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ABSTRACT

Background: according to the embodied cognition perspective, the interaction of the body with the
environment builds knowledge, and physical activity can enhance cognitive development. Methodology: the
purpose of this research is to conduct a systematic literature review of studies on the integration between
physical activity and mathematics in the context of primary school and the effects on learning resulting from
these types of intervention. Findings: bibliographic research led to the selection of 34 studies. Analysis of the
protocols revealed that motor activity could have a positive impact on learning mathematics and in no case
affects it negatively. Conclusions: this method of teaching can also contribute to improved pupils’ participation
in educational activities, increased motivation, greater well-being, and reduced sedentary lifestyle. Further
research could assess the extensibility of these studies to contexts beyond primary school and their impact
on teaching.
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INTRODUCTION

For some years we have witnessed the recovery and appreciation of the bodily dimension in the construction
of knowledge; research in this area resulted in the development of the embodied cognition construct
according to which the mind is as if it were "grounded in the details of its sensory-motor embodiment" (Foglia
& Wilson, 2013, p. 319). Within this field of research, there are also significant contributions by Barsalou
(1999, 2008, 2010) who opted for the term grounded rather than embodied, considering the former to be
more comprehensive.

Research on mirror neurons (Rizzolatti & Craighero, 2004) also demonstrated how tangible actions such as
observation, simulation of other people's gestures and imitation are central to learning. Advances in
technology have enabled ever more in-depth research in the neurological field to understand the correlation
between the activities carried out and brain areas involved (Meister et al., 2003).

In addition to the consideration of the aspects related to the bodily dimension of learning, it is important to
structure a way of teaching that allows the optimization of cognitive resources and in this regard, the
contributions of the Cognitive Load Theory (Sweller, 1988) are important and have affected problem-solving
modalities. It has also been considered the management of elements, during learning processes that happen
in the working memory, and this can be compared to the mere storage that instead occurs in short-term
memory (Baddeley, 2012).

The topic of didactics leads us to focus on knowledge built in formal contexts of learning such as school. This
type of knowledge is considered by Geary (1995, 2008) as biologically secondary and to be acquired it
requires precise intentionality besides a different effort and more time than the primary knowledge; we need
the latter to satisfy the essential survival needs.

Therefore, it seems possible to exploit the potential inherent in the school context as a privileged area to
promote meaningful learning and allow for the harmonious growth of children. Within the framework of the
Cognitive Load Theory, instructional design (Sweller, 2006) is configured as a careful design method that
permits adequate cognitive engagement in the learners for whom the learning processes may then take place
in the best conditions.

If we consider the person in all his dimensions, we cannot neglect emotions that are important to be taken
care of in any educational relationship; learning happens through the body and this tangible entity expresses
emotions that give depth to the learning processes. The importance of the emotional dimension was stressed
by Moreno (2010) who integrated the Cognitive Load Theory considering the affective dimension and, in our
opinion, itis also important for the teacher to create an emotional scaffolding (Meyer & Turner, 2007).

Another aspect of human cognition, functional to the understanding of its actual mechanisms and enabling
teachers to intervene in an increasingly targeted way from an educational point of view, emerged from studies
on executive functions (Miyake et al., 2000; Diamond, 2013), integrated processes that regulate cognitive
activities. These functions play a significant role in learning (Blair & Razza, 2007; Morrison et al., 2010;
Gathercole et al., 2004) as the individual's cognitive resources are fully mobilized to learn.

Promoting the development of executive functions can therefore positively affect learning and these functions
can be stimulated considering both the emotional dimension (Raver & Blair, 2016) and through physical
activity (De Greeff et al., 2018); from the latter, a neuronal development occurs in the brain areas responsible
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for memory and learning (Cotman et al., 2007). This can be linked to the relationship between physical health
and growth of the brain structures where activities related to movement and executive functions are managed
(Chaddock et al., 2010). Furthermore, the development of executive functions has a predictive value for skills
in mathematics and other disciplines (Espy et al., 2004; Gashaj et al., 2018).

If physical activity and the body are directly involved in the development and execution of the cognitive
processes through which learning takes place, the school can be regarded as a privileged context in which
to foster an early stimulation of these processes. Assessing the positive impact of physical activity on the
cognitive dimension, we have taken into consideration the possibility of achieving a disciplinary integration
between physical activity and mathematics, and we began looking for research that was carried out with
primary school pupils as it is at this point when there is a clearer distinction (compared to nursery school)
between disciplinary areas and educational intervention can be conducted in a more targeted way. From the
analysis of the selected studies, we wanted to understand what data could emerge on the effects of
disciplinary integration and the impact of this on the subjects involved and on other disciplines. Subsequently,
we tried to evaluate the possible extensibility of these practices to contexts other than those examined and
the impact of these teaching methods on didactics.

METHOD

We started our research by analysing the PsycINFO, PsycARTICLES, SPORTDiscus, WOS (Web of
Science), ERIC, and Jstor databases. We followed the PRISMA guidelines (Moher et al., 2009). Starting from
the above-mentioned databases and through keywords and their combination using Boolean connectives
(and, or, not) we looked for publications in Italian and English between 2000 and 2020. We then proceeded
to a manual search including the Google Scholar and BASE databases to find keywords in the ftitles,
abstracts, and descriptors. Then we proceeded to delve into the topics also by searching with the usage of
synonyms of the initial keywords. We conducted a systematic manual search in the bibliographies and
references found in the analysed publications.

We also considered articles reviewed by experts and from academic sources or which we found traceable
and reliable; we looked for studies developed in different contexts and not limited to a restricted geographical
area or socio-economic conditions. We also searched for any follow-up on the analysed protocols. The
research did not include studies involving children with clinical conditions or ascertained difficulties in the
motor competencies, and we focused on children aged between 5 and 11, a range indicative of primary
school attendance. Finally, we proceeded to create e-mail alerts for any new article to be included in the
search and organized the results of the research also using bibliographic management software (Zotero and
Mendeley).

From the identification of 2394 initial articles, through analysis and subsequent screening, we eventually
included 34 studies in the systematic review.

These were analysed and the information obtained was organized and summarised in a table (Table 1)
considering the year and country in which the research was conducted, the disciplines involved, the learning
context, the aims of the research, the effects (primary and, if present, secondary ones) resulting from the
application of the protocols.
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Table 1. Summary table of the studies included in the systematic review.

Author Subj Age Activity Duration Results Journal
Donnelly et al. 203 7-8  Curriculum 3 years Improvements in Preventive
2009 USA integrated mathematics, Medicine
Physical spelling, and
Activity (PAAC) reading
Davis et al. 171 9  After school 3 months Development of Health
2011 USA PA executive psychology (APA)
functions and
mathematics
performance
Erwin et al. 29 8 PAandmaths 20 weeks Improved results International
2012 USA learning in maths and Electronic Journal
reading of Elementary
Education
Lopes et al. 596 9-12  Motor School year ~ Motor coordination  Human
2013 Portugal coordination 2009-2010 difficulties linked Movement
and academic to worse results in -~ Science
results maths and
Portuguese
Hu et al. 2014 114 9-11  Solving 30-minute Improved learning  Learning and
Australia geometry individual test  of mathematical Instruction
problems using concepts
fingers
Smith et al. 20 8-9  Angles 15-20 Improved The Journal of
2014 USA explained minutes of classification, Mathematical
through bodily  activity plus estimation, and Behavior
experiences anindividual  representation of
(Windows interview angles.
Kinect)
Vazou & 35 9-11 Lessons with 2 days: one PA combined with Journal of Sport
Smiley-Oyen 10 minutes of with PAand  maths fosters the & Exercise
2014 USA PA or without  the other development of Psychology
movement without it executive functions
Agostinho et 61 8-11  Primary Individual Graphs drawing with  Educational
al. 2015 knowledge activities, 25 fingers helps children  Psychology
Australia supports the  minutes per understand graphical  Review
secondary participanton  representations
one average
Fedewa et al. 460 8-10  5-minute 8 months Breaks involving PA  School
2015 USA breaks with led to better results in - Psychology
PA; 20 maths and reading. International
mins/day
Howie et al. 96 9-11  Active breaks 3 months 10 and 20-minute Research
2015 USA VS sitting breaks involving PA  Quarterly for
lessons improve results in Exercise and
maths Sport
Mullender 228 8  MVPA 21 weeks, 3 3rd year pupils Journal of
Wijnsma et al. (moderateto  lessons per performed betterat ~ School Health
2015 vigorous PA)  week maths and reading
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Netherlands in maths and compared to those in
reading the 2nd year
lessons
Riley et al. 58 9-11  EASY minds 6 weeks Improves Journal of
2015 Australia program concentration, Science and
increases maths Medicine in
learning and lesson  Sport
liking
Ruiter et al. 118 6  Two-digit Various Embodied practices  Educational
2015 numbers school days:  contribute to a better  Psychology
Netherlands through physical understanding of Review
and Australia activities with  activitiesand ~ maths concepts
or without individual
motor stimuli  tests
Goh et al. 2016 210 8-10  TAKE10 (PA 8 weeks Better results in Journal of
USA with maths and maths and Physical Activity &
other subjects) reduction of Health
distraction
Mullender 499 8 PA in maths 2 years; 22 Improved both Pediatrics
Wijnsma et al. and spelling weeks per areas
2016 lessons year, 3
Netherlands lessons per
week
Snyder et al. 34 8 PAintegrated 5 weeks Better motivation  International
2017 USA with maths and focus, same  Journal of
maths results Research in
Education and
Science
Vazou & 106 9-10  “Move for 8 weeks Improved maths  International
Skrade 2017 thought’ (Maths results and more  Journal of Sport
USA integrated with motivation. and Exercise
PA) Psychology
Elofsson et al. 53 6 Math in Action 3 weeks Better results and  Education 3-13
2018 Sweden (MIA) more participation
Maths of children with
integrated with different motor
PA and music skills levels
Gashaj et al. 136 6-8  Analysisofthe 18 months Significant Early Education
2018 predictive value correlations and Development
Switzerland of fine motor among motor,
skills and maths skills, and
executive executive
functions for functions
maths skills
Griffo et al. 55 8-12 KIA 2 weeks Improved maths,  Physical Educator
2018 USA (knowledge in increased PA,
action) Maths more participation
and PA lessons in lessons
Have et al. 505 7 PAintegrated 9 months Improved results in -~ PLOS ONE
2018 with maths maths; enhanced if
Denmark lessons combined with
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motor activity
Mavilidi et al. 120 5 PAintegrated 4 weeks Better results with  Journal of
2018 Australia with maths PA, compared to Experimental Child
cognitive observation only Psychology
tasks
Resaland et 1129 10  ASK (Active 7 months Most effective for Preventive Medicine
al. 2018 Smarter Kids), pupils who had the
Norway PA and active lowest marks in
breaks maths
Vetter et al. 85 9-10 Learning 6 weeks: 3 Positive outcomes  Journal of Physical
2018 Australia times tables times a for learning times  Activity and Health
through week, 20 tables
integrated PA mins each
Asakawa et al. 80 7  Effectsoffine 6 weeks Fine motor skills European Journal of
2019 Japan motor training influence maths Developmental
on maths skills. Psychology
skills
Caldas & 526 8  Evaluationof 1 day Mutual influence Journal of Research
Reilly 2019 PA among physical in Childhood
USA association skills, Education
with reading, mathematical
maths, and ones, reading, and
English skills English.
De Bruijn et 891 9 Motor activity, 2 weeks Motor skills Psychology of
al. 2019 maths, reading influence Sport & Exercise
Netherlands and spelling academic results
and, with aerobic
fitness, are
predictive of
maths outcomes
Duijzer et al. 70 9-11  Reflecting, 6 weeks, 50-  The tangible ZDM: Mathematics
2019 while moving minute management of  Education
Netherlands through weekly variables (VS
spaces, on lessons only iconic
distance — learning)
movement contributes to
charts. develop complex
maths thinking.
Egger et al. 142 7-9  Breaks with 20 weeks PA and adequate PLOS ONE
2019 activities cognitive
Switzerland involving the stimulation are
physical and beneficial for
cognitive executive
dimensions functions and
maths
Seljebotn et 447 9-10  Lessons with 10 months Improved Preventive
al. 2019 integrated PA, children activity ~ Medicine Reports
Norway active school levels. No
breaks, and negative effects
"active" on academic
homework. outcomes
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Van Den Berg 312 10-11  Integration of 5weeks, 20  Increased lesson  International
et al. 2019 dexterity lessons (5to  appreciation; Journal of
Netherlands games with 8 minutes irrelevant Environmental
maths each) academic results  Research and
teaching. Public Health
Vetter et al. 172 8 Maths 6 weeks Times tables Journal of Science
2019 Australia lessons with improvements and  and Medicine in
or without PA more active Sport
lifestyle
Watson et al. 374 8-9  ACTI-BREAK 6 weeks, 5 Improved Journal of Science
2019 Australia program; active breaks  concentration and Medicine in
effects on (3 mins each) during lessons; no  Sport
learning and  daily significant direct
behaviour effects on reading
and maths
Mavilidi et al. 87 9-10  Effects of 4 weeks; 3 Improved Acta Paediatrica
2020 Australia active breaks  times per concentration. No
(at school) on  week, 5 negative impact of
learning. minute increased PA time
activities on learning maths
and other
subjects.

(Source: own processing). (Legend: PA = physical activity, Subj = subjects, mins = minutes).
RESULTS

Research shows the role that physical activity has in promoting cognitive development; if this concerns all
disciplines, among them there seems to be a rather strong correlation between logical-mathematical skills
and physical activity.

Compliance of the experimental protocols with ethical standards

All the analysed protocols were carried out in full compliance with the ethics laws and regulations of the
various countries and after all the parties involved, both institutional and private (children and families) had
been informed and had given their consent to the participation of the minors in the activities.

Research localization

From the analysis of the studies, an immediately recognisable characteristic is their worldwide diffusion; in
Anglo-Saxon countries (the USA and Australia), there is the highest number of research. However, a
considerable number of protocols is present in Northern Europe (the Netherlands, Norway, Sweden,
Denmark) whereas, at least in our research, there is no equal presence in the remaining European countries.

Research duration

As far as the duration of the various studies is concerned, they range from three years (Donnelly et al., 2009)
to a few days (Vazou & Smiley-Oyen, 2014). Most of the research lasted between three (Elofsson et al.,
2018) and twenty-one weeks (Mullender-Wijnsma et al., 2015).

Primary research objective
The primary research objective was to investigate the correlation between physical activity and mathematics
and how this could influence the process of learning these disciplines. In none of the studies, have there
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been negative results on learning: neither in mathematics nor in physical education or other subjects different
from the ones that were primarily involved in the research.

In almost all studies there have been positive effects on learning. In two cases (Snyder et al., 2017; Van den
Berg et al., 2019) physical activity did not produce substantial direct improvements for mathematics learning
but contributed to improving the pupils' ability to stay focused on the tasks to be performed (Snyder et al.,
2017) or increased the appreciation of the lesson (Van den Berg et al., 2019) and this can have a generally
positive effect on learning and teaching activities.

Long-term effects

In two protocols (Donnelly et al., 2009; Mullender-Wijnsma et al., 2016) in which the evolution from the initial
pre-experimental situation to a time frame wider than a school year was analysed, it was found that there
was also an improvement in pupils' attitude towards mathematics and the positive effects of the protocols
applied were lasting even beyond the end of the research.

Different impact on the involved subjects

In most studies the positive results are generalized as they affect all the subjects involved; however, in the
research of Resaland et al. (2018), there are gender differences. Those who among male students had been
in greater difficulty in the preliminary pupils’ disciplinary skills survey carried out by the researchers, obtained
the best benefits. This can be compared to the (less good) results obtained by the female students who
instead were among the best at mathematics. The researchers interpreted this result as the beneficial effect
of a different way of teaching for those pupils who had encountered more difficulties with the established
teaching methods. This also led to the consideration of the importance of promoting an increasingly inclusive
school. Even in the study of Mullender-Wijnsma et al. (2015) which, beyond mathematics, considered reading
skills and the correlation of those two areas of learning with physical activity, there were better results for
children who attended the third year of primary school, compared to those in the second year. According to
the researchers, further analyses could be carried out to understand the specificity of the activities to be
implemented in relation to children’s age.

Further noticed effects

The implementation of the various experimental protocols led to an increase in physical activity and a
decrease in sedentary lifestyle (e.g., time spent sitting) during the school day; this change did not have any
negative impact on children's academic performance. During the activities, the researchers reported a
perceived positive environment also from an emotional point of view and, besides, active participation and
involvement by both pupils and teachers and the whole school context.

DISCUSSION

From the analysis of the studies and their correlation with the purposes of our research, it was possible to
observe some common characteristics and then trace cross-cutting issues due to which these studies could
be considered as an own wider category of didactics approach.

Characteristics of the studies

Considering the structure of the experiments, we can divide the studies into two categories. One comprises
protocols in which a disciplinary integration between physical activity and mathematics is carried out through
lessons that have a higher or lower frequency during the school week (Duijzer et al., 2019; Vazou & Skrade,
2017; Mullender - Wijnsma et al., 2015; Elofsson et al., 2018; Riley et al., 2015; Have et al., 2018).
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The other group of studies instead is characterized by the insertion of physical activity in the breaks among
lessons. The breaks might be either already existing or introduced specifically for this purpose; the duration
of the breaks is comprised between 3 and 10 minutes (Watson et al., 2019; Mavilidi et al., 2020; Goh et al.,
2016).

Research contexts

About the contexts where the protocols have been implemented, a common trait that can be found is the
consistent adaptability of the research. That is since all studies can be carried out in the various settings
within the school context; be it either in the gym or outdoors (after due adjustments) or in the classroom. In
a study (Seljebotn et al., 2019) the protocol also includes some extracurricular time with the assignment of
tasks, such as homework, that involve physical activity.

Assets management

In almost all studies the use of the available equipment at school allows for carrying out all activities. Particular
tools or resources are generally not necessary. Only in the study conducted by Agostinho et al. (2015) iPads
are required. In the protocol developed by Smith et al. (2014) instead, researchers have created an
application to let pupils learn problems on the topic of angles through the usage of Windows Kinect®. In
almost all the studies there is therefore a parsimonious approach to the resources of the educational
institutions that have been involved in the various trial implementations.

Equipment used

In the various studies, tools such as accelerometers and/or pedometers have been used by researchers to
obtain objective and scientifically evaluable measures on the types of the movement carried out during the
trials, both in quantitative and qualitative terms.

Possibilities of widening the interdisciplinarity

In some studies, it has been observed how physical activity could be correlated, resulting in positive
outcomes, with other disciplines besides mathematics. There was positive feedback on spelling and reading
skills (Mullender-Wijnsma et al., 2016), or improvements in Norwegian, to be understood as the native
language, since the study was conducted in Norway by Resaland et al. (2018) and in English (foreign
language). In the research of Elofsson et al. (2018) instead, the learning of mathematics is promoted, with
positive results, through physical activity and music.

CONCLUSIONS

After analysing the protocols, it seems to emerge as a shared trait among them the possibility of implementing
the proposed activities in other learning environments besides those in which they were tested. The research
outcomes on learning of the involved subjects can be considered as positive. Promising effects can be found
also for the motivation to study, the active participation of pupils in the activities, and (though not less
important) for the emotional dynamics related to the learning process.

Taking those things into consideration seems to suggest that there might be an actual opportunity to improve
the learning environments quality through innovative didactics that does, however, not obliterate the tradition.
It can also be noted that a more effective modality of approaching the way of teaching the various subjects
could be implemented. The educational potential which resides in all of them could be emphasized within the
collaborative and interdisciplinary dynamics promoted through that research.
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A further effect stemming from the studies is that related to the increase in physical activity and the
corresponding reduction of sedentary time spent by pupils during the school day. This could lead to the
structuring of good habits for health and the general well-being of the students that could positively impact
on their growth and adult life.

A characteristic that also seems to be important to consider is that related to the effectiveness of the
interdisciplinary approach and how it could include disciplines other than physical activity and mathematics.
Moreover, integrating further subjects seems to lead to positive effects and this could create a virtuous circle
that would foster a holistic approach to the pupil, instead of didactic paths characterized by fragmentation.

The studies we have considered constitute a research sample, even if a relevantly wide and geographically
diverse one; however, through further studies it could be evaluated the implementation of similar teaching
strategies (suitable for the peculiar and unique condition of every learning context). Thus, a subsequent trial
could also be undertaken and, after careful consideration of it, an initial implementation could be carried out.

It would be interesting to experiment with the protocols based on the aforementioned modalities of
interdisciplinary integration and evaluate the outcomes through longitudinal studies that would span the entire
primary school duration. Therefore, analysing the collected data, it could be possible to understand the impact
of this type of didactics in primary school as a whole (not just in a segment of it). Moreover, it could be
evaluated how this teaching approach might affect pupils’ preparation towards the next step of their
educational path (i.e., middle school) and allow the construction of significant competencies for their lives as
persons and citizens, beyond the (however important) academic results.
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