fol-
lowed over the previous week. The feasibility of the imple-
mented strategies will also be measured with the URP-I
questionnaire and within the aforementioned focus group
interviews. Furthermore, observations will be conducted
in the schools [62].

Maintenance Maintenance will be measured six months
after the beginning of an intervention and onwards [63].
Answers on delivery of minutes of PA from SMS survey
will be the outcome. Furthermore, group interviews will
cover intentions to maintain the interventions after the
end of the intervention period.

Plan for data management, analysis, and statistics

Descriptive statistics across groups will be summarized
and presented. Flow diagram of participants will be
described and presented according to the Consolidated
Standards of Reporting Trials (CONSORT) 2010 for
randomized controlled trials [64]. Differences at base-
line between participants included and excluded in the
main analyses will be presented (e.g., drop-out analyses)
and data will be analyzed for between-group differences
(interventions vs. control) at baseline for all outcomes.
The effects of the intervention on both primary and sec-
ondary outcomes will be tested in intention-to-treat
analysis using multilevel mixed models with group
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(interventions/control) as fixed effect and adjusted for
relevant confounders not evenly distributed between
groups at baseline. School and class will be included as
random effects in the model to account for the cluster
structure of the data. Furthermore, per-protocol analysis
will be performed including only children from classes
compliant with the intervention principles (based on
SMS-survey answers from teachers/pedagogues). The
statistical analysis will be performed using R (R Core
Team, 2022) and in the IMB Statistical Package for the
Social Sciences (SPSS) version 24.

Data security

All participating children in the study will be anonymized
by an identification number (ID number), and no identi-
fying information will be stored. A key coupling the ID
number with personal information will be stored sepa-
rately to secure confidentiality. All data will be entered,
secured and stored in REDCap. The data management
plan is available on request. Only researchers participat-
ing in the ACTIVE SCHOOL project will have access to
the final dataset. Other researchers can apply for the use
of completely anonymized data after contractual agree-
ments have been made. All rules from the Danish Data
Protection Agency and General Data Protection Regula-
tion (GDPR) will be followed. Results from the project
will be communicated to the participating families and
schools, the press, and will furthermore be published in
non-scientific journals, as well as in peer-reviewed, sci-
entific journals. Authorship will follow the Vancouver
Recommendations.

Organizational structure and responsibilities

The research team behind the ACTIVE SCHOOL proj-
ect is a multidisciplinary group of experts in PA, school
context, cognition, learning, motivation and childhood
health. This team is responsible and handles all aspects
of the study management including recruitment, training
of intervention deliverers and test personnel, data collec-
tion and handling, final analysis and reporting of results.
Since the ACTIVE SCHOOL project was initiated, an
international multidisciplinary advisory board has been
assigned. The board has ensured scientific quality in all
aspects of the project.

Discussion

The school setting is well suited for large-scale PA initia-
tives. In Denmark, most children and adolescents attend
school, therefore, school-based PA interventions have
the potential to reach almost all children including over-
weight, physically inactive, and unfit children, who are
difficult to target by other means. Enhanced PA might
have a positive impact not only on health and wellbeing
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[3, 19], but also on cognitive skills and academic perfor-
mance [7, 8, 11-13, 26].

Despite a growing body of evidence connecting PA in
schools with enhanced academic performance, it remains
unclear which specific forms of PA in the school are the
most feasible and effective for the benefit of children’s
academic performance. Following the development and
feasibility study, the ACTIVE SCHOOL RCT study will
assess the feasibility and effects of the two interventions,
RJF and ML, focusing on two different means to enhance
PA in schools. Only few school-based studies have com-
pared different approaches to implement PA during the
school day. The Norwegian ‘School in Motion Study’
investigated effects on academic performance of two
different interventions on Norwegian 14-year-olds [6].
One intervention focused on increasing the students’
PA level (called Physically Active Learning) and another
group focused on promoting friendship and collabora-
tion between students (called Don’t worry — Be Happy).
Both intervention groups improved academic perfor-
mance in math compared to the control group, demon-
strating that different PA interventions in schools can be
viable models to increase academic performance [6]. Like
the ‘School in Motion Study, ACTIVE SCHOOL aims to
assess the feasibility and test the effects of two different
approaches to enhance PA in schools.

Strength and Limitations

The ACTIVE SCHOOL study has several strengths.
First, the two interventions were developed in collabora-
tion with school staff, which should increase the chances
of acceptability and feasibility [33, 65]. Second, the fea-
sibility-study enabled optimization of the protocol and
design for successful implementation of the interventions
in the school setting [33, 35]. Third, to facilitate success-
ful adoption, fidelity and long-term sustainability of the
interventions, the study provides teachers and peda-
gogues with support for establishing the interventions,
training courses, teaching materials and follow-up meet-
ings throughout the one-year implementation period.
Collectively, these strategies should enhance the feasi-
bility and effectiveness of the interventions in the school
context [35].

An additional strength is the application of the SPIRIT
33-item checklist and thereby following the recommen-
dations for reporting [66] (see Supplementary Material
1). Finally, the process evaluation guided by the well-
documented and comprehensive RE-AIM framework is
considered a strength of the study ensuring assessments
of relevant implementation outcomes, advancing the
knowledge gained in the study [58, 67, 68].

There are several limitations. Despite using a well-
described and commonly used test in Denmark for the
main outcome (academic performance in math), the fact
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that the teachers administer the test in their classroom
may be considered a limitation and may potentially cause
data-collection bias [46]. Also, the choice to not include
other tests of academic and cognitive performance may
be a limitation. However, this decision was based on
real-world time constraints that exist when conducting
research in the classroom, as caution is needed so as not
to burden schools and teachers.

An additional limitation is that the school setting is a
difficult environment to conduct research, as schools
are dynamic, complex, and unpredictable. Every school
is unique, and schools vary in size, type, student com-
position, teacher resources, budget (amount and priori-
tizing), urban/rural uptake area, physical environment,
school culture, etc. Therefore, standardization of a school
PA interventions is not easily achievable. To account
for these differences, interventions for each participat-
ing school were adapted and tailored to fit each school’s
unique context to optimize implementation [69-72].

Schools voluntarily indicated their willingness to par-
ticipate in the study, in many cases because they have a
profound interest in PA. Their decision to participate
could be motivated by their desire to introducing PA into
their curriculum or to strengthen an existing culture of
PA. In the latter case, the implications could be a reduced
probability of finding an effect of the intervention.

The ACTIVE SCHOOL study will contribute to the
current knowledge regarding the feasibility and effects
on academic performance of two different approaches
to enhance PA in schools (Physical activity with a focus
on having moderate-to-vigorous intensity vs. movement
activities aimed at embodied learning of math and Dan-
ish) when implemented in real world scholastic settings.
By doing so, the study has the potential to contribute to
future research, as well as educational practice on using
PA in schools to support education and learning.
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