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Sneck, Sirpa, Moving Maths – Effects and experiences of physical activity integrated
into primary school mathematics lessons
University of Oulu Graduate School; University of Oulu, Faculty of Education
Acta Univ. Oul. E 216, 2022
University of Oulu, P.O. Box 8000, FI-90014 University of Oulu, Finland

Abstract

The daily physical activity (PA) of children in Finland does not meet WHO recommendations,
causing concern over children’s well-being. One solution would be to integrate PA into the school
day. The aims of this dissertation are to analyse evidence on the effects of school-based PA
interventions on performance in mathematics, describe the experiences and perceptions of
participants in the Moving Maths intervention and present the effects of this intervention on
mathematics performance.

The Moving Maths study was conducted between 2017 and 2020 in Finland on pupils aged 9
years. This randomised controlled trial was designed to investigate the effects of two different
types of mathematics lessons on learning and engagement: one with PA integrated into learning
goals and another with PA implemented through short breaks. A third group was allocated as a
control.

This dissertation is compiled from four original articles. The results of the first study (a
systematic review and meta-analysis) indicated that 45% of the included school-based PA
interventions positively influenced mathematics performance. The second study was based on
interview data and comprised an investigation into pupils’ experiences and perceptions of student
engagement during the nine-week pilot study. The pupils in the PA break group expressed mixed
experiences, while the integrated PA group experienced positive emotional and social engagement
and improved concentration. Based on individual interviews, the third study focused on teachers’
experiences and perceptions of student engagement during the five-month intervention. Although
positive emotional and social engagement was indicated in both PA groups, some concerns were
reported about learning outcomes and behavioural engagement. The results of the final article
indicated that the Moving Maths intervention did not affect pupils’ performance in mathematics.

In conclusion, this dissertation presents evidence that indicates PA can positively impact
pupils’ emotional and social engagement during mathematics lessons and could enhance learning.
Moreover, the introduction of PA during mathematics lessons had no detrimental effects on
learning. Consequently, reinforcing the role of PA can be recommended to ensure children’s well-
being and healthy development.

Keywords: engagement, intervention, mathematics, physical activity, school





Sneck, Sirpa, Liikkuvaa matikkaa – Liikkumisen lisääminen alakoulun matema-
tiikan oppitunneille: vaikutukset ja kokemukset
Oulun yliopiston tutkijakoulu; Oulun yliopisto, Kasvatustieteiden tiedekunta
Acta Univ. Oul. E 216, 2022
Oulun yliopisto, PL 8000, 90014 Oulun yliopisto

Tiivistelmä

Lasten päivittäinen fyysinen aktiivisuus Suomessa ei täytä WHO:n suosituksia, mikä on huoles-
tuttavaa lasten hyvinvoinnille. Yksi vaihtoehto lisätä lasten liikkumista on sisällyttää sitä koulu-
päiviin. Tämän väitöskirjan tavoitteena on analysoida kouluissa toteutettuja interventiotutkimuk-
sia, joissa lisättiin liikkumista koulupäiviin, kuvailla Liikkuvaa matikkaa -tutkimuksen osallistu-
jien kokemuksia ja käsityksiä interventiosta sekä esittää intervention vaikutukset oppilaiden
matematiikan oppimistuloksiin.

Tutkimus toteutettiin Suomessa vuosina 2017–2020. Satunnaistetussa kontrolloidussa tutki-
muksessa selvitettiin fyysisesti aktiivisten matematiikan oppituntien vaikutusta yhdeksänvuotiai-
den matematiikan oppimiseen ja oppimiseen sitoutumiseen. Liikkuen matikkaa -ryhmässä integ-
roitiin liikkumista matematiikan oppimistavoitteisiin, kun taas Liikuntatauot-ryhmän oppilaat
aktivoitiin liikuntatauoilla. Tutkimukseen kuului myös vertailuryhmä.

Tämä väitöskirja koostuu neljästä artikkelista. Ensimmäisen katsausartikkelin tulosten
mukaan 45 % koulupäivän aikaisista liikkumista lisäävistä interventioista vaikutti positiivisesti
oppilaiden matematiikan oppimistuloksiin. Toinen artikkeli perustui haastatteluun, jossa selvitet-
tiin oppilaiden kokemuksia oppimiseen sitoutumisesta pilottitutkimuksen aikana. Liikuntatauot-
ryhmässä kokemukset olivat vaihtelevia, kun taas Liikkuen matikkaa -ryhmä oli kokenut positii-
vista tunnetason ja sosiaalisen tason sitoutumista. Kolmas tutkimus selvitti haastattelujen avulla
opettajien kokemuksia oppilaiden sitoutumisesta viiden kuukauden intervention aikana ja osoitti,
että tunnetason ja sosiaalisen tason sitoutuminen oli positiivista molemmissa tutkimusryhmissä.
Osa opettajista ilmaisi kuitenkin huolensa oppilaiden oppimistuloksista ja osaa huolestutti oppi-
laiden käytöksen tason sitoutuminen. Neljännen artikkelin tulokset osoittivat, että Liikkuvaa
matikkaa -interventio ei vaikuttanut matematiikan oppimistuloksiin.

Tämä väitöskirja esittää näyttöä siitä, että liikkumisen lisääminen oppitunneille voi vaikuttaa
positiivisesti oppilaiden tunne- ja sosiaalisen tason sitoutumiseen matematiikan oppituntien aika-
na. Liikkumisen lisäämisellä matematiikan oppitunneille ei ole haitallisia vaikutuksia oppimisel-
le, ja siksi fyysisen aktiivisuuden roolin vahvistamista voidaan suositella lasten hyvinvoinnin ja
terveen kehityksen takaamiseksi.

Asiasanat: fyysinen aktiivisuus, interventiotutkimus, koulut, matematiikka,
sitoutuminen
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1 Introduction 

Internationally, the low levels of children’s daily physical activity (PA) have raised 

concerns among scientists and practitioners. International comparisons have 

revealed persistent trends of low PA and high sedentary behavior among children 

and young people (Aubert et al., 2018). According to World Health Organization 

(WHO) recommendations (Bull et al., 2020), children and youth aged 5–17 years 

should accumulate at least 60 min of moderate to vigorous physical activity (MVPA) 

every day. However, this recommendation is only achieved by 54% of children 

aged 9 years in Finland (Kämppi et al., 2022). Moreover, this percentage declines 

with age, reaching as low as 10% at the age of 15. This is worrying, as extensive 

evidence indicates that PA is favorably associated with physical, 

psychological/social and cognitive health indicators (Poitras et al., 2016). Hence, it 

can be argued that a sufficient amount of PA is essential for children’s healthy 

growth and development. 

Although schools have been identified as an important setting for promoting 

PA, most academic lesson time is spent in sedentary activities (Jones et al., 2020). 

Consequently, the number of interventions that promote PA during the school day 

has increased significantly during the 21st century. In Finland, the Schools on the 

Move programme [Liikkuva koulu -ohjelma] was launched in 2010, which has 

succeeded in increasing children’s school-based PA (Blom et al., 2018). Moreover, 

international studies investigating the effects of physically active lessons have 

demonstrated improvements in children’s lesson-time PA and educational 

outcomes (Norris et al., 2019). 

In 2017, the author of this dissertation contacted the LIKES to discuss 

opportunities for starting a programme aimed at promoting PA during academic 

lessons, especially mathematics. The process started by setting up a team that began 

to write a report entitled Koulupäivän aikainen liikunta ja oppiminen [Physical 

activity during the school day and learning] (Kantomaa et al., 2018). In this report, 

data was gathered from international research investigating the effects of school-

based PA on academic achievement, learning and cognitive functions in the period 

1990–2016. The report was targeted at Finnish educators and decision makers with 

the aims of providing them with evidence-based knowledge on the impact of 

school-based PA on educational outcomes and encouraging them to introduce more 

PA during the school day. 

Next, together with a team of researchers from LIKES, the Moving Maths 

programme was planned in 2017, which was funded by the Ministry of Education 
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and Culture. The planned intervention entailed an intervention programme lasting 

six months comprising versatile activities for Grade 3 pupils during mathematics 

lessons. In addition, a cluster randomized controlled trial (RCT) was designed to 

determine the programme’s effects on learning outcomes, enjoyment, and 

motivation in mathematics lessons and to examine the experiences and perceptions 

of the participating pupils and teachers on student engagement during the 

intervention. Two different intervention programmes were designed, as previous 

research was not able to determine the type of PA that would most effectively 

support academic performance (A. Singh et al., 2019). In addition to providing 

research-based evidence, one of the aims of the programme was to increase the 

participating children’s PA levels and support their learning through activity-based 

methods. Another goal of the study was to design lesson plans for all Finnish 

primary school teachers to help them increase PA during the school day, particularly 

during academic lessons. Thus, the goal of the Moving Maths programme was 

twofold. 

There were two pertinent questions regarding this intervention: why was 

mathematics chosen as the academic subject for the programme and why were 

Grade 3 pupils selected as the study sample. First, by 2017, there was already 

international evidence on the beneficial effects of school-based PA on educational 

outcomes. However, further investigation was required to determine which 

academic lessons suited the integration of PA most effectively. Second, we 

examined the focus of mathematics teaching in yearly grades in Finnish schools, 

which were the automatization of number line skills, basic addition and subtraction 

calculations and mastering multiplication tables. These topics were considered the 

most suitable for the intervention of PA being integrated into mathematics 

curriculum goals. Third, based on the author’s practical experience, the amount of 

activity and play reduces significantly in academic subjects after the second grade 

in Finnish schools. Moreover, although some new material has been published in 

recent years, in 2017, there was a lack of teaching material that supported active 

learning methods after Grades 1 and 2 in primary school. Consequently, third-grade 

pupils were chosen to participate in the study. Fourth, around the time the Moving 

Maths study started, the Finnish Education Evaluation Centre (Julin & Rautopuro, 

2016) revealed a polarization in terms of the mathematics learning outcomes of 

boys, referring to a broader gap between high and low performing boys. 

Accordingly, it seemed justified to investigate whether more active lessons would 

help slow down this development. Finally, from a psychological perspective, 

international studies have demonstrated that emotional experiences (such as 
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enjoyment and anxiety) are linked to mathematical achievement (Van der Beek et 

al., 2017). In Finland, there is also evidence that mathematics can raise feelings of 

anxiety as early as the age of 8 years (Sorvo et al., 2017). These findings supported 

the research team’s concept of providing material to increase activity during 

mathematics lessons, promoting student engagement and enjoyment.  

The first step of this dissertation (and the first published article) focused on 

gathering and analyzing the existing international findings on the effects of school-

based PA interventions on children’s mathematics performance. The objective of 

the first study was to answer the following questions: a) Do school-based PA 

interventions affect children’s mathematics performance? b) What are the 

characteristics of PA interventions that have a positive effect on mathematics 

performance? The aim was narrowed down to an analysis of the effects on 

mathematics performance, since there was a specific gap in the existing literature 

concentrating on this point of view. The studies for the systematic review were 

chosen through a rigorous assessment process, from which only studies of 

sufficient quality were included in the final phase. 

A predominantly quantitative approach was employed for Article I, as it 

contained a comparison of the effects of the original experimental studies. The 

systematic review was enriched by a meta-analysis of the included RCT studies. 

Nonetheless, it can also be considered a review that represents the wide variety of 

empirical studies examining school-based PA interventions conducted across the 

world. This thorough review process provided valuable insights into the multiple 

interventions that had been carried out and constituted a good starting point for 

designing the Moving Maths intervention in cooperation with the LIKES research 

team. 

The second study was conducted after the pilot phase of the intervention (at the 

end of 2018). The aim of this step was to investigate the participating pupils’ 

experiences and perceptions of physically active mathematics lessons, especially 

from the perspective of student engagement. The study objective was to answer the 

following questions: a) What are the participating pupils’ experiences of emotional, 

behavioral, and cognitive engagement during the Moving Maths programme? b) 

How do pupils’ perceptions of engagement differ in the group in which PA was 

integrated into mathematics curriculum goals versus the group that performed PA 

breaks? 

The decision was made to interview the participating pupils in small groups to 

encourage them to compare their experiences in dialogue and possibly deepen their 

conceptual discussions. Since children were the main target group of the 
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intervention, investigations of their experiences and conceptions should not be 

ignored. Internationally, only a few studies have focused on children’s views 

pertaining to school-based PA interventions, and even fewer were written by 

scientists within education. Consequently, a clear research gap was noted. 

Student engagement (Fredricks et al., 2004) was chosen as a theoretical 

background for Studies II and III for several reasons. Primarily, the theory contains 

both psychological and educational aspects, which helps to systematically describe 

and analyze how children act, feel, and think in learning situations. Second, the 

framework has generated a lot of interest in the past decade and has been applied 

in a myriad of international studies (Salmela-Aro et al., 2021). Third, as there was 

a clear gap in the research literature concerning children’s experiences of PA 

interventions, it was necessary to apply a framework that provided both theoretical 

and practical perspectives. When analyzing the pupil interview data, the additional 

fourth dimension of social engagement emerged, which was subsequently added to 

the theoretical framework in the final step of the study. This is not uncommon, as 

some other researchers have made changes to the original student engagement 

framework (Fredricks et al., 2016; Salmela-Aro et al., 2021). 

The third step of this dissertation was to investigate the experiences and 

perceptions of the teachers involved in the Moving Maths intervention. The study 

objective was to answer the following questions: a) What are the participating 

teachers’ experiences and perceptions of pupils’ emotional, behavioral, social and 

cognitive engagement during the Moving Maths intervention, and how do pupil 

characteristics affect engagement during physically active learning (PAL)? b) How 

do teachers’ experiences and perceptions of engagement differ in the integrated PA 

group versus the group with PA breaks? c) What do teachers consider the main 

facilitators of and barriers to the implementation of PAL?  

Without hearing the voices of Finnish teachers who have the pedagogical 

freedom to either choose and carry out PAL or continue with traditional, sedentary 

classroom practices, the Moving Maths intervention would not have gained much 

importance. Accordingly, 12 teachers participated in individual interviews in the 

spring of 2020. Unsurprisingly, the teachers recounted a wide range of experiences 

that were not simple to summarize. However, the student engagement framework 

provided a convenient tool for analyzing the interview data. 

The participating classes were from schools in central Finland that represented 

the diverse Finnish public school context. More specifically, the studied classes 

were from both rural and urban schools, and the class teachers represented both 

young (newly qualified) and older (more experienced) professionals. Based on the 
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interview data, it was apparent that the school days seemed to run smoothly in some 

classes, whereas there were various challenges in some classes. From this 

perspective, the results of the third study provided a realistic picture of how the 

introduction of PA into academic lessons was experienced in Finnish schools. 

Unfortunately, the Coronavirus pandemic influenced the Moving Maths study, 

meaning that some post-intervention measurements had to be cancelled. Thus, 

some aims of the more extensive study could not be reached. However, thanks to 

the quick actions of LIKES researchers, some post-intervention mathematics tests 

were conducted just before the total school lockdown in March 2020. Luckily, the 

teachers were willing to participate in the final interview for Article III.  

The role of Article IV is to present the effects of the intervention on 

mathematics learning outcomes. The results indicated that although a significant 

part of mathematics lessons was dedicated to either integrated activities or PA 

breaks for five months, the intervention did not negatively affect Grade 3 pupils’ 

mathematics performance. It should be noted that the author of this dissertation was 

not the first writer of the article, and a decision was made to limit the discussion to 

the results on mathematics performance, even though the article presents other 

important outcomes and perspectives on the Moving Maths study.  

In addition to producing new research-based information on how to introduce 

more PA into the school day, the Moving Maths programme provided teaching 

materials for increasing classroom-based PA that improved children’s movement 

and motoric skills during academic lessons. After the intervention, the guidebooks 

for physically active lessons (both integrated activities and physically active breaks) 

were revised based on the participating teachers’ feedback. The books were 

published online and as hard copies in June 2021. Both books included 

approximately 90 physically active lesson plans and links to 23 instructional videos. 

This dissertation can be categorized as experimental education research, where 

the studied variables are arranged and chosen by researchers and then manipulated 

by an intervention (Best & Kahn, 2002). In addition, the study entails aspects of 

prescriptive education research as it advocates a change in education. Furthermore, 

by applying the theoretical student engagement framework, this study shares the 

qualities of descriptive education research. This operates by drawing attention to 

what is essential in an observation or event and theorizing observations through the 

process of abstraction (Hammond & Wellington, 2019).  

To summarize, the aim of this dissertation is to gather and analyze existing 

research-based evidence on how school-based PA interventions affect educational 

outcomes, focusing primarily on mathematics performance. Moreover, an attempt 
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is made to qualitatively describe the psychological and educational experiences of 

participants in this novel PA intervention in a Finnish school context. Finally, the 

overall objective of this dissertation is to provide Finnish teachers with research-

based knowledge on how to improve children’s educational outcomes and 

wellbeing. 
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2 Theoretical background 

The theoretical background of this dissertation is divided into three parts. First, a 

literature review is presented to describe the concepts, content, and results of 

previous international school-based PA interventions. The second part comprises a 

discussion of the theoretical framework of student engagement and its dimensions, 

which are applied in the empirical part of the dissertation. Third, some 

characteristics and policies of mathematics teaching and learning in Finnish 

primary schools are presented. The main concepts of this dissertation, derived from 

the theoretical background, are gathered, and connected at the end of the chapter in 

Figure 2. 

2.1 Physical activity recommendations and the current status 

among children 

PA is defined as any bodily movement produced by skeletal muscles that requires 

energy expenditure (Donnelly et al., 2016). Evidence indicates that participating in 

PA is associated with a variety of benefits for the growth and development of 

children and adolescents. Extensive reviewed literature supports an association 

between PA and/or sedentary behavior and selected health outcomes, including 

adiposity, blood lipids, blood pressure, fitness, cognition, mood, quality of life and 

cardiovascular events (Chaput et al., 2020). More specifically, PA is associated with 

a more positive physical self-concept and higher self-esteem (Dishman et al., 2006) 

and improved academic performance (Donnelly et al., 2016; A. Singh et al., 2012; 

Syväoja et al., 2019). Moreover, more significant amounts, higher intensities, and 

different types of PA (i.e., aerobic, muscle, and bone-strengthening activities) are 

associated with improved health outcomes (Chaput et al., 2020). In addition, it has 

been demonstrated that children with higher leisure-time PA levels during 

adolescence have a higher number of years of post-compulsory education and 

achieve better long-term labor market outcomes (Kari et al., 2017), which can lead 

to both personal and societal benefits. Thus, there is extensive evidence supporting 

the vital role of sufficient levels of PA in the everyday lives of children. 

According to the updated WHO PA recommendations (Bull et al., 2020) for 

children and adolescents, an average of 60 min a day of moderate-to-vigorous 

intensity aerobic PA is required to produce health benefits. In other words, most 

daily PA should be aerobic. Accordingly, vigorous, and intense activities (including 

those that strengthen muscle and bone) should be incorporated at least three times 
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per week. Additionally, reducing sedentary behaviors is recommended across all 

age groups and abilities, although there is insufficient evidence to quantify a 

sedentary behavior threshold. Research suggests that PA for at least 60 min per day 

would help children and young people maintain a healthy cardiorespiratory and 

metabolic risk profile and is recognized as a critical determinant of mental, 

cognitive, and social health among children (Chaput et al., 2020; WHO, 2010). The 

Finnish recommendation (Opetus ja kulttuuriministeriö, 2021) recommends that all 

children and adolescents aged 7–17 years should be physically active in a versatile, 

brisk, and strenuous manner for at least 60 min a day in a way that suits the 

individual, considering their age. Moreover, it is also recommended that excessive 

and extended sedentary activities should be avoided. 

International reports indicate that PA levels among children do not meet the 

WHO recommendations. Globally, less than 20% of children (on average) are 

physically active for the recommended minimum of 60 min per day (Aubert et al., 

2018). Worryingly, the Finnish Schools on the Move studies (Tammelin et al., 2015) 

indicate that children at primary school sit for approximately 6 hours a day, whereas 

older pupils are sedentary for 8 hours each day.  

In 2018, the LIITU study investigated the PA levels of Finnish children and 

young people aged 7–15 years (Kokko & Martin, 2019). It was revealed that only 

52% of boys and 39% of girls fulfilled the weekly PA recommendations. More 

specifically, a recent report revealed that the national PA recommendation was only 

achieved by 66% of boys and 44% of girls at age 9 years, which is the target group 

of this study (Kämppi et al., 2022). However, the report presented a promising trend 

in the 11–15-year age group, where the proportion meeting the PA 

recommendations had increased and the proportion of those who are physically 

least active had reduced.  

In comparison, In Norway, which has a reasonably similar school culture to 

Finland, the proportions of sufficiently active girls and boys aged 9 years declined 

between 2005 and 2018 from 90% to 84% and 74% to 68%, respectively (Steene-

Johannessen et al., 2021). Moreover, in terms of objective measures of PA, less 

than 50% of children in the United States (US) meet the guidelines of 30 min of PA 

during a school day (Carlson et al., 2013).  

School time plays a vital role in the fulfilment of daily PA recommendations. 

On an ordinary school day in Finland, pupils in primary school accumulated an 

average of 22 min of PA, which reduced to 17 min for pupils in lower secondary 

school. Overall, 47% of Finnish children’s sedentary time occurred during school 

time (Tammelin et al., 2015). Consequently, it is evident that schools have the 
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potential to increase children’s weekly PA and provide additional benefits for 

children’s wellbeing. 

2.2 Definitions of school-based physical activity interventions, 

physically active learning and physical activity breaks 

In this dissertation, a multitude of international school-based PA interventions are 

presented and discussed. The term “school-based PA intervention” is used when PA 

in any form is added to the school day. In these interventions, PA is usually placed 

immediately before, during or after school lessons or at break time. Moreover, PA 

has been integrated into academic content or carried out without any curriculum 

goals. Many interventions have introduced short PA breaks, while others have 

included other elements, such as PA homework or health education. Some studies 

have improved the quality and/or quantity of physical education lessons through 

interventions. The types of PA provided in international school-based interventions 

are presented in Figure 1. 
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Fig. 1. Types of PA in school-based interventions. 

The narrower concept of PAL is defined as a pedagogical approach in which pupils 

are physically active while learning academic content (Daly-Smith et al., 2020). 

This concept is comparatively recent, having only been used in the past 2–3 years. 

Other concepts have been used more frequently that refer to the same approach, 

including movement integration, PA integrated into lessons, academically active 

lessons, motor-enriched activities, cognitively engaging activities, and PA 

integrated with academic instruction. For the sake of clarity, the concept of PAL is 

employed when referring to earlier research, whenever the intervention design 

matches closely with the definition mentioned previously. 
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PA breaks are defined as short PA sessions lasting approximately 2–15 min, 

mainly without any academic content. These can include MVPA, muscle strength 

exercises, balance activities or activities with sports equipment. These breaks are 

also referred to as activity bursts or active breaks in the research literature. Some 

studies have combined short breaks with curriculum content, which are referred to 

as active breaks incorporating curriculum goals or maths/language (for example). 

2.3 School-based physical activity interventions 

In this chapter, the characteristics and results of recent international studies on 

school-based PA interventions are reviewed to provide a foundation for the 

empirical section of the dissertation. The presented interventions were conducted 

in Europe, North America, and Australia and lasted from 6 weeks to 3 years. 

First, studies that investigated school-based interventions through quantitative 

measures of educational outcomes are discussed. In quantitative research, the 

ontological assumption is a stable, objective, and controlled reality that can be 

investigated through empirical methods (Rowe & Oltmann, 2016). From an 

epistemological perspective, the evidence represents a positivist research paradigm, 

where all the data are gathered through quantitative methods, a hypothesis is 

involved, and the aim of the study is to answer a question about cause and effect 

(Bonell et al., 2018; Rowe & Oltmann, 2016). Here, the researcher and the research 

participants are considered independent from each other. Thus, there is an 

assumption that a potential correct explanation can be found, and that knowledge 

is something that can be transferred between people.  

In addition to investigating apparent physical health benefits, the overall aim 

of the studied interventions was to investigate whether increased amounts of PA 

during the school day would result in positive academic or cognitive outcomes. In 

these studies, PA was added to the pupils’ school days in the form of PAL, PA breaks, 

other types of school-based PA, or a combination of these formats. The 

interventions had unique study designs, and a variety of outcomes were examined. 

More details of the studies are presented in the systematic review (see Article I).  

The majority of the interventions employed an RCT as the study design, with 

the goal of measuring the effectiveness of a new intervention or treatment. Data 

from an RCT are considered the “gold standard” for evaluating efficacy in clinical 

research; hence, they are employed to investigate cause-effect relationships with 

minimal bias and confounding factors (Spieth et al., 2016). The RCT process starts 

by carefully selecting the participant population, followed by choosing the 
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interventions to be compared and the outcomes of interest (Hariton & Locascio, 

2018). A sufficient number of participants needs to be calculated by power 

calculations, who are then randomly assigned to either the intervention or control 

groups. Although RCTs are often blinded in the natural sciences, this is seldom 

possible in the case of education research (K. Singh, 2007). 

By convention, RCTs entail determined, pre-specified outcomes, which are 

tested using pre-and post-tests. Importantly, these studies require ethics approval 

and must be registered in a clinical trials database (such as the European Union 

Clinical Trials Register). Furthermore, RCTs can be examined by an intention-to-

treat analysis (where subjects are analyzed in the groups to which they were 

randomized), a per-protocol analysis (only participants who completed the 

treatment initially allocated are analyzed) or other variations. Out of these methods, 

intention-to-treat is often regarded as the least biased (Hariton & Locascio, 2018). 

 Next, some examples of studies examining the effects of school-based PA 

interventions on children’s mathematics performance are presented. The examples 

were chosen to represent different types of interventions and studies conducted in 

different educational contexts. The main results of these studies are also presented.  

Several studies have involved investigating the effects of PA integrated into 

academic lessons. Donnelly et al. (2009) conducted an RCT where 90 min of PA 

was integrated into academic lessons in US elementary schools for 3 years, 

involving 203 pupils aged 7–8 years. Mathematics performance was tested using 

the Standardized Wechsler Individual Achievement Test pre-and post-intervention. 

The authors reported significant improvement in the intervention group’s 

mathematics scores compared to the control schools. Subsequently, they completed 

another RCT (2017) in which 55 min of PA per week and two 10-min sessions per 

day were integrated across the curriculum. The age group was similar to that of 

their previous study, although the sample size was 584. In this study, the results 

indicated no significant impact of the intervention on mathematics achievement.  

In a Dutch cluster RCT study (Mullender-Wijnsma et al., 2016), physically 

active academic lessons were introduced three times a week. Each lesson entailed 

10–15 min of mathematics problems and 10–15 min of language problems. A total 

of 499 children aged 8 years participated in the study for 2 years (22 weeks each 

year). The pupils were tested using two standardized tests (speed and general 

mathematics skills), and the results indicated that the intervention group achieved 

significantly greater gains in speed tests and general mathematics. However, this 

study is one of the few that also reported the negative effects of PA on mathematics 

performance. After the first year of the intervention, the post-test mathematics 
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scores of second-grade children in the intervention condition were significantly 

lower than those of the control group (Mullender-Wijnsma et al., 2015), although 

the overall effect was reported to be positive after the second year. 

Some studies examined the effects of short PA breaks that did not include 

academic learning goals. In the study by Howie et al. (2015), the effects of 5-, 10-, 

and 20-min PA breaks on mathematics fluency were tested on 96 children aged 10 

years in the US. The results indicated that the children’s mathematics scores were 

higher after the 10- and 20-min PA breaks compared with the control group, 

although not after the 5-min break. Similarly, Watson et al. (2017) studied the 

effects of three 5 min active breaks in the classroom every day of the week. The 

research was conducted in the United Kingdom (UK), and the results indicated no 

intervention effect on the mathematics performance of the 312 participants.  

Many interventions involved combining different types of PA or increasing the 

daily amount of PA in other ways. Norwegian researchers (Resaland et al., 2018) 

conducted an RCT intervention that included 90 min/week physically active 

lessons (including 30 min of mathematics), 5 min/day PA breaks, and 10 min/day 

PA homework. The study involved 1129 pupils aged 10 years, and their 

mathematics performance was tested using the standardized Norwegian national 

tests. Although the overall results indicated no intervention effects, subgroup 

analyses revealed that boys and girls in the low-performing tertile had a beneficial 

trend. In contrast, middle-and high-performing girls responded with negative trends. 

Lubans et al. (2018) conducted a different study design in Australia in which 

students aged 12 years received maximizing MVPA during physical education 

classes. The study involved 1173 students, and mathematics performance was 

measured by a national assessment program. The authors reported a small to 

medium effect on mathematics performance. 

2.3.1 Systematic reviews and meta-analyses on the effects of 

school-based physical activity interventions 

Recently, in addition to new empirical studies, an increasing number of systematic 

reviews and meta-analyses have been published in which the effects of school-

based PA interventions on academic outcomes and cognitive functions have been 

investigated. Next, an overview of some of the current reviews is presented, to 

illustrate the current findings in the field. It is noteworthy that the reviews have 

various inclusion criteria, and the studied outcomes are not entirely similar. These 

reviews are presented in chronological order. 
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Donnelly et al. (2016) reviewed 64 studies that investigated whether PA and 

physical fitness influenced cognition, learning, brain structure, and brain function. 

In addition, they reviewed 73 studies that examined whether PA, physical education, 

and sports programs influenced standardized achievement test performance and 

concentration/attention. The age group of the participants was 5–13 years. The 

authors concluded that most of the reviewed research supports the view that 

physical fitness, single bouts of PA, and PA interventions can benefit children’s 

cognitive functioning. Moreover, although positive results were obtained in cross-

sectional and longitudinal studies related to academic achievement, they concluded 

that the results of the controlled experiments were mixed. It should be noted that 

no meta-analysis was included in this review. 

Watson et al. (2017) conducted a meta-analysis of 16 studies that investigated 

the effects of classroom-based PA interventions on classroom behavior (e.g., on-

task behavior), cognitive functions (e.g., executive function [EF]), and academic 

achievement (e.g., standardized test scores). The meta-analyses indicated that 

classroom-based PA had a positive effect on improving on-task and reducing off-

task classroom behavior and resulted in improved academic achievement when a 

progress monitoring tool was used. However, no effect was found on cognitive 

function. The authors highlighted that it was impossible to draw definitive 

conclusions due to heterogeneity in both the intervention components and the 

assessed academic-related outcomes. Similarly, Amika Singh et al. (2019) 

concluded there was no conclusive evidence to suggest the beneficial effects of PA 

interventions on cognitive and overall academic performance in children aged < 18 

years. However, there was strong evidence for the beneficial effects of PA on 

educational outcomes related to mathematics, as positive effects were detected in 

86% of the studies. Their conclusions were based on 58 randomized and non-

randomized intervention studies, of which 11 were rated as high quality. The 

systematic review was combined with expert panel discussions. 

A more detailed view of mathematics performance as an outcome is provided 

in the review by Vetter et al. (2020). They investigated studies that combined 

learning mathematics with PA in primary schools. They revealed that the 

mathematics scores were significantly better in intervention groups in 6 of the 11 

studies in at least one test, while no studies reported a reduction in scores. However, 

the authors concluded that undertaking PA while learning was largely equivocal for 

mathematics scores. 

To summarize the findings on the effects of PA on educational or cognitive 

outcomes, individual studies and some reviews suggested that there were beneficial 
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effects, while other reviews and meta-analyses concluded that the evidence was 

ambiguous or inconclusive. Importantly, adverse effects were seldom found 

(Mullender-Wijnsma et al., 2015). With regard to mathematics performance 

outcomes, Amika Singh et al. (2019) reported positive effects, while the review of 

(Vetter et al., 2020) reported conflicting results across mathematics tests in three of 

the six studies. They also revealed that of the five high-quality RCT studies, only 

two reported significantly improved mathematics scores in the intervention groups. 

It should be mentioned that the inclusion criteria in these studies were not entirely 

similar. However, despite the somewhat conflicting results presented in these 

reviews, researchers have arrived at a consensus that school-based PA interventions 

do not have harmful effects on mathematics performance. 

2.3.2 Mechanisms underlying the effects of physical activity 

While some researchers have attempted to demonstrate that PA has beneficial 

effects on children’s overall wellbeing, others have focused on investigating the 

mechanisms or mediating factors that might underlie the effects of PA. Even though 

there is no empirical study regarding this question in this dissertation, it remains a 

crucial background issue. Although the explanations behind the potential positive 

effects of PA on academic achievement are complicated and remain mostly 

unexplained, some possible explanations have been posited. For example, 

neurobiological, psychosocial, or behavioral mechanisms have been suggested to 

explain the phenomenon (Lubans et al., 2016; Ruotsalainen et al., 2020). 

There is a hypothesis that PA promotes children’s development through its 

effects on the brain system that regulates cognition and behavior. Hillman et al. 

(2008) studied the positive effects of aerobic PA on cognition and brain function at 

molecular, cellular, systems, and behavioral levels. They gathered data on both 

human and non-human brain research, suggesting that PA has both acute and lasting 

effects on the structure and function of the central nervous system (Gomez-Pinilla 

et al., 2013). Specifically, there is evidence to suggest that PA affects cognition by 

influencing the management of energy metabolism and synaptic plasticity (Gomez-

Pinilla et al., 2013). More recent findings have revealed that an increase in cerebral 

blood flow plays a vital role in PA-mediated improvements in EFs (Tari et al., 2021). 

Moreover, Ruotsalainen et al. (2020) demonstrated that aerobic fitness (not PA) is 

associated with white matter properties of the brain in adolescents.  

Moreover, the focus in this area of research has been on human cognition, 

mainly EFs. These skills are essential for cognitive, social, and psychological 
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development, rendering them vital for mental and physical health (Diamond, 2013). 

The three core EFs in general agreement are as follows: a) mental flexibility (which 

refers to shifting attention between goals and flexibly adapting thinking to suit the 

situation), b) monitoring and updating working memory, and c) inhibition (i.e., 

suppressing inappropriate responses when necessary) (Allan et al., 2016).  

There is some evidence to support the assumption that PA may affect EFs 

(Aadland et al., 2019; Berse et al., 2015; Chaddock-Heyman et al., 2013), which 

could subsequently play a role in both reading and mathematics achievement (Jacob 

& Partkinson, 2015). In addition, attentional inhibition and cognitive flexibility 

have been shown to improve by long-term PA (Hillman et al., 2014). Furthermore, 

Drollette et al. (2014) reported the beneficial influence of acute PA on cognitive 

performance in children in school-based settings. They also demonstrated that 

children with lower inhibitory control capacity could benefit the most from 

exercising before cognitive tasks. 

Based on an extensive review, Donnelly et al. (2016) suggested that most of 

the research supports the view that physical fitness, single bouts of PA, and PA 

interventions can benefit children’s cognitive functioning. More recently, Xue et al. 

(2019) reviewed 19 globally situated RCT studies to examine the effects of various 

types of long-term PA interventions on children. The results indicated a small yet 

significant effect size (ES) for PA interventions on overall EFs and inhibitory 

control. Conversely, their moderator analysis revealed that integrated PA (such as 

one of the interventions in this dissertation) had no significant effect on EFs. 

Watson et al. (2017) also suggested that PA did not affect cognitive functions based 

on a review and meta-analysis that specifically focused on classroom-based PA 

interventions. According to Ishihara et al. (2021), there is no consensus regarding 

whether acute aerobic exercise has any positive effects on EFs. Their recent meta-

analysis of 18 studies that examined individual participant data indicated that the 

beneficial after-effects of acute exercise on cognitive performance were greater in 

participants with lower cognitive performance at pre-test. Thus, participants’ 

individual differences in cognitive performance are one possible source of the 

conflicting findings on the effects of PA on cognitive functions. 

To summarize, the previously mentioned studies suggest that the effects of 

school-based PA interventions on children’s EFs or cognitive functions are 

generally small or difficult to measure. Hillman et al. (2019) mentioned that the 

mode, intensity, or duration of PA interventions should be considered when 

comparing results from different studies. They also argue that the majority of 

evidence for the favorable effects of PA on cognitive and brain outcomes emanates 
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from studies where PA does not have a clear cognitive component (e.g., walking). 

Although the evidence remains inconclusive, it is noteworthy that there is no 

evidence to suggest that PA interventions have any adverse effects on EFs or 

cognitive functions. In addition, it is important to highlight the findings that imply 

that children with lower cognitive achievement at baseline might benefit more from 

PA interventions (Drollette et al., 2014; Ishihara et al., 2021). 

Furthermore, studies conducted in Finland have indicated that children’s 

physical growth, motor development and cognitive development are closely linked 

(Haapala et al., 2014; Jaakkola et al., 2015; Kantomaa et al., 2013). Thus, enhanced 

motor development through PA interventions could be another mediating 

mechanism that explains the positive effects of PA on educational outcomes. To 

support this theory, changes in both aerobic and muscular fitness have been shown 

to be positively associated with changes in academic achievement during 

adolescence (Syväoja et al., 2019). 

Looking at the issue from a psychological perspective, some PA intervention 

studies (Carlson et al., 2015; Grieco et al., 2016; Riley et al., 2017) have 

demonstrated (through observational measures) that PA during the school day has 

positive effects on children’s attention and time-on-task. In the review by Watson 

et al. (2017), regardless of the type of classroom-based PA, the majority of studies 

reported acute effects in improving on-task classroom behavior and reducing off-

task behavior. 

Lubans et al. (2016) examined studies that reported positive effects of PA on 

cognitive and mental health outcomes in children and found evidence of 

improvements in children’s physical self-perceptions and enhanced self-esteem. 

They also argued that participation in PA often provides an opportunity for social 

interactions that meet the psychological need of connectedness with others. 

However, the authors noted that poorly designed (or delivered) PA could thwart 

children’s needs for satisfaction, resulting in lower perceived competence and self-

esteem.  

Finally, it has been suggested that PA can improve children’s emotional and 

behavioral engagement (Owen et al., 2016), which could positively influence 

school achievement. Moreover, studies based on questionnaires and interviews 

after PA interventions have demonstrated that improved academic achievement 

could be connected to children’s experiences of enjoyment and engagement of PAL 

(Howie et al., 2014; Riley et al., 2017). Owen et al. (2016) further argued that 

positive emotions can result in broadened thoughts and behaviors and activate 

adaptive responses, such as problem-solving and asking for assistance. In addition, 
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they referred to evidence showing that this positive affect occurring in learning 

situations is associated with self-regulated learning. 

2.3.3 Barriers to the implementation of physically active learning 

International research has shown that PAL (or increasing PA in other ways) during 

the school day has benefits and should be recommended. However, the introduction 

of more school-based PA has faced some barriers. Quarmby et al. (2019) argued 

that school-based PA interventions are often designed by researchers who might 

lack comprehensive knowledge of the social, physical, and political environments. 

Hence, they fail to consider the practical barriers to implementation that teachers 

may face. Several studies have approached this issue by investigating teachers’ and 

other educational stakeholders’ experiences and perceptions of barriers to PAL. The 

Finnish teachers’ perceptions are investigated in Article III. The following section 

presents some perspectives concerning the barriers to and facilitators of PAL in 

different school cultures. 

Quarmby et al. (2019) conducted interviews with 31 UK teachers who were 

not currently engaged in any intervention delivering PAL. The study reported that 

teachers’ confidence and competencies, concerns over classroom space, 

preparation time, overall school culture and resources could act as barriers to 

introducing PAL.  

In a US study (Benes et al., 2016) based on survey and interview data, teachers 

not participating in any intervention perceived the main barriers to PAL as unclear 

expectations, lack of knowledge, and the time required to plan the lessons. 

Although the teachers were knowledgeable about the health benefits of PA, they 

had limited knowledge related to movement integration and learning in the 

classroom. They also thought that a lack of administrative support and an 

environment unfavorable for PA could act as barriers to using movement in the 

classroom. In addition, teachers might feel pressure related to the academic 

curriculum, which was perceived as a hindrance to movement integration. Goh et 

al. (2017) reported teacher experiences with the TAKE 10! program, also in the US. 

In addition to the barriers mentioned previously (time and space), the participating 

teachers regarded student resistance towards movement integration and their 

inability to perform academic learning and PA simultaneously as limits to 

introducing more PAL. 

Dyrstad et al. (2018) reported results of teacher interviews concerning their 

experiences of a large-scale Norwegian intervention. According to the Norwegian 
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teachers, the main barriers to PAL were reported as a lack of planning time and 

insufficient intervention training. 

2.3.4 Facilitators of the implementation of physically active learning 

Most of the studies that examined barriers to implementing PAL also investigated 

facilitating factors. For example, pupils’ enjoyment of learning, engagement in 

activities and enhanced learning through improved retention were identified as 

positive outcomes of using movement in the classroom by teachers in UK schools 

(Benes et al., 2016). Moreover, the teachers expressed a strong interest in and 

positive attitudes toward integrating movement into their teaching, even though 

most were not currently using this strategy. 

Targeted PAL training, preparation of PAL lessons in advance, available lesson 

plan materials and their adaptability were all perceived as practical facilitators of 

PAL in the US study by Goh et al. (2017). It was noted that teachers’ confidence to 

deliver PAL increased over the course of the intervention. Moreover, teachers’ 

participation in the activities (as role models) played a significant part in the success 

of the program. In addition, they noted that scheduling PAL into weekly routines, 

children’s requests for the program, and collaboration among teachers facilitated 

program continuance.  

Norwegian teachers (Dyrstad et al., 2018) considered the primary facilitators 

for the implementation of PAL to be ease of organizing, inclusion of PAL into the 

curriculum, active leadership, and teacher support. In practice, teachers who 

established good routines for planning PAL suggested that these lessons become 

less demanding with experience. In another study conducted in Norway (Lerum et 

al., 2019), teachers reported benefits to the social climate in their class and a 

recognition that interactions in PAL opportunities was especially beneficial for 

students with low academic achievement. 

Teachers’ perceptions of PA breaks (without academic content) in the US were 

examined by Campbell and Lassiter (2020). The authors employed the diffusion of 

innovations theory to help understand what factors can result in a broader 

implementation of PA breaks. According to the theory, new ideas become widely 

adopted based on perceptions in five categories (or attributes): relative advantage, 

compatibility, complexity, trialability and observability. The results indicated that 

teachers perceived compatibility with their teaching philosophy and the 

observability of benefits to most students as strong facilitators. However, relative 

advantage and trialability were perceived more negatively, primarily due to 
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classroom management issues associated with some students. Conversely, a lack of 

complexity (of the activities) facilitated implementation, at least with younger 

pupils.  

A broader perspective on the issue of PAL adoption and implementation was 

presented by Daly-Smith et al. (2020), who analyzed data from a multi-stakeholder 

perspective in the UK. In the study, the participants represented policymakers, 

teachers, the commercial education sector, and researchers. They concluded that 

future PAL interventions should be evidence-based, and that wider PAL adoption 

would require addressing the implementation factors at many levels: classroom 

(e.g., teacher competence and confidence, space, and resources), school (e.g., 

leadership and “school vision”), and national policy (health and education policies 

and initial teacher training). Similar conclusions pertaining to barriers to and 

facilitators of implementing PAL have recently been presented by a large group of 

European researchers (Daly-Smith et al., 2021). They argue that PAL training 

programmes should progress as teachers’ build their experience and capabilities. 

Moreover, content should be “refreshed” and become more challenging over time. 

2.4 Student engagement as a theoretical framework for 

understanding classroom activities 

In the second and third studies of this dissertation, the experiences and perceptions 

of pupils and teachers were examined using qualitative methods. Opposite to the 

positivist approach represented in the earlier chapter, an alternative perspective on 

the nature of knowledge is that it is subjective, different for each individual, and 

most often an interpretation made in a particular context. From this perspective, 

knowledge is socially constructed by individuals interacting with each other and 

their environment. Thus, interpretive perspectives of reality recognize that it is not 

always possible to determine causality (Spencer et al., 2020). 

According to Rowe and Oltmann (2016), many theories have attempted to 

explain how and why learning happens, all of which describe interpretation and 

negotiation occurring between individuals and their unique environments. This 

understanding of learning recognizes that learning is influenced by the context in a 

complex relationship between knowledge, the knower, and knowledge.  

The qualitative approach of this dissertation shares characteristics with 

phenomenology, which is rooted in the foundational assumption that all our 

knowledge and understanding of the world emanates from the experiences of 

individuals (Spencer et al., 2020). In phenomenology, the focus is not on the events 
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themselves. Rather, it focuses on the ways in which people experience things and 

the meanings these experiences create. However, the researcher can create 

assumptions and biases in the research. Consequently, it is acknowledged that in 

the qualitative interviews of this dissertation, the investigation of experiences and 

perceptions is affected by the qualities of the respondents, the researcher, and the 

social context in which the research is conducted. 

2.4.1 Definition of student engagement 

The concept of engagement started to garner interest in the mid-1990s when 

researchers from different disciplines started to study the psychological and social 

factors that can influence children’s academic achievement at primary school. 

Given that it is a concept that transcends disciplines and theoretical frameworks, 

engagement has become a popular target of studies and discussions (Eccles, 2016). 

Moreover, there has been a sixfold increase in research regarding the concept of 

engagement in the school context within the past decade (Salmela-Aro et al., 2021), 

especially in the form of studies that examine engagement in classroom activities, 

school, and schoolwork. 

Engagement is assumed to be a momentary, emergent property derived from 

all the ways in which a person could engage in the moment in an activity or a 

contextual setting (Eccles, 2016). Some researchers have defined engagement as 

energy in action, where “action” refers to goal-directed emotion-infused behavior 

(Skinner & Pitzer, 2012). Some variations in the concept of engagement are used 

in the school context. Moreover, some studies (e.g., Wang & Fredricks, 2014) have 

preferred to use the concept of school engagement instead of student engagement. 

In this dissertation, the definition of student engagement as discussed by Fredricks 

et al. (2004) is employed, although some other perspectives on the theoretical 

concept are also presented.  

One of the historical roots of research on student engagement is connected with 

studies on motivation. Skinner and Belmont (1993) define engagement as follows: 

Engagement includes both behavioral and emotional components. Children 

who are engaged show sustained behavioral involvement in learning activities 

accompanied by positive emotional tone. They select tasks at the border of their 

competencies, initiate action when given the opportunity, and exert intense 

effort and concentration in the implementation of learning tasks; they show 

generally positive emotions during ongoing action, including enthusiasm, 
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optimism, curiosity, and interest. Student engagement is optimized when the 

social context fulfils children’s basic psychological needs. The opposite of 

engagement is disaffection. (p. 571) 

Student engagement is linked to an individual’s relationship with school, 

curriculum, and pedagogy (Fredricks et al., 2004). It describes how students feel, 

act and think; hence, the construct initially includes the components of behavior, 

emotion and cognition (Fredricks et al., 2004). Student engagement is also linked 

to the concept of motivation, meaning that engagement can be perceived as the 

actions and behaviors that emerge as a result of student motivation (Attard, 2013). 

In learning situations, behavior, emotion, and cognition are dynamically 

interrelated within the individual and are not isolated processes. Fredricks et al. 

(2004) also argued that student engagement can vary in intensity and duration, as 

it can be short-term and situation-specific or long-term and stable. 

An individual’s state of engagement is believed to be malleable and amenable 

to improvement through effective pedagogy and interventions (Lawson & Lawson, 

2013). Accordingly, any interventions designed to increase student engagement are 

potential ways of minimizing negative school experiences and outcomes. Studies 

on older students (Fung et al., 2018; Lei et al., 2018) have indicated that those more 

engaged in school reach higher levels of academic achievement, with cognitive 

engagement having the strongest association. There is also evidence that students 

exhibiting higher levels of engagement are more likely to progress to post-school 

education and achieve higher occupational and economic success (Abbott-

Chapman et al., 2014). Consequently, educators see increasing engagement as a 

key to addressing problems such as low achievement and high dropout rates (Wang 

& Fredricks, 2014). Wang et al. (2013) further argued that student engagement is 

advanced in schools in which academic and social environments are able to provide 

opportunities for students to feel competent, autonomous, and emotionally related 

to others. 

In many ways, the components included in the dimensions of engagement 

overlap with other constructs studied in psychology and education, such as on-task 

behavior, attitudes, student interests and values, and self-regulated learning 

strategies and motivation (Eccles, 2016; Estell, 2013). Sinatra et al. (2015) 

discussed how motivational and self-regulation constructs run through each 

dimension of engagement, while Shernoff et al. (2016) referred to the close 

relationship between the ideas of engagement and flow in learning situations.  
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In this dissertation, for coherence and clarity, a decision was made to use the 

student engagement framework to investigate and analyze the experiences and 

perceptions of the participants in the Moving Maths study. This framework offers 

a qualitative yet structured approach to how pupils in primary school feel, act, and 

think. Consequently, it enables a comprehensive interpretation of the experiences 

of the participants. 

Behavioral student engagement 

In the narrow definition in psychology, behavior is limited to directly observable 

body activities, which excludes states of consciousness, thoughts, and feelings 

(Popescu, 2014). However, in everyday situations, behavior can mean everything a 

person does or says or even something a person avoids, or leaves undone. In this 

study, we refer to behavior as actions that others can observe. 

Behavioral (operational) engagement refers to the range of actions that reflect 

involvement in school activities and is usually measured by students’ classroom 

behavior and time-on-task. Positive behavioral engagement encompasses the 

concepts of active participation in learning tasks and positive classroom conduct 

(Fredricks et al., 2004). 

Motivational constructs, such as persistence and effort, were initially attached 

to the concept of behavioral engagement by Skinner and Belmont (1993). This 

dimension of engagement has been measured in various ways. For example, by 

observing displays of persistence, behavioral aspects of attention (such as making 

eye contact), self-directed academic behavior (such as exhibiting resiliency in the 

face of obstacles), and purposefully seeking out information without any prompts 

or assistance (Sinatra et al., 2015). Moreover, teachers’ interactions with students 

are known to predict students’ behavioral and emotional engagement in the 

classroom (Skinner & Belmont, 1993). However, it is essential to note that 

behavioral engagement may not always predict overall academic achievement, as 

strong cognitive engagement is also required when faced with challenging 

academic tasks. 

The opposite of engagement (disengagement) can take many forms, including 

lack of participation and effort, acting out, fidgeting, and disrupting class, time off-

task, inattention, or withdrawal (Owen et al., 2016). Self-regulatory behaviors and 

strategies such as intentional and purposeful information seeking are related to 

academic behaviors (Sinatra et al., 2015). Moreover, although concentration can be 

considered an aspect of cognitive engagement, if it is defined as the action of 
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focusing attention and staying on task, it is more commonly considered an aspect 

of behavioral engagement (Fredricks et al., 2004). In this study, concentration is 

discussed as an aspect of both behavioral and cognitive engagement. 

Emotional student engagement 

Emotional (affective) student engagement and disengagement refer to positive and 

negative affective reactions to school, such as enjoyment, boredom, happiness, 

sadness, and anxiety (Owen et al., 2016). Students’ reactions to teachers and peers 

are included in the dimension of emotional engagement (Fredricks et al., 2004), 

while empirical studies have demonstrated that teachers’ interactions with students 

can predict students’ behavioral and emotional engagement in the classroom 

(Skinner & Belmont, 1993). Motivational constructs, such as students’ perceptions 

of values related to school and task values, are often included in the operational 

definitions of emotional engagement (Sinatra et al., 2015). 

Four components of value can be connected with a particular activity: 1) 

interest (enjoyment of the activity), 2) attainment value (importance of doing well), 

utility value (importance of the task for future goals) and cost (negative aspects of 

engaging in the task) (Fredricks et al., 2004). It can also be argued that positive 

emotions can result in broadened thoughts and behaviors, such as activating 

problem-solving skills and asking for assistance. Furthermore, (Owen et al., 2016) 

suggest that a positive affect during learning situations is associated with self-

regulated learning. 

Finally, it is necessary to realize that the sources of emotional reactions are not 

always apparent in school contexts (Fredricks et al., 2004). For example, it may not 

be clear whether students’ positive emotions are directed toward academic content, 

their friends, the teacher, or the novelty of a teaching method. 

Cognitive student engagement 

Research on students’ cognitive processes is one of the core topics in learning 

research. Cognitive engagement involves the concept of recognizing the value of 

learning. According to (Fredricks et al., 2004), many definitions are close to the 

constructs in the learning motivation literature: Students who adopt learning rather 

than performance goals are focused on learning, mastering the task, understanding, 

and trying to accomplish something that is challenging. 
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Cognitive engagement requires self-regulation and is necessary in situations 

such as when a student tries to comprehend complex ideas and master difficult 

skills (Fredricks et al., 2004). If cognitively engaged learning is defined as strategic 

or self-regulated learning employing metacognitive strategies to plan, monitor and 

evaluate learning, the definition is rooted in the concept of self-regulated learning 

(Zimmermann, 1990). Järvelä et al. (2016) suggested combining the concepts of 

self-regulated learning and engagement in empirical research to explain the 

conditions for successful learning. 

In addition to teacher observations, it is vital to examine cognitive engagement 

from the student’s perspective. Peterson et al. (1984) revealed that students’ own 

reports of attention, understanding, and cognitive processes were more valid 

classroom learning indicators when compared to observers’ assessments of students’ 

time on-task. Cognitive engagement has also been referred to as psychological 

investment. This means that when a student expends cognitive effort to understand 

a task or a problem, they become psychologically invested, go beyond the 

requirements of the activity, use flexible problem solving and strategic learning 

skills, and chooses challenging tasks (Owen et al., 2016; Sinatra et al., 2015). 

Social engagement 

In addition to the original three dimensions, it has recently been suggested that the 

social dimension should be added to the construct of engagement (Fredricks et al., 

2016; Xerri et al., 2018). Social engagement has been defined in terms of the quality 

of social interactions and the social forms of engagement around classroom tasks 

(Fredricks et al., 2018). It is clear that learning is seldom a purely individual effort 

in schools and other learning institutions or that it takes place in isolation. 

Historically, it has been widely understood that children’s development in school is 

influenced by the social contexts in which their learning occurs (Kindermann, 

1993). Evidence also indicates that peer acceptance in childhood is associated with 

satisfaction in school (an aspect of emotional engagement), socially appropriate 

behavior, and academic effort, which are aspects of behavioral engagement 

(Fredricks et al., 2004). 

Järvelä et al. (2016) studied self-regulation and collaborative engagement in 

natural learning settings. In their study, collaborative engagement was considered 

cognitive interaction when students were engaged in collaborative tasks, 

accompanying the socioemotional aspects of collaboration. Moreover, Pietarinen 

et al. (2014) studied the interrelation between students’ emotional and cognitive 
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engagement and found that peer relations play an essential part in engaging students 

in learning tasks. Furthermore, they argued that the development of school 

pedagogical practices should focus on the dynamics between students and their 

learning environment. Thus, in light of recent studies, it is justifiable to include the 

social dimension within the concept of student engagement in the theoretical 

framework of this dissertation. 

2.4.2 Student engagement outcomes in school-based physical 

activity interventions 

Previous studies on school-based PA interventions have not approached the topic 

through the entire student engagement framework. Although some studies have 

investigated only one or two dimensions of engagement, most have applied other 

psychological concepts closely connected with the concepts described in the 

previous chapters. Since research findings on cognitive function and educational 

outcomes have already been presented, some other psychological outcomes of 

school-based PA interventions will be discussed in the next section. 

Pupil emotions during and after PA interventions have been studied using 

questionnaires and interviews. For example, pupils participating in mathematics 

lessons in which PA was integrated into learning goals reported increased levels of 

enjoyment and engagement in an Australian study (Riley et al., 2017). In the study 

by (Howie et al., 2014) in the US, pupils reported positive emotions during an 

intervention containing 5-, 10-, and 20-min exercise breaks. In another Australian 

study within a programme that integrated movement into cognitive tasks related to 

numerical skills, preschool children who performed either integrated or non-

integrated PA reported higher levels of enjoyment compared to the control group 

(Mavilidi et al., 2018). Interestingly, another study revealed that acute PA breaks 

did not reduce primary school students’ perceived levels of mathematics test 

anxiety (Mavilidi et al.,(2020). 

The behavior of pupils during PA interventions has been studied through 

classroom observations. For example, two extensive studies in the US revealed that 

PA activity breaks improved the classroom behavior of primary school pupils 

(Carlson et al., 2015; Goh et al., 2016). The study was based on classroom 

observations by trained research staff, which indicated that student participation in 

PA activity breaks was associated with a significant increase in on-task behavior. 

In a Dutch study by Mullender-Wijnsma et al. (2015), classroom observations 

suggested that children’s on-task behavior during intervention lessons was above 
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70%. In their study, PA was integrated into the learning goals of third-graders. 

Conversely, Katz et al. (2010) reported no significant differences in behavior 

between an intervention with PA bursts in the classroom versus control groups 

(based on teacher rating scales). 

Some studies have investigated the socioemotional influences of PA 

interventions. For example, Vazou et al. (2017) reported positive socioemotional 

engagement following their PA program, which incorporated cognitive, social, and 

emotional elements in preschool. In classroom observations, the pupils exhibited 

more extended periods of social engagement and close relatedness with their 

classmates during classroom periods that followed PA sessions compared to non-

PA days.  

Few studies have explored the cognitive engagement of pupils involved in PA 

interventions through qualitative methods. In a Dutch study by Van den Berg et al. 

(2018), which examined primary school pupils’ perspectives on introducing more 

PA into the school day, more than 50% of pupils believed that increased PA could 

lead to cognitive benefits, such as improving their ability to focus or learn in school. 

2.5 Mathematics learning and teaching of nine-year-olds in Finland 

In today’s digital society, adults encounter a substantial amount of quantitative 

information that needs to be understood to engage in a democratic society. 

Importantly, a large quantity of this information involves knowledge of 

mathematics (Bredberg, 2020). In addition, since an increasing number of 

professions require mathematical skills, the important role of mathematics in 

society is unquestionable (Vettenranta et al., 2020). Thus, children’s success in 

mathematics plays a vital role in their full engagement in modern society and affect 

their employment opportunities. Accordingly, mathematics is one of the core 

subjects in school curricula globally. 

2.5.1 Mathematical skills 

Successful mathematics learning is a process that involves many cognitive 

processes. Zhang et al. (2017) identified spatial, language, and memory skills and 

rapid automatic naming as the main basic cognitive skills that contribute to 

arithmetic learning. Further, Räsänen et al. (2021) indicated that there is no broad 

international agreement on how basic number skills should be defined. However, 

they suggest that the core set of basic mathematical skills that constitutes a 
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foundation for all mathematics understanding is as follows: number sense, counting 

skills, arithmetic skills, and understanding mathematical relations. These core skills 

are widely used in Finland when screening young primary school pupils for 

mathematical learning disabilities. 

One of the main goals for mathematics learning in Grade 3 in Finland and in 

the Moving Maths intervention is the mastery of multiplication tables. Steel and 

Funnel (2001) demonstrated that children aged 8–12 years used different strategies 

to solve multiplication problems: direct retrieval of the answer, retrieval with 

calculation, and counting-in series. Furthermore, Parker (2019) recommended 

practice that both reinforces procedural fluency and develops conceptual 

understanding, arguing that the number line is one of the most important resources 

to support children in noticing patterns when learning multiplication tables. These 

principles were followed when planning multiplication activities for the 

intervention.  

It is evident that children have different cognitive capacities for learning 

mathematics. Moreover, mathematical learning disability can be defined as 

substantial underachievement in mathematics relative to the level expected, based 

on age, intelligence, and education. Children with mild but persistent low 

achievement in mathematics can also be identified. Based on a large sample of 

Finnish children who were followed from age six to 10 years, 6% of the children 

were identified as having a mathematical learning disability, and 25.7% were 

considered low achievers (Zhang et al., 2020). Deficits in processing speed and 

working memory have been identified as some of the primary cognitive markers of 

mathematical difficulties (Peng et al., 2018).  

In educational discussions, several other terms are used to describe problems 

in mathematics learning, such as dyscalculia, mathematical disability, or 

mathematical difficulties. As the focus of this study is not on learning disabilities, 

children with problems in mathematics learning (mainly in Article III) are often 

referred to as pupils needing learning support or as low achievers/performers. 

2.5.2 Mathematics achievement globally and in Finland 

Some of the motivating factors for starting the Moving Maths programme were 

international, including Finnish reports of declined interest and achievement levels 

in mathematics (Kennedy et al., 2014; Stokke, 2015; Tuohilampi et al., 2014). In 

the next section, more current reports of children’s mathematics achievement and 

affect are presented. To match closest with the sample chosen for the Moving Maths 
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study, the Trends in International Mathematics and Science Study (TIMSS) was 

selected as a reference. The 2019 TIMSS was conducted in 64 countries, and three 

content domains were assessed in Grade 4 (mean age 9.5 years): number, 

measurement and geometry, and data. Altogether, 330,000 children took part in the 

tests, and the achievements of children in 13 countries were identified as being 

better than those of Finnish children. Compared to other European countries, 

Finnish children’s achievement levels are considered average (Vettenranta et al., 

2020). 

The results in Finland imply that mathematics achievement is relatively even 

compared to many other countries. When categorized into four levels, 11% of the 

Finnish students were considered to have excellent skills, whereas 5% were 

classified as low achievers. Finnish children’s skills across different content 

domains were reasonably even. Moreover, there were no significant differences in 

mathematics achievement across regions in Finland in Grade 4 (Vettenranta et al., 

2020). 

Finnish fourth graders participated in the TIMSS study for the third time in 

2019. Between 2011 and 2015, Finnish children’s results reduced by 10 points. 

Between 2015 and 2019, the reduction was evened out to 3 points, which is not 

statistically different. However, in the neighboring countries of Sweden and Russia, 

children’s achievement improved between 2011 and 2015 and continued to improve 

until 2019. The evident lack of development in Finnish children’s achievement has 

caused concerns in educators and policymakers. When looking at the distribution 

of achievement (i.e., changes in different achievement categories), a comparison of 

results from 2019 and 2015 indicated that the number of excellent achievers 

increased by 3%. However, the number of low achievers increased by 2% during 

the same period. This implies that Finnish children now have a wider distribution 

of mathematics achievement levels (Vettenranta et al., 2020). 

It is essential to consider that psychological and social factors can contribute 

to differences in mathematics achievement (da Cruz, 2017). The TIMSS study also 

investigated children’s affective factors towards mathematics (Mullis et al., 2020; 

Vettenranta et al., 2020). In 2019, 28% of Finnish fourth graders reported that they 

liked mathematics learning “very much,” compared to an average of 45% in the 

international sample. However, 31% of Finnish fourth graders did not like 

mathematics, compared to only 20% in other countries. 

When looking at the results of older comprehensive school students, according 

to a national test by the Finnish Education Evaluation Centre for ninth graders (age 

16 years), the level of achievement in mathematics declined from the previous 
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assessments in 2012 and 1998 (Metsämuuronen & Nousiainen, 2021). Moreover, 

students’ overall achievement levels in the latest results are not distributed normally. 

The authors noted that the COVID-19 pandemic might have influenced the results. 

However, the results indicate that there is no longer equality in Finnish mathematics 

education to the same extent as identified previously (Metsämuuronen & 

Nousiainen, 2021). 

In addition to achievement, ninth graders’ attitudes towards mathematics were 

assessed by Finnish Education Evaluation Centre. The results indicated that self-

efficacy in mathematics has declined since previous assessments, especially in 

groups of high-performing students. More worryingly, girls at all achievement 

levels considered their own level of achievement lower than that of boys 

(Metsämuuronen & Nousiainen, 2021). 

In conclusion, Finnish children’s mathematics achievement levels have 

declined during recent years compared to some other countries. There is also more 

polarization of achievement, meaning that the number of both high and low 

achievers has increased. 

2.5.3 Mathematics teaching in grade 3 in Finland 

The teaching of mathematics in Finnish primary schools is stipulated by the 

national core curriculum, which was last reformed in 2014 (Opetushallitus, 2014). 

The curriculum defines the objectives and core content of each subject. In addition, 

it describes the goals for the learning environment as well as principles for guidance, 

support, differentiation, and assessment. Local education providers, municipalities, 

and private education providers write local curricula and annual plans based on the 

national core curriculum. 

The Finnish national core curriculum for mathematics in Grades 3–6 obligates 

teachers by stipulating that mathematics teaching occurs in learning environments 

where concrete materials and learning manipulatives play a central role (and are 

readily available). Varied working methods are used, and pupils have opportunities 

to choose strategies for learning, working both individually and together. Learning 

games constitute an essential and motivating working method. Moreover, 

mathematics teaching supports pupils’ positive attitudes towards mathematics and 

their positive self-image as mathematics learners (Opetushallitus, 2014). In Finland, 

class teachers educated to master’s level teach almost all subjects (including 

mathematics) in primary school (Kupari, 2008). Accordingly, Finnish teachers 

enjoy pedagogical freedom in their work within the limits of the national core 
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curriculum, which naturally means that mathematics lessons are not similar across 

Finnish classrooms. On the other hand, the teaching of mathematics in primary 

schools is predominantly guided by textbooks, which uniforms teaching practices 

across the country, as there are only a handful of publishers producing primary 

school material. However, recent developments in teaching materials have 

introduced an increasing amount of digital teaching and learning tools that might 

have narrowed the variety of teachers’ pedagogical choices in Finland. It should be 

noted that this claim is based on the author’s own experiences and requires further 

study. However, this insight is essential in the context of this dissertation, as it 

would appear that digital educational solutions can result in increasingly sedentary 

school days. Similar concerns have been raised internationally, and there are now 

attempts to combine digital media with PA (Navarra et al., 2021; Salo, 2019). 

 

Fig. 2. Main concepts of the dissertation. The concepts investigated in the empirical 

studies are underlined. 
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3 Aims of the study 

The aim of this dissertation is to increase our understanding of how PA affects 

children’s educational outcomes. Accordingly, the effects of school-based PA 

interventions on educational outcomes in general are examined, with a particular 

emphasis on investigating the effects of the Finnish Moving Maths study. The focus 

is on pupils’ mathematics performance and on the participating pupils’ and teachers’ 

experiences and perceptions of emotional, behavioral, cognitive, and social 

engagement during the intervention. More specifically, an attempt is made to 

answer the following research questions, which were investigated and reported in 

Articles I–IV. Question I is investigated in Articles I and IV, while Articles II and 

III contain investigations into Questions II and III, respectively. 

1. a) Do school-based PA interventions have an effect on children’s mathematics 

performance? b) What are the characteristics of PA interventions that have 

positive effects on mathematics performance? 

2. a) What are the participating pupils’ experiences of emotional, behavioral, and 

cognitive engagement during the Moving Maths programme? b) How do pupils’ 

perceptions of engagement differ in the group in which PA was integrated into 

mathematics curriculum goals compared to the group that performed PA breaks? 

3. a) What are the participating teachers’ experiences and perceptions of pupils’ 

emotional, behavioral, social and cognitive engagement during the Moving 

Maths intervention, and how do pupil characteristics affect engagement during 

PAL? b) How do teachers’ experiences and perceptions of engagement differ 

in the group where PA was integrated into mathematics learning goals versus 

the group with PA breaks? c) What do teachers consider the main facilitators 

of and barriers to the implementation of PAL? 
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4 Methods 

This dissertation is based on the large-scale Moving Maths study, which is 

described at the beginning of this chapter. The description of the study protocol and 

measurements is narrowed down to details that are relevant to the aims of this 

dissertation. In the following sections, the methods used in the sub-studies of this 

dissertation are described, including the systematic review and meta-analysis, 

focus-group interviews, individual interviews, and pre-post analyses. 

4.1 Moving Maths study 

The Moving Maths study was designed and conducted in cooperation with a 

research team at the LIKES between 2017 and 2020. The study constituted a three-

arm cluster RCT with the purpose of measuring the effects of two types of 

classroom-based PA interventions on pupils’ mathematics performance and to 

investigate the participating pupils’ and teachers’ experiences of the interventions. 

First, a small-scale pilot study with 36 pupils and three teachers was conducted in 

Northern Finland (Oulu) for nine weeks in 2018. Subsequently, a full-scale study 

with 397 pupils and 22 teachers was carried out in Central Finland for five months 

between 2019 and 2020. 

Next, the contents of the intervention are described, followed by a more 

detailed description of the pilot phase and the full-scale Moving Maths study. 

Ethical considerations of the study are discussed at the end of this chapter. 

4.1.1 Intervention design 

The Moving Maths study consisted of two different intervention programmes for 

third-grade mathematics lessons. In the integrated group (Group 1), 20 min of PA 

was integrated into learning goals for every four 45-min lessons of the week. The 

PA break group (Group 2) carried out two physically active breaks of 5 min without 

any learning goals. In the control group (Group 3), the teachers were advised to 

teach mathematics in the usual way. However, they were guided to follow the same 

Grade 3 curriculum content as in Groups 1 and 2 (details presented later). All of the 

intervention classes were taught according to the guidelines of the Finnish national 

core curriculum, and they used the same textbook (Kymppi 3 by Sanoma Pro). 

The participating class teachers in Groups 1 and 2 received guidebooks with 

detailed lesson plans for delivering the intervention. They also received 3 hours of 
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training from the LIKES researchers on how to use the guidebooks and other 

materials (e.g., sports equipment, teaching materials, mathematics manipulatives, 

and instructional videos). 

Group 1 intervention content 

Group 1 consisted of physically active mathematics lessons in which 20 min of PA 

was integrated into the curriculum goals. Intervention activities were carried out in 

all four weekly 45-min lessons. The activities were designed in cooperation with 

specialists in physical education, PA researchers, class teachers, and a special 

education teacher. The PA in these learning tasks was planned to be versatile with 

the aim of enhancing motor skills, especially balance, movement skills, 

manipulative skills, or strength. Some examples of the activities are presented in 

Table 1. Differentiation of mathematics tasks was embedded into the lessons where 

possible, and many lessons included alternatives for the activities. 

Detailed lesson plans were available for the class teachers in both printed and 

online versions. 23 lesson plans also included an instructional video, and two 

additional videos included guidelines for movement skill activities. All 

participating classes received a material package (including, for example, bean 

bags and balls) for the intervention activities. The mathematics curriculum content 

for Grade 3 includes multiplication, division, geometry, addition, and subtraction 

of numbers (0–10 000), units of measurement, and time. These topics were 

integrated into the PA activities. Due to the school lockdown in March 2020, the 

last two topics were not taught in most participating classes. 

The activities were mainly conducted in ordinary classrooms, although it was 

advised that some activities should be performed in the corridor or gym hall to 

ensure sufficient moving space. The teachers were instructed to carry out the 

activities mainly in pairs or teams of 4–5 pupils. The allocation of permanent 

Moving Maths teams was recommended to enhance behavioral management, 

enable a smoother transition from seated work to PA activities (and vice versa) and 

ensure a safer learning environment for the pupils. 
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Table 1. Examples of integrated PAs in Group 1. 

PA Objective Activity Venue 

Movement skills  Skipping on number line to learn multiplication facts Classroom 

or corridor 

Movement skills Playful games, e.g., multiplication, division, time Classroom, 

corridor or 

gym 

Movement skills Relays, e.g., to strengthen short term memory or calculation strategies Classroom 

or corridor 

Movement skills Using storylines to move, e.g., telling the time Classroom 

Movement skills Guided moving to another place to do maths tasks  Classroom 

or corridor 

Balance skills Pupils answer teacher questions with movements Classroom 

Balance skills Using pupil bodies, e.g., to illustrate shapes in geometry Classroom 

Manipulative skills Counting multiplication facts while throwing and catching equipment in 

teams or pairs 

Classroom 

or corridor 

Manipulative skills Integrating maths activities into operations such as bowling, basketball, 

throwing to a target  

Corridor, 

gym 

Strength Pupils answer teacher questions with movements Classroom 

Group 2 intervention content 

In Group 2, mathematics lessons were taught normally, except for two 5-min PA 

breaks at the beginning and in the middle of lessons. The PA break in the middle of 

lessons was planned to be more physically demanding or to include more 

movement than the first one. A set of four different breaks was planned to be carried 

out twice a week. The breaks were designed by PE professionals at LIKES and 

aimed at developing motor skills and muscular strength. The activities included 

various movement activities, balancing tasks, manipulative handling, and muscle 

strength exercises. Examples of the PA break activities are presented in Table 2. 

Detailed lesson plans were available for the class teachers in both printed and 

online versions. All participating classes received a material package with 

resources such as bean bags and balls for the intervention activities. Two 

instructional videos with guidelines for movement skill activities were also made 

available to the teachers. 

The breaks were mainly performed in ordinary classrooms, although it was 

suggested that some activities should be completed in the corridor to ensure enough 

moving space. There were individual, pair, and some team activities. Group 2 

mathematics curriculum topics followed the same plan as for Groups 1 and 3. 
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Table 2. Examples of PA breaks in Group 2. 

PA Objective Activity Venue 

Movement skills  Jumping and skipping in different ways Classroom or corridor 

Movement skills Guided moving using different animal styles Classroom or corridor  

Movement skills Relays Classroom or corridor 

Movement skills Using storylines to move Classroom 

Balance skills Balance activities, e.g., animal statues Classroom 

Balance skills Walking along a line in different ways Classroom or corridor 

Manipulative skills Throwing balls or bean bags individually, in pairs or 

teams 

Classroom or corridor 

Manipulative skills Ideas from bowling, basketball, throwing to a target  Corridor, gym 

Strength Muscle strength activities standing, sitting or on the 

floor 

Classroom 

4.1.2 Pilot study 

The Moving Maths pilot study was conducted in the autumn of 2018 over nine 

weeks, constituting the pilot phase of the larger-scale intervention. The aim of the 

pilot study was to test the measurements and intervention lesson plans. The study 

involved 36 volunteer pupils (22 females, mean age 9.4 years) in a large suburban 

public school of 1300 pupils in Oulu, Northern Finland. Ethics approval for the 

pilot study was sought and obtained by LIKES from the University of Jyväskylä on 

September 28, 2018. 

Three volunteer third-grade class teachers were recruited, and their classes 

were randomly assigned to two intervention groups (1 and 2) and a control group 

(3). The intervention content for Groups 1 and 2 was similar to the large-scale study, 

including approximately one-third of the intervention lessons. 

The pupils’ mathematics performance was measured by a shortened version of 

the curriculum-based mathematics test (described later). Pre-test scores were 

calculated, and the participants were allocated into two groups based on their 

performance in mathematics: lower in maths (n = 7) and higher in maths (n = 7). 

This data was applied in Article II. None of the participants had statements of 

special educational needs or were reported as receiving regular intensified learning 

support in school. 

The pupils’ daily PA levels were measured with hip-worn accelerometers 

(ActiGraph) for one week at baseline. Based on their MVPA levels, the pupils were 

allocated to two groups: lower PA (n = 7) or higher PA (n = 7). This data was also 

applied in Article II. 
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Post-intervention mathematics tests were performed, and semi-structured focus 

group interviews were conducted with 16 volunteer pupils from Groups 1 and 2, 

which provided the data for Article II. The participants in the control group were 

not interviewed. In addition, the class teacher delivering the intervention in Group 

1 took part in improving the lesson plan content (the section carried out in the pilot 

study). 

4.1.3 Full-scale Moving Maths study 

Ethics approval for the full-scale study was obtained from the University of 

Jyväskylä on March 29, 2019. The study was prospectively registered in the 

ISRCTN registry (ISRCTN71844310 on April 10, 2019), and school recruitment 

was carried out between April and May, 2019. Altogether, 65 primary schools in 

central Finland were invited to participate in the study. Of these, 22 declined to 

participate, 17 were rejected due to the mathematics textbook they used (all 

participating classes were to use the same book), and 13 could not be contacted. 

Altogether, 22 third-grade teachers in 13 schools were willing to participate in the 

study, which involved 401 voluntarily participating pupils. The mean age of the 

pupils was 9.1 years, of which 49% were girls. Informed consent was received from 

the children and their guardians. The participating classes were randomly assigned 

to one of the three intervention groups (integrated PA, PA breaks, or control group) 

by a lottery using a random number generator in Microsoft Excel (2010). Before 

the final randomization, the class sizes, the schools’ number of pupils, and the 

regional socioeconomic status were optimized. 

One child was excluded from the study due to health reasons, two dropped out 

of the study, and one was excluded from the analyses due to having an 

individualized educational plan. Sample size determination was made with the help 

of LIKES experts in statistics, and the study was initially designed to detect at least 

medium-sized intervention effects (Cohen’s d ≥ 0.5). Based on power calculations, 

the aim was to recruit 133 children per intervention arm. The final sample consisted 

of 397 children. 

The study design included several pre-intervention measurements: curriculum-

based mathematics performance; arithmetic fluency; attitude, enjoyment, and self-

perception towards mathematics; mathematics anxiety; motor skills performance; 

fitness; need for learning support (intensified or special support); height, weight, 

body mass index, and % body fat; mother’s education level, family income level; 

PA; and EFs. It was planned that most of the measurements would be performed 
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both pre- and post-intervention. However, due to the shortening of the study 

because of the COVID-19 pandemic, most post-intervention measurements could 

not be carried out. 

The methods and results of all the measurements are not presented in detail in 

this dissertation, apart from the curriculum-based mathematics test that was applied 

in Articles II and IV. The measurement of pupils’ daily PA is described briefly in 

Article II. The author of this dissertation had the primary responsibility of designing 

the curriculum-based test to measure pupils’ mathematics performance at baseline 

and post-intervention. A pen-and-paper test was designed for the Moving Maths 

study, as appropriate standardized tests were not available in Finland. The test 

included time-limited tasks for multiplication and division (2 min for both), 

geometry and time (3 min), addition and subtraction in columns (4 min), and 

problem-solving (15 min). The first versions of the test were trailed in Oulu in two 

third-grade classes during the spring of 2018 and then applied in the pilot study. 

Before the full-scale study, an expert in mathematics testing (Pekka Räsänen from 

Niilo Mäki Institute) also took part in improving the final version of the test in 2019. 

The number of correct responses in the whole test was calculated to represent 

pupils’ curriculum-based mathematics performance pre-and post-intervention. 

Because the duration of the intervention was curtailed, some of the originally 

planned test sections were not included in the final analyses. 

The full-scale study started in September 2019, while the baseline 

measurements and the interventions started in October, 2019. The research team 

contacted the participating teachers every two weeks during the intervention (by 

phone or e-mail) to ensure that everything proceeded as planned. The teachers were 

also advised to contact the research team if they had any questions or encountered 

difficulties. Teachers in Groups 1 and 2 were asked to maintain a structured diary 

to document intervention fidelity and gather data pertaining to teachers’ 

experiences of the PA activities. 

The intervention was initially scheduled for 22 weeks (excluding holidays). 

However, due to COVID-19, the intervention was curtailed before the lockdown of 

schools. Consequently, the Group 1 intervention lasted for 20 weeks, Group 2 lasted 

for 19 weeks, and Group 3 lasted for 18 weeks. The post-intervention 

measurements (including teacher interviews) were carried out between March and 

May 2020. 
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4.1.4 Ethical considerations 

At the planning stage of the Moving Maths study, several ethical issues were raised 

that required thorough consideration. Even though whole classes of pupils were 

involved in the PA intervention, participation in the research and its measurements 

was voluntary. The choice of all pupils in the studied classes participating in the 

intervention was justified by Finnish teachers’ pedagogical freedom. Thus, the 

teachers themselves decided that all their pupils would join the intervention as part 

of their regular school attendance. All the children participating in the study (and 

their guardians) received a letter with explicit details of the study and a signed 

informed consent form that was required to be completed before participating. The 

teachers of the study also received detailed information and were asked to provide 

signed informed consent prior to joining the study. Participation was voluntary, and 

all participants were informed that termination of participation in the study was 

possible at all stages. 

The intervention in Groups 1 and 2 involved applying a relatively new teaching 

method that reduced the time allocated to teacher-led and/or individual learning of 

mathematics compared to traditional teaching and learning methods. Accordingly, 

the intervention content for Group 1 was designed to be closely correlated with the 

national Finnish core mathematics curriculum to ensure that all pupils received 

sufficient teaching of mathematics skills during the intervention. Although the 

participating teachers were informed to follow the intervention content, they were 

also advised to modify the instructions according to the learning needs of their 

group and to make their own pedagogical adjustments, if required. For example, 

even though the study incorporated pre- and post-assessments of the pupil’s 

mathematics performance, the teachers could choose to apply whichever 

assessment methods they preferred. 

All measurements were carried out by trained research staff with the help of 

the pupils’ class teachers to ensure a safe environment for the pupils in testing 

situations. The pupils were advised and encouraged to try their best on the tests, 

although no pressure was applied in these situations.  

The pupil interviews with volunteer participants (see Article II) were 

conducted in focus groups. The confidentiality of the participants was ensured by 

informing them that the study reports would be anonymous and that their teachers 

would not be informed about their responses. Two adults were present at the 

interviews, and all data was pseudonymized to ensure anonymity of the participants. 

To achieve this, personally identifiable data (such as child and guardian names), 
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identification numbers, and school and class data were replaced with code numbers 

that could not be attributed to a specific person. Both paper copies and digital data 

were stored by LIKES according to European Union regulations. After 2023, the 

archive will be stored anonymously. 

4.2 Systematic review and meta-analysis 

The aim of a systematic review is to gather evidence that fits the pre-specified 

eligibility criteria to answer a specific research question. Further, this approach can 

minimize research bias by using systematic, explicit methods documented in 

advance with a protocol (Higgins et al., 2021). According to Page et al. (2021), 

systematic reviews serve many crucial roles: a) conducting syntheses of the state 

of knowledge in a field; b) addressing questions that otherwise could not be 

answered by individual studies; c) identifying problems in original research that 

should be changed in future studies; and d) developing or evaluating theories about 

the studied phenomena. In this dissertation, the systematic review study fulfilled 

all of these roles. 

The study followed the Preferred Reporting Items for Systematic Reviews and 

Meta-Analysis (PRISMA) guidelines (e.g., Page et al., 2021). The population, 

intervention, comparison, outcomes (PICO) model was used to set the eligibility 

criteria for the inclusion of original studies in the systematic review (Higgins & 

Green, 2011), as presented in Table 3. 
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Table 3. Eligibility criteria for inclusion of articles for Article I. 

PICO feature Criteria 

Population Participants were 4–16 years old 

Subgroups of children were accepted (e.g., overweight children) 

Intervention Controlled trials or other pre-post experiments 

Between-group and within-subject designs 

Effects of added school-based PA on children’s mathematics performance 

PA took place immediately before, during, or after school lessons or at break time, 

or in the form of PE lessons 

Comparison Baseline measurements 

Control group 

Outcomes Scores from standardized or norm-referenced tests 

Basic arithmetic tests 

Curriculum-based mathematics tests 

Types of study 

reports 

Peer-reviewed full-text academic journal articles published in English  

Period: January 2000 to November 2018  

To ensure reliability to the review and meta-analysis, a risk-of-bias assessment of 

the final sample of studies was conducted using combined, modified criteria 

previously used by Lonsdale (2013) and Van Sluijs (2007). Further, the guidelines 

of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins & 

Green, 2011) were followed. Some changes were made to the risk assessment 

criteria to render them more applicable in the education and psychology research 

contexts. Each study received either a “0” (does not meet the criterion) or “1” 

(meets the criterion) for each criterion, based on an analysis of the reporting in the 

original article. 

To ensure high-quality interpretation, only RCTs were included in the meta-

analysis (Higgins & Green, 2011). This process was completed with the help of 

statisticians at LIKES. The ES estimates were calculated using Cohen’s d. Pre- and 

post-intervention mean (M) values from the original articles were used in the 

analysis. Cohen’s d was calculated as follows: 

𝑑  , 

where 𝑀 ,𝑀 , 𝑀  and 𝑀   are the baseline (t1) and 

post-intervention (t2) mean values in the intervention and control groups, and 

SDpooled is the pooled standard deviation. 

Heterogeneity among the studies was calculated using I2 statistic (Viechtbauer, 

2010), and the following values were used for interpretation: < 30%, mild; 30%–
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50%, moderate and > 50%, high heterogeneity (Higgins & Thompson, 2002). A 

random-effect model was used to calculate pooled ES estimates and 95% 

confidence intervals. It was decided to consider ES ≥ 0.8 as large; ≥ 0.5 as medium; 

and ≥ 0.2 as small (Cohen, 1992; Zhu, 2016). Finally, because heterogeneity was 

found to be large in the sample of 11 studies, a moderator analysis was performed. 

Meta-regression analyses were conducted to assess the relationship between ES 

estimates, and the following study-level variables were employed: participants’ age, 

duration, and type of intervention. 

4.3 Focus group interviews 

An interview can be described as an individual directing their attention towards 

each other in the purpose of gaining insights into the experiences, concerns, 

interests, beliefs, values, knowledge and ways of seeing, thinking and acting 

of the other (Schostak, 2006, p. 10). 

As a data collection method, focus group interviews have many benefits, especially 

in those involving children. First, there is reduced pressure on individuals to 

respond to every question and using small groups can help to even out any power 

imbalances and hierarchy differences between adults and children that may exist 

during individual interviews (Agar et al., 2005). The group also offers support from 

peers and allows the children to be more open with their responses, because a safe 

environment for expressing opinions is created. It has been demonstrated that 4–5 

participants in each focus group is an optimal size (Morgan et al., 2002). 

Pre-interview activities can support identifying the central ideas of the 

experiences of child interviewees. For this reason, the Write, Draw, Show, and Tell 

method (Noonan et al., 2016) was employed as an ice breaker activity at the 

beginning of the interviews. All participants opted for drawing rather than writing, 

which was considered acceptable. Drawing allows and encourages young children 

to reflect on and express non-verbally what they consider essential in the 

phenomenon. In the show-and-tell step, the pupils were asked to explain the reasons 

for their choice of items in their drawings. Although this step was included to 

deepen our understanding of the participants’ foremost memories of the 

intervention, the drawings were not used as research data. 

The pupils’ interview questions were structured based on the dimensions of the 

student engagement framework (see the Appendix for a detailed list of the 

questions). In addition, some practical questions regarding the feasibility of the 
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intervention were asked. Even though the engagement framework structure was 

followed, the children were given space to express any spontaneous responses. The 

questions used the same terminology as the children, (Morgan et al., 2002); hence, 

the concept of engagement was not used in the questions as such. Using probing 

and clarifying children’s thoughts during the interviews was considered essential, 

as children can misunderstand questions more frequently than adults or make 

generalizations or connections that are not necessarily relevant to the issue studied 

(Morgan et al., 2002).  

The interviews were audio recorded digitally and transcribed verbatim. First, 

the data were analyzed through a hypothetico-deductive process (Wengraf, 2011) 

using the dimensions of cognitive, emotional, and behavioral engagement. The 

qualitative inductive analysis started with reading and re-reading the data and 

deriving expressions (units) from the transcripts. Even though the questions 

followed the three-dimensional structure of engagement theory, some regrouping 

of responses was necessary, as the pupils’ expressions did not always follow the 

theoretical framework. 

Expressions and themes that were not compliant with the theoretical 

framework emerged, meaning that an inductive analysis was also necessary. The 

process continued by identifying and summarizing emerging responses outside the 

framework. In the final step, conclusions were drawn on the pupils’ experiences 

and perceptions, based on deductive and inductive processes. A decision was made 

to report also some direct quotes and thus illustrate the unique child voices. 

According to Vaughn et al. (2013), a phenomenological approach is perhaps 

the most common theoretical approach in this type of interview. The aim is to 

deepen the understanding of the issue based on the knowledge and perceptions of 

specific respondents. It is assumed that the researcher has initial knowledge about 

the phenomenon and personal involvement with the interviewees. 

4.4 Semi-structured individual interviews 

The dynamic interaction between the researcher and participant is viewed as 

central to capturing the inherently contextualized experiences of the participant. 

The goal here is not to eliminate bias—because that would be futile—but rather 

to enhance the trustworthiness of the findings by including and documenting 

multiple perspectives on the focus of the inquiry. (Spencer et al., 2020, p. 83) 
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Semi-structured individual interviews were chosen as a method to answer research 

question III. This method allowed to consider teachers’ experiences and perceptions 

openly and facilitated spontaneous responses. The interview questions were again 

structured based on the thematic framework of student engagement. Since the 

dimension of social engagement emerged as a result of Article II, some questions 

regarding social student engagement were added at this stage. In addition, some 

practical questions regarding the feasibility of the intervention lessons and 

questions about teachers’ perceptions of barriers to and facilitators of PAL were 

included. 

All interviews were digitally recorded and transcribed verbatim. The responses 

were reduced and reorganized. A hypothetico-deductivist model (Wengraf, 2011) 

was used for the data analysis, meaning that it was assumed that all the dimensions 

of the engagement framework would be presented in the collected data. To a great 

extent, the theoretical framework predetermined the data categories. In the next 

step, the analysis was different from that in Article II. Similar teacher responses 

were counted to achieve more precise results for each engagement dimension. 

Moreover, some of the responses were reduced to either affirmative (yes), negative 

(no), no clear response (unclear), or a very brief excerpt (Lune, 2012). Ultimately, 

the teachers’ perceptions of the barriers to and facilitators of PAL were collected 

separately. 

There are aspects of phenomenology in the methodological approach to 

reporting interview data. Teacher descriptions of the learning situations (as they 

were experienced by the interviewees) were presented without offering causal 

explanations or interpretations (Roulston, 2010). Only in the final step (the 

interpretation phase) was context sensitivity acknowledged, meaning that the data 

were constructed and discussed in the existing cultural and temporal context 

(Denzin, 2002; Tuckman & Harper, 2012). 

4.5 Pre-post test analysis 

One of the main outcomes to be measured in the Moving Maths study was 

mathematics performance. The detailed methods are reported in Article IV. First, 

the article presents descriptive statistics of response variables both pre- and post-

intervention and possible confounding covariates at baseline. Any differences in 

the characteristics between the three intervention groups were tested with either an 

ANOVA or a test of proportions. All analyses were carried out within an R 

environment (The R Foundation, 2022). 
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In the pre/post-test analyses of the mathematics test results, any missing values 

were imputed. This imputation was conducted for pupils in classes for which at 

least 25% had valid data from the corresponding survey. Linear mixed-effect 

models (Clark, 2021) were fitted to determine statistically significant intervention 

effects of either intervention: Group 1 vs. Group 3 or Group 2 vs. Group 3 (p-value 

< 0.05). In mixed-effect models, the classes were assigned random effects, and the 

intervention groups and adjusting factors had fixed effects. The effects were 

adjusted by the following covariates: gender, need for educational support, and 

arithmetic fluency. The effects were analyzed under the intention-to-treat 

assumption. Finally, all the models were run for both complete cases and multiple 

imputed datasets. 
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5 Original articles 

This dissertation is a compilation of four articles, the aims, data sources and author 

contributions of which are presented in Table 4. The role of Article I was to gather 

previous quantitative data on the researched issue to provide background evidence 

for the planned intervention. Here, collecting information on previously conducted 

controlled trials also helped design the actual intervention. 

The purpose of Articles II and III was to bring qualitative educational and 

psychological perspectives to the researched issue. In these articles, the student 

engagement framework was applied as a theoretical background. The aim of Article 

II was to provide data on the pilot phase of the intervention and reveal the children’s 

experiences, which was relatively uncommon in prior research. 

In Article III, the experiences of the deliverers of the large-scale intervention 

were examined, with the goal of assessing the benefits and drawbacks of the PA 

intervention and providing perspectives on future implementations of PA during the 

school day. Finally, Article IV (which is only partially discussed) presents the 

effects of the Moving Maths RCT on third graders’ mathematics performance. 

Table 4. Aims, data sources, and author contributions of original articles. 

Title Article I Article II Article III Article IV 

Aim Investigation of the 

effects of school-

based PA 

interventions on 

children’s 

mathematics 

performance 

Investigation of 

pupils’ experiences 

of student 

engagement during 

the Moving Maths 

intervention 

Investigation of the 

teachers’ 

experiences of 

student engagement 

during the Moving 

Maths intervention 

Investigation of the 

effects of the Moving 

Maths intervention 

on mathematics 

performance 

Data sources Original study 

reports 

Focus group pupil 

interviews 

Individual interviews 

with teachers 

Curriculum-based 

mathematics test 

(and other sources) 

Data analysis Systematic review 

and meta-analysis 

Content analysis Content analysis Pre/Post-test 

analyses 

Author 

contribution 

1st author: data 

collection, analysis, 

manuscript writing 

1st author: data 

collection, analysis, 

manuscript writing 

1st author: data 

collection, analysis, 

manuscript writing 

2nd author: 

designing some of 

the data collection, 

some data collection, 

manuscript editing 
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5.1 Summary of Article I 

The study objective for Article I was to systematically search, analyze and 

synthesize international studies on the effects of school-based PA interventions on 

mathematics performance in children aged 4–16 years. The study addressed the 

following questions: a) Do school-based PA interventions have an effect on 

children’s mathematics performance? b) What are the characteristics of PA 

interventions that have a positive effect on mathematics performance? 

A total of 29 studies with RCTs and other interventions with control groups 

were identified through a systematic PRISMA process. A risk-of-bias assessment 

for the included studies was performed. Subsequently, 11 of the RCTs that provided 

sufficient data and were of an appropriate design were eligible for meta-analysis. 

Finally, a moderator analysis was performed to answer Question I b).  

The study contributed to the first research aim of this dissertation by providing 

large-scale quantitative data on the benefits of school-based PA on children’s 

academic outcomes, especially mathematics. Moreover, it revealed the variety of 

interventions conducted internationally within the past two decades and, using the 

risk of bias assessment, indicated their strengths and weaknesses. Ultimately, the 

number of high-quality interventions with enough data for a meta-analysis was low, 

which challenged drawing final conclusions on the causal effects of PA 

interventions. However, it could be concluded that there was sufficient evidence to 

support the hypothesis that school-based PA interventions can enhance 

mathematics performance. 

Unfortunately, the study did not provide an answer to research question I b), as 

the moderator analysis did not reveal any type of intervention to influence the study 

ES. Nonetheless, the study contributed to designing the Moving Maths intervention 

by providing practical insights into planning the study. 

5.2 Summary of Article II 

The aim of Article II was to fill the research gap pertaining to studies on qualitative 

pupil perspectives on school-based PA interventions. Data were gathered in focus 

group interviews with 16 pupils aged 9 years, which were conducted after the pilot 

phase of the Moving Maths intervention. Pupils’ pre-intervention mathematics test 

performance and PA levels at baseline were used as background data in the analysis 

phase. 
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The study questions were as follows: a) What are the participating pupils’ 

experiences of emotional, behavioral, and cognitive engagement during the 

Moving Maths programme? b) How do pupils’ perceptions of engagement differ in 

the group in which PA was integrated into mathematics curriculum goals compared 

to the group that performed PA breaks? 

The study succeeded in providing pupil perspectives on the issue. The results 

indicated that introducing more PA in classrooms could improve pupil engagement 

(especially emotional and social) and result in improved learning results and well-

being. Moreover, the study provided unique child-level responses of the 

participating pupils and a summarized analysis of student engagement during the 

intervention. The theoretical framework assisted in providing a psychological 

approach to the children’s experiences and helped to paint a more comprehensive 

picture of the pilot intervention delivered in the classrooms. Another aim was to 

reveal differences in the experiences during the two different types of intervention, 

and some differences in the student responses were found. However, because of the 

qualitative nature of the study, it was ultimately challenging to draw final 

conclusions on the differences in experiences between groups. 

5.3 Summary of Article III 

The aims of Article III were to qualitatively examine the participating classroom 

teachers’ experiences of student engagement during the Moving Maths intervention 

and to investigate their perceptions of the facilitators of and barriers to PAL. The 

teachers (n = 12) were individually interviewed using a semi-structured format, and 

the questions were based on the multi-dimensional student engagement framework. 

The study questions were as follows: a) What are teachers’ experiences and 

perceptions of pupils’ emotional, behavioral, social and cognitive engagement 

during the Moving Maths intervention, and how do pupil characteristics affect 

engagement during PAL? b) How do teachers’ experiences and perceptions of 

engagement differ in the group where PA was integrated into mathematics learning 

goals compared to the group with PA breaks? c) What do teachers consider the main 

facilitators of and barriers to the implementation of PAL?  

Similar to Article II, the study presented the participants’ experiences of pupil 

engagement during the two interventions in the classrooms. However, unlike 

Article II, adult views on child engagement were gathered, meaning the perspective 

was somewhat different. The interviewed teachers were able to reveal how various 
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student characteristics affected student engagement during the intervention, which 

provided valuable information on how to develop PAL in the future. 

Another difference from Article II was in the analysis phase. In Article III, the 

teacher responses were quantified to generate a more precise result on how the 

different domains of engagement were affected by the PA interventions. In this 

study, with regard to study question III b), some differences in teacher experiences 

were found between the two intervention groups, particularly concerning 

behavioral and cognitive engagement. 

Facilitators of and barriers to the implementation of PAL were presented and 

compared to international findings. Here, some differences were found between the 

perceptions of Finnish teachers and their colleagues abroad. Overall, the study 

contributed to the overall dissertation questions by providing the perspectives of 

potential future deliverers of PAL on the current intervention and on the topic of 

school-based PA in general. 

5.4 Summary of Article IV 

In Article IV, the effects of two different types of physically active mathematics 

lessons on third-graders’ mathematics performance and mathematics-related affect 

were investigated. To maintain a clear focus, only the mathematics performance 

results of the article are included in this thesis. The article presents details about 

how the pupils’ mathematics performance was assessed using the previously 

described custom-made test battery. 

The article also presents several other study variables measured at baseline: 

motor skill performance; arithmetic fluency (measured with four tasks from the 

Finnish FUNA dyscalculia test battery); need for intensified or special support 

(assessed by teachers); and pupils’ PA, fitness, body composition, EFs and family 

background (mother’s education and family income). Initially, the Moving Maths 

was intended to measure motor skills, arithmetic fluency, fitness, and EFs after the 

intervention. However, due to COVID-19, these measurements could not be 

implemented. 
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6 Main results 

This chapter presents the main results of the original studies, and then the 

quantitative and qualitative data are combined to enlighten the issue of why and 

how more PA should be integrated into school days. This chapter is divided into 

two parts. First, the results of the two quantitative studies are presented. Then, the 

results of the qualitative studies are combined to find a more coherent 

understanding of student engagement during the intervention. 

6.1 Results of quantitative studies 

Article I: The systematic review of 29 studies involving 11,264 participants 

demonstrated positive effects on mathematics performance in 45% of the school-

based PA interventions. The participating children were aged 4–16 years. Only one 

study indicated a negative effect in a subgroup of participants. The meta-analysis 

of the 11 original studies (which provided sufficient information for the 

calculations) suggested an overall small positive effect (ES = 0.23) of the 

interventions. 

In a further analysis, the age of the participants and the duration of the 

intervention were found to explain the large statistical heterogeneity among the 

results. The analysis also revealed that older children and longer interventions were 

negatively associated with ESs. According to the included interventions, this 

indicates that younger children may benefit more from PA interventions and that 

longer interventions are not necessarily more effective. However, the sample 

eligible for this analysis was very small.  

When various types of PA interventions were compared, the moderator analysis 

did not reveal any type of intervention to be more effective. The aim of the risk-of-

bias assessment was to assess the quality of evidence provided by the individual 

studies. Here, 12 studies (out of 29) were found to have a low risk of bias, and none 

were assessed as having a high risk of bias. Since the number of low-risk studies 

was under 50%, the quality of the evidence cannot be considered very high. It 

should be stated that the review strictly followed the PRISMA guidelines to achieve 

transparency and replicability and provided clear inclusion criteria (Belur et al., 

2021), which increased the reliability of the study. Thus, it can be concluded that 

based on the existing literature, adding PA to the school day could enhance 

children’s mathematics performance, or has no detrimental effects on the 
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performance. Several types of PA interventions can be recommended to be added 

to the school day. 

In the Finnish Moving Maths RCT, as presented in Article IV, the ANOVA 

results indicated that the intervention groups differed only in mathematics 

enjoyment and height variables at baseline, with no other baseline differences 

found. Moreover, the linear mixed-effects model analyses of the curriculum-based 

mathematics tests carried out pre- and post-intervention, revealed no significant 

effect of the intervention in terms of changes in mathematics performance. In 

neither of the intervention groups, the average child improved statistically 

significantly less or more than the ones in the reference group. Tables 5 and 6 

present the main results of the linear mixed-effects model analyses using both a 

complete cases model and a multiple imputed data model. For further details, please 

refer to the supplementary material for Article IV. 

Table 5. Linear mixed effects model analyses of the curriculum-based mathematics 

tests (0–118) carried out pre- and post-intervention. Intervention effects are from the 

model using complete cases only. 

Group Intervention effect b  Standardized effect β 

mean CI 95%  mean CI 95% 

Reference group 23.51 (ref.)   −0.07 (ref.)  

Intervention 1: Moving Maths −2.85 [−9.02, 3.41]  −0.23 [−0.70, 0.25] 

Intervention 2: Moving breaks 0.87 [−5.28, 7.11]  0.07 [−0.40, 0.54] 

Table 6. Linear mixed effects model analyses of the curriculum-based mathematics 

tests (0-118 points) carried out pre- and post-intervention. Intervention effects are from 

the model with multiple imputed data. 

Groups Intervention effect b  Standardized effect β 

mean CI 95 %  mean CI 95 % 

Reference group 25.32 (ref.)   0.01 (ref.)  

Intervention 1: Moving Maths -2.72 [−8.37, 2.93]  -0.18 [−0.56, 0.20] 

Intervention 2: Moving breaks 0.48 [−7.37, 8.34]  0.06 [−0.43, 0.56] 

6.2 Results of pupil and teacher interviews 

In this chapter, the results of the pupil and teacher interviews are grouped according 

to the theoretical framework of student engagement, and an attempt is made to 

harmonize the child and adult experiences. 
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Emotional engagement 

Both the pupil and teacher interview data indicated positive emotional engagement 

of the pupils in Group 1, the integrated PA Moving Maths intervention. These 

results seem to be supported by previous research conducted in Australia (Mavilidi 

et al., 2018; Riley et al., 2017) and the US (Vazou et al., 2017). 

Experiences of pupil emotional engagement in Group 2 (the PA break 

intervention) were reported as mainly positive by the teachers, although the 

reported experiences were more mixed in the pupil interviews. In a similar US 

study (Howie et al., 2014), pupil interviews exhibited a positive affect during an 

intervention that contained 5-, 10-, and 20-min exercise breaks. 

Examples of activities that both pupils and teachers connected with positive 

emotional engagement were those conducted outside the classroom and where 

sports equipment was used (such as balls or bean bags). By contrast, pupils in 

Group 1 expressed negative emotions about activities in which the same 

movements had to be repeated many times. Further, some pupils in Group 2 stated 

that they did not like the activities performed alone next to their desk compared to 

activities performed in pairs or together as a group. 

Pupil characteristics were examined more closely based on the teachers’ 

experiences. It was evident that lower emotional engagement in both groups was 

seen in pupils with problems in EF skills or those who required learning support in 

other ways. This was because these pupils were often unable to keep up with the 

activities and expressed negative feelings or even retreated from the activities. 

Similar findings were reported by teachers in a Norwegian study (Øien & Solheim, 

2019). It should also be noted that the pupils in the current study suggested that 

unclear instructions by the teacher caused negative emotions. 

Behavioral engagement 

The results on behavioral engagement during the intervention were mixed, 

rendering them challenging to summarize. In Groups 1 and 2, some of the 

interviewed pupils communicated that most of them had been positively engaged 

in the activities, while some reported negative engagement and even “fooling 

around.” Overall, there were clearly mixed experiences expressed by pupils about 

behavioral engagement in both groups. 

Almost 50% of teachers in Group 1 reported that behavioral engagement had 

been very good throughout the intervention. Contrarily, two teachers reported 
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facing considerable challenges with behavioral engagement of the pupils, although 

they conceded to having these challenges also in other lessons. In Group 2, four of 

the five teachers thought that behavioral engagement had been generally good or 

relatively good, while one teacher experienced a variety of levels of behavioral 

engagement. Overall, the teachers’ perceptions of behavioral engagement were 

more positive than those of the pupils. Nonetheless, it should be noted that the 

teacher interviews took place after the more extended intervention, while the pupil 

interviews reflected experiences during the shorter pilot phase. Some teachers 

recounted that certain pupils initially experienced difficulties adapting to the new 

method, although their behavioral engagement eventually improved. 

As a concept, behavioral engagement has not been reported in previous 

research. Instead, some studies have investigated students’ time-on-task, which 

shares some similarities with the concept. Most of these studies have reported high 

levels of time-on-task behavior (Carlson et al., 2015; Goh et al., 2016; Mullender-

Wijnsma et al., 2015), meaning that they are in accordance with the majority of 

current teacher experiences. Moreover, although some studies have not reported 

good or improved pupil behavior, for example Katz et al., (2010) found no 

significant differences between pre- and post-intervention teacher report scales. 

Cognitive engagement 

Pupils in Group 1 expressed that the intervention helped their cognitive 

engagement more frequently than pupils in Group 2. They spontaneously 

mentioned improved concentration, memorization and reduced tension or anxiety. 

Teachers in both groups noticed improved concentration in seated work after the 

activities, which indicated cognitive engagement. This was especially true for 

children with concentration challenges. However, some teachers in Group 1 

reported that the cognitive engagement of pupils with lower cognitive ability might 

have been negative during the activities because they found it challenging to 

understand both the PA instructions and mathematics content simultaneously. Thus, 

their learning might have been adversely affected by PA. Similar pupil challenges 

associated with “dual tasks” were highlighted in a Norwegian study (Øien & 

Solheim, 2019). Further, Tomporowski and Qasi (2020) discussed the possibility 

that cognitive–motor interference can either impair or enhance the memory of 

information. The teachers in Group 2 explained how some pupils experienced 

difficulties when returning to sedentary work after the PA activities. These teacher 
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experiences were similar to those revealed in the study by Campbell and Lassiter 

(2020). 

Some pupils viewed PA integrated with mathematics as especially suitable for 

those who had difficulties in the subject, because the activities helped them to 

“learn easier.” This echoes the study of (V. Van den Berg et al., 2018), in which 

pupils believed that increased PA during the school day could result in cognitive 

benefits, improving their ability to focus and learn in school. 

All teachers in the current study conducted formative mathematics unit tests in 

their classes. Despite this, some teachers in both groups reported uncertainty about 

their pupils’ learning results, mainly due to the reduced time available for seated, 

academic learning activities. Moreover, since the tests are not standardized, they 

could not confirm whether the pupils learned less or more compared to traditional 

methods. Nonetheless, Article I and many international studies (A. Singh et al., 

2019) provide extensive evidence indicating that PA interventions do not have any 

detrimental effects on children’s mathematics performance and might even be 

improved. 

Social engagement 

After the pupil interviews, the social engagement dimension was added to the 

original student engagement framework since themes regarding this dimension 

spontaneously emerged in the responses. This can be interpreted as the pupils’ 

intuitive understanding of the social construction of learning. Moreover, the 

concept of social engagement has been discussed in the relevant literature in recent 

years. Thus, questions regarding social engagement were added to the teacher 

interviews. In particular, pupils in Group 1 suggested that learning mathematics in 

groups (rather than alone) during the intervention helped their learning. More than 

50% of the teachers in Group 1 and all the teachers in Group 2 perceived that social 

engagement in their classes had been really good, good or reasonably good 

(wording based on interview data). Only two teachers in Group 1 reported clear 

challenges related to pupil cooperation. 

Finnish and Norwegian (Øien & Solheim, 2019) teachers both realized the 

importance of functional and permanent pupil groups in the intervention activities. 

The Finnish teachers noted that functional groups facilitated classroom 

management, while the Norwegian teachers emphasized that collaborative 

interaction during activities was a critical prerequisite for learning. 
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 In both groups of the current study, the teachers experienced improvements in 

class team spirit during the course of the intervention. However, they found it 

difficult to ascertain whether this was due to the interventions. In support of the 

positive role of the interventions, fourth- and fifth-grade students in a US study 

(Vazou & Skrade, 2017) reported high levels of relatedness with their classmates 

during a PA intervention. 

Barriers to and facilitators of PAL 

The aim of Article III was to examine teacher perceptions of the main facilitators 

of and barriers to the implementation of PAL. The main results are presented in 

Figures 3 and 4 and are compared with earlier study findings in the following 

chapter. 

 

Fig. 3. Summary of the integrated PA group teachers’ perceptions of barriers to and 

facilitators of the implementation of PAL. 
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Fig. 4. Summary of PA break group teachers’ perceptions of barriers to and facilitators 

of the implementation of PAL. 

Group 1 teachers perceived that good quality age- and theme-specific teaching 

material facilitated the implementation of PAL, as little planning time was required. 

However, they thought that increased planning and preparation time could be 

barriers to implementing PAL in the future. In contrast, the teachers in Group 2 

reported that preparing and planning the PA breaks had taken very little extra time 

because of the provided materials. In general, they did not perceive pedagogical 

planning time as a barrier to implementing PA breaks. In international research, one 

of the recurring barriers to the implementation of PAL has been a lack of planning 

and preparation time (Benes et al., 2016; Dyrstad et al., 2018; Quarmby et al., 2019). 

A lack of space to carry out PA activities (especially in ordinary classrooms) 

was mentioned by teachers in both groups of this study and in other studies (Benes 

et al., 2016; Goh et al., 2017; Quarmby et al., 2019) as constituting a barrier to 

implementing PAL. Moreover, the teachers in this study referred to equipment or 

funding for equipment and materials as facilitators for introducing PAL more 

frequently. 
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Classroom management challenges could also hinder teachers’ implementation 

of PAL, especially in classes containing children with behavioral difficulties or 

challenges with EFs. This aspect was mentioned by the teachers in Group 1, and 

similar concerns have been raised in previous studies (Campbell & Lassiter, 2020; 

Goh et al., 2017). In the US, teachers considered students’ resistance toward 

movement integration and their inability to perform academic learning and PA 

simultaneously as limits to introducing more PAL.  

In Group 2, teachers noted that the current intervention increased pupil 

enthusiasm and engagement, which could facilitate future implementations of PAL. 

Moreover, some teachers in Group 2 suggested that it would be more practical to 

organize PA breaks if they could be integrated into learning mathematics. In 

particular, teachers in Group 1 thought that integrating PA into academic lessons 

required competence, suggesting that in-service training would provide practical 

pedagogical tools for PAL. A lack of training and knowledge was also perceived as 

a barrier in the US, Norway, and the UK (Benes et al., 2016; Dyrstad et al., 2018; 

Quarmby et al., 2019). Predictably, the teachers in this study felt pressured to 

emphasize academic learning content in their teaching, which they viewed as a 

barrier to introducing more PAL. Similar concerns were expressed in the US and 

UK. Within this study, teachers in both groups thought that strengthening the role 

of PAL in national and local curricula could remove this barrier.  

Both groups perceived negative teacher attitudes toward new ideas or PA as 

barriers. Teachers in both groups mentioned that a generally positive school 

atmosphere with regard to PA is required to increase the amount of it in classrooms. 

School-level factors (e.g., leadership and “school vision”) were also highlighted as 

important in the UK study (Quarmby et al., 2019). 
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7 Discussion 

Young children are physically active by nature. However, recent developments in 

Western societies, mainly due to the increased use of technology, have resulted in 

increasingly sedentary lifestyles, causing concerns over children’s mental and 

physical health and well-being. Experts across the world (Bunketorp Käll et al., 

2015; Donnelly et al., 2009; Goh et al., 2016; Mavilidi et al., 2020; Mullender-

Wijnsma et al., 2016; Riley et al., 2017) have addressed this challenge through 

school-based PA interventions and have managed to prove a wide variety of 

positive outcomes in children’s wellbeing (Donnelly et al., 2016; Watson et al., 

2017). The aim of this dissertation was to gather and analyze the existing 

international evidence on how school-based PA interventions (including the Finnish 

Moving Maths intervention) can affect educational outcomes. In addition, the 

question of how Finnish pupils and teachers experienced and perceived PA 

integrated into lessons was investigated. A broad understanding of the effects of PA 

during the school day was gained by integrating knowledge from education, 

psychology, and sports sciences. 

To provide a focused and in-depth perspective on the issue, it was necessary to 

narrow the empirical study to mathematics teaching and learning. This choice was 

easy, as mathematics plays a pivotal role in modern society. The results of Articles 

I and IV indicated that the addition of PA into the school day does not have any 

harmful effect on children’s mathematics performance and could even improve 

their learning outcomes. The evidence was based on several medium- to high-

quality studies conducted internationally, which increased the significance of the 

results. Moreover, national evidence on the issue is now available. The studies 

included various types and durations of PA activities embedded in the school day. 

However, the analyses did not provide clear evidence to suggest that some PA types 

would be more effective than others. This can be seen as a drawback of the study, 

as it cannot be concluded which type of PA provides the best educational outcomes. 

However, the results indicate that there are various ways to increase school-based 

PA, providing policymakers and educators with many alternatives to consider. It 

should be noted that one model does not fit all scenarios or contexts. This is 

especially true in Finland, where teachers enjoy widely accepted pedagogical 

freedom in their work. 

By examining the issue from a special education perspective in Article I, the 

subgroup analyses indicated that students’ characteristics might affect how much 

they benefit from increased PA with respect to performance gains in mathematics. 
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Some studies have implied that children with lower IQ ratings (Howie et al., 2015), 

low baseline achievement (Resaland et al., 2018), weight issues (Davis et al., 2011) 

and those diagnosed with ADHD (Pontifex et al., 2013) may benefit more from PA 

interventions. Even though interpretations need to be made with caution, this 

suggests that children who experience barriers to learning are a target group whose 

learning could be enhanced by PA. It is also apparent that schools have the potential 

to provide a learning environment that evens out differences in children’s 

backgrounds, which could also affect their learning.  

The question remains as to how or why PA affects children’s mathematics 

performance. The process of human learning is complex, meaning that a simple 

answer to this question probably cannot be found. While the effects on brain 

function or structure (and thus on cognitive functions) definitely play a role (Davis 

et al., 2011; Gomez-Pinilla et al., 2013; Pontifex et al., 2013), evidence of the 

beneficial effects of PA interventions on cognitive performance remains 

inconclusive (A. Singh et al., 2019). In addition, it is always important to consider 

whether PA is the only cause of positive effects in school-based interventions. For 

example, Mullender-Wijnsma et al. (2016) discussed how a new, engaging teaching 

method might partially explain the positive impact of PA interventions. Yet, there 

is evidence from Finland indicating that changes in both aerobic and muscular 

fitness levels are associated with changes in academic achievement (Syväoja et al., 

2019). Despite these insights, more research is required to find answers to the 

question of why and how PA affects learning.  

The student engagement framework and qualitative interviews provided a more 

multifaceted, yet theoretical, approach that is more familiar in education compared 

to sports sciences. Fredricks et al. (2004) argued that one of the strengths of the 

multidimensional construct of student engagement is the consideration of the rich 

characterizations of individuals. This was especially useful when investigating the 

teacher experiences in Article III. In previous research, school-based PA 

interventions were mainly studied by researchers other than education scientists; 

hence, the approach in this study provided novel perspectives on the issue.  

Finnish comprehensive schools educate children with a broad range of ability 

levels and socio-economic backgrounds. Accordingly, the sampling for the Moving 

Maths study was designed carefully to ensure that all types of pupils were 

represented. In addition to diverse backgrounds, young children bring their unique 

emotional, behavioral, and social reactions to the classrooms. Integrating more PA 

into academic lessons was a positive experience for many pupils. However, some 

pupils experienced challenges when adapting to the new teaching methods or 
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simply did not enjoy the activities. It is noteworthy that emotional engagement 

might play a moderating role in the other dimensions of engagement, given that 

increased enjoyment can result in improved behavior (e.g., time-on-task) and 

cognitive engagement (concentration and learning outcomes). However, although 

enjoyment of school activities does not necessarily need to be a goal, the younger 

the pupils are, the more effectively enjoyment works as a motivator for learning.  

When the characteristics of pupils discussed in the teacher interviews 

(Question IIIc) were examined in more detail, it was apparent that children who 

had problems with EFs were mentioned most often as having lower engagement 

during the intervention. These children have difficulties following instructions, 

getting started with working, organizing their work, and changing from one activity 

to another. Norwegian teachers have discussed similar concerns (Øien & Solheim, 

2019). Moreover, the “dual-task challenge,” which refers to simultaneously 

comprehending two types of instructions, can interfere with these children’s 

learning through lower cognitive and behavioral engagement. In response to this 

challenge, some of the interviewed teachers suggested that repeating similar 

activities over several lessons or applying PA mainly for repetition and 

memorization tasks could help children with EF impairment. This would also save 

time needed for providing instructions, which could ameliorate teachers’ concerns 

over a “lack of time for PA.” This potential barrier has been highlighted in many 

international studies inquiring about teachers’ general perceptions of PAL (Benes 

et al., 2016; Goh et al., 2017; Quarmby et al., 2019). 

Interestingly, the dimension of social engagement emerged spontaneously in 

the pupil interviews, with several children thinking that “studying together helps 

you learn.” This was observed in Group 1, which offered an apparent change in the 

pedagogy of mathematics, since the subject traditionally includes mainly individual 

work. Permanent groups or teams with 4–5 children were recommended for the 

intervention classes, and teachers and pupils reported good experiences with this 

arrangement. Collaborative learning, which involves concepts such as mutual 

engagement, joint decision making, and interactions, is another area of research 

that has garnered interest in recent years (Sobocinski, 2021). 

Understandably, teachers in Group 1 were more uncertain about their pupils’ 

learning outcomes, as the change in mathematics pedagogy was much more 

significant compared to Group 2. However, most teachers observed that their pupils 

concentrated better in seated work after the PA tasks. Concentration is a concept 

that is already familiar to pupils aged 9 years. Some of these pupils spontaneously 

mentioned improvements in their ability to focus on mathematics textbook work 
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after the PA activities, especially in Group 1. However, the pupil experiences in 

Group 2 were more mixed concerning changes in concentration. Several high-

achieving pupils considered that working flow and concentration on learning were 

negatively interrupted by PA breaks, decreasing cognitive engagement. It is 

noteworthy that the PA break group contained higher mathematics performers 

compared to the integrated group, which should be considered when interpreting 

pupil responses. 

From an adult perspective, a 45-min lesson may feel short for a teacher. 

However, the same time can feel very long for a pupil aged 9 years when focusing 

on sedentary work. Teachers are not always aware that although they are allowed 

to move around the classroom throughout the lesson, young pupils are required to 

sit still for 45 min. During both interventions, because pupils were sedentary for 

shorter periods than usual, this could have caused them to work more efficiently. 

This result has been repeated in some international studies (Carlson et al., 2015; 

Mullender-Wijnsma et al., 2015). However, it should be noted that the ability to sit 

still is not necessarily connected with higher cognitive engagement, particularly if 

the concept is defined as “student’s effort to comprehend complex ideas and master 

difficult skills” (Fredricks et al., 2004, p. 59). 

The results of the large-scale Moving Maths study demonstrated that the 

intervention did not significantly affect pupils’ mathematics performance in either 

group. This result adds to evidence that indicates an increase in the amount of PA 

during the school day does not have any detrimental effects on learning outcomes, 

even when less time is dedicated to traditional ways of academic studying. 

However, it should be noted that the study did not provide any clear evidence of 

the beneficial effects of PA on learning. Even so, the results can be interpreted 

cautiously to imply that less time for academic learning can result in the same 

learning outcomes, meaning more time can be spent on other activities that benefit 

children’s overall well-being and enhance engagement. 

Experts and practitioners have recently raised concerns over Finnish 

comprehensive school children’s declining arithmetic skills and reduced interest in 

the subject (Metsämuuronen & Nousiainen, 2021). Pupil interviews in both 

intervention groups revealed the perception that good mathematics learning meant 

“completing as much work as possible in the textbook.” This perception is not in 

line with the guidelines of the National Core Curriculum (Opetushallitus, 2014), 

which stipulates requirements for mathematics teaching such as the following: 
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Varied working methods need to be used and the pupils should have 

opportunities to choose methods for learning. They need to work both 

individually and together. Learning games are an important and motivating 

working method. Teaching of mathematics needs to support pupils’ positive 

attitudes towards the subject. (p. 236) 

In addition to the curriculum guidelines, the emotional experiences of children 

should be considered when trying to understand the processes involved in learning 

mathematics. Thus, developing lessons toward more emotionally engaging learning 

situations might stop the harmful trend toward negative attitudes toward 

mathematics (Attard, 2013). 

The sustainability of PA interventions remains a significant challenge, 

particularly with respect to how good experiences with interventions are 

disseminated at the national level (Riley et al., 2021; V. Van den Berg et al., 2018). 

Moreover, it is vital to create contexts that support positive experiences of PA for 

all children. The teachers participating in the current study suggested many factors 

that could facilitate the introduction of more PA into the school day. These included 

in-service training on PAL methods, enforcement of PAL in the curriculum, funding 

for materials and equipment to all schools, and school-level support to create a 

more positive atmosphere and constructive attitudes toward PA during the school 

day. The most challenging barrier to overcome is probably the lack of space for 

activities in ordinary classrooms. 

Limitations 

There are some limitations to this study that must be acknowledged. The Moving 

Maths study, similar to educational research in general, faced the constraints 

described by Rowe and Oltmann (2016). They state that in education studies, it is 

not possible to create completely controlled, non-complex educational 

environments that enable cross-context predictions, and randomization does not 

control for other sources of variation and confounding factors in educational 

contexts. These include changes in pupils’ learning motivation and the effects of 

other, non-intervention experiences that occur during the implementation of an 

intervention. Moreover, as discussed by Hillman et al. (2019), it is more 

challenging to demonstrate causal effects in cluster randomized studies compared 

to randomized, subject-to-subject studies. They also suggested that some 

instructors are more effective classroom leaders in school-based studies, which can 
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affect the results. In this study, one of the confounding factors that most probably 

affected the results was the participating teachers’ levels of competence and 

enthusiasm for delivering the intervention. With regard to this issue, Article IV 

emphasized that > 90% of comprehensive schools in Finland participate in the 

Finnish Schools on the Move programme. Hence, Finnish teachers are already 

familiar with physically active teaching methods (such as PAL). After the 

intervention, it became apparent that some of the control group teachers had also 

used physically active methods to some extent, which could have affected the 

results.  

Generally, considering the educational outcomes of the PA interventions 

discussed in this dissertation, the Hawthorne effect should be considered. This is 

defined as the tendency of human beings to temporarily improve their performance 

when they are aware that it is being studied, especially in a scenario where they 

think they have been singled out for experimental treatment (K. Singh, 2007). 

Unfortunately, the Moving Maths study was curtailed by the COVID-19 

pandemic, meaning that it was not possible to complete most of the post-

intervention measurements (see Article IV for details). This global situation might 

have affected the final weeks of intervention delivery, post-intervention measures 

and teacher experiences.  

From Article I, it was evident that the number of high-quality studies on the 

effects of PA on educational and cognitive outcomes remains low, which posed 

challenges (particularly with regard to the meta-analysis). Moreover, comparing 

various PA intervention studies is problematic due to the considerable degree of 

heterogeneity (Aadland et al., 2019). In addition, missing data in the original 

articles or deficiencies in study designs reduced the pool of studies eligible for ES 

analysis, which could have affected the strength of the conclusions. Some 

methodological challenges were also identified in the original studies, such as a 

lack of power calculations or evaluations of treatment fidelity. This can cause 

inconsistencies in the results and render conclusions difficult to draw. Moreover, 

the diversity of mathematics tests used in the studies and the lack of information 

on their validity threaten a reliable comparison across studies. 

It should be noted that the focus group interviews in Article II could have 

created feelings of group tension and peer pressure when the children were asked 

to express their opinions (Morgan et al., 2002). This was particularly apparent in 

the PA break group interviews. In addition, it is possible that pupils and guardians 

holding existing positive attitudes towards PA, mathematics or school were more 

likely to consent to the intervention and participate in the interviews. Finally, the 
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results of the pupil interviews were based on a pilot intervention that was conducted 

by only two teachers. 

In the teacher interviews, the control group could have been interviewed, which 

would have provided valuable information for study question III: Facilitators of 

and barriers to PAL. Furthermore, as the intervention was the first of its kind in 

Finland and unique in its design, it was impossible to follow any pre-tested 

interview questions for data collection. In the future, an observation study 

measuring student time-on-task might provide further valuable information on 

student engagement, which was done in some earlier similar studies. In the analysis 

phase, a consensus method with two researchers comparing their identification and 

classification of relevant data units could have improved the reliability of the 

analysis (Agar et al., 2005). Finally, since school culture and practices are tightly 

connected to national cultures and policies, the results of Articles II and III might 

not be generalizable to all school environments. 

Strengths 

This dissertation combined quantitative and qualitative research approaches, which 

can be considered one of the study’s major strengths. The broader Moving Maths 

RCT study, as presented in detail in Article IV, was conducted by a 

multidisciplinary team with sports and education scientists and with the help of an 

expert in psychology and mathematics testing. Thus, an interdisciplinary approach 

was applied throughout the study. The content of the intervention was carefully 

planned, a pilot study was conducted, and improvements were made before the 

actual intervention. In addition, the participating pupils represented a variety of 

socioeconomic backgrounds, ability levels, PA levels and school sizes. Moreover, 

both rural and urban schools were involved in the study. 

In systematic reviews (such as Article I), transparency, replicability, clear 

inclusion criteria, and interrater reliability are characteristics of methodologically 

sound studies (Belur et al., 2021). All of these factors were considered in the study 

process. In Article I, only studies with baseline measures and control groups were 

accepted for the final analysis (i.e., not other experimental studies). Furthermore, 

only studies using random control trial designs, which are considered the best 

option to investigate cause–effect relationships (Spieth et al., 2016), were included 

in the meta-analysis. The study also included a risk-of-bias assessment to provide 

information about the quality of the evidence, which revealed no studies with a 

high risk of bias. Studies with teacher-reported grades without test scores were not 
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included in the sample, as grades are often tied to local and national educational 

cultures and curricula. 

Pupil interviews in Article II were a significant asset of this study, as few 

international studies have investigated pupils’ perceptions on PA interventions. 

Using semi-structured open-ended interview questions instead of questionnaires is 

considered a good way to collect data, as the reading and writing skills of pupils 

aged 9 years are still developing. In addition, in interviews, young pupils can be 

given a chance to express their unique perceptions, which might be unexpected of 

adults and not arise in questionnaires. Even though not commonly used in the 

context of school-based PA interventions, the widely known theoretical framework 

of student engagement provided a broad perspective to the child experiences. 

Moreover, the pupil participants represented both girls and boys, high and low 

performers in mathematics and children with different PA levels.  

In Article III, 80% of the teachers in the Moving Maths study participated in 

the interviews, including both newly qualified, experienced, younger, and older 

teachers. Having one researcher conduct all the interviews engendered consistency 

in the data collection process. Again, the framework of student engagement 

provided a comprehensive approach to investigate how pupils feel, act, and think 

during the PA activities and provided opportunities to analyze how the introduction 

of more PA into the school day could be improved in Finland in the future. 

Conclusions 

The Moving Maths study succeeded in creating mathematics teaching methods that 

emphasized PA and engagement instead of sedentary learning methods. This 

dissertation demonstrated that pupil and teacher experiences of student engagement, 

especially in the emotional and social engagement dimensions, were mainly 

positive during physically active mathematics lessons. Ideally, integrating PA into 

young children’s classrooms should start from their first days at school, so that 

active and engaging ways of learning become the norm. 

There remains a need for further development with respect to the practical 

implementation of PAL and other ways of introducing more PA into the school day. 

In the future, more research is required to determine more precisely how PAL or 

other types of school-based PA should be implemented to enhance children’s well-

being and optimize learning. The content of PAL and the research setting should be 

designed in cooperation with sports science and education experts to ensure 

consideration of the significant variety of children’s individual needs and 
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challenges in learning. Moreover, the mechanisms underlying the influence of PA 

on educational outcomes should be further explored to convince and motivate 

teachers and policymakers to ensure sufficient levels of school-based PA. 

This dissertation has contributed to the understanding of the importance of 

daily PA for young children. As demonstrated in the four original articles, 

increasing the amount of PA during mathematics lessons does not have harmful 

effects on the mathematics performance of young children. In fact, such 

interventions could even contribute to improved performance. Thus, the integration 

of more PA into mathematics lessons can be recommended. 
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Appendix 

Pupil focus group pre-interview activities and interview questions in the Moving 

Maths pilot study. 

Pre-interview Activities 

Instructions for pupils:  

1. Think of one Moving Maths lesson that came to mind as being inspiring or 

successful. Draw a picture or diagram of it, or something that tells you what 

was done in the class and why it was successful.  

OR 

2. Consider a regular mathematics lesson before starting The Moving Maths lessons. 

First draw a picture or something that reminds you of a regular lesson. Then 

think of the Moving Maths lessons. Draw a picture or something that reminds 

you of those lessons. (Two separate pictures)  

Interview Questions  

Discussion about the pre-interview activity 

Emotional level student engagement 

– What kind of feelings did you have at the beginning of the Moving Maths 

lessons? How did the lessons feel? Did the lessons feel different from your 

usual mathematics lessons? How? 

– What activities did you especially like/dislike? Please give examples.  

– Were some of the activities physically hard?/were you out of breath?/did you 

feel the activities in your muscles? 

– Did you notice what kind of feelings and attitudes your classmates had? What 

would they say about the lessons? 

– Have your feelings or attitude toward mathematics changed in any way? If so, 

how?  

Behavioral level student engagement  

– How did students in your class behave during the Moving Maths lessons?  
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– How well or enthusiastically did you participate in the activities yourself?  

– How does movement during lessons affect pupils’ concentration or behavior?  

– What do you think of pair work/teamwork during lessons?  

Cognitive level student engagement: level of thinking and learning  

– In what ways did the tasks in Moving Maths affect your thinking and learning?  

– Did you learn any new ways of thinking and practicing mathematics (group 1)?  

– What method/activity did you find useful for learning mathematics? What was 

not helpful (group 1)?  

– How did movement affect your textbook work?  

– Were there any things/activities that made learning difficult? What would make 

it easier in these situations? (group 1) 

– In which way does movement affect thinking and learning? (some prompts 

given) 

– In your opinion, to whom, to what kind of pupils these kinds of lessons suit 

best? 

Other questions 

– What do you think of the instructions? Were they clear or difficult to 

understand?  

– Did you watch the videos with your class? What do you think of them? (group 

1)  

– You also used some equipment. What do you think of them?  

– Do you think it would be worthwhile to continue the Moving Maths lessons?  

– Is there anything else you would like to say?  
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