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Abstract: Currently, there is great interest in the correlation between children’s physical activity and
their academic performance. In this study, a pre-test/mid-test/post-test experimental strategy was
used to avoid any disruption of educational activities, due to the random selection of children in
each group. The experimental group was tested for eight months. We developed a methodology
for innovative physical education classes and created a model of educational factors that encourage
physical activity for children. The experimental group comprised 45 girls and 44 boys aged 6–7 years.
The control group included 43 girls and 46 boys aged 6–7. Methods: Mathematical diagnostic
progress tests were divided into two sections: tasks were allocated according to performance levels
and the content as well as fields of activity and cognitive skills. The assessment of all areas of activity
was based on student performance (unsatisfactory, satisfactory, basic, and advanced). Distribution
of mathematical learning achievements by curriculum content: mathematical diagnosis was used
to evaluate first-grade children’s mathematical knowledge and skills according to the five areas
of the mathematics education curriculum: numbers and calculations; phenomena, equations, and
inequalities; geometry, measures, and measurements; statistics and communication; and general
problem-solving skills. The differences between the pre-test and mid-test results indicated that
the number of children performing at a satisfactory level decreased (p = 0.035). The differences
between the pre-test and post-test advanced (p = 0.038) and basic (p = 0.018) levels were found to
be increased. Applying an innovative physical education program to first graders demonstrated a
higher-level mathematics program in the areas of geometry, measures, and measurements; statistics;
and communication and general problem-solving skills. Based on the interface between an innovative
primary school physical education program and mathematics learning achievements, a research tool
was developed that can be used in a quantitative research strategy.

Keywords: innovative physical education program; academic achievement; primary education

1. Introduction

Currently, the relationship between children’s physical activity and their academic performance
is of considerable interest. Physical activity (PA) may be an effective strategy positively affecting
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academic performance, and school-based studies investigating the effect of increased PA on academic
performance have steadily increased in number during the past decade [1–3].

Physical education has been a part of school curriculums for many years, but, due to childhood
obesity, focus is increasing on the role that schools play in physical activity and monitoring physical
fitness [4,5]. When young people engage in at least 60 min of physical activity daily, the health
benefits accumulate, including strong bones and muscles, improved muscular strength and endurance,
reduced risk of developing chronic diseases, improved self-esteem, and reduced stress and anxiety [6].
Recent research by Sánchez-Miguel et al. has shown that in the context of education, in order to
promote adolescents’ physical activity and motor activity, it is important to improve the student’s
self-esteem and perception of body satisfaction [7,8]. Several cross-sectional studies suggest that lower
levels of PA are associated with lower levels of academic achievement among children [9]. Additionally,
intervention studies provide evidence that 90 min of moderate-to-vigorous PA, per week, at school [10],
in addition to 60 min of physical education per day [11] or increased after-school PA for 40 min per
day [12], improves academic performance among children.

The idea that healthy children have improved learning is empirically supported and well
accepted [13]. Multiple studies have confirmed that health benefits are associated with physical activity,
including cardiovascular and muscular fitness, bone health, psychosocial outcomes, and cognitive and
brain health [14]. Given that the brain is responsible for both mental processes and physical actions of
the human body, brain health is important across the life span. In children, brain health can be measured
in terms of successful development of attention, on-task behavior, memory, and academic performance
in an educational setting [15]. Educational benefits of physical activity can be derived from the theory
of brain-based learning. This theory, in part, suggests that moderate to vigorous physical activity
stimulates the brain in a positive way [16]. In the short term, physical activity stimulates immediate
chemical changes in the brain that increase attention and may enhance cognitive performance [17].
Established connections exist between brain function and educational practice; exercise is highly
correlated with neurogenesis, the production of new brain cells [18], and exercise upregulates a critical
compound called brain-derived neurotrophic factor [19]. In a brain-based theory, neurogenesis is
correlated with improved learning and memory [16]. In recent years, educators have explored links
between classroom teaching and emerging theories about how people learn. Brain research provides
many possibilities for education, and there is much discussion among educational professionals about
how this research should be conducted.

Consequently, the idea that PA can enhance academic ability has received particular attention in
health and education [20]. Partly owing to the Lithuanian curriculum, school incentives are oriented
toward standardized academic test results. There are some claims from educators that the time spent
on PA detracts from academic performance, but this is refuted by scientific evidence.

There are new research studies that prove the relationship between physical activity and better
academic performance [21–24]. Studies have shown that physical activity could improve cognition and
academic achievement [25–27]. In general, a more in-depth understanding of how physical activity is
related to children’s mathematics skills in the early school years is needed. In these circumstances, the
purpose of this study was to establish a link between the academic performance of primary school
children and an innovative physical education program.

2. Materials and Methods

2.1. Participants

The schools used in this study were randomly selected from primary schools in Lithuania.
Four schools were selected from various regions of Lithuania, typical of the Lithuanian education
system, that is, the state system, operating in accordance with the description of primary, basic, and
secondary education programs approved by the Lithuanian Minister of Education and Science in 2015.
It should also be noted that these schools form classes without applying selection criteria; thus, it
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could be said that the pupils in the randomly selected classes were also randomly assigned to the
experimental and control groups. A non-probabilistic exact sample was used in the study when
subjects were included depending on the objectives of the study.

The study data were collected from September to May 2019 in four Lithuanian general education
schools that had primary education classes. The time and place of the study, with the consent of the
parents, were agreed upon in advance with the school administration. This study was approved by
the research ethics committee of Kaunas University of Technology, Institute of Social Science and
Humanity (Protocol No V19-1253-03).

The experimental group comprised 45 girls and 44 boys aged 6–7 years. Their mean weight
and height were 23.8 ± 0.8 kg and 1.21 ± 0.14 m, respectively, for the girls, and 28.2 ± 0.5 kg and
1.35 ± 0.07 m, respectively, for the boys. The control group comprised 43 girls and 46 boys aged 6–7.
Their mean weight and height were 22.5 ± 0.7 kg and 1.27 ± 0.2 m, respectively, for the girls, and
28.7 ± 0.5 kg and 1.41 ± 0.06 m, respectively, for the boys. All children attended the same school.

2.2. Instruments

2.2.1. Mathematical Diagnostic Progress Tests

The mathematical diagnostic progress tests (MDPTs) were prepared in accordance with the
requirements of the General Mathematics Education Curriculum (approved by ISAK-2433, August
26th, 2008). Diagnostic progress tests are an objective way to measure skills and abilities. The MDPTs
were divided into two sections: the tasks were allocated according to performance levels and the
content as well as fields of activity and cognitive skills. The assessment of all areas of activity was
based on student performance (unsatisfactory, satisfactory, basic, and advanced).

The advanced level of achievement was achieved by those children who scored 26–33 standard
points during the study; basic was achieved by those scoring 16–25 standard points; satisfactory
represented 7–15 standard points; and the unsatisfactory level was 0–6 standard points. These levels
were described according to the children’s main groups of operational abilities: mathematical
knowledge and skills in performing standard procedures; mathematical communication; and
mathematical thinking and problem solving. Based on these levels of student achievement, the
effectiveness of the process of organizing student learning was assessed. The level of student
achievement is a criterion for evaluating the organization of the learning process. This assessment was
used to analyze, interpret, and compare the links between students’ ways of organizing learning and
achievement. The four levels of achievement are described as follows:

Advanced level of achievement: Knowledge and skills—the child understands all the
basic mathematical concepts and performs standard mathematical procedures without errors.
Communication skills—the child correctly understands the conditions of the task presented in different
ways and is able to solve practical and mathematical problems in various contexts. They consistently,
comprehensively, smoothly, and clearly present the solution of the task. Thinking and problem-solving
skills—the child chooses an effective and rational problem-solving strategy. They can distinguish and
indicate the features characteristic of objects and phenomena and determine not only their main but
also their additional relations or regularities. The child draws detailed and accurate conclusions based
on the correct solution to the problem.

Basic level of achievement: Knowledge and skills—the child applies the existing knowledge in
new, uncomplicated situations, but the knowledge is not exhaustive. Communication skills—the
child correctly understands the conditions of simple practical and mathematical content problems.
The child basically presents the solution of the problem correctly, using appropriate terms and symbols,
but lacks accuracy, consistency, coherence, conciseness. Thinking and problem-solving skills—the
child chooses not quite rational problem-solving strategies and distinguishes and indicates not all
characteristic features of objects and phenomena, determining only their main relations or regularities.



Sustainability 2020, 12, 4922 4 of 13

They use analysis–synthesis, but objects and phenomena are not analyzed according to all their
characteristic features.

Satisfactory level of achievement: Knowledge and skills—the learner repeats some knowledge,
but the level of knowledge comprehension is superficial. They apply the basic standard procedures
defined in the curriculum. Communication skills—the child understands the conditions of the simplest
tasks correctly and tries to convey the main ideas and the solution of the problem. There is insufficient
understanding of the purpose of communication, mathematical concepts, and symbols. Thinking and
problem-solving skills—the child chooses not entirely rational problem-solving strategies but combines
several algorithms in standard situations. They correctly solve the problem and explain the solution of
the problem and the results obtained but do not provide a final answer or draw a final conclusion.
The child recognizes and examines only individual details of the research question without linking
them, does not see regularities and connections, does not substantiate with logical reasoning, and does
not argue or interpret.

Unsatisfactory level of achievement: The child does not achieve a satisfactory level of achievement
in any of the mathematical activity ability groups.

These levels of children’s learning achievements were analyzed in the study according to the
criteria of learning organization efficiency, that is, ways of starting the lesson, ways of presenting new
material, ways of knowledge assessment and skills formation, and organization of feedback. In other
words, the study used a statistical criterion to determine whether the level of child achievement
depends on the ways in which learning is organized.

2.2.2. Distribution of Mathematical Learning Achievements by Curriculum Content

Mathematical diagnosis evaluates first-grade children’s mathematical knowledge and skills
according to the five areas of the mathematics education curriculum:

1. Numbers and calculations;
2. Phenomena, equations, and inequalities;
3. Geometry, measures, and measurements;
4. Statistics;
5. Communication and general problem-solving skills.

The learning achievements listed in the General Programs (Basic curriculum for primary education,
2016) in the field of geometry, measures, and measurement are incorporated into the diagnostic
assessment program and described in the curriculum content. There are seven possible MDPT
tasks [28].

2.3. Procedure

In this study, a pre-test/mid-test/post-test experimental strategy was used to avoid any disruption
of educational activities, due to the random selection of children in each group. The experimental
group was tested for eight months. We developed the methodology for innovative physical education
classes and created a model of educational factors that encourage physical activity for children.
The relationships between the children’s physical activities at school and learning achievements were
determined. Physical education lessons, according to the lesson schedule, always took place before
mathematics lessons.

We also prepared the methodical material for innovative physical education classes [29].
The methodology was based on the dynamic exercise, intense motor skills repetition, differentiation,
seating and parking reduction, physical activity distribution in the classroom (DIDSFA) model [29,30]
(Table 1).
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Table 1. Dynamic exercise, intense motor skills repetition, differentiation, seating and parking reduction,
physical activity distribution in the classroom (DIDSFA) model—increasing active learning time in
primary physical education.

Dynamic exercise

Aerobic capacity and/or muscle strength training.
Exercise can be any activity that enhances physical fitness.
Exercise that gives you more energy, endurance, or
stamina is often called aerobic exercise [29].

Intense motor skills repetition

Reducing/eliminating queues so that children are not
waiting their turn; having small-sided games or group
work such as 3 vs. 3 (which increases the amount of times
children have to develop/apply their skills—this helps to
eliminate children being on the periphery of, or excluded
from, a game/activity); and increasing the amount of
equipment available to the children and/or increasing the
number of stations.

Differentiation

All children should be set tasks that are appropriate to
their physical, cognitive, and social development, which
enables them to engage in active learning time. Teachers
should ensure that they are familiar with the space, task,
equipment, and people (STEP) framework for effective
differentiation of activities [31].

Seating and parking reduction

When a teacher is providing feedback or questioning
learners, often they do not need to stop the whole class;
instead they can just target and stop a group of learners
or an individual child. Engaging children in an activity
as soon as possible at the start of the lesson through
concise questioning and feedback. Ensuring equipment
is ready, organized, and accessible at the start of and
throughout the lesson [30].

Physical activity distribution in the classroom

This principle is based on teachers encouraging
children’s in-class physical activity through positive
praise. Examples of the promotion of in-class physical
activity includes “great team work, keep moving, and
looking for space” [30].

An innovative physical education program was designed to promote high levels of physical
activity, teach movement skills, and be enjoyable. The recommended frequency of physical education
classes was three days per week. A typical DIDSFA model lesson lasted 30 min and had two parts:
health–fitness activities (15 min) and skill–fitness activities (15 min). Ten health-related activity units
included aerobic dance, aerobic games, walking/jogging, and jump rope. Progression was developed
by modifying the intensity, duration, and complexity of the activities. Although the main focus
was on developing cardiovascular endurance, brief activities to develop abdominal and upper body
strength and movement skills were included. To enhance motivation, children self-assessed and
recorded their own fitness levels monthly. Four sport units that developed skill-related fitness were
included (basketball, football, gymnastics, and athletics) and healthy lifestyle and unconventional
physical activity were additionally introduced. These sports and games had the potential for promoting
cardiovascular fitness and generalization to the child’s community (e.g., fun relays) (Table 2). During the
study, physical education lessons were taught through innovation, that is, a physical education training
textbook consisting of two interrelated parts: a) a textbook and b) children notes. Textbooks were
dominated by logical tasks, self-assessment, and exercises of spatial perception and self-development.
The methodological tools presented innovative methods of working with textbooks. Vaquero-Solís et
al. found that mixed methodologies in their interventions are implemented on new strategies that have
a greater effect on the participants [32]. Twice per month, the usual methodology was applied, during
which the transition from theory to practice was gradual. During the first lesson of the month, the
material in the textbook was examined, future plans and tasks for the month were introduced, and the
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theory was established during practical sessions. During the theoretical lessons, the children also had
the opportunity to move around, using the physical activities provided in the textbook. During the
last lesson of the month, the tasks presented in the textbook were performed; the activities of the
month were repeated, remembered, summarized, and evaluated; and the tasks of children’s notes were
performed. Girls and boys from the control group attended unmodified physical education lessons.

Table 2. Innovative physical education program.

Lesson Topic Areas of Activity for the Physical
Education Lesson

Month 1

Working with a textbook and notes
Arrangement, basic initial hand and leg positions Movement skills

Honest behavior Healthy lifestyle
Proper breathing over time Sport units (athletics)

Month 2

Working with a textbook and notes
Ball school. I pass the ball to a friend. I am learning

to pass the ball accurately Sport units (basketball)

Running is the king of movement. Running: Relay Sport units (athletics)
Proper posture Healthy lifestyle

Month 3

Working with a textbook and notes
Jumps on both feet. Spider and turn Movement skills

Animal gymnastics Unconventional physical activity
Let’s jump by jumping. Shuttle running 3 × 10 m Sport units (athletics)

Month 4

Working with a textbook and notes
Long jump Sport units (athletics)

We learn to kick and drive a soccer ball, to drive a
soccer ball in a straight and winding line Sport units (football)

Month 5

Working with a textbook and notes
We learn to kick a soccer ball into the goal Sport units (football)

The basics of gymnastics: exercises with gymnastic
balls. Muscle stretching. We try to keep the balance Unconventional physical activity

Month 6

Working with a textbook and notes
Basics of gymnastics means, tools, correct posture.

Jumps with rope Sport units (gymnastics)

Basic steps of aerobics Unconventional physical activity
Fun relays Movement skills

Month 7

Working with a textbook and notes
We learn to drive, pass, and catch a basketball by

working in pairs, to drive a basketball in a straight
and winding line

Sport units (basketball)

Obstacle course Movement skills

Month 8

Working with a textbook and notes
We throw the ball Sport units (athletics)

We work together to overcome obstacles Healthy lifestyle
We play football Sport units (football)

We learn to orientate. Project. Sport event. Movement skills

2.4. Data Analysis

Descriptive statistics are reported for all measured variables as mean ± SD. The effect size of the
Mann–Whitney U-test was calculated using the equation r = Z/

√
N, in which Z is the z-score and N is

the total number of the sample (small, 0.1; medium, 0.3; large, 0.5). Statistical significance was defined
as p ≤ 0.05 for all analyses. Analyses were conducted using SPSS 23 software (SPSS Inc., Chicago,
IL, USA).
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3. Results

3.1. Mathematical Diagnostic Progress Tests

An analysis of the results of the pre-test of the mathematical diagnostic progress tests (MDPTs)
shows that, across the seven possible MDPTs tasks, the male and female seven-year-old children
achieved satisfactory results (pretest control group, CG, 6.45; experimental group, EG, 6.38; p = 0.054)
and basic results (pretest CG 6.18; EG 5.43; p = 0.032). Fewer children qualified for the advanced level
(pretest CG 1.08; EG 1.04; p = 0.051) (Figure 1). Results were evaluated between experimental and
control groups.
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Figure 1. Mathematical diagnostic progress tests. *—p ≤ 0.05, difference between the experimental
and the control groups. #—p ≤ 0.05, differences between the pre-test and middle-test satisfactory level.
$—p ≤ 0.05, differences between the pre-test and post-test advanced and basic levels.

The analysis of the middle-test results (results are observed between groups) showed the smallest
number of children performing at an advanced level (middle-test CG 0.80; EG 1.31; p = 0.014). Most
children who completed the tests performed to basic and satisfactory levels. Accordingly, CG and
EG group achievement levels were satisfactory (middle-test CG 4.52; EG 4.79; p = 0.044) and basic
(CG 5.91; EG 6.27; p = 0.038). The differences between the pre-test and middle-test results indicate that
the number of children performing at a satisfactory level decreased (p = 0.035) (Figure 1).

An analysis of the results of the MDPTs showed that, across the seven possible tasks, both male
and female seven-year-old children achieved satisfactory results (results are observed between groups)
(post-test CG 5.18; EG 5.80; p = 0.045), basic results (post-test CG 6.01; EG 7.98; p = 0.022), and advanced
results (post-test CG 2.38; EG 2.93; p =0.037). The differences between the pre-test and post-test
advanced (p = 0.038) and basic (p = 0.018) levels were found to be increased (Figure 1).
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3.2. Distribution of Mathematical Learning Achievements According to Curriculum Content

Table 3 presents the results of the descriptive data of participants by learning achievements with
respect to curriculum. Results are summarized as follows. Numbers and calculations: pre-test CG
and EG (p = 0.065), middle test CG and EG (p = 0.046), post-test CG and EG (p = 0.030). Phenomena,
equations, and inequalities: pre-test CG and EG (p = 0.051), middle test CG and EG (p = 0.103), post-test
CG and EG (p = 0.025). Geometry, measures, and measurements: pre-test CG and EG (p = 0.051),
middle test CG and EG (p = 0.015), post-test CG and EG (p = 0.048). Statistics: pre-test CG and EG
(p = 0.092), middle test CG and EG (p = 0.025), post-test CG and EG (p = 0.025). Communication and
general problem-solving skills: pre-test CG and EG (p = 0.082); middle test CG and EG (p = 0.040),
post-test CG and EG (p = 0.022) (Table 3).

Table 3. Distribution of mathematical learning achievements according to curriculum content.

Test Control
Group

Experimental
Group p Level Observed

Power
Effect
Size

Pre-test

Numbers and
calculations 7.61 (1.52) 7.531 (1.39) 0.065 0.588 -

Phenomena, equations,
and inequalities 0.81 (0.25) 0.79 (0.11) 0.051 0.691 -

Geometry, measures,
and measurements 3.61 (0.32) 3.65 (0.28) 0.051 0.688 -

Statistics 0.63 (0.91) 0.61 (0.88) 0.092 0.361 -

Communication and
general problem-solving

skills
1.20 (2.68) 1.19 (2.54) 0.083 0.552 -

Middle-test

Numbers and
calculations 5.78 (3.43) 5.89 (3.18) 0.046 0.978 0.14

Phenomena, equations,
and inequalities 1.35 (0.61) 1.35 (0.61) 0.103 0.278 -

Geometry, measures,
and measurements 2.09 (1.51) 3.12 (0.67) 0.015 1.00 0.66

Statistics 1.35 (0.69) 1.11 (0.93) 0.025 0.991 0.50

Communication and
general problem-solving

skills
1.16 (0.83) 0.81 (1.25) 0.040 0.926 0.19

Post-test

Numbers and
calculations 6.09 (1.90) 7.05 (0.97) 0.030 0.975 0.31

Phenomena, equations,
and inequalities 1.58 (0.12) 1.86 (0.04) 0.025 0.979 0.27

Geometry, measures,
and measurements 4.46 (1.63) 4.66 (1.53) 0.048 0.967 0.11

Statistics 0.55 (0.45) 0.84 (0.36) 0.025 0.981 0.27

Communication and
general problem-solving

skills
0.83 (1.17) 1.45 (0.76) 0.022 0.992 0.21

Mathematical learning achievements; significant values are highlighted in bold. Effect size for nonparametric test: r
(small, 0.1; medium, 0.3; large, 0.5) for group differences.
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4. Discussion

The objectives of this research are to evaluate a one-year educational strategy aimed at helping
teachers increase children’s active learning time during physical education classes and to find a
connection between the academic performance of primary school children and innovative physical
education lessons. Our results indicate that the intervention was effective. Children in the intervention
group demonstrated superior skills in mathematics, including geometry, measures, and measurements;
statistics; and communication and general problem-solving skills.

It is seen that from early childhood to adolescence children’s physical activity levels decrease [33,34].
Sevil et al. emphasizes the importance of increasing students’ physical activity in order to enhance
their intrinsic motivation [35]. During their first two decades of life, a child spends a considerable
amount of time in school [36]. Some of the ways for children to be active at school are classroom-based
physical activities. Physical activity could be incorporated into class time. This could be done by
adding short bursts of physical activity and integrating physical activity into lessons [37].

Current findings suggest the use of cognitive engaging activities to enhance children’s attention
at school [38]. However, the quality of the physical activity intervention might also play an important
role [39]. Physically active lessons might either have a positive effect or no effect on academic-related
outcomes, as was shown in a review of research studies [40].

The one-year education strategy was chosen in our research, which had a positive effect due
to the appropriate duration of the intervention. No difference between groups has been found in
most studies following intervention periods less than one year as national standardized tests were
used to measure outcomes [41,42], although significant improvement was found in standardized test
scores following one year [43]. Amado et al. after an intervention program found that adapting
exercises to the pupils’ level by balancing the difficulty and capacity would give positive feedback,
providing objectives and feedback regarding the process and not the result, by acknowledging pupils’
efforts and/or improvements [44]. Classroom-based physical activity might have a positive effect
on academic achievement, in addition to cognitive function and classroom behavior. Effects on
academic achievement might depend on the type of assessment tool that was used to measure academic
achievement, as well as the duration of intervention [37].

Research has shown that an intensive exercise program for overweight children has a positive
effect on mathematics performance and planning skills and increases activity in the prefrontal cortex,
which plays an important role in cognitive control [12]. Physically active academic lessons have
been shown to improve the academic performance of third-grade children [45]. The educational
benefits of physical activity can be derived from brain-based learning theory. This theory suggests
that moderate-to-vigorous physical activity positively stimulates the brain [16]. It has been seen
that cognitive function could be enhanced by cognitively engaging physical activity better than by
non-cognitively engaging physical activity, such as in repetitive exercise [46]. Van Dusen et al. [47]
found that cardiovascular fitness has the strongest direct correlation with academic performance,
with a standardized mean difference of 0.34 (0.32–0.35) for boys in mathematics and 0.33 (0.31–0.35)
for girls in mathematics. Consequently, task behavior could be improved by breaking up lessons
with physical activity [34]. Based on the performance improvement of the experimental group in all
content and activity areas, we can state that children in the innovative physical education curriculum
demonstrated superior mathematical ability. Positive outcomes of integrating physical education and
mathematics are commonly observed in both activities [48]. Donnelly and colleagues found improved
academic performance in all reported outcome measures (i.e., the composite scores of reading, spelling,
and mathematics) when comparing children who received daily bouts of moderate to vigorous PA
during academic lessons for 3 years (up to 90 min/week) with children who followed the regular
curriculum [10]. Ericsson [49] found higher grades in literacy and mathematics in children who
participated in a 45 min PE session each school day and optional modified motor training of 60 min
per week for 3 years than in children following the regular PE curriculum at 1- and 2-year follow-up.
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Classroom-based physical activity could positively make an impact on academic-related outcomes,
including cognitive function, academic achievement, and classroom behavior [37]. Meta-analyses,
conducted by Fedewa and Ahn [50], show that physical activity is directly related to academic
performance, with a particularly strong improvement in mathematics in the performance data.
In contrast to longitudinal studies, low physical activity and obesity in children are negatively
associated with mathematical performance [51]. Gable et al. [52] found similar results when they tested
6250 children between the ages of five and 10 with dummy scores and found that both girls and boys
who were overweight scored lower in mathematics compared to physically active peers. Participation
in an exergaming-based intervention (2 × 15 min, three times per week) in a study by Gao et al. [53]
resulted in higher mathematics grades in fourth-grade children compared with a group receiving
unstructured recess. Patnode et al. [54] assessed children’s grade averages and found that physically
active children demonstrated higher academic achievement than children with low levels of physical
activity. However, Resaland et al. [39] found no significant intervention effect on mathematics, reading,
or English in 10-year-old children. Analyses of the subgroup who performed worse at baseline for
numeracy showed significant beneficial effects of the intervention. The seven-month intervention
consisted of physically active lessons, active breaks between lessons, and active homework.

Academic-related outcomes improved participation in classroom-based physical activity programs,
as can be seen in most studies [31]. The results of our study showed that primary school children who
participated in innovative physical education lessons demonstrated superior skills in mathematics,
including geometry, measures, and measurements; statistics; and communication and general
problem-solving skills.

5. Conclusions

Our conclusions show that applying an innovative physical education program to first graders
demonstrated a higher level math program in the areas of geometry, measurements, and measurements;
statistics; and communication and general problem-solving skills. Based on the interface between the
primary school innovative physical education program and mathematics learning achievements, a
research tool was developed that can be used in a quantitative research strategy.

This study complements new scientific literature, which reveals that innovative physical education
programs can help to achieve the goal of enhancing cognitive activation and thus facilitate the learning
process promoted by schools. Participation in physical activity can improve children’s academic
performance and act as a mechanism that addresses educational deficiencies. Importantly, in this
study, we showed the effects of a school’s innovative physical education program, rather than the
impact of physical activity on academic achievement in general. Although this study and many others
have shown a positive impact of innovative physical education programs on children’s academic
achievements, social policy is a field of health and education institutions.
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29. Klizienė, I.; Cibulskas, G.; Ambrase, N.; Čižauskas, G. Effects of a 8-Month Exercise Intervention Programme
on Physical Activity and Physical Fitness for First Grade Students. Eur. J. Contemp. Educ. 2018, 7, 717–727.

30. Powell, E.; Woodfield, L.A.; Nevill, A.M. Increasing physical activity levels in primary school physical
education: The SHARP Principles Model. Prev. Med. Rep. 2016, 3, 7–13. [CrossRef]

31. Doherty, J.; Brennan, P. Physical Education 5–11. A Guide for Teachers; Routledge: Abingdon-on-Thames,
UK, 2014.

32. Vaquero-Solís, M.; Gallego, D.I.; Tapia-Serrano, M.A.; Pulido, J.J.; Sánchez-Miguel, P.A. School-Based Physical
Activity Interventions in Children and Adolescents: A Systematic Review. Int. J. Environ. Res. Public Health
2020, 17, 999.

33. Dalene, K.E.; Anderssen, S.A.; Andersen, L.B.; Steene-Johannessen, J.; Ekelund, U.; Hansen, B.H.; Kolle, E.
Secular and longitudinal physical activity changes in population-based samples of children and adolescents.
Scand. J. Med. Sci. Sports 2018, 28, 161–171. [CrossRef]

34. Farooq, M.A.; Parkinson, K.N.; Adamson, A.J.; Pearce, M.S.; Reilly, J.K.; Hughes, A.R.; Janssen, X.;
Basterfield, L.; Reilly, J.J. Timing of the decline in physical activity in childhood and adolescence: Gateshead
millennium cohort study. Br. J. Sports Med. 2018, 52, 1002–1006. [CrossRef] [PubMed]

35. Sevil, J.; Sa´nchez-Miguel, P.A.; Pulido, J.J.; Pra´xedes, A.; Sa´nchez-Oliva, A. Motivation and Physical
Activity: Differences Between High School and University Students in Spain. Percept. Mot. Skills. 2018, 125,
894–907. [CrossRef] [PubMed]

36. Story, M.; Nanney, M.S.; Schwartz, M.B. Schools and obesity prevention: Creating school environments and
policies to promote healthy eating and physical activity. Milbank Q. 2009, 87, 71–100. [CrossRef] [PubMed]

37. Watson, A.; Timperio, A.; Brown, H.; Best, K.; Hesketh, K.D. Effect of classroom-based physical activity
interventions on academic and physical activity outcomes: A systematic review and meta-analysis. Int. J.
Behav. Nutr. Phys. Act. 2017, 14, 114–120. [CrossRef] [PubMed]

38. Schmidt, M.; Benzing, V.; Kamer, M. Classroom-Based Physical Activity Breaks and Children’s Attention:
Cognitive Engagement Works! Front. Psychol. 2016, 4, 7. [CrossRef]

39. Resaland, G.K.; Aadland, E.; Moe, V.F.; Kolotkin, R.L.; Anderssen, S.A.; Andersen, J.R. Effects of a physical
activity intervention on schoolchildren’s health-related quality of life: The active smarter kids (ASK)
cluster-randomized controlled trial. Prev. Med. Rep. 2018, 3, 1–4. [CrossRef]

40. Norri, E.; Shelton, N.; Dunsmuir, S.; Duke-Williams, O.; Stamatakis, E. Physically active lessons as physical
activity and educational interventions: A systematic review of methods and results. Prev. Med. 2015, 72,
116–125. [CrossRef]

41. Riley, N.; Lubans, D.R.; Holmes, K.; Morgan, P.J. Findings from the EASY minds cluster randomized
controlled trial: Evaluation of a physical activity integration program for mathematics in primary schools. J.
Phys. Act. Health 2016, 13, 198–206. [CrossRef]

42. Mullender-Wijnsma, M.J.; Hartman, E.; de Greeff, J.W.; Doolaard, S.; Bosker, R.J.; Visscher, C. Physically
active math and language lessons improve academic achievement: A cluster randomized controlled trial.
Pediatrics 2016, 137, e20152743. [CrossRef]

http://dx.doi.org/10.3389/fpsyg.2020.00684
http://dx.doi.org/10.1186/s12916-020-01539-4
http://www.ncbi.nlm.nih.gov/pubmed/32178667
http://dx.doi.org/10.1249/MSS.0000000000000901
http://dx.doi.org/10.1371/journal.pone.0177624
http://www.ncbi.nlm.nih.gov/pubmed/28542333
http://dx.doi.org/10.1002/acp.3325
http://dx.doi.org/10.33607/bjshs.v1i108.4
http://dx.doi.org/10.1016/j.pmedr.2015.11.007
http://dx.doi.org/10.1111/sms.12876
http://dx.doi.org/10.1136/bjsports-2016-096933
http://www.ncbi.nlm.nih.gov/pubmed/28288966
http://dx.doi.org/10.1177/0031512518788743
http://www.ncbi.nlm.nih.gov/pubmed/30032723
http://dx.doi.org/10.1111/j.1468-0009.2009.00548.x
http://www.ncbi.nlm.nih.gov/pubmed/19298416
http://dx.doi.org/10.1186/s12966-017-0569-9
http://www.ncbi.nlm.nih.gov/pubmed/28841890
http://dx.doi.org/10.3389/fpsyg.2016.01474
http://dx.doi.org/10.1016/j.pmedr.2018.11.002
http://dx.doi.org/10.1016/j.ypmed.2014.12.027
http://dx.doi.org/10.1123/jpah.2015-0046
http://dx.doi.org/10.1542/peds.2015-2743


Sustainability 2020, 12, 4922 13 of 13

43. Mead, T.; Scibora, L.; Gardner, J.; Dunn, S. The impact of stability balls, activity breaks, and a sedentary
classroom on standardized math scores. Phys. Educ. 2016, 73, 433–449. [CrossRef]

44. Amado, D.; Molero, P.; Villar, F.D.; Tapia-Serrano, M.A.; Sánchez-Miguel, P.A. Implementing a
Teacher-Focused Intervention in Physical Education to Increase Pupils’ Motivation towards Dance at
School. Sustainability 2020, 12, 4550. [CrossRef]

45. Mullender-Wijnsma, M.J.; Hartman, E.; de Greeff, J.W.; Bosker, R.J.; Doolaard, S.; Visscher, C. Improving
academic performance of school-age children by physical activity in the classroom: 1-year program evaluation.
J. Sch. Health 2015, 85, 365–371. [CrossRef] [PubMed]

46. Best, J.R. Exergaming immediately enhances children’s executive function. Dev. Psychol. 2012, 48, 1501–1510.
[CrossRef] [PubMed]

47. Van Dusen, D.P.; Kelder, S.H.; Kohl, H.W., 3rd; Ranjit, N.; Perry, C.L. Associations of physical fitness and
academic performance among schoolchildren. J. Sch. Health 2011, 81, 733–740. [CrossRef] [PubMed]

48. Vazou, S.; Miriam, A.B. Skrade. Intervention integrating physical activity with math: Math performance,
perceived competence, and need satisfaction. Int. J. Sports Exerc. Psychol. 2016, 15, 508–522. [CrossRef]

49. Ericsson, I. Motor skills, attention and academic achievements. An intervention study in school years 1–3.
Br. Educ. Res. J. 2008, 34, 301–313. [CrossRef]

50. Fedewa, A.L.; Ahn, S. The effects of physical activity and physical fitness on children’s achievement and
cognitive outcomes: A meta-analysis. Res. Q. Exerc. Sport 2011, 82, 521–535. [CrossRef]

51. Kantomaa, M.T.; Stamatakis, E.; Kankaanpää, A.; Kaakinen, M.; Rodriguez, A.; Taanila, A.; Tammelin, T.
Physical activity and obesity mediate the association between childhood motor function and adolescents’
academic achievement. Proc. Natl. Acad. Sci. USA 2013, 110, 1917–1922. [CrossRef]

52. Gable, S.; Krull, J.L.; Chang, Y. Boys’ and girls’ weight status and math performance from kindergarten entry
through fifth grade: A mediated analysis. Child Dev. 2012, 83, 1822–1839. [CrossRef]

53. Gao, Z.; Hannan, P.; Xiang, P.; Stodden, D.; Valdez, V. Video game–based exercise, Latino children’s physical
health, and academic achievement. Am. J. Prev. Med. 2013, 44, 240–246. [CrossRef]

54. Patnode, C.D.; Lytle, L.A.; Erickson, D.J.; Sirard, J.R.; Barr-Anderson, D.J.; Story, M. Physical activity and
sedentary activity patterns among children and adolescents: A latent class analysis approach. J. Phys.
Act. Health 2011, 8, 457–467. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.18666/TPE-2016-V73-I3-5303
http://dx.doi.org/10.3390/su12114550
http://dx.doi.org/10.1111/josh.12259
http://www.ncbi.nlm.nih.gov/pubmed/25877433
http://dx.doi.org/10.1037/a0026648
http://www.ncbi.nlm.nih.gov/pubmed/22148945
http://dx.doi.org/10.1111/j.1746-1561.2011.00652.x
http://www.ncbi.nlm.nih.gov/pubmed/22070504
http://dx.doi.org/10.1080/1612197X.2016.1164226
http://dx.doi.org/10.1080/01411920701609299
http://dx.doi.org/10.1080/02701367.2011.10599785
http://dx.doi.org/10.1073/pnas.1214574110
http://dx.doi.org/10.1111/j.1467-8624.2012.01803.x
http://dx.doi.org/10.1016/j.amepre.2012.11.023
http://dx.doi.org/10.1123/jpah.8.4.457
http://www.ncbi.nlm.nih.gov/pubmed/21597117
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Participants 
	Instruments 
	Mathematical Diagnostic Progress Tests 
	Distribution of Mathematical Learning Achievements by Curriculum Content 

	Procedure 
	Data Analysis 

	Results 
	Mathematical Diagnostic Progress Tests 
	Distribution of Mathematical Learning Achievements According to Curriculum Content 

	Discussion 
	Conclusions 
	References

