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ABSTRACT

Although creative thinking is described as an important factor of student’s
intellectual development and it is classified as one of the most valuable
twenty-first century competences to achieve success and remarkable
progress in academic, professional, personal, and social life, a limited
amount of published research has explored how outdoor physical activity
with cognitively engaging tasks may affects it. Therefore, the purpose of the
present study is to explore the relationship between outdoor physical activity
and creativity among students. 120 students (aged 13-14) participated in 12-
week of either an outdoor physical activity program (60'/ 2 days per week)
or a regular and easy-to-perform physical education class (60'/ 2 days per
week). The findings from the present study support the idea that outdoor
physical activity with cognitively engaging tasks may promote the develop-
ment of students’ creative thinking.

Sebbene il pensiero creativo sia descritto come un fattore importante per lo
sviluppo intellettuale dello studente ed e classificato come una delle com-
petenze piu importanti del ventunesimo secolo per raggiungere il successo
e notevoli progressi nella vita scolastica, professionale, personale e sociale,
una quantita limitata di pubblicazioni ha indagato come I'attivita fisica al-
I’aperto con compiti cognitivamente coinvolgenti possa influenzare la crea-
tivita. Pertanto, scopo del presente studio € esplorare la relazione tra attivita
fisica all’aperto e creativita tra gli studenti. 120 studenti (13-14 anni) hanno
partecipato a 12 settimane di un programma di attivita fisica all’aperto (60'/ 2
giorni a settimana) o a un programma di attivita fisica regolare e di facile ese-
cuzione (60'/ 2 giorni a settimana). | risultati del presente studio supportano
I'idea che l'attivita fisica all’aperto con compiti cognitivamente coinvolgenti
puo promuovere lo sviluppo del pensiero creativo degli studenti.
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1. Introduction

Physical activity (PA) has always been known for its many health benefits. Children
who participate in the recommended level of physical activity build their healthy
bones and muscles, improve muscular strength and endurance, reduce the risk
of developing chronic disease risk factors, improve self-esteem and reduce stress
and anxiety (Janssen, & Leblanc, 2010). Beyond these known health effects, it is
widely acknowledged that physical activity during childhood may be important
for cognitive and brain health (Singh et al., 2019).

Physical activity among young people is important for individual’s growth and
development, particularly if it is practiced by disabled people (Wright et al., 2019).
Indeed, in the educational context, it represents an essential means to encourage
the physical growth, development of interpersonal relationships, as well as cogni-
tive function and academic achievement (Donnelly et al.,, 2016). A great deal of
scientific research published during the last decade has confirmed that PA is also
positively associated with academic achievement among school-aged youth (Ca-
stelli etal., 2014; Donnelly et al., 2016; Sibley & Etnier, 2003; Singh et al., 2019; Vazou
et al., 2016). This growing body of literature suggests that physical activity may
have a significant influence on academic performance through a variety of direct
and indirect physiological, cognitive, emotional, and learning mechanisms (San-
tana et al., 2017; Sibley et al., 2003). Engaging in high amounts of physical activity,
especially if it is structured, constitutes an advantageous leisure activity for chil-
dren, not only to improve their physical and mental health but also to build their
self-concept and, finally, facilitate their academic performance (Dapp, & Roebers,
2019). The most recent scientific research on this topic indicates that cognitive de-
velopment occurs together with motor development (Pluck et al., 2020). For exam-
ple, it has been shown that higher levels of motor coordination in students are
related to better performance in academic competence (Guillamon et al., 2020).
Furthermore, evidence accrued over the past decade proposed that qualitative
exercise interventions that are mentally challenging, lead to procedural and de-
clarative skill development. Children participating regularly in enriched, various
and diversified activities during physical activity program will reach more easily
their genetic potential for motor skill control, as well as their cognitive perfor-
mance (Myer et al., 2015).

In recent years, outdoor physical activity has been recognized as an important
investment to promote active education among students. It aims to foster move-
ments through the interactions between emotions, actions and thoughts, taking
advantage from natural environment. Outdoor physical activity may be an inte-
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grative, complementary education approach that can offer students and teachers
opportunities to be active using the experiences learned from stimulating situa-
tions. Available research suggests beneficial effects on cognitive and psychological
domains, such us self-esteem (Ekeland et al., 2004), depression and anxiety (Larun
etal., 2006). Moreover, outdoor PA is determinant to influence creativity this is ex-
plained thanks to perception of the positive stimuli that natural experiences can
offer (Hyndman & Mahony, 2018). Therefore, the relationship between outdoor
physical activity and cognition in school-aged children have a key role in scholastic
achievement. In this context creativity have been classified as one of the most va-
luable twenty-first century competences to achieve success and remarkable pro-
gress in academic, professional, personal, and social life (Piya-Amornphan et al.,
2020). It is described as a crucial factor by which individuals are able to generate,
develop and transform their ideas (Fancourt & Steptoe, 2019). Thus, it is of para-
mount importance for personal development because it allows to face innovation
and responding to unforeseen problems in a positive way (John Steiner, 2015).

Data from reviews and reports suggest that physical activity may influences
creativity and thus academic performance (Latorre Roman et al., 2017; Pedro Angel
etal,, 2021). Over the years were two the currents of thought proposing to explain
the relationship between physical activity and cognition: physiological mecha-
nisms and learning/developmental mechanisms. The first one was based on phy-
sical changes in the body caused by exercise and included an increase in cerebral
blood flow, alterations in brain neurotransmitters, structural changes in the central
nervous system and modified arousal levels. While the learning/developmental
mechanisms were built on learning experiences that become necessary for co-
gnitive development (Sibley et al., 2003). Nowadays, advances in neuroscience
have introduced significant progress in this area. In fact, the impact of PA on the
health of children and adolescents is also associated with improved brain struc-
ture and cognitive function (Donnelly et al., 2016). The creative cognition is the-
refore affected by all these factors. Scientific findings indicate that qualitative
programs of PA provide children opportunities to improve scholastic perfor-
mance, and at the same time to promote a better physical and mental health (Al-
varez Bueno et al.,, 2017). Moreover, in a recent review, Tomporowski et al. (2015),
evaluated the effects of acute and chronic exercise training differentiating bet-
ween those that adhere to a quantitative approach and based upon considerations
of intensity and duration, and those that adhere to a qualitative approach and
based on type and mental engagement. They concluded that both types of exer-
cise, quantitative and qualitative, enhance the cognitive processing, highlighting
the role of metacognitive processes and their regulation on children’s behavior
and academic performance.

Although physical activity has been reported to be associated with different
aspects of cognitive development, there is a limited amount of published research
regarding the association between outdoor physical activity, qualitative exercise,
and creativity. Therefore, the purpose of the present work is to explore the rela-
tionship between physical activity with cognitively engaging tasks performed in
natural environment and creativity among high-school students.
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2. Method

2.1 Study design

A controlled study design that randomly assigned participants into an experimen-
tal group (EG=60) or a control group (CG=60) was employed to explore the impact
of 12-week physical activity program on creative thinking and academic perfor-
mance. Data were collected from 120 high school students in southern Italy, ran-
ging in age from 14 to 15 years (M £SD, 14.41 + 0.49 years). Students were involved
to attend either an outdoor physical activity program (60 minutes 2 days per week)
intervention or a regular and easy-to-perform physical education class (60 minutes
2 days per week). Measurements and data collection were administered 1 week
before training (pre-test) and directly after training (post-test).

2.2 Participants

The study was conducted on a sample of 120 students who participated in all trai-
ning sessions during twelve weeks of implementation of PA program. Participation
was on a volunteer basis and all healthy students were included in the study. Stu-
dents with intellectual, skeletal or other physical disabilities were not selected to
participate in the study. Each students completed all physical fitness test and crea-
tivity test. During this research (October-December) they did not practice any
other kind of physical exercises. A Priori power analyses revealed thatan n =27 in
each group was sufficient to power the study, detect a medium effect size (f=0.25
or 0.4) given a coefficient of correlation p=0.80 with 95% power and the .05 level
of significance ( error). To account for possible drop-out larger samples were re-
cruited. 124 students fulfilled the inclusion criteria and were invited to participate
in the study. A negligible number of students declined the participation (n=4).
Complete data collection was obtained on 100% (120) of the students who parti-
cipated. Each participant was assessed two times: at the beginning (October), and
the end (December) of the intervention. Parental written informed consents were
obtained for the participants. The study was conducted in accordance with the
Declaration of Helsinki and all data were collected anonymously.

2.3 Procedures

Testing intervention programs were performed in a school gym and all 24 lessons
were carried out by two experienced physical education teachers, certified by Ita-
lian Ministry of Education.

At baseline and at the end of interventions, students completed a fitness test
battery, and Torrance Test of Creative Thinking (TTCT) was carried out to analyze
creativity. Because of the sensitive nature of this test, the students were asked to
remain silent and show intense concentration and were put at ease to enable
them to best express their creativity. The TTCT was administered as group test.

Both physical activity programs were done in the morning during the regular
school days, twice a week, for twelve weeks. They began with warm up, continued
with core training, and ended with cooling down. To avoid boredom, training ac-
tivities were varied at each session. The participants wore clothing appropriate to
physical activity and sport shoes throughout the intervention program.
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Students were assessed individually. The researchers demonstrated all the
motor tests beforehand, and the students were encouraged to perform as well as
possible in every test. A standardized protocol was used to assess content, dura-
tion, and frequency of outdoor circuit training.

3. Measures

3.1 Motor tests

At baseline and after intervention, different aspects of physical fitness were as-
sessed in order to explore student’s starting level and evaluate the effects of the
intervention program.

Prior to the testing sessions the students performed a typical warm-up. It con-
sists of 5 min of low-intensity running and 5 min of general body-weight exercise,
such as: marching in place, wide toe touch, leg swings, torso rotation, shoulder
rotations. The evaluation included:

(i)  20-m shuttle run test, used to estimate aerobic fitness (Léger et al. 1988);

(ii) curl-up test, to determine abdominal strength (Knudson, 2001);

(iii) push-up test, for the upper-body muscle strength (Jackson et al., 1994);

(iv) Sit and reach test, administered to measure the flexibility of the lower back
and hamstring muscles (Castro-Pifiero et al., 2009). Both pre-test and post-
test evaluations were performed for each subject and each participant per-
formed the test three times.

3.2 Torrance Test of Creative Thinking (TTCT)

The TTCT (Torrance, 1990a; 1990b; Torrance et al., 1992) is the most widely valua-
ble standardized test designed to identify and evaluate creative potential. It is
composed of two parts: a Verbal test and a Figural test. The Verbal test contains
five verbal activities (ask-and-guess, product improvement, unusual uses, unu-
sual questions, and just suppose), while the Figural test has two parallel forms
(A and B) and includes three subsets: picture construction, picture completion,
and repeated figures of lines or circles. The operator can choose to use all of
them, some specific or just one. For the purposes of this study, Authors decided
to use only the TTCT-Figural form A, which can be administered to all education
levels.

The TTCT-Figural form A, in Task | requires the subject to draw a picture using
a pear or jellybean shape provided on the paper as a stimulus, while Task Il requi-
res to produce creative ideas (drawings) using as starting stimulus ten different
“incomplete marks” include in the same number of boxes. Lastly, Task 1l is com-
posed of three pages of lines or circles that the subject uses as part of the picture

The TTCT-Figural is a paper-and-pencil subtest and was administered as group
test. It requires 30 minutes of working time. The score is evaluated on the basis of
four criteria (Krumm et al., 2016):

(i)  Fluency: the ability to create drawings and ideas (evaluated in tasks 2, 3);

(ii) Originality: the ability to produce responses that are out of the ordinary or
unusual (evaluated in tasks 1, 2, 3);
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(iii) Elaboration: the ability to improve and develop the idea (evaluated in tasks
1,2,3);

(iv) Abstractness of titles: the capacity to give good titles to the drawings (evalua-
ted in tasks 1, 2);

v) Resistance to premature closure: the ability to not close the figures, making
room for original ideas (evaluated in task 2).

In relation to scoring, the average of the five measures produces an overall in-
dicator of creative potential. As recommended in the literature (Torrance et al.,
1992), both pre-test and post-test evaluations were performed for each subject
and each participant performed the test only once.

3.3 Training intervention

This outdoor physical activity program consists of outdoor body-weight exercise
associated to the use of circuits specifically organized to improve coordination
and overall mobility and function. It comprises multiple stations that target a spe-
cific coordination movement. In this program, the cognitive involvement was pro-
vided from both coordinative movements organized in a more complicated way
and natural environment.

Each training started with a 10 minutes of cardiovascular warm-up session, fol-
lowed by main physical activity sessions (40 minutes), lastly at the end of the ses-
sion 10 minutes of cooldown activities such as static stretching was performed.
The main component of the program changes with every training session and con-
sists of multiple tasks of balance, control of balls, jumps, and bilateral body coor-
dination. The following describes an example of the main exercise of outdoor
circuit:

Main Exercise

- Running among the obstacles

- Jumping on the bench

- Walking on the balance beam

- Jumping down

— Dribbling the obstacles with a soccer ball

- Reacting Side Squats

— Facing the hoops with monopodalic alternated backers

— Jumping mini hurdles and high hurdles

— Passing the cones with changes of direction

- Facing the mini hurdles with elongated steps

— Control 5 times a basketball with the hands and throw it to the basket
— Throwing a handball alternating with the left and right hand into a gymnastic hoop
- Running inside the circles

— Performing three consecutive flips on floor

Table 1. Example of main exercise session.

3.4 Statistical analysis

Descriptive statistics are presented as mean + SD. Before statistical analysis, all va-
riables were checked via Shapiro-Wilk test to ensure that they were normal distri-
buted, and data were tested through Levene test for assumptions of homogeneity
of variances. Differences between the study groups in all baseline variables were
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tested using an independent sample t-test. The two-way ANOVA analysis (group
experimental/control) x time (pre/post intervention), with repeated measures on
the time dimension was performed to identify significant differences from pre to
post-test. When «Group x Time» interactions reached the level of significance a
paired t-test were conducted to identify the significant comparisons. Differences
between boys and girls in continuous variables were tested using Student’s t-tests
for independent samples.

Partial eta squared (? ) was used to estimate the magnitude of the difference
within each group and interpreted using the following criteria: small (? < 0.06),
medium (0.06 " ? < 0.14), large (?, > 0.14). Effect sizes (ES) for group differences
were expressed as by Cohen’s d. ES <0.40 represented a small difference, whereas
ES 0.41-0.70 and >0.70 represented moderate and large differences, respectively
(Cohen, 1992). P-values less than 0.05 were considered statistically significant. The
reliability of the dependent measures was calculated using the Intraclass Corre-
lation Coefficient (ICC). The value of the ICC below 0.5 indicates poor reliability,
between 0.5 and 0.75 moderate reliability, between 0.75 and 0.9 good reliability,
and value above 0.9 indicates excellent reliability (Koo, 2016). All data were analy-
zed using the statistical software program IBM SPSS Statistics, version 26.0 (2019
SPSS Inc., IBM Company).

4. Results

The average adherence (attendance) to intervention sessions was 99.58 % (23.9 of
24 actual sessions). Both the experimental and control groups received the treat-
ment conditions as allocated and they did not differ significantly at baseline in
age, anthropometric characteristics, as well as in scholastic level (p > 0.05). For de-
scriptive purposes, the whole sample data are provided in Table 2.

Experimental Group (n = 60) Control Group (n = 60)

Baseline Post-test A Baseline Post-test A

20m shuttle run test | 5.93 (2.01) | 8.48 (1.44) * | 2.5 (1.34) | 6.56 (1.46) | 5.51 (1.43) | -1.05 (0.76)

Push-up test 8.30(2.04) | 11.76 (2.78) 7* | 3.46 (1.76) | 8.25(1.90) | 6.76 (1.96) | -1.48 (1.26)
Curl-up test 28.96 (2.04) | 31.50 (2.16) 1* | 2.53 (0.72) | 29.16 (2.14) | 27.31 (1.86) | -1.85(0.98)
Sit and reach test 18.85(2.02) | 20.90 (2.46) 1* | 2.05 (0.81) | 19.63 (1.91) | 17.41(2.51) | -2.21(2.25)
TTCT Test

Fluency 66 (3.18) | 70.41 (3.44) t* | 4.41 (0.49) | 65.46(2.89) | 64.23 (3.11) | -1.30(1.16)
Originality 69.80 (2.80) | 71.40 (2.53) +* | 1.60 (0.55) | 70.28 (2.31) | 68.96 (2.01) | -1.31(0.92)
Elaboration 62.20 (2.40) | 64.78 (2.78) % | 2.58 (0.64) | 62.53 (2.12) | 61.76 (2.17) | -0.76 (0.96)

Abstractness of titles | 75.35 (2.56) | 74.93 (2.74) | -0.41(0.82) | 75.20 (2.47) | 74.84 (2.54) | -2.40 (1.25)

Resistance to prema-
ture closure

73.93 (2.07) | 82.16 (3.00) 1% | 5.23 (2.04) | 77.25 (1.68) | 74.85 (2.54) | -2.40 (1.25)

Table 2.Changes after 12-week CPA intervention. Note: values are presented as mean (+ SD); :
pre- to post-training changes; 1Significant ‘Group x Time’ interaction: significant effect of the
intervention (p < 0.001). *Significantly different from pre-test (p <0.001).
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4.1 Motor tests

A two-factor repeated measures ANOVA found a significant ‘Time x Group’ inte-
raction for the 20-m Shuttle Run test, (F,115=323.77, p < 0.001, ;72p =0.73, large effect
size), Push-up test (F, 15 =312.10, p < 0.001, ;72p = 0.72, large effect size), Curl-up
(F, 114=767.82, p < 0.001, ° = 0.86, large effect size), and Sit and reach test (F,, =
190.08, p < 0.001, ;72P = 0.61, large effect size). Post hoc analysis revealed that the
experimental group made significant increase from pre- to post-test in 20-m Shut-
tle Run test, (t=14.97, p <0.001, d =1.94, large effect size), and an increase in Push-
up test (t =15.43, p < 0.001, d = 2.00, large effect size), Curl-up (t = 26.65, p < 0.001,
d =3.46, large effect size), and sit and reach test (t=19.31, p <0.001, d = 2.51, large
effect size). Student’s t-tests for independent samples showed significant diffe-
rences between boys and girls in all the variables considered (20-m Shuttle Run
test: t = 11.30, p < 0.001; Push-up test: t = 11.36, p < 0.001; Curl-up test: t =11.33, p
< 0.001; Sit and reach test: t = 7.66, p < 0.001). The test-retest reliability reported a
high reliability for all the four motor tests and were: 20mSRT (ICC (r)=0.991), Curl-
up test (ICC (r)= 0.993), push-up test (ICC (r)= 0.999) and sit and reach (ICC (r)=
0.996), respectively. No significant changes were found for the control group.

4.2 Torrance Test of Creative Thinking (TTCT)

A significant ‘Time x Group’ interaction was found through the two-factor repeated
measures ANOVA for the following variables: Fluency (F, = 976.15, p < 0.001, °,

=0.89, large effect size), Originality (F,115=397.52, p < 0.001, 2 =0.77, large effect
size), Elaboration (F, 5= 409.27, p < 0.001, ;72p =0.77, large effuect size), and Resi-
stance to premature closure (F, = 464.41, p < 0.001, #* = 0.79, large effect size).
Post hoc analysis showed that the experimental group made significant increase
from pre- to post-test in Fluency, (¢t = 68.81, p < 0.001, d = 8.88, large effect size),
Originality (t =22.19, p < 0.001, d = 2.86, large effect size), Elaboration (t = 31.00, p
< 0.001, d =4.00, large effect size), and Resistance to premature closure (t = 19.82,
p < 0.001, d = 2.55, large effect size). Neither of the variable considered revealed
differences between boys and girls in Student’s t-tests for independent samples
(Fluency: t = 1.00, p > 0.005; Originality: t = -0.58, p < 0.005; Elaboration: t = 0.74, p
< 0.005; Resistance to premature closure: t =-0.20, p < 0.005). The test-retest relia-
bility reported a high reliability for all the four motor tests and were: Fluency (ICC
(r)=0.996), Originality (ICC (r)= 0.991), Elaboration (ICC (r)= 0.998) Resistance to
premature closure (ICC (r)= 0.996), respectively. No significant changes were
found for the control group.

5. Discussion

The aim of this study was to evaluate the effectiveness of 12-week of school-based
outdoor physical activity with more cognitive involvement on creativity among
high-school students.

Physical activity indicators reported in this work suggest that outdoor physical
activity is able to influence student’s learning ability and cognitive performance
confirming, in this way, the starting hypothesis of this research.

The main findings regarded the improvements of the students’ability to create
original drawings and ideas and produce responses that are out of the ordinary,
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as well as improve and develop the idea using a starting stimulus. In fact, after
physical activity intervention program, they showed a better performance in four
of the five examined variables, namely fluency, originality, elaboration and resi-
stance to premature closure. When people performing physical activity with co-
gnitive involvement, they are able to reach the highest level of creativity because
their mind is focused on the task, impacting not only the most elementary cogni-
tive process but also those more complex. Moreover, physical activity activates
and urges the left (analytical thinking) and the right part (emotional thinking) of
the brain which supports the creative thinking that is the result of the connection
of both halves. These results seem to be consistent with the previous studies
which found that there is a positive correlation between creativity and specific
physical activity with major cognitive involvement. After all, these activities, desi-
gned to enhance the experience of whole brain learning, stimulate all areas of the
brain, allowing the access and reconnection of both the hemispheres of the brain
simultaneously. (Blakemore, 2003; Hannaford 1995; Jensen 2000).

The other main finding regarded the students’ ability to had better post-test
scores in the fourth variable called Resistance to premature closure, that is the
ability to not close the figures, making room for original ideas. This variable was
evaluated with the TTCT-Figural -Task II. This subtest was chosen due to the theo-
retical background underlying its interpretation. As reported Torrance, Spini and
Tomasello (1989), the presentation of incomplete figures creates tension that en-
courage individuals to complete them quickly and easily. In order to generate ori-
ginal solutions, individuals should necessarily have to control this attitude for a
sufficient time to allow the change of their mind to break away from the obvious
and stereotypes. Indeed, to allow this mental change, individuals are asked to
“make sure that figures tell a story”. As mentioned previously, physical activity has
been reported is helpful in maintaining self-regulation, allow to be focused on
the task and have a strong goal commitment. In addition, several academic papers,
researchers mainly concluded that higher fit students exhibited greater allocation
of attentional resources in relation to the tasks which were assigned to them (Ca-
stelli et al., 2007). Therefore, authors believe that the enhancement of the above-
mentioned variable was due to the fact that physical activity can facilitate
individual’s capacity to respond to new demands with behavioral adaptations (Al-
varez-Bueno et al., 2020).

Nonetheless, the physical activity intervention has not been able to improve
the Abstractness of titles variable. The failure of the physical activity program to
impact this variable may be due because these scores reflect the students’ scho-
lastic competencies, especially those regarding lexical skills (Torrance et al., 1989).

Moreover, another important finding was that levels of creativity did not un-
dergo any gender changes and were similar in both sexes. Significant differences
were found between the sexes only in terms of physical fitness. In fact, boys sho-
wed better physical fitness but there were no sex differences in creativity. As re-
ported Piya-amornphan, Santiworakul, Cetthakrikul and Srirug in 2020, the
relationship between physical fitness and creativity, analyzed in different age
groups, was positively correlated, and boys and girls did not show difference in
creativity between genders.

Lastly, findings from this study allow to report that creativity and physical acti-
vity are positively associated with academic performance. There are multiple lines
of empirical evidence to suggest that increasing physical activity has been linked
to improv both cognitive function and academic achievement (Mavilidi et al.,
2018).
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Scientific findings indicate that PA with more cognitive involvement provides
children opportunities to improve scholastic performance and at the same time
promoting better physical and mental health (Colella, 2016). This happens because
most trained children have more efficient brain activation during cognitive tasks,
superior inhibitory control, better working memory, and greater attention span
(Howie et al., 2015). An increase in physical activity can have both immediate and
long-term benefits on academic achievement. Already after a few minutes, enga-
ging in physical activity, pupils are better able to concentrate on classroom tasks,
which can enhance learning. Over time, when children are constantly engaged in
physical activity, their better physical fitness can have additional favorable effects
on academic performance in some topics, especially those which implicate crea-
tive thinking (Rominger et al., 2022).

Although results were in line with other papers confirming that physical acti-
vity improves cognitive function, some limitations were present in this work. The
first and most important limitation was that it would be necessary evaluate how
possible confounding variables, such as teacher and student attitudes or emotio-
nal factors, may be responsible for academic performance in relation to physical
activity. Another limitation was related to the lack of the evaluation the long-term
effects. The last one regards the small sample size. Therefore, further study with
randomized subjects should be conducted to better explore these conditions.
Nevertheless, the strengths of this study were represented by the important im-
plications that this strategy may have for students’ academic achievement and phy-
sical health. Given that, it is of crucial importance to promote special didactic
approaches to increase the opportunities that students have for physical activity.

6. Conclusions

It was widely recognized that physical activity has different benefit on cognitive
development and academic achievement as well as on physical health. The results
of the present work confirm and expand the concept that qualitative physical ac-
tivity and creative thinking are linked in a positive way, and this association may
have important implications for academic achievement.

Given that, legislators, principals, teachers, and parents should try to take these
findings into account. Every school curriculum should provide multiple opportu-
nities of qualitative movement within the school daily. Since physical activity has
been reported is able to enhance learning, movements that support brain fun-
ctions should be a part of each students’ routine. Specifically, it would be desirable
that Schools implement movement projects in the daily schedule and use this
special didactic approach to enhance creativity ability in this generation.

References

Alvarez-Bueno, C., Hillman, C.H., Cavero-Redondo, I., Sénchez-Lépez, M., Pozuelo-Carra-
scosa, D.P.,, & Martinez-Vizcaino, V. (2020). Aerobic fitness and academic achievement:
A systematic review and meta-analysis. Journal of Sports Sciences, 38, 582-589.
https://doi.org/10.1080/02640414.2020.1720496

Alvarez-Bueno, C., Pesce, C., Cavero-Redondo, 1., Sanchez-Lopez, M., Martinez-Hortelano,
J. A., & Martinez-Vizcaino, V. (2017). The Effect of Physical Activity Interventions on Chil-
dren’s Cognition and Metacognition: A Systematic Review and Meta-Analysis. Journal

Francesca Latino




of the American Academy of Child and Adolescent Psychiatry, 56(9), 729-738.
https://doi.org/10.1016/j.jaac.2017.06.012

Blakemore, C. L. (2003). Movement is essential to learning. Journal of Physical Education,
Recreation & Dance, 74(9), 22-25,41. Retrieved September 30, 2022, from https://www.pro-
quest.com/scholarly-journals/movement-is-essential-learning/docview/215763134/se-
2?accountid=8494

Brendon Hyndman & Linda Mahony (2018) Developing creativity through outdoor physical
activities: a qualitative exploration of contrasting school equipment provisions, Journal
of Adventure Education and Outdoor Learning, 78(3), 242-256. https://doi.org/-
10.1080/14729679.2018.1436078

Castelli, D.M., Centeio, E.E.,, Hwang, J., Barcelona, J.M., Glowaki, E.M., Calvert, H.G., &
Nicksic, H.M., (2014). VII. The history of physical activity and academic performance re-
search: informing the future. Monographs of the Society for Research in Child Deve-
lopment, 79(4), 119-48. https://doi.org/10.1111/mono.12133

Castelli, D.M., Hillman, C.H., Buck, S.M., & Erwin, H.E., (2007). Physical Fitness and Academic
Achievement in Third- and Fifth-Grade Students. Journal of Sport & Exercise Psychology,
29(2), 239-252. https://doi.org/10.1123/jsep.29.2.239

Castro-Pifiero, J., Chillon, P, Ortega, F.B., Montesinos, J.L., Sjostrom,M. and Ruiz, J.R. (2009).
Criterion-related validity of sit-and-reach and modified sit-and-reach test for estimating
hamstring flexibility in children and adolescents aged 6-17 years. International Journal
of Sports Medicine 30(9), 658-662. https://doi.org/10.1055/s-0029-1224175

Cohen, J. (1992). A Power Primer. Psychological Bulletin, 112(1), 155-159. https://doi.org/-
10.1037/0033-2909.112.1.155

Colella, D., (2016). Stili di insegnamento, apprendimento motorio e processo educativo.
Formazione e insegnamento. Formazione & Insegnamento, 14(1S), 25-34 suppl. Retrieved
September 30, 2022, from https://ojs.pensamultimedia.it/index.php/siref/article/view/1874

Dapp, L. C., & Roebers, C. M. (2019). The Mediating Role of Self-Concept between Sports-
Related Physical Activity and Mathematical Achievement in Fourth Graders. International
journal of environmental research and public health, 16(15), 2658. https://doi.org/-
10.3390/ijerph16152658

Donnelly, ). E., Hillman, C. H., Castelli, D., Etnier, J. L., Lee, S., Tomporowski, P, Lambourne,
K., & Szabo-Reed, A. N. (2016). Physical Activity, Fitness, Cognitive Function, and Academic
Achievement in Children: A Systematic Review. Medicine and science in sports and
exercise, 48(6), 1197-1222. https://doi.org/10.1249/MSS.0000000000000901

Ekeland, E., Heian, F.,, Hagen, K. B., Abbott, J., & Nordheim, L. (2004). Exercise to improve
self-esteem in children and young people. The Cochrane database of systematic reviews,
(1), CD003683. https://doi.org/10.1002/14651858.CD003683.pub2

Fancourt, D., & Steptoe, A. (2019). Effects of creativity on social and behavioral adjustment
in 7- to 11-year-old children. Annals of the New York Academy of Sciences, 1438(1), 30—
39. https://doi.org/10.1111/nyas. 13944

Hannaford, C. (1995). Smart moves: Why learning is not all in your head. Arlington, VA:
Great Ocean.

Howie, E. K., Schatz, J., & Pate, R. R. (2015). Acute Effects of Classroom Exercise Breaks on
Executive Function and Math Performance: A Dose-Response Study. Research quarterly
for exercise and sport, 86(3), 217-224. https://doi.org/10.1080/02701367.2015.1039892

Hyndman, B., & Mahony, L. (2018). Developing creativity through outdoor physical activities:
A qualitative exploration of contrasting school equipment provisions. Journal of Ad-
venture Education and Outdoor Learning, 18(3), 242-256. https://doi.org/10.1080/-
14729679.2018.1436078

Jackson, A. W., Fromme, C., Plitt, H., & Mercer, J. (1994). Reliability and validity of a 1-minute
push-up test for young adults. Research Quarterly for Exercise and Sport, 65(A-57).

Janssen, I., & LeBlanc, A.G., (2010). Systematic review of the health benefits of physical
activity and fitness in school-aged children and youth. International Journal of Behavioral
Nutrition and Physical Activity, 7, 40. https://doi.org/10.1186/1479-5868-7-40

Jensen, E. (2000). Learning with the body in mind. San Diego: The Brain Store.

John Steiner, V. (2015). Creative engagement across the lifespan. In V. Glaveanu, A. Gillespie,

Francesca Latino




& ). Valsiner (Eds), Rethinking Creativity: Contributions from Social and Cultural Psy-
chology (pp. 31-44). New York, NY: Routledge.

Knudson D. (2001). The validity of recent curl-up tests in young adults. Journal of strength
and conditioning research, 15(1), 81-85.

Koo, T. K., & Li, M. Y. (2016). A guideline of selecting and reporting intraclass correlation co-
efficients for reliability research. Journal of chiropractic medicine, 15(2), 155-163.
https://doi.org/10.1016/j.jcm.2016.02.012

Krumm, G., Aran Filipppetti, V., Lemos, V., Koval, J., Balabanian, C. (2016). Construct validity
and factorial invariance across sex of the Torrance Test of Creative Thinking — Figural
Form A in Spanish-speaking children. Thinking Skills and Creativity, 22, 180-189.
https://doi.org/10.1016/j.tsc.2016.10.003

Larun, L., Nordheim, L. V., Ekeland, E., Hagen, K. B., & Heian, F. (2006). Exercise in prevention
and treatment of anxiety and depression among children and young people. The Co-
chrane database of systematic reviews, (3), CD004691. https://doi.org/10.1002/-
14651858.CD004691.pub2

Latino, F., Fischetti, F., & Colella, D. (2020). l'influenza dell’attivita fisica sulle funzioni
cognitive e sulle prestazioni scolastiche tra i ragazzi in eta scolare: una revisione della
letteratura. Formazione & insegnamento, 18(3), 124-134. https://doi.org/10.7346/-fei-XVIII-
03-20_10

Latorre Roman, P. A., Pinillos, F. G., Pantoja Vallejo, A., & Berrios Aguayo, B. (2017). Creativity
and physical fitness in primary school-aged children. Pediatrics international: official
journal of the Japan Pediatric Society, 59(11), 1194-1199. https://doi.org/10.1111/ped.13391

Léger, L.A., Mercier, D., Gadoury, C., & Lambert, J. (1988). The multistage 20 metre shuttle
run test for aerobic fitness. J Sports Sci, 6(2): 93-101. https://doi.org/10.1080/0264041-
8808729800

Mavilidi, M. F, Ouwehand, K., Riley, N., Chandler, P,, & Paas, F. (2020). Effects of an Acute
Physical Activity Break on Test Anxiety and Math Test Performance. International journal
of environmental research and public health, 17(5), 1523. https://doi.org/10.3390-
/ijerph17051523

Myer, G. D., Faigenbaum, A. D., Edwards, N. M., Clark, J. F,, Best, T. M., & Sallis, R. E. (2015).
Sixty minutes of what? A developing brain perspective for activating children with an
integrative exercise approach. British journal of sports medicine, 49(23), 1510-1516.
https://doi.org/10.1136/bjsports-2014-093661

Nieto-Lopez, L., Garcia-Canto, E., & Rosa-Guillamon, A, (2020). Relationship between fitness
level and perceived health-related quality of life in adolescents from southeast Spain.
rev.fac.med, 68(4), 533-540. https://doi.org/10.15446/revfacmed.v68n4.78052

Pedro Angel, L. R., Beatriz, B. A., Jeronimo, A. V., & Antonio, P. V. (2021). Effects of a 10-week
active recess program in school setting on physical fitness, school aptitudes, creativity
and cognitive flexibility in elementary school children. A randomised-controlled trial.
Journal of sports sciences, 39(11), 1277-1286. https://doi.org/10.1080/02640414.-
2020.1864985

Piya-Amornphan, N., Santiworakul, A., Cetthakrikul, S., & Srirug, P. (2020). Physical activity
and creativity of children and youths. BMC pediatrics, 20(1), 118. https://doi.org/-
10.1186/512887-020-2017-2

Pluck, G., Bravo Mancero, P, Ortiz Encalada, P. A., Urquizo Alcivar, A. M., Maldonado Gavi-
lanez, C. E., & Chacon, P. (2020). Differential associations of neurobehavioral traits and
cognitive ability to academic achievement in higher education. Trends in neuroscience
and education, 18, 100124. https://doi.org/10.1016/j.tine.2019.100124

Rominger, C., Schneider, M., Fink, A., Tran, U. S., Perchtold-Stefan, C. M., & Schwerdtfeger,
A. R. (2022). Acute and Chronic Physical Activity Increases Creative ldeation Perfor-
mance: A Systematic Review and Multilevel Meta-analysis. Sports medicine - open, 8(1),
62. https://doi.org/10.1186/s40798-022-00444-9

Santana, C. C. A., Azevedo, L. B., Cattuzzo, M. T., Hill, J. O., Andrade, L. P,, & Prado, W. L,,
(2017). Physical fitness and academic performance in youth: A systematic review. Scan-
dinavian Journal of Medicine & Science in Sports, 27(6), 579-603. http://doi.org/-
10.1111/sms.12773.

Francesca Latino




Sibley, B. A., & Etnier, J. L., (2003). The relationship between physical activity and cognition
in children: a meta-analysis. Pediatric Exercise Science, 15, 243-256. http://dx.doi.org/-
10.1515/ijs1.2000.143.183

Singh, A.S., Saliasi, E., van den Berg, V., Uijtdewilligen, L., de Groot, R. H. M., Jolles, Andersen,
L. B. ), Bailey, R., Chang, Y., Diamond, A, Ericsson, I., Etnier, J. L., Fedewa, A. L., Hillman,
C. H., McMorris, T., Pesce, C., Piihse, U., Tomporowski, P. D., & Chinapaw, M. J. M.,
(2019). Effects of physical activity interventions on cognitive and academic performance
in children and adolescents: a novel combination of a systematic review and recom-
mendations from an expert panel. British journal of sports medicine, 53, 640-647.
https://doi.org/10.1136/bjsports-2017-098136

Tomporowski, P.D., McCullick, B., Pendleton, D.M., & Pesce, C. (2014). Exercise and children’s
cognition: The role of exercise characteristics and a place for metacognition. Journal of
Sport and Health Science, 4(1): 47-55. https://doi.org/10.1016/j.jshs.2014.09.003

Torrance, E. P, Sprini, G., & Tomasello, S. (1989). Torrance Tests of Creative Thinking -Versione
Italiana -Test di pensiero creativo: Manuale.: Organizzazioni Speciali

Torrance, E. P. (1990a). Torrance Test of Creative Thinking. Bensenville: Scholastic Testing
Service.

Torrance, E.P. (1990b). Torrance Tests of Creative Thinking. Directions manual. Verbal Forms
A and B. Bensenville: Scholastic Testing Service.

Torrance, E. P, Ball, O., & Safter, H. T. (1992). Torrance Test of Creative Thinking. Streamlined
scoring guide figural A and B. Bensenville, lllinois: Scholastic Testing Service, Inc.

Vazou, S., Pesce, C., Lakes, K., & Smiley-Oyen, A., (2016). More than one road leads to Rome:
a narrative review and meta-analysis of physical activity intervention effects on cognition
in youth. International Journal of Sport and Exercise Psychology, 33, 1-26.
https://doi.org/10.1080/1612197X.2016.1223423

Wright, A., Roberts, R, Bowman, G., & Crettenden, A. (2019). Barriers and facilitators to
physical activity participation for children with physical disability: comparing and con-
trasting the views of children, young people, and their clinicians. Disability and rehabi-
litation, 41(13), 1499-1507. https://doi.org/10.1080/09638288.2018.1432702

Francesca Latino




