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Background: The problem of sedentary behavior among primary school 
children is alarming, with numbers gradually increasing worldwide, including 
Sri  Lanka. Physical activity interventions within classroom settings have been 
acknowledged as a critical strategy to increase students’ movement behaviors 
while enhancing their academic achievement and health. Yet, the busy 
curriculum and challenging educational demands encourage more sedentary 
classroom behavior. Hence, this study aims to develop and evaluate an in-
classroom physical activity breaks (IcPAB) intervention among fifth graders in 
Sri Lanka.

Methods: The study will adopt a randomized controlled trial (RCT), comprising 
an in-classroom physical activity breaks program group and a control group to 
evaluate the effects of IcPAB on academic achievement, movement behaviors 
and health outcomes. The intervention design is based on the capability (C), 
opportunity (O) and motivation (M) behavior (B) (COM-B) model. A least 198 
fifth graders will be recruited from two schools in Uva province, Sri Lanka. The 
recruitment process will start in late 2022. Class teachers of the intervention 
group will implement 5-min activity breaks at least three times a day after 
completing a training session. The primary variables include mathematics 
and reading achievement. The secondary variables include physical activity 
levels, steps count, sedentary behavior, body mass index, aerobic fitness, and 
perceived stress. Data collection will be implemented at pre-test and post-test, 
respectively. Intervention fidelity and the process will also be evaluated.

Discussion: The IcPAB is designed to prevent pure educational time loss by 
introducing curriculum-integrated short bouts of physical active breaks into the 
classroom routine. If the IcPAB is effective, it can (1) improve the mathematics 
and reading achievement of fifth-grade girls and boys, which is a significant 
factor determining the performance at the Grade Five National Scholarship 
Examination in Sri Lanka; (2) improve movement behaviors as well as physical 
and mental health outcomes among primary school students. Sequentially, the 
IcPAB will enrich school-based physical activity intervention approaches which 
can in turn bring academic and health benefits to primary school children in 
Sri Lanka.
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Trial registration: The first version of the trial was registered with the ISRCTN 
registry (Ref: ISRCTN52180050) on 20/07/2022.

KEYWORDS

in-classroom physical activity breaks, behavior change wheel, academic achievement, 
health outcomes, fifth graders

1 Introduction

The effects of physical activity (PA) on academic achievement 
(1, 2), movement behaviors (3, 4) and health outcomes such as 
body mass index [BMI; (5, 6)], aerobic fitness (7, 8), and 
psychological health such as stress/ test anxiety levels (9, 10) 
among school children have been long established. However, 
reports including the elementary education sector highlighted that 
children should meet the recommended daily PA behavior levels, 
such as engaging in at least 60 min of moderate-to-vigorous 
physical activity [MVPA; (11)]. One primary factor influencing 
this figure is that children have long seated learning time in the 
classroom due to high academic curriculum demands in primary 
school (12, 13). As a result, sedentary behavior among primary 
school children has become alarming, with figures steadily 
increasing worldwide (14, 15).

A situation analysis conducted in 2016 showed that the 
learning time is less activity-based (16) in Sri  Lanka. National 
surveillance data also indicated that 63 to 72% of students (age 
range = 6–12 years old) engaged in sedentary activities (17). Among 
the five grades in primary schools in Sri  Lanka, the grade five 
curriculum is one of the most loaded and competitive in teaching 
and learning (18–20). The underlying reason is that grade five 
students are expected to sit for a national-level competitive 
scholarship examination in addition to their curriculum-related 
reviews at the term tests (18, 19, 21, 22). Therefore, the teachers 
and students are tense in preparing for the scholarship examination 
and surpassing the cutout marks while achieving the required 
competency levels for fifth graders (16, 19, 23, 24). This has 
increased the sedentary behavior with more traditional seated 
learning as the main objective of the teachers is to improve the 
students’ academic achievement. As a consequence, most of the 
fifth graders are identified to be physically inactive (17, 25–27), 
below recommended body mass index (BMI) percentiles (17, 25), 
aerobically unfit (18), and stressful (16, 19, 20, 23, 24, 28). 
Therefore, there is a need to target fifth graders in primary schools 
in Sri  Lanka to prevent grade-related sedentary behavior and 
obtain health benefits and maximum academic performance.

It has been observed previously that PA breaks can improve the 
number of steps by 18% and minutes of MVPA by 26% during the 
school day (29, 30). Hence, there needs to be enablement to help 
manage the increased academic curriculum, and classroom settings 
are recommended as the best setting to achieve the benefits of PA 
(31–34). In the recent decade, few countries introduced the 
concept of in-classroom physical activity breaks (IcPAB) as a 
means of enhancing academic achievement (12), physical behaviors 
(35), and health outcomes (10, 36) by changing traditional seated 

learning into active learning among elementary school students. 
Still, more IcPAB initiatives are needed due to several limitations 
emphasized by a recent review based on the data from 1,538 
primary school students (from 7 to 12 years old) in 10 studies (37):

(1) Not enough studies focused on introducing integrated PA 
into academic content through classroom-based interventions (37–
40). (2) Most of those studies are introduced for populations from 
high-income Western countries (37, 39, 41) such as the USA, 
Australia, the Netherlands and Switzerland. The intervention effects 
based on gender are understudied. (3) Different durations were used 
in previous IcPAB initiatives, ranging from 10 min to 4,800 min (37), 
even though teachers prefer activity breaks that will take no more 
than 5 minutes (37), and the effectiveness of five-minute IcPAB 
interventions are understudied (37). (4) Previous studies 
demonstrated average methodological quality, with concerns around 
the randomization procedure, handling of missing data, outcome and 
process evaluation (37). This calls for future study protocols with a 
more robust methodological quality to avoid potential risks of bias in 
the IcPAB interventions, in addition to the well-explained outcome 
and process evaluation and fidelity methods. (5) Few studies used 
theoretical frameworks and evidence from related stakeholders such 
as teachers in designing IcPAB interventions. The review suggests 
(37) that robust PA interventions should be  backed by well-
established theories such as the capability (C), opportunity (O) and 
motivation (M) behavior (B) (COM-B) model (42) while considering 
the evidence-based opinions of the beneficiaries of the IcPAB in 
implementing an IcPAB program.

Therefore, there is a need for more IcPAB initiatives integrated 
into the curriculum across different geographic locations/ cultures 
(37) that require shorter bouts of time [i.e., around 5 minutes (12, 
43)] with strong methodological quality (39, 44), outcome and 
process evaluation procedures and theoretical underpinnings (37, 
39, 44). Also, the moderating effects of gender on the intervention 
should be  further examined. Thus, by addressing the research 
limitations, this study aims to develop, implement, and evaluate a 
12-week IcPAB program among grade five primary school children 
in Sri Lanka.

Depending on the aforementioned rationale, the specific 
research questions of this study include: (1) What is the impact of 
the IcPAB intervention on the primary outcome, academic 
achievement (mathematics and reading achievement) during the 
school day? (2) What is the impact of the IcPAB intervention on 
the secondary outcomes, movement behaviors (PA levels, steps 
count and sedentary behavior) and health outcomes (BMI, aerobic 
fitness, and perceived stress) during the school day? It is 
hypothesized that the IcPAB group will show improvement in all 
measures compared to the control group.
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2 Methods

This study received ethical approval from the Ethics Review 
Committee of the University of Kelaniya, Sri Lanka (Ref: UOK/ERC/
SS/2022/009) and Hong Kong Baptist University (Ref: SOSC-
SPEH-2022-23_113). The trial was retrospectively registered with the 
ISRCTN registry (Ref: ISRCTN52180050). Methods are reported by 
adhering to the Consolidation Standards of Reporting Trials 
(CONSORT) guidelines and the Standard Protocol Items: 
Recommendations for Interventional Trials (SPIRIT) Statement 
throughout the study. The completed SPIRIT Checklist is added as a 
Supplementary material S1.

2.1 Study design and selection of subjects

A single-blinded parallel randomized controlled trial (RCT) will 
evaluate the intervention effects of IcPAB compared to a control 
group. Target participants will be  the fifth graders in government 
primary schools. Based on the data shared by the Ministry of Health, 
Sri  Lanka, the COVID-19 pandemic severity was slight in the 
Bandarawela Education Zone (city) in Badulla District. Therefore, the 
government schools of Bandarawela Education Zone were contacted 
to initiate the recruitment process in late 2022. The age range of the 
grade five students is 9 to 10 years old. The targeted population is 
exposed to 6 hours of regular classroom time (7.30 a.m. to 1.30 p.m.), 
including a 20-min lunch break according to the government primary 
school norms in Sri Lanka. Within the government primary school 
setting, the teacher in charge of a class should teach all subjects in the 
syllabus for the class, such as mother tongue, mathematics, religion, 
environment and English. Depending on the interests of the schools, 
the teachers will conduct additional classes after regular school time 
to prepare the students for the year-end national scholarship 
examination. Therefore, the study was designed to be implemented 
only during the standard classroom time for 12 weeks.

Based on GPower 3.1 software, through a priori power analysis, it 
was estimated to obtain at least 198 participants for both the 
intervention and control groups to expect an effect size of 0.21 
[Cohen’s f, converted from d, (45, 46)] on academic achievement 
(mathematics) by providing a power of 0.8 (1-β) with an alpha of 0.05 
to test the primary hypotheses of the study with an estimated 10% 
dropout rate [dropout rates were less than 10% in previous studies (10, 
33, 47)] at the post-test/ follow-upstage.

Therefore, it is anticipated to recruit five to six classes (30 to 40 
students per class) from two government schools to conduct the study 
to reach the required minimum sample size. Block randomization 
technique via MS Excel, will be used to randomize the sample classes 
by an assessor who is blinded to the intervention content and 
outcome assessment.

Permission was obtained first from the Bandarawela zonal 
education director to contact eligible government schools. For two 
schools to be  eligible, grade five education must be  offered, the 
students should not be  exposed to similar interventions, and the 
principals must consent to join the research project. Once the 
principals grant the permission, the research team will contact the 
teachers in charge of the fifth-grade classes.

Teachers in charge of classes, parents/ guardians, and children at 
participating schools will be distributed with an informed consent 

form (Supplementary material S2) in plain language during the 
parents’ meeting days organized by the teachers. After obtaining the 
permissions, the principal investigator and the research assistants will 
visit the schools to collect data by giving prior notice to the teachers 
in charge of classes. The teachers will deliver the IcPAB. Therefore, all 
the students in the intervention classes will be exposed to IcPAB.

However, data will be collected only from the students meeting 
the consent requirements. The study will not include data from 
students with special health conditions and special education needs. 
An overview of the participant flow diagram (Figure  1) and the 
intervention schedule for enrolment and assessments [SPIRIT Figure 
(Figure 2)] are provided below.

2.2 Intervention

2.2.1 Development of the intervention
Development of the intervention is facilitated through six steps. 

The conceptual design of mapping COM-B onto the suggested 
research work and the specification of each target behavior in 
developing and implementing the intervention is provided in 
Supplementary material S3.

Step 1: Systematically reviewed RCT-based IcPAB interventions 
for primary school students to identify the current practices at the 
global level. The review findings have been published elsewhere (37) 
by recommending the use of COM-B model as the theoretical basis 
for designing IcPAB interventions.

Step 2: Conducted semi-structured interviews with 21 primary 
school government teachers in Sri Lanka to analyse their perceptions 
on implementing IcPAB among Grade five students. The interview 
findings, which was thematically analyzed based on the COM-B 
model have been published elsewhere (20).

Based on the review (37) and the interview findings (20), the 
intervention was developed by embedding the Capability, 
Opportunity, Motivation-behavior (COM-B) model (20, 42, 48–50). 
The underlying theory of the COM-B model mentions that outcome 
behaviors must be understood in their context with consideration 
given to the individuals’ existing capability, opportunity and 
motivation to achieve these target behaviors (38, 42, 48, 51, 52). For 
example, it should be mentioned that the COM-B factors have been 
considered in IcPAB intervention and how they are addressed through 
the behavior change techniques (BCTs) (38, 53–55), which are defined 
as the active, observable, replicable, and irreducible components (42, 
54) of the COM-B model.

Step 3: Identify the related COM-B that must be addressed to 
develop and implement the IcPAB. For example, as explicated in 
Table 1, it was identified that the class teachers’ dress code as a physical 
capability-related factor that should be concerned of when designing 
the IcPAB activities. Because teachers highlighted that they would 
have physiological limitations to demonstrate IcPAB as they are not 
wearing sports friendly wear at the classroom.

Step 4: Applied the BCTs from the BCTv1 taxonomy to mitigate 
the identified behavioral issue (Table  1) to enhance academic 
achievement, movement behaviors and the health outcomes of the 
target group. For example, it was identified that the teachers’ doubts 
on physical capability factors such as dress code-related physiological 
limits can be mitigated by providing credible written materials and 
videos of how previous IcPAB practices are conducted despite teacher 
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FIGURE 1

Flowchart of participants through the IcPAB program.
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age and dress (BCT 9.1) and telling teachers individually that they can 
successfully conduct IcPAB frequently (BCT 15.1). Further details are 
provided in 2.2.2 below.

Step 5: Designed IcPAB activities and facilitator packs with local 
educators based on the evidence collected from the review and the 
interviews. For example, a manual, logbooks, timers, WhatsApp 
messaging group and 20 IcPAB cards were prepared as intervention 
materials. The details of IcPAB cards will be illustrated in 2.2.2 below.

Step 6: Tested the IcPAB cards in a pilot test with two teachers 
from two classes in one school. This school will not be involved in the 
main intervention. The aim of this pilot is to test the ability of the 
teachers to follow the instructions provided on IcPAB cards and to 
observe the students’ reaction toward the activity breaks.

Step  7: As elaborated in 2.2.2, conduct a training for the 
intervention class teachers to be familiar with the IcPAB program.

The first six steps were completed, and the Step 7 will be facilitated 
in future.

2.2.2 Delivery of the IcPAB in the intervention 
group

The IcPAB program will introduce 20 cards among all intervention 
classes. The interviews (20) conducted during the intervention 
development stage (Step 2 in section 2.2.1) explored that activities 
which take around 5 minutes would be feasible to implement in class 
due to high density of teaching content in each regular class. Also, the 
previous evidence assured IcPAB, which requires less than 5 min to 
provide positive intervention effects (12, 56). Therefore, the teachers 
will be requested to implement at least five-minute PA breaks three 
times daily. Each activity should be implemented for at least 5 minutes.

The IcPAB cards can be incorporated into the mathematics and 
language reading lessons. All the cards are designed for teachers to 
teach mathematics and language lessons using physically active 
teaching methods while reducing the fifth graders’ school day seated 
learning time without interrupting academic teaching time. The 

nature of the activities will also assist students to improve their aerobic 
fitness and enjoy learning by forgetting any stressors. Each card has a 
picture resembling a particular IcPAB. The back of the card has written 
instructions on performing the activities in addition to the instructions 
provided in the IcPAB manual. The manual was designed for 
Sri Lankan teachers with pictures by merging the activities with the 
fifth-grade curriculum with PA.

The first card is designed to implement a breathing exercise as 
students require stress relief. Hence, the teachers can choose either the 
first IcPAB card with another card as the first activity of each day or 
another activity card. Even if the teachers decide not to use the IcPAB 
card one, they are given instructions on each card to do a little 
breathing before starting any activity if deemed necessary. Teachers 
are reminded on each card to use encouraging words (such as very 
good) to finish the activity and refer to the lesson.

For example, as provided in Supplementary material S4, the first 
card (IcPAB card ID: IcPAB 3) is designed to help the students with 
arithmetic skills. If a teacher wants the students to relax by doing a 
breathing exercise, the students will be instructed to stand comfortably 
and inhale- exhale three times by raising up and down on the toes 
while moving the hands up and down in the same rhythm. Then, the 
students will solve a multiplication problem given by the teacher (if 
the problem is more complicated, ask students to use a piece of paper 
while standing) and jump on the spot equal to the obtained answer. 
Next, the teacher will repeatedly solve the question with the students 
and jump on the place. The students will be given a verbal appreciation 
with or without a clap.

The teacher training (BCT 6.1) will be the primary enablement of 
the teachers to engage in the intervention. Teachers involved in the 
intervention will receive one-hour training 1 week before the 
commencement of the IcPAB intervention. The principal investigator 
will conduct the training session in a classroom after the regular 
school time upon the teachers’ availability. Teachers will receive 
intervention materials such as the IcPAB manual, IcPAB cards, timers, 

STUDY PERIOD
Enrolment Allocation Baseline Close-out

TIMEPOINT** -t1 0 t1 t2
ENROLMENT: X

Eligibility screen X

Informed consent and assent X

Allocation X

Teacher training X

INTERVENTION:
In-Classroom Physical Activity Breaks

ASSESSMENTS:
Mathematics X X

Reading X X

Physical Activity Levels X X

Steps Count X X

Sedentary Behaviour X X

BMI X X

Aerobic Fitness X X

Perceived Stress X X

FIGURE 2

Intervention schedule for enrolment and assessments (SPIRIT Figure).
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TABLE 1 Utilizing COM-B and BCTV1 taxonomy to develop and implement the intervention based on interview findings.

Based on 
interview 
findings: What 
encourages 
seated learning 
OR hinders 
implementing 
physically active 
teaching inside 
the classroom?

Which model of behavior sources 
(COM-B) is related to the interview 
finding?

What should be done to 
introduce IcPAB 
intervention by 
improving the identified 
behavior source model?

What behavior change techniques from BCTTv1 should be applied to activate 
the intervention functions and policy categories?

Physiological limits due to 

the age and dress code

Physical Capabilities Provide examples from the field of 

education of how IcPAB can be used 

regardless of the physiological 

barriers.

4.2 Information about antecedents

5.3. Information about social and environmental consequences

9.1 Credible source

15.1 Verbal persuasion about capability,

i.e., Provide credible written materials and videos of how previous IcPAB practices are conducted despite teacher age 

and dress; tell teachers individually that they can successfully conduct IcPAB frequently

Convince the teachers that the IcPAB 

can be implemented without 

changing into a sporty dress.

6.1 Demonstration of the behavior

15.1 Verbal persuasion about capability,

i.e., Show the teachers in a real class situation how IcPAB can be done with the dress code for lady teachers (Saree); tell 

teachers individually that they can successfully conduct IcPAB frequently.

Lack of psychological 

confidence to implement 

physical activities other 

than the specified 

activities in the teachers’ 

guide.

Psychological Capabilities Provide easy-to-understand written 

and visual manuals on conducting 

IcPAB.

4.2 Information about antecedents

9.1 Credible source,

i.e., Provide a manual specifically designed for Sri Lankan teachers with pictures and videos.

Provision of regular training and 

feedback on IcPAB implementation.

4.1 Shaping knowledge

6.1 Demonstration of the behavior

15.1 Verbal persuasion about capability,

i.e., Hold special training sessions for teachers, advise and agree on how to perform IcPAB; Implement IcPAB with 

teachers/ provide assisted delivery; provide weekly feedback to the teacher and tell them they can successfully conduct 

IcPAB frequently.

Not receiving external 

enablement to conduct 

classroom-based physical 

activities.

Social Opportunities Request school-level policy decisions 

to implement IcPAB.

1.2 Problem-solving,

i.e., Hold meetings and request permission from section heads to implement IcPAB as a novel teaching strategy and to 

test its effectiveness on academic achievement.

Set goals to achieve a minimum 

number of IcPAB daily.

1.1 Goal setting (behavior)

i.e., Set a goal to implement 5-min IcPAB at least thrice daily.

Regular follow-up and monitoring of 

the fidelity.

7.1. Prompts/ cues

2.2 Feedback on behavior,

i.e., Send daily WhatsApp messages to teachers to implement IcPAB at least three times; monitor the way the teachers 

conduct IcPAB and provide informative, evaluative feedback.

(Continued)
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Based on 
interview 
findings: What 
encourages 
seated learning 
OR hinders 
implementing 
physically active 
teaching inside 
the classroom?

Which model of behavior sources 
(COM-B) is related to the interview 
finding?

What should be done to 
introduce IcPAB 
intervention by 
improving the identified 
behavior source model?

What behavior change techniques from BCTTv1 should be applied to activate 
the intervention functions and policy categories?

Most classrooms are 

crowded and need more 

space to conduct physical 

activities.

Physical Opportunities Convince the teachers that the IcPAB 

can be implemented in a small space 

just by standing in front of the desk.

6.1 Demonstration of the behavior

15.1 Verbal persuasion about capability, i.e., Show the teachers in a real class situation how IcPAB can be done just by 

standing behind the desk; tell teachers individually that they can successfully conduct IcPAB frequently.

Not receiving updated 

information on the risks 

of prolonged sitting

Automatic Motivation Provide examples of the risks of 

prolonged sitting and the benefits of 

doing IcPAB.

5.1 Information about health consequences

5.3. Information about social and environmental consequences

9.1 Credible source,

i.e., Provide credible written materials and videos on the risks of prolonged seating and how such risks can 

be minimized.

Lack of strong will to 

break sitting time and 

belief in the benefits of 

engaging in PA inside a 

classroom

Reflective Motivation Convince the teachers with evidence 

that the IcPAB are integrated into the 

curriculum and that the activities 

help enhance academic performance.

4.2 Information about antecedents

5.3. Information about social and environmental consequences

9.1 Credible source,

i.e., Provide credible evidence from previous research findings on how IcPAB helped enhance student performance in 

various subjects.

TABLE 1 (Continued)
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and the logbook. Intervention materials are written in the local 
language (Sinhala). However, English terms are used in the materials 
when deemed necessary.

By addressing the findings from the interviews (20), the training 
session with the application of the BCT taxonomy (i.e., BCT 4.1; 4.2; 
5.1; 5.3; 9.1) will cover (1) the importance and benefits of IcPAB by 
referring to previous research findings, (2) rationale of introducing the 
current IcPAB activities, (3) recording of the logbooks (4) 
demonstration of IcPAB and (5) questions and answer round. i.e., at 
training, teachers will be given credible written materials and videos 
of how previous IcPAB practices are conducted despite teachers’ age 
and dress (BCT 4.2; BCT 5.3 and BCT 9.1). The teachers will 
be convinced that the IcPAB can be implemented without changing 
into a sporty dress by demonstrating some activities during training 
in addition to the assisted delivery in the classroom (BCT 6.1). Also, 
teachers will be convinced about the risks of prolonged seating and 
how such risks can be minimized through IcPAB can be used (BCT 
5.1; BCT 5.3 with research evidence (BCT 9.1) in addition to how 
IcPAB helped enhance student performance in various subjects (BCT 
4.2 and 5.3) in other countries.

The principal investigator will deliver and observe the IcPAB 
program during the first two weeks of intervention to ensure 
adherence to the intervention protocol by following a previous 
practice (12). Therefore, extensive demonstrations of the active break 
activities will not be provided during the training. i.e., Following a 
previous intervention practice called assisted delivery (12), the 
principal investigator will deliver the intervention activities together 
with classroom teachers during the first week of the intervention. 
During the second week, the principal investigator will observe 
teachers doing the activities and provide support if needed. This 
assisted delivery method (BCT 6.1, BCT 4.1) during the first week of 
the intervention and the IcPAB manual (BCT 9.1) will enable the 
teacher to engage in the intervention activities continuously. Teachers 
are given the opportunity to replicate/ modify the PA breaks. If this is 
done, the teachers will record their actions in the logbook while 
noting the detailed information on the last pages of the IcPAB manual. 
Replicated/ modified activities will be  given feedback by the 
principal investigator.

Additionally, prompts (BCT 7.1) such as WhatsApp messages and 
interactive discussions (BCT 15.1) with the teachers will be used as 
techniques to implement the intervention to remind and persuade 
them to carry out the IcPAB each week at least to meet the minimum 
required dose (BCT 1.1). Furthermore, should the teachers face any 
difficulty, they will be assisted by the principal investigator or the 
research assistants to manage the issues (BCT 1.1) while providing 
informative, evaluative feedback (BCT 2.2) about their progress with 
the intervention activities. The feedback will also include the 
satisfaction of students.

However, should the children or the classroom teachers not want 
to implement intervention activities, they can do so without any 
reason. No participants will be advantaged or disadvantaged in any 
way by doing so. Parents, children, and teachers will be reassured that 
they can withdraw their permission anytime during this project 
without penalty. No foreseeable added risk was identified above the 
risks of everyday life. In addition, implementing IcPAB would not 
harm the students’ physical and emotional health or the pure 
educational time as the teachers will be given complete autonomy to 
choose the most appropriate time to carry on IcPAB.

2.2.3 Control group
The classes that will be  randomized in relation to the control 

group will not receive the IcPAB within 12 weeks of the intervention. 
However, those schools will be given all the resources to implement 
IcPAB activities once the post-test data collection is fulfilled. During 
the intervention period, the control group’s teachers will be contacted 
once weekly through WhatsApp phone calls by the principal 
investigator and twice a week physically by the principal investigator/ 
research assistants. Correspondence will be  maintained to obtain 
information about their lesson delivery patterns to ensure that the 
control group did not receive interventions to change their normal 
study modes.

2.3 Measurements

Synthesis of primary (academic achievement) and secondary 
outcomes (movement behaviors and health outcomes) measurements 
in this study are shown in Supplementary material S5. All 
measurement outcomes will be compared among the control group. 
Data collection for measuring outcomes will be  conducted by 
adhering to the Helsinki Declaration, national and school-level safety 
protocols and COVID-19 prevention guidelines.

2.3.1 Primary outcomes
Based on the interviews conducted with 21 teachers from the nine 

provinces of Sri Lanka (interview findings were published elsewhere; 
(20)), mathematics and reading performance were identified as the 
most important subjects for the students to perform well at the Grade 
Five national level scholarship examination. In the Sri Lankan and 
international contexts, it is evident that mathematics and reading 
performance are the key pillars of elementary education’s academic 
achievement (10, 12, 32, 33, 57).

2.3.1.1 Mathematics achievement
Mathematics achievement will be evaluated through a curriculum-

based standardized test designed by the teaching officers experienced 
in Grade five mathematics performance-related evaluation. This test 
will consist of 60 questions to assess the expected performance of a 
given term. Students will complete the test within 45 min. The 
principal investigator and the classroom teacher will collaboratively 
administer the test.

2.3.1.2 Reading achievement
Reading achievement will be evaluated through a standardized 

reading test specific to the Sri  Lankan Grade Five curriculum. 
Three grade five teachers have chosen two paragraphs to be used 
at the baseline and at the end of the intervention to evaluate the 
students’ reading achievement. The paragraphs include around 200 
to 250 words; each student will read the sections for 2 minutes. 
Reading performance will be evaluated by a teacher who is not the 
student’s classroom teacher (yet a classroom teacher of the same 
school’s parallel grade) under the principal investigator’s 
distant observation.

2.3.2 Secondary outcomes
Movement behaviors such as PA levels, steps count, and sedentary 

behavior within regular school hours will be  evaluated. Health 
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outcomes such as BMI, aerobic fitness, and perceived stress will 
be assessed as other secondary outcomes.

2.3.2.1 Movement behaviors
Objective data for the light physical activity (LPA), moderate 

physical activity (MPA), vigorous physical activity (VPA), MVPA, 
steps count, and sedentary behavior will be measured during regular 
school hours using waist-worn accelerometers (GT3-X triaxial model, 
ActiGraph LLC, Pensacola, Fla., USA). Accelerometer data will 
be collected for a week at baseline and the post-test (week 13).

The accelerometers will be  distributed by the teachers to the 
students randomly on the first school day and collected back on the 
fifth school day of the week. The research team will demonstrate to the 
teachers and the students how the accelerometers should be worn on 
the first day. However, due to the limited number of accelerometers, 
this study will use a randomly selected subsample (n = 47) to collect 
data to measure all the movement behaviors following previous 
research practice (12, 34, 58, 59). After accelerometers are randomly 
distributed to the students on the first day, the teachers will prepare a 
list assigning each student to a specific numbered accelerometer to 
ensure that the same child wears the same device every day during all 
the data collection stages. Then, the research team will receive another 
version of the same list where the students’ anonymous identification 
number is related to the accelerometer. The classroom teacher will also 
record absent students assigned with an accelerometer, and a 
researcher assistant will verify the data during the school visits.

Based on previous research practices (12, 60), only the 
accelerometer data, which will be identified for wearing more than five 
school hours on at least one school day, will be included in the analysis 
for intervention effects (12, 60). Following the standard practices in 
the studies involving children, non-wear time will be  defined as 
20 min of consecutive zeros (12, 31, 61). Freedson cut points will 
be used to classify movement behavior intensities based on the data 
collected in 15-s epochs (12, 62). Due to the focus on in-school PA, a 
longer wear time is not deemed necessary for the current study, as 
recommended by recent scholars (63). To confirm in-school wear-
time for valid days, a further visual check of each accelerometer profile 
will be undertaken (63). Therefore, research assistants will randomly 
visit the schools during the data collection week to ensure that the 
students wear the same device accurately during school hours.

2.3.2.2 Health outcomes (BMI, aerobic fitness, perceived 
stress)

Students’ weight in kilograms to the nearest 0.1 kg (27, 63, 64) and 
height in centimeters to the nearest 0.1 cm (27, 63, 64) will be recorded 
using a standard stadiometer and a weighing scale. Body weight in 
kilograms will be divided by height in meters squared to measure the 
BMI (27, 63, 64). Students’ age and gender-specified BMI categories 
will be identified using the calculator introduced by the Ministry of 
Health in Sri Lanka (65).

The multistage shuttle run/ beep test [66] will be used to measure 
aerobic fitness, proven highly reliable and valid among school children 
(32, 66). Results from the test will be used to calculate VO2 max using 
the equation proposed by previous studies (67, 68). Students will 
be asked to run back and forth on a 20 m course as instructed by a 
sound signal emitted from a pre-recorded tape, ensuring they touch 
the 20 m line with their foot (32). The sound signal frequency increases 
by 0.5 km/h every minute, indicating the next stage (level), starting 

with a speed of 8.5 km/h. The test ends when participants fail to reach 
the line before the signal.

Perceived stress will be  measured using a translated Sinhala 
version of the Perceived Stress Questionnaire 8–11 (PSQ8-11 (67)). 
PSQ8-11 will measure two subscales: perceived psychological stress 
(nine questions) and physiological stress (10 questions). This 19-item 
questionnaire requires the students to recall their feelings from the 
previous week. The students will self-rate their responses on a four-
point Likert scale (1 = never, 2 = sometimes, 3 = often, 4 = very often). 
A higher score on the questionnaire will indicate greater perceived 
stress (67).

2.4 Fidelity of the intervention

The primary source for assessing the fidelity will be the logbooks 
of the teachers. An example of a log sheet can be  found in 
Supplementary material S6. Teachers will indicate how many IcPAB 
they implemented daily throughout the intervention period. Teachers 
will be  reminded every day via WhatsApp messages to carry out 
IcPAB, and a research team member will visit the schools once a week 
to check if the logbooks are duly filled. The personal visits to the 
intervention schools will also minimize issues with time management 
and PA breaks implementation from the teachers’ side. In addition, 
accelerometer data from the post-test will be  compared with the 
responses obtained through teacher and student interviews at the 
post-test.

2.5 Process evaluation

During the intervention, the principal investigator will receive 
teacher feedback and give subjective evaluations on how the 
teachers implement the IcPAB. At the same time, the research team 
will obtain verbal feedback once a week from the students on 
IcPAB’s ability to provide fun and engagement using two close-
ended questions: (1) Did you enjoy the activities today? (2) Was it 
easy for you to follow the instructions and do the activities today? 
This ongoing feedback-receiving process will be used to overcome 
any identified or foreseen challenges to implement the IcPAB 
program (31, 43).

In addition, after the 12-week RCT intervention program, a five-
point Likert-scale questionnaire will be  distributed among the 
intervention group’s teachers and students to analyse process 
evaluation outcomes (Supplementary material S7). The teachers’ 
questionnaire consists of eight items, while the students’ questionnaire 
consists of nine items. Both the questionnaires were adopted from 
previous research work (56, 69).

2.5.1 Sustainability evaluation
As a sustainability strategy to track the program for future 

adoptions all the teacher facilitators and randomly selected 
student groups will be  contacted. The aim is to explore the 
perceptions of teachers and students in attending and 
implementing in-classroom PA breaks program through a semi 
structured interview study based on the capability, opportunity, 
and motivation behaviors model. The interview guide is available 
in Supplementary material S8.
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2.6 Data analysis

Data will be  statistically analyzed using IBM SPSS software 
version 28. A randomization check will be  performed using 
independent t-tests (for continuous outcomes) and chi-square (for 
categorical variables) tests (70). Descriptive statistics such as mean, 
standard deviation, and percentages will be  used to describe the 
baseline characteristics of the sample and the attrition rates. Primary 
analysis will be handled with an intention-to-treat modified (m-ITT) 
approach (71). Missing values analysis will be conducted to observe 
whether the data are missing completely at random (MCAR). Missing 
data values will be handled using the multiple imputation method 
with chained equations.

To test the effectiveness of the IcPAB, generalized linear mixed 
models (GLMM) will be used by linking to the dependent variables at 
the individual level (students) and group level (intervention vs. 
control) with time (pre to post-test) (12, 72, 73). A random intercept 
will be used to account for the repeated measures of the subjects (35). 
To test the moderation effects by gender, an interaction test will 
be conducted via GLMM by setting group-by-time-by-gender as the 
moderator (35). A 5% level (two-tailed) will be used as the statistical 
significance cut-off point (74). All the intervention effects will 
be reported based on the type III tests of fixed effects of GLMM. The 
estimates of the impact sizes will be written based on the estimated 
coefficients (β) with the 95% confidence intervals/ odds ratio for those 
estimates based on previous intervention effect report practices for 
IcPAB (31, 63) in addition to the mean changes in the intervention 
and control groups. The odds ratio (OR), where OR = 1.68, 3.47, and 
6.71 are equivalent to Cohen’s d = 0.2 (small), 0.5 (medium), and 0.8 
(large), will be  used for the interpretations, respectively, (75). 
Furthermore, a sensitivity analysis to the m-ITT results will 
be  facilitated by considering all the subjects who complete all the 
baseline and post-test measurements for all the primary and secondary 
outcomes to ensure the robustness of the primary data assessment and 
strengthen the conclusions and credibility of the study’s findings.

3 Discussion

The primary aim of this RCT is to investigate the effects of the 
IcPAB program on the mathematics and reading achievement of fifth 
graders in Sri Lanka. Secondarily, the intervention effects of the LPA, 
MPA, VPA, MVPA, steps count, and sedentary behavior will 
be evaluated in addition to the health outcomes such as BMI, aerobic 
fitness, and perceived stress.

This intervention has addressed several recommendations and 
limitations pointed out by previous studies: (1) To the best of the 
authors’ knowledge, this is the first IcPAB intervention, which will 
be implemented among governmental primary school girls and boys 
in Sri  Lanka by integrating mathematics and reading curriculum 
components into the IcPAB content. The intervention will analyse its 
moderation effects by gender. Thus, this intervention’s findings will fill 
an existing population gap and add new knowledge to academia (39, 
41). (2) It is reported that the IcPAB, which requires a more prolonged 
duration per activity, are less feasible (12, 39, 76). At the same time, 
teachers prefer shorter bouts of IcPAB, at least at most 5 minutes (20, 
37). This intervention will provide more evidence of the effects of 
using five-minute curriculum-integrated PA breaks.

(3) The intervention uses a RCT with a parallel single-masked 
design, ensuring a low bias risk to its methodological quality (39, 41, 
44). Also, the protocol contains a precise data analysis plan for 
handling missing data and examining the data with a sensitivity 
analysis. (4) Intervention fidelity and process evaluation mechanisms 
will be systematically followed and reported to ensure the feasibility 
of the RCT in the ‘real-world’ context (12, 39). As for the primary 
outcome evaluations, curriculum-based measurements are designed. 
Curriculum-based measures were recommended by the previous 
researchers due to its sensitivity toward small changes (12, 39) and the 
ability to be administered frequently (12, 39).

In addition, this intervention will use accelerometer data to 
analyse the effects of movement behaviors. This is a strength of the 
IcPAB intervention, as objective measures to record PA levels, steps 
count, and sedentary behavior are strongly recommended (12, 44). 
Furthermore, the effects of IcPAB on BMI, aerobic fitness and stress 
levels are under-researched among preadolescents (67, 77–81). In 
particular, higher stress levels among fifth graders in Sri Lanka are a 
critical issue (18, 28, 81). Global evidence also suggests that there are 
few efforts to be found in analyzing the effects of academic load on 
stress levels among preadolescents and adolescents (67, 77–81). (5) 
The intervention materials were developed with fifth-grade teachers 
in Sri Lanka by analyzing the current capabilities, opportunities, and 
motivations of the prospective IcPAB implementors (20). Therefore, 
this intervention is equipped with a theoretical foundation, COM-B 
model (38, 39, 82). Thus, the IcPAB program will address these facets, 
a significant strength of this RCT.

3.1 Limitations

Despite the strengths mentioned above, it is possible to indirectly 
affect the fidelity of the intervention due to the ongoing economic 
crisis and post-COVID-19 pandemic in Sri  Lanka (83, 84). For 
example, the sudden closure of schools for a few days will reduce the 
number of days the IcPAB can be  implemented weekly (83–85). 
Furthermore, participants were limited to the Uva Province in 
Sri Lanka. This will cause a representation bias in the data (86). The 
classes are randomized into intervention and control groups. This may 
cause potential contamination effects. Therefore, use of a cluster-RCT 
design is recommended to in the future studies similar to a previous 
study (31). There may be a potential for bias as the same teacher who 
is delivering the IcPAB records the fidelity of the intervention (12) 
even though the research team plans to conduct weekly observations 
of the frequency of conducting IcPAB. Also, the results may be limited 
by poor protocol compliance if few classes are included in the study 
as “one teacher could skew the results” (31).

Even though, this study was designed based on COM-B model to 
address the hindrances to implement classroom-based PA, effect of 
the factors such as participants’ dietary habits (87), challenges with 
school initiatives (88), children’s preferences for outdoor activities (89) 
will not be measured throughout the proposed RCT.

3.2 Significance of the study

Using the COM-B model as a theoretical underpinning and 
behavior change technique on teacher facilitators will provide more 
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opportunities for children to be active at school. Active children are 
identified to improve their academic performance, physical behaviors, 
and health. Therefore, this study could improve the mathematics and 
reading achievement of fifth-grade girls and boys, which is a 
significant factor determining the performance at the Grade Five 
National Scholarship Examination in Sri Lanka. At the same time, the 
IcPAB program will help improve healthy behaviors and health, 
including emotional health, among primary school students. 
Furthermore, the IcPAB program was designed to prevent pure 
educational time loss by introducing curriculum-integrated short 
bouts of physically active breaks into the classroom routine. Therefore, 
future findings of this study will be significant in providing positive 
effects of IcPAB on primary school children as an RCT that addresses 
several limitations of previously implanted IcPAB programs.

Ethics statement

The studies involving humans were approved by the Ethics Review 
Committee of the University of Kelaniya, Sri Lanka (Ref: UOK/ERC/
SS/2022/009) and Hong Kong Baptist University (Ref: SOSCSPEH-
2022-23_113). The studies will be conducted in accordance with the 
local legislation and institutional requirements. Written informed 
consent will be obtained from the participants' legal guardians/next of 
kin prior to participation in the study.

Data availability statement

Analysed data from the intervention will be published upon the 
completion of the intervention. Any data that would disclose the 
participants’ personnel information will not be made public.

Author contributions

DP: Conceptualization, Data curation, Formal analysis, 
Funding acquisition, Investigation, Methodology, Project 
administration, Resources, Validation, Visualization, Writing – 
original draft, Writing – review & editing. YD: Conceptualization, 
Methodology, Project administration, Supervision, Validation, 
Writing – review & editing. CV: Conceptualization, Methodology, 
Resources, Supervision, Writing – review & editing. WL: 
Conceptualization, Methodology, Project administration, 

Supervision, Writing – review & editing. JB: Conceptualization, 
Methodology, Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. The current study 
is supported by the Hong Kong PhD Fellowship Scheme (PF19-33094).

Acknowledgments

We thank Professor CV and the Central Queensland University, 
Rockhampton, Australia, for providing accelerometers to conduct the 
study. We  thank all the resource persons from Sri  Lanka who 
contributed to developing intervention materials. Also, we acknowledge 
the support of the Hong Kong PhD Fellowship Scheme.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1360210/
full#supplementary-material

References
 1. Mavilidi MF, Drew R, Morgan PJ, Lubans DR, Schmidt M, Riley N. Effects of 

different types of classroom physical activity breaks on children’s on-task behaviour, 
academic achievement and cognition. Acta Paediatr. (2020) 109:158–65. doi: 10.1111/
apa.14892

 2. Solberg RB, Steene-Johannessen J, Anderssen SA, Ekelund U, Säfvenbom R, Haugen 
T, et al. Effects of a school-based physical activity intervention on academic performance 
in 14-year old adolescents: a cluster randomized controlled trial – the school in motion 
study. BMC Public Health. (2021) 21:1–11. doi: 10.1186/s12889-021-10901-x

 3. Jones M, Defever E, Letsinger A, Steele J, Mackintosh KA. A mixed-studies 
systematic review and meta-analysis of school-based interventions to promote physical 
activity and/or reduce sedentary time in children. J Sport Health Sci. (2020) 9:3–17. doi: 
10.1016/j.jshs.2019.06.009

 4. Verswijveren SJJM, Ridgers ND, Martín-Fernández JA, Chastin S, Cerin E, Chinapaw 
MJM, et al. Intervention effects on children’s movement behaviour accumulation as a result 
of the transform-us! School- and home-based cluster randomised controlled trial. Int J 
Behav Nutr Phys Act. (2022) 19:76. doi: 10.1186/s12966-022-01314-z

 5. Santina T, Beaulieu D, Gagné C, Guillaumie L. Tackling childhood obesity through 
a school-based physical activity programme: a cluster randomised trial. Int. J Sport Exerc 
Psychol. (2020) 19:342–58. doi: 10.1080/1612197X.2020.1735257

 6. Hollis JL, Sutherland R, Campbell L, Morgan PJ, Lubans DR, Nathan N, et al. 
Effects of a ‘school-based’ physical activity intervention on adiposity in adolescents 
from economically disadvantaged communities: secondary outcomes of the 
‘physical activity 4 everyone’ RCT. Int J Obes. (2016) 40:1486–93. doi: 10.1038/
ijo.2016.107

https://doi.org/10.3389/fpubh.2024.1360210
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1360210/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1360210/full#supplementary-material
https://doi.org/10.1111/apa.14892
https://doi.org/10.1111/apa.14892
https://doi.org/10.1186/s12889-021-10901-x
https://doi.org/10.1016/j.jshs.2019.06.009
https://doi.org/10.1186/s12966-022-01314-z
https://doi.org/10.1080/1612197X.2020.1735257
https://doi.org/10.1038/ijo.2016.107
https://doi.org/10.1038/ijo.2016.107


Peiris et al. 10.3389/fpubh.2024.1360210

Frontiers in Public Health 12 frontiersin.org

 7. Donnelly JE, Hillman CH, Castelli D, Etnier JL, Lee S, Tomporowski P, et al. Physical 
activity, fitness, cognitive function, and academic achievement in children: a systematic 
review. Med Sci Sports Exerc. (2016) 48:1197–222. doi: 10.1249/MSS.0000000000000901

 8. Solberg RB, Steene-Johannessen J, Wang Fagerland M, Anderssen SA, Berntsen S, 
Resaland GK, et al. Aerobic fitness mediates the intervention effects of a school-based 
physical activity intervention on academic performance. The school in motion study – a 
cluster randomized controlled trial. Prev Med Rep. (2021) 24:101648. doi: 10.1016/j.
pmedr.2021.101648

 9. Klizienė I, Kimantienė L, Čižauskas G, Marcinkevičiūtė G, Treigytė V. Effects of an 
eight-month exercise intervention programme on physical activity and decrease of 
anxiety in elementary school children. Balt J Sport Health Sci. (2018) 4:23–9. doi: 
10.33607/bjshs.v4i111.674

 10. Mavilidi M, Ouwehand K, Riley N, Chandler P, Paas F. Effects of an acute physical 
activity break on test anxiety and math test performance. Int J Environ Res Public Health. 
(2020) 17:1523. doi: 10.3390/ijerph17051523

 11. Baran J, Weres A, Wyszyńska J, Pitucha G, Czenczek-Lewandowska E, Rusek W, 
et al. 60 minutes per day in moderate to vigorous physical activity as a natural health 
protector in young population. Int J Environ Res Public Health. (2020) 17:8918. doi: 
10.3390/ijerph17238918

 12. Watson A, Timperio A, Brown H, Hesketh KD. A primary school active break 
programme (ACTI-BREAK): study protocol for a pilot cluster randomised controlled 
trial. Trials. (2017) 18:433. doi: 10.1186/s13063-017-2163-5

 13. Goh TL, Hannon JC, Webster CA, Podlog L. Classroom teachers’ experiences 
implementing a movement integration program: barriers, facilitators, and continuance. 
Teach Teach Educ. (2017) 66:88–95. doi: 10.1016/j.tate.2017.04.003

 14. Kuzik N, da Costa BGG, Hwang Y, Verswijveren SJJM, Rollo S, Tremblay MS, et al. 
School-related sedentary behaviours and indicators of health and well-being among 
children and youth: a systematic review. Int J Behav Nutr Phys Act. (2022) 19:40. doi: 
10.1186/s12966-022-01258-4

 15. Bao R, Chen S-T, Wang Y, Xu J, Wang L, Zou L, et al. Sedentary behavior research 
in the Chinese population: a systematic scoping review. Int J Environ Res Public Health. 
(2020) 17:3576. doi: 10.3390/ijerph17103576

 16. Sedere UM, Karunaratne S, Karunanithy M, Jayasinghe-Mudalige UK. Study on 
evaluation & the assessment system in general education in Sri  Lanka. Nugegoda; 
(2016). Available at: www.nec.gov.lk

 17. Jayatissa R, Fernando DN, Herath H. Nutritional status, dietary practices and 
pattern of physical activity among school children aged 6–12 years: 2016. Colombo: World 
Food Programme Ministry of Health (2017).

 18. Sedere UM. “Towards a stress free education”-the international perspective. 
Colombo: The Open University of Sri Lanka (2010).

 19. Abayasekara A. Sri Lanka’s grade five scholarship examination: An evaluation 
of its effectiveness and relevance. Colombo: Institute of Policy Studies of Sri Lanka 
(2019).

 20. Peiris DLIHK, Duan Y, Vandelanotte C, Liang W, Baker JS. Identifying opportunity, 
capability and motivation of Sri Lankan 5th grade schoolteachers to implement in-
classroom physical activity breaks: a qualitative study. PLoS One. (2023) 18:e0288916. 
doi: 10.1371/journal.pone.0288916

 21. New Education Act for General Education in Sri  Lanka Context, Issues and 
Proposals Final Report National Committee for Formulating A New Education Act for 
General Education. Available at:https://nec.gov.lk/wp-content/uploads/2017/12/
Towards-a-New-Education-Act.pdf

 22. Ranawaka UM, Rajapakse C. Predicting examination performance using machine 
learning approach: a case study of the grade 5 scholarship examination in Sri Lanka. In 
2020 International research conference on smart computing and systems engineering; 
IEEE. Colombo, Sri Lanka. (2021). 202–209.

 23. Liyanage I. K.. Education system of Sri  Lanka: strengths and weaknesses. 
institute of developing economies, japan external trade organization. (2014). 
Available at: http://www.ide.go.jp/library/Japanese/Publish/Reports/
InterimReport/2013/pdf/C02_ch7.pdf

 24. Amarasinghe S. The grade 5 exam: reduce the stress, tap the potential of a child. 
(2014). Available at: https://www.sundaytimes.lk/140112/plus/the-grade-5-exam-
reduce-the-stress-tap-the-potential-of-a-child-79220.html

 25. Ministry of Education. School health promotion programme. Colombo: Ministry 
of Healthcare and Nutrition (2012).

 26. Guthold R, Stevens GA, Riley LM, Bull FC. Global trends in insufficient physical 
activity among adolescents: a pooled analysis of 298 population-based surveys with 1·6 
million participants. Lancet Child Adolesc Health. (2020) 4:23–35. doi: 10.1016/
S2352-4642(19)30323-2

 27. Dabare PM, Waidyatilaka I, Jayawardena R, Wickremasinghe R, Hills AP, 
Wickramasinghe P, et al. School-based physical activity intervention in 11-13-year-olds: 
study protocol for cluster randomized controlled trial. Int J Clin Trials. (2019) 6:129. doi: 
10.18203/2349-3259.ijct20193216

 28. Wasantha HPC. Exam stress of the grade five students and types of personality. 
Colombo: University of Kelaniya (2015).

 29. Broad AA, Bornath DPD, Grisebach D, McCarthy SF, Bryden PJ, Robertson-
Wilson J, et al. Classroom activity breaks improve on-task behavior and physical activity 

levels regardless of time of day. Res Q Exerc Sport. (2021) 94:331–43. doi: 
10.1080/02701367.2021.1980189

 30. Bershwinger T, Brusseau TA. The impact of classroom activity breaks on the 
school-day physical activity of rural children. Int J Exerc Sci. (2013) 6, 6:134–43.

 31. Watson A, Timperio A, Brown H, Hesketh KD. A pilot primary school active break 
program (ACTI-BREAK): effects on academic and physical activity outcomes for 
students in years 3 and 4. J Sci Med Sport. (2019) 22:438–43. doi: 10.1016/j.
jsams.2018.09.232

 32. Egger F, Benzing V, Conzelmann A, Schmidt M, Id FE, Id VB. Boost your brain, 
while having a break! The effects of long-term cognitively engaging physical activity 
breaks on children's executive functions and academic achievement. PLoS One. (2019) 
14:1–20. doi: 10.1371/journal.pone.0212482

 33. Layne T, Yli-Piipari S, Knox T. Physical activity break program to improve 
elementary students’ executive function and mathematics performance. Education. 
(2021) 49:583–91. doi: 10.1080/03004279.2020.1746820

 34. Martin R, Murtagh E. Active classrooms: a cluster randomized controlled trial 
evaluating the effects of a movement integration intervention on the physical activity 
levels of primary school children. J Phys Act Heal. (2017) 14:290–300. doi: 10.1123/
jpah.2016-0358

 35. Mavilidi MF, Vazou S. Classroom-based physical activity and math performance: 
integrated physical activity or not? Acta Paediatr. (2021) 110:2149–56. doi: 10.1111/
apa.15860

 36. Drummy C, Murtagh EM, McKee DP, Breslin G, Davison GW, Murphy MH. The 
effect of a classroom activity break on physical activity levels and adiposity in primary 
school children. J Paediatr Child Health. (2016) 52:745–9. doi: 10.1111/jpc.13182

 37. Peiris DLIHK, Duan Y, Vandelanotte C, Liang W, Yang M, Baker JS. Effects of in-
classroom physical activity breaks on Children’s academic performance, cognition, 
health Behaviours and health outcomes: a systematic review and Meta-analysis of 
randomised controlled trials. Int J Environ Res Public Health. (2022) 19:59479. doi: 
10.3390/ijerph19159479

 38. Martin R, Murtagh EM. An intervention to improve the physical activity levels of 
children: design and rationale of the ‘active classrooms’ cluster randomised controlled 
trial. Contemp Clin Trials. (2015) 41:180–91. doi: 10.1016/j.cct.2015.01.019

 39. Watson A, Timperio A, Brown H, Best K, Hesketh KD. Effect of classroom-based 
physical activity interventions on academic and physical activity outcomes: a systematic 
review and meta-analysis. Int J Behav Nutr Phys Act. (2017) 14:114. doi: 10.1186/
s12966-017-0569-9

 40. Masini A, Lanari M, Marini S, Tessari A, Toselli S, Stagni R, et al. A multiple 
targeted research protocol for a quasi-experimental trial in primary school children 
based on an active break intervention: the Imola active breaks (i-move) study. Int J 
Environ Res Public Health. (2020) 17:1–16. doi: 10.3390/ijerph17176123

 41. Masini A, Marini S, Gori D, Leoni E, Rochira A, Dallolio L. Evaluation of school-
based interventions of active breaks in primary schools: a systematic review and meta-
analysis. J Sci Med Sport. (2020) 23:377–84. doi: 10.1016/j.jsams.2019.10.008

 42. Michie S, van Stralen MM, West R. The behaviour change wheel: a new method 
for characterising and designing behaviour change interventions. Implement Sci. (2011) 
6:42. doi: 10.1186/1748-5908-6-42

 43. Watson A, Eliott J, Mehta K. Perceived barriers and facilitators to participation in 
physical activity during the school lunch break for girls aged 12–13 years. Eur Phys Educ 
Rev. (2015) 21:257–71. doi: 10.1177/1356336X14567545

 44. Daly-Smith AJ, Zwolinsky S, Mckenna J, Tomporowski PD, Defeyter MA, Manley 
A. Systematic review of acute physically active learning and classroom movement breaks 
on children’s physical activity, cognition, academic performance and classroom 
behaviour: understanding critical design features. BMJ Open Sport Exerc. (2018) 4:341. 
doi: 10.1136/bmjsem-2018-000341

 45. Vetter M, O’Connor H, O’Dwyer N, Orr R. Learning “math on the move”: 
effectiveness of a combined numeracy and physical activity program for primary school 
children. J Phys Act Heal. (2018) 15:492–8. doi: 10.1123/jpah.2017-0234

 46. Mullender-Wijnsma MJ, Hartman E, de Greeff JW, Doolaard S, Bosker RJ, Visscher 
C. Physically active math and language lessons improve academic achievement: a cluster 
randomized controlled trial. Pediatr Int. (2016) 137:e20152743. doi: 10.1542/
peds.2015-2743

 47. van den Berg V, Singh AS, Komen A, Hazelebach C, van Hilvoorde I, Chinapaw 
MJM. Integrating juggling with math lessons: a randomized controlled trial assessing 
effects of physically active learning on Maths performance and enjoyment in primary 
school children. Int J Environ Res Public Health. (2019) 16:42452. doi: 10.3390/
ijerph16142452

 48. Jatau AI, Peterson GM, Bereznicki L, Dwan C, Black JA, Bezabhe WM, et al. 
Applying the capability, opportunity, and motivation behaviour model (COM-B) to 
guide the development of interventions to improve early detection of atrial fibrillation. 
Clin Med Insights Cardiol. (2019) 13:1179546819885134. doi: 10.1177/1179546819885134

 49. Timlin D, McCormack JM, Simpson EEA. Using the COM-B model to identify 
barriers and facilitators towards adoption of a diet associated with cognitive function 
(MIND diet). Public Health Nutr. (2021) 24:1657–70. doi: 10.1017/S1368980020001445

 50. Ojo SO, Bailey DP, Hewson DJ, Chater AM. Perceived barriers and facilitators to 
breaking up sitting time among desk-based office workers: a qualitative investigation 

https://doi.org/10.3389/fpubh.2024.1360210
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1249/MSS.0000000000000901
https://doi.org/10.1016/j.pmedr.2021.101648
https://doi.org/10.1016/j.pmedr.2021.101648
https://doi.org/10.33607/bjshs.v4i111.674
https://doi.org/10.3390/ijerph17051523
https://doi.org/10.3390/ijerph17238918
https://doi.org/10.1186/s13063-017-2163-5
https://doi.org/10.1016/j.tate.2017.04.003
https://doi.org/10.1186/s12966-022-01258-4
https://doi.org/10.3390/ijerph17103576
http://www.nec.gov.lk
https://doi.org/10.1371/journal.pone.0288916
https://nec.gov.lk/wp-content/uploads/2017/12/Towards-a-New-Education-Act.pdf
https://nec.gov.lk/wp-content/uploads/2017/12/Towards-a-New-Education-Act.pdf
http://www.ide.go.jp/library/Japanese/Publish/Reports/InterimReport/2013/pdf/C02_ch7.pdf
http://www.ide.go.jp/library/Japanese/Publish/Reports/InterimReport/2013/pdf/C02_ch7.pdf
https://www.sundaytimes.lk/140112/plus/the-grade-5-exam-reduce-the-stress-tap-the-potential-of-a-child-79220.html
https://www.sundaytimes.lk/140112/plus/the-grade-5-exam-reduce-the-stress-tap-the-potential-of-a-child-79220.html
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.1016/S2352-4642(19)30323-2
https://doi.org/10.18203/2349-3259.ijct20193216
https://doi.org/10.1080/02701367.2021.1980189
https://doi.org/10.1016/j.jsams.2018.09.232
https://doi.org/10.1016/j.jsams.2018.09.232
https://doi.org/10.1371/journal.pone.0212482
https://doi.org/10.1080/03004279.2020.1746820
https://doi.org/10.1123/jpah.2016-0358
https://doi.org/10.1123/jpah.2016-0358
https://doi.org/10.1111/apa.15860
https://doi.org/10.1111/apa.15860
https://doi.org/10.1111/jpc.13182
https://doi.org/10.3390/ijerph19159479
https://doi.org/10.1016/j.cct.2015.01.019
https://doi.org/10.1186/s12966-017-0569-9
https://doi.org/10.1186/s12966-017-0569-9
https://doi.org/10.3390/ijerph17176123
https://doi.org/10.1016/j.jsams.2019.10.008
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.1177/1356336X14567545
https://doi.org/10.1136/bmjsem-2018-000341
https://doi.org/10.1123/jpah.2017-0234
https://doi.org/10.1542/peds.2015-2743
https://doi.org/10.1542/peds.2015-2743
https://doi.org/10.3390/ijerph16142452
https://doi.org/10.3390/ijerph16142452
https://doi.org/10.1177/1179546819885134
https://doi.org/10.1017/S1368980020001445


Peiris et al. 10.3389/fpubh.2024.1360210

Frontiers in Public Health 13 frontiersin.org

using the TDF and COM-B. Int J Environ Res Public Health. (2019) 16:2903. doi: 
10.3390/ijerph16162903

 51. Ojo SO, Bailey DP, Brierley ML, Hewson DJ, Chater AM. Breaking barriers: using 
the behavior change wheel to develop a tailored intervention to overcome workplace 
inhibitors to breaking up sitting time. BMC Public Health. (2019) 19:1126. doi: 10.1186/
s12889-019-7468-8

 52. Barker F, Atkins L, de Lusignan S. Applying the COM-B behaviour model and 
behaviour change wheel to develop an intervention to improve hearing-aid use in adult 
auditory rehabilitation. Int J Audiol. (2016) 55:S90–8. doi: 10.3109/14992027.2015.1120894

 53. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. 
The behavior change technique taxonomy (v1) of 93 hierarchically clustered techniques: 
building an international consensus for the reporting of behavior change interventions. 
Ann Behav Med. (2013) 46:81–95. doi: 10.1007/s12160-013-9486-6

 54. Michie S, Carey RN, Johnston M, Rothman AJ, de Bruin M, Kelly MP, et al. From 
theory-inspired to theory-based interventions: a protocol for developing and testing a 
methodology for linking behaviour change techniques to theoretical mechanisms of 
action. Ann Behav Med. (2018) 52:501–12. doi: 10.1007/s12160-016-9816-6

 55. Michie S, Johnston M, Abraham C, Francis J, Hardeman W, Eccles M. Starter Pack 
for BCT Taxomony. (2014). Available at: https://www.bct-taxonomy.com/pdf/
StarterPack.pdf

 56. Watson A, Timperio A, Brown H, Hesketh KD. Process evaluation of a classroom 
active break (ACTI-BREAK) program for improving academic-related and physical 
activity outcomes for students in years 3 and 4. BMC Public Health. (2019) 19:633. doi: 
10.1186/s12889-019-6982-z

 57. Fedewa AL, Ahn S, Erwin H, Davis MC. A randomized controlled design 
investigating the effects of classroom-based physical activity on children’s fluid 
intelligence and achievement. Sch Psychol Int. (2015) 36:135–53. doi: 
10.1177/0143034314565424

 58. Martin R, Murtagh EM. Preliminary findings of active classrooms: an intervention 
to increase physical activity levels of primary school children during class time. Teach 
Teach Educ. (2015) 52:113–27. doi: 10.1016/j.tate.2015.09.007

 59. Verloigne M, Berntsen S, Ridgers ND, Cardon G, Chinapaw M, Altenburg T, et al. 
The UP4FUN intervention effect on breaking UP sedentary time in 10- to 12-year-old 
Belgian children: the ENERGY project. Pediatr Exerc Sci. (2015) 27:234–42. doi: 
10.1123/pes.2014-0039

 60. Riley N, Lubans DR, Morgan PJ, Young M. Outcomes and process evaluation of a 
programme integrating physical activity into the primary school mathematics 
curriculum: the EASY minds pilot randomised controlled trial. J Sci Med Sport. (2015) 
18:656–61. doi: 10.1016/j.jsams.2014.09.005

 61. Cain KL, Sallis JF, Conway TL, Van Dyck D, Calhoon L. Using accelerometers in 
youth physical activity studies: a review of methods. J Phys Act Health. (2013) 10:437–50. 
doi: 10.1123/jpah.10.3.437

 62. Bailey RC, Olson J, Pepper SL, Porszasz J, Barstow TJ, Cooper DM. The level and 
tempo of children’s physical activities: an observational study. Med Sci Sports Exerc. 
(1995) 27:1033–41. doi: 10.1249/00005768-199507000-00012

 63. Daly-Smith A, Hobbs M, Morris JL, Defeyter MA, Resaland GK, McKenna J. 
Moderate-to-vigorous physical activity in primary school children: inactive lessons are 
dominated by Maths and English. Int J Environ Res Public Health. (2021) 18:1–14. doi: 
10.3390/ijerph

 64. Schmidt M, Benzing V, Wallman-Jones A, Mavilidi M-F, Lubans DR, Paas F. 
Embodied learning in the classroom: effects on primary school children’s attention and 
foreign language vocabulary learning. Psychol Sport Exerc. (2019) 43:45–54. doi: 
10.1016/j.psychsport.2018.12.017

 65. Ministry of Health. BMI Calculator. (2019). Available at: https://info.health.nz/
keeping-healthy/healthy-weight-bmi-calculator/

 66. Léger LA, Mercier D, Gadoury C, Lambert J. The multistage 20 metre shuttle run 
test for aerobic fitness. J Sports Sci. (1988) 6:93–101. doi: 10.1080/02640418808729800

 67. Snoeren F, Hoefnagels C. Measuring perceived social support and perceived stress 
among primary school children in the Netherlands. Child Indic Res. (2014) 7:473–86. 
doi: 10.1007/s12187-013-9200-z

 68. Ramsbottom R, Brewer J, Williams C. A progressive shuttle run test to estimate 
maximal oxygen uptake. [internet]. Br J Sports Med. (1988) 22:141–4. doi: 10.1136/
bjsm.22.4.141

 69. Androutsos O, Apostolidou E, Iotova V, Socha P, Birnbaum J, Moreno L, et al. 
Process evaluation design and tools used in a kindergarten-based, family-involved 
intervention to prevent obesity in early childhood. The ToyBox-study. Obes Rev. (2014) 
15:74–80. doi: 10.1111/obr.12185

 70. de Boer MR, Waterlander WE, Kuijper LDJ, Steenhuis IHM, Twisk JWR. Testing 
for baseline differences in randomized controlled trials: an unhealthy research behavior 
that is hard to eradicate. Int J Behav Nutr Phys Act. (2015) 12:4. doi: 10.1186/
s12966-015-0162-z

 71. Kahan BC, White IR, Edwards M, Harhay MO. Using modified intention-to-treat 
as a principal stratum estimator for failure to initiate treatment. Clin Trials. (2023) 
20:269–75. doi: 10.1177/17407745231160074

 72. Mavilidi MF, Lubans DR, Morgan PJ, Miller A, Eather N, Karayanidis F, et al. 
Integrating physical activity into the primary school curriculum: rationale and 
study protocol for the “thinking while moving in English” cluster randomized 
controlled trial. BMC Public Health. (2019) 19:1–12. doi: 10.1186/
s12889-019-6635-2

 73. Duan YP, Liang W, Guo L, Wienert J, Si GY, Lippke S. Evaluation of a web-based 
intervention for multiple health behavior changes in patients with coronary heart disease 
in home-based rehabilitation: pilot randomized controlled trial. J Med Internet Res. 
(2018) 20:e12052. doi: 10.2196/12052

 74. Duan Y, Li X, Guo L, Liang W, Shang B, Lippke S. A WeChat Mini program-based 
intervention for physical activity, fruit and vegetable consumption among Chinese 
cardiovascular patients in home-based rehabilitation: a study protocol. Front Public 
Health. (2022) 10:1–10. doi: 10.3389/fpubh.2022.739100/full

 75. Chen H, Cohen P, Chen S. How big is a big odds ratio? Interpreting the magnitudes 
of odds ratios in epidemiological studies. Commun Stat-Simul Comput. (2010) 39:860–4. 
doi: 10.1080/03610911003650383

 76. Michael RD, Webster CA, Egan CA, Nilges L, Brian A, Johnson R, et al. Facilitators 
and barriers to movement integration in elementary classrooms: a systematic review. 
Res Q Exerc Sport. (2019) 90:151–62. doi: 10.1080/02701367.2019.1571675

 77. Englert C, Bechler A, Singh S, Bertrams A. Testing the effectiveness of a short-term 
stress prevention Programme in primary school students. Health Psychol Bull. (2018) 
2:1. doi: 10.5334/hpb.11/

 78. Maria BM. Academic stress and working memory in elementary school students. 
Colorado: University of Northern Colorado (2016).

 79. Wang C. Improving health among elementary school children: a comparison of 
aerobic and mind-body exercise. J Nutr Health. (2013) 74:18.

 80. Hunt TE, Bhardwa J, Sheffield D. Mental arithmetic performance, physiological 
reactivity and mathematics anxiety amongst U.K. primary school children. Learn Individ 
Differ. (2017) 57:129–32. doi: 10.1016/j.lindif.2017.03.016

 81. Hamilton A, Foster C, Richards J, Surenthirakumaran R. Psychosocial wellbeing 
and physical health among Tamil schoolchildren in northern Sri Lanka. Confl Health. 
(2016) 10:13. doi: 10.1186/s13031-016-0081-x

 82. Martin R, Murtagh E. Effect of active lessons on physical activity, academic, and 
health outcomes: a systematic review. Res Q Exerc Sport. (2017) 88:149–68. doi: 
10.1080/02701367.2017.1294244

 83. Rishandani D. COVID-19 and its impact of Sri Lanka economy. Rochester, USA: 
SSRN Scholarly Paper (2021).

 84. Shoib S, Chandradasa M, Rathnayake L, Usmani S, Saeed F. Children, adolescent, 
and youth mental health in Sri Lanka in the context of recent violence, COVID-19, and 
economic crisis: a call for action. Lancet Reg Health Southeast Asia. (2022) 2:100021. doi: 
10.1016/j.lansea.2022.100021

 85. Perera U. Talking Economics: Institute of Policy Studies of Sri Lanka. (2022). 
Available at: https://www.ips.lk/talkingeconomics/tag/education/#:~:text

 86. Routen AC, Biddle SJH, Bodicoat DH, Cale L, Clemes S, Edwardson CL, et al. 
Study design and protocol for a mixed methods evaluation of an intervention to reduce 
and break up sitting time in primary school classrooms in the UK: the CLASS PAL 
(physically active learning) Programme. BMJ Open. (2017) 7:e019428. doi: 10.1136/
bmjopen-2017-019428

 87. Mohammadi S, Su TT, Papadaki A, Jalaludin MY, Dahlui M, Mohamed MNA, 
et al. Perceptions of eating practices and physical activity among Malaysian adolescents 
in secondary schools: a qualitative study with multi-stakeholders. Public Health Nutr. 
(2021) 24:2273–85. doi: 10.1017/S1368980020002293

 88. Adebusoye B, Leonardi-Bee J, Phalkey R, Chattopadhyay K. Barriers and 
facilitators of physical activity among school attending adolescents in Lagos state, 
Nigeria: a qualitative study exploring views and experiences of decision-makers in 
secondary schools. Health Sci Rep. (2023) 6:997. doi: 10.1002/hsr2.997

 89. Nally S, Ridgers ND, Gallagher AM, Murphy MH, Salmon J, Carlin A. “When 
you move you have fun”: perceived barriers, and facilitators of physical activity from 
a Child’s perspective. Front Sports Act Living. (2022) 4:1–15. doi: 10.3389/
fspor.2022.789259/full

https://doi.org/10.3389/fpubh.2024.1360210
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.3390/ijerph16162903
https://doi.org/10.1186/s12889-019-7468-8
https://doi.org/10.1186/s12889-019-7468-8
https://doi.org/10.3109/14992027.2015.1120894
https://doi.org/10.1007/s12160-013-9486-6
https://doi.org/10.1007/s12160-016-9816-6
https://www.bct-taxonomy.com/pdf/StarterPack.pdf
https://www.bct-taxonomy.com/pdf/StarterPack.pdf
https://doi.org/10.1186/s12889-019-6982-z
https://doi.org/10.1177/0143034314565424
https://doi.org/10.1016/j.tate.2015.09.007
https://doi.org/10.1123/pes.2014-0039
https://doi.org/10.1016/j.jsams.2014.09.005
https://doi.org/10.1123/jpah.10.3.437
https://doi.org/10.1249/00005768-199507000-00012
https://doi.org/10.3390/ijerph
https://doi.org/10.1016/j.psychsport.2018.12.017
https://info.health.nz/keeping-healthy/healthy-weight-bmi-calculator/
https://info.health.nz/keeping-healthy/healthy-weight-bmi-calculator/
https://doi.org/10.1080/02640418808729800
https://doi.org/10.1007/s12187-013-9200-z
https://doi.org/10.1136/bjsm.22.4.141
https://doi.org/10.1136/bjsm.22.4.141
https://doi.org/10.1111/obr.12185
https://doi.org/10.1186/s12966-015-0162-z
https://doi.org/10.1186/s12966-015-0162-z
https://doi.org/10.1177/17407745231160074
https://doi.org/10.1186/s12889-019-6635-2
https://doi.org/10.1186/s12889-019-6635-2
https://doi.org/10.2196/12052
https://doi.org/10.3389/fpubh.2022.739100/full
https://doi.org/10.1080/03610911003650383
https://doi.org/10.1080/02701367.2019.1571675
https://doi.org/10.5334/hpb.11/
https://doi.org/10.1016/j.lindif.2017.03.016
https://doi.org/10.1186/s13031-016-0081-x
https://doi.org/10.1080/02701367.2017.1294244
https://doi.org/10.1016/j.lansea.2022.100021
https://www.ips.lk/talkingeconomics/tag/education/#:~:text
https://doi.org/10.1136/bmjopen-2017-019428
https://doi.org/10.1136/bmjopen-2017-019428
https://doi.org/10.1017/S1368980020002293
https://doi.org/10.1002/hsr2.997
https://doi.org/10.3389/fspor.2022.789259/full
https://doi.org/10.3389/fspor.2022.789259/full

	In-classroom physical activity breaks program among school children in Sri Lanka: study protocol for a randomized controlled trial
	1 Introduction
	2 Methods
	2.1 Study design and selection of subjects
	2.2 Intervention
	2.2.1 Development of the intervention
	2.2.2 Delivery of the IcPAB in the intervention group
	2.2.3 Control group
	2.3 Measurements
	2.3.1 Primary outcomes
	2.3.1.1 Mathematics achievement
	2.3.1.2 Reading achievement
	2.3.2 Secondary outcomes
	2.3.2.1 Movement behaviors
	2.3.2.2 Health outcomes (BMI, aerobic fitness, perceived stress)
	2.4 Fidelity of the intervention
	2.5 Process evaluation
	2.5.1 Sustainability evaluation
	2.6 Data analysis

	3 Discussion
	3.1 Limitations
	3.2 Significance of the study

	Ethics statement
	Data availability statement
	Author contributions

	References

