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exercise challenges should be investigated. Therefore, the 
link between the development of motor creativity and the 
relevance structures of training programs deepens, and 
strategies can be introduced as interesting elements to sup-
port the promotion of motor creativity (An et al., 2016; 
Javaid & Pandarakalam, 2021; Richard et al., 2018, 2021). 

In childhood, traditional teaching styles or conver-
gent thinking prevent exploring and discovering move-
ment solutions in response to movement problems. 
Recently, some physical education coaches and teachers 
have doubted the effectiveness of traditional teaching 
methods of sports skills (Fletcher & Benveniste, 2022). A 
new approach to nonlinear learning or divergent thinking 
states that the discovery of different movement patterns 
by nonlinear styles increases the new motor, adaptive and 
practical solution (Dania et al., 2017). Fluency, original-
ity, and flexibility are the most important characteristics of 
divergent thinking (Guilford, 1967). Fluency refers to the 
ability to generate multiple solutions and ideas in prob-
lem-solving. Flexibility represents the capacity to produce 
different solutions, and originality represents the capacity 
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Abstract
Background: Children’s creativity and motor competence are expandable factors that are related to convergent and divergent think-
ing processes. Objective: This study aimed to investigate the effect of games based on divergent and convergent thinking on motor 
competence and creativity in children aged 7–8 years. Methods: Participants aged 7.41 ± 0.39 years (n = 34) were selected based 
on inclusion criteria and were divided randomly into three groups (divergent thinking, convergent thinking, and control). Participants 
performed their group interventions in eighteen training sessions (six weeks period). The nonlinear training approach was used to 
manipulate divergent thinking and linear training was used in the group of manipulating convergent thinking. Each child completed the 
Movement Assessment Battery for Children – Second Edition to assess motor competence. The Bertsch Test was used to assess motor 
creativity. Results: In motor competence, the results revealed significant main effects for groups (p < .001) and time (p < .001) as well 
as significant groups by time interaction effect (p < .001). The divergent thinking group (M = 32.50) was significantly better than the 
control group (M = 24.79, p < .001), and the convergent thinking group (M = 28.81, p = .003). In motor creativity, the results revealed 
significant main effects for groups (p < .001) and time (p < .001) as well as significant groups by time interaction effect (p < .001). The 
divergent thinking group (M = 13.27, p < .001) and the convergent thinking group (M = 12.36, p = .016) were significantly better than 
the control group (M = 10.63). However, no significant difference was found between the divergent thinking and convergent thinking 
groups. Conclusions: Physical education teachers and educators are recommended to use the divergent thinking training approach 
to promote students’ motor competence. Also, simple adjustments in the exercise program in the form of games can help children’s 
motor creativity. However, more research is suggested to explore divergent and convergent learning mechanisms.
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Introduction
Motor creativity is a key factor in children’s motor devel-
opment researchers acknowledge that creative ideas are 
generated using divergent thinking and then are further 
interpreted and analyzed using convergent thinking (Zach-
opoulou & Makri, 2005). Divergent thinking is creative, 
spontaneous, and sensory thinking. Conversely, convergent 
thinking is reasonable, formal and logical thinking (Zhang 
et al., 2020). In this regard, Guilford (1967), proposed 
that creative people have divergent thinking and diver-
gent thinking is the opposite of convergent thinking and 
involves more creativity.

In general, motor creativity is a key factor in motor 
development in children. However, most creativity 
enhancement programs consider cognitive aspects and 
ignore the effect of motor interventions. Therefore, few 
exercise programs have been used to develop motor cre-
ativity in children. To address this gap in the literature, 
the effectiveness of creative exercise programs on children’s 
motor creativity and the possibility of their adaptation to 
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to produce new and unique solutions and ideas (Guilford, 
1967). By interpreting these definitions, each teaching 
method to increase children’s creativity has its supporters 
and its limitations, which researchers should conduct more 
research for further investigation.

Researchers acknowledge that creativity is facilitated 
when divergent thinking mechanisms are activated (Zhang 
et al., 2020). Their findings highlighted the contribution 
of movement programs to creative potential development, 
and the imperative role of a non-judgmental environment, 
where individuals are free to move spontaneously (Domín-
guez et al., 2015; Richard et al., 2021). Contrary to this, 
other researchers believe that traditional teaching styles can 
develop creative skills (Oboeuf et al., 2020). Despite such 
contradictions in recent research, it is suggested to conduct 
more teaching methods to increase children’s creativity 
(Domínguez et al., 2015).

On the other hand, researchers state that the develop-
ment of motor competence brings health benefits to the 
child, but generally, its level is low in children. Motor com-
petence means a person’s ability to acquire skills in perform-
ing motor tasks, and studies have shown that motor compe-
tence depends on growth and maturity. It is also influenced 
by the environment and type of training (Venetsanou & 
Kambas, 2010). While interventions can improve motor 
competence, it is still unclear which diverging and converg-
ing interventions are targeted and appropriate (Barnett et 
al., 2016; Cleugh, 2021). Therefore, more investigations in 
this field will lead to more knowledge to increase children’s 
motor competence (Barnett et al., 2016).

One of the paradoxes in the results of previous research 
points to the issue of whether divergent and convergent 
interventions have different effects on children’s creativity 
and motor competence or not. In our opinion, this issue 
should be investigated. In this regard, another question is 
that according to past theoretical and experimental efforts, 
can these interventions be effective in improving children’s 
creativity and movement ability or not? Based on this goal 
we assume that the divergent teaching method is more 
effective. Based on this, the divergent method brings more 
innovation, development, and flexibility. It also creates a 
brainstorm for the child that engages him in the game and 
can be more enjoyable for the child. It is assumed that the 
child is not interested in prescriptive actions without any 
flexibility to improve his motor creativity. But whether 
divergence-based games can develop more creativity 
and motor competence in children than other methods 
should be investigated due to the lack of investigation in 
past research. Also, in the early elementary school period, 
creativity can be defined as a procedure to create original 
things (it is the development of original opinions and cre-
ation of new products and inventions by an individual) in 
children, which is recommended to create opportunities for 
creative programs in this period. 

In summary, in this study, we aim to explore the 
effectiveness of games based on divergent and convergent 
thinking on creativity and motor competence of 7–8-year-
old children.

Methods
Participants
The study included 34 children aged 7–8 years, who were 
randomly divided into two experimental groups (n = 11) 
and one control group (n = 12). Before the intervention, 
the parents signed informed consent and a completed ques-
tionnaire of individual characteristics. All the steps were 
with the standards of the ethics committee in research. The 
study was approved by the Sports Sciences Research Insti-
tute (code IR.SSRI.REC.1399.816). 

Inclusion criteria in this study were the participants’ 
physical health (no visual and auditory impairment, weight 
and height status of the child according to the ΔB8-2, 
i.e., intermediate body mass index [−2.5 to 0 kg/m2; He 
& Karlberg, 2001], mental health [including the absence 
of learning and developmental disabilities]). Physical and 
mental health records for each child were retrieved when 
the study team visited the schools. At the same time as con-
ducting research, if a child participated in sports classes, he/
she was excluded from the study. Also, if the participant 
was absent for more than one training session, it would lead 
to exclusion from the study.

Measurement and procedure
The children participated in eighteen practice sessions 
(six-week period). Each child performed five minutes of 
warm-up, five minutes of cool-down, and 40 minutes of 
play for the experimental group in each exercise session. In 
the pretest, children’s motor creativity was assessed using 
the Bertsch test, and motor competence was assessed using 
the Movement Assessment Battery for Children – Second 
Edition (MABC-2) test. Three days after the pre-test, con-
vergent and divergent thinking games were presented as 
intervention and then the tests were repeated in the post-
test. The group interventions are summarized below.

Interventions
Divergent thinking games (nonlinear training method)
Designing games in a nonlinear way according to the prin-
ciples described in Renshaw et al. (2010, 2019) and Moraru 
et al. (2016). This method of education was not providing 
a model to individuals. Feedback was also removed for this 
purpose. First, the teacher performed the movement, and 
then changes were made in the environment (the use of 
tools and the design of divergent tasks). The teacher did 
not provide any complete instructions (Moraru et al., 2016; 
Table 1).

Convergent thinking games (linear training method)
Based on this training, the researcher first performed 
the correct movement, and each of the characteristics of 
the correct movement pattern was explained to the par-
ticipants. Then the children tried to imitate the type of 
movements of the instructor and in the meantime, the 
instructor solved the problems of each with appropriate 
feedback. The instructor then asked the subjects to per-
form the movement pattern again and their movements 
were corrected again. The method used for this group was 
(the traditional) technique; That is, a structured training 
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environment includes warm-up activities and repetition of 
skills as the main components in which only the repetition 
of the task was emphasized. This method is very structured 
and combined with warm-up and skill repetition activi-
ties as the main components, which is the emphasis of a 
technical model on acquiring the technical skills needed 
to play the game.

MABC-2
Motor competence was measured by the MABC-2. This 
test includes manual dexterity, aiming and catching, and 
balance tasks (Henderson et al., 2007).

Manual Dexterity Test. Each participant was tested in 
performing three tasks: placing pegs, threading lace, and 
drawing trail.

Aiming and Catching Test. Catching with two hands and 
throwing a beanbag onto a mat were tested. The number of 
successful catches and throws was recorded.

Balance Test. One-board balance, walking heel-to-toe 
forward, and hopping on mats.

Bertsch’s motor creativity test
Children’s motor creativity was measured using the Bertsch 
test. We used the B version in this study. Criteria for mea-
suring motor creativity are fluency, flexibility, and originality 
(Richard et al., 2018).

In fluency, a sufficient number of ideas in a given con-
text produced by a participant was scored (the number of 
different behaviors that the child exhibits in each motor 
task). 

In flexibility, points are awarded to the number of 
categories in which ideas generated by a participant are 
included (the total number of categorized categories used 
that include at least one movement based on body position, 
direction, and type (categories with two or more behaviors 
previously observed are counted only once). 

In originality, the factor, points were awarded to new 
and unusual ideas that are rarely produced by most people 
(number of new and unique solutions implemented by 
the child). Two experts categorized all the children’s ideas 
as innovative (sufficient ideas given by less than 5%) or 

non-innovative and counted the number of innovative 
ideas for each participant (An et al., 2016). 

Bertsch’s test consists of 4 steps that use the following 
tools (Scibinetti et al., 2011).

Hoop. Two parallel lines were put at a distance of 3.5 m. 
Children were asked to carry a hoop and move from one 
line to the other in whatever way they wanted.

Ball. Children were situated in the middle of a square 
measuring 2.5 m on each side. Their task was to use a ball 
to hit, one at a time, seven 1×1 m large targets on the wall, 
floor, or ceiling areas outside the square. The child was free 
to use the ball in whatever way he or she wanted.

Bench. A bench was located and two hoops were posi-
tioned at the two ends of the bench representing the starting 
and arrival point, respectively. The verbal instruction was 
“You have to go from one hoop to the other and back, keep-
ing a part of your body always in contact with the bench.”

Floor. Two parallel lines delimited a 2.5 m2 area on the 
floor. The verbal instruction was “Your task is to move from 
one line to the other. You are free to do anything you want 
between these two lines.” The test has an acceptable inter-
nal consistency, as indexed by Cronbach’s alpha coefficient 
across the four tasks (.76). 

Data analysis
Obtained data were analyzed using SPSS Statistics (Version 
21; IBM, Armonk, NY, USA). variables are presented as 
mean ± standard deviation. Normal data distribution was 
verified using the Kolmogorov-Smirnov test. The homo-
geneity of variances was verified using Levene’s test. Fur-
ther was performed 3 (groups: divergent, convergent, and 
control) × 2 (pre-test vs. post-test) between-within-subject 
analysis of variance with repeated measures on the last fac-
tor for each dependent variable. When appropriate, signifi-
cant differences between means were determined using the 
Bonferroni test. The significance level was stated at p ≤ .05. 
Effect sizes were calculated for all variables using ηp

2. The 
thresholds used for the interpretation of the effect size were: 
.01 small effect size, .06 medium effect size, and .14 large 
effect size (Cohen, 1988). 

Table 1 Nonlinear training method based on divergent games

Task Nonlinear training

The first task 
(divergent task)

Design divergent tasks in which the child was required to move as much as possible on an agile ladder (e.g., walking, jumping, rocking, walking 
on hands and feet, walking on hands, etc.).

The second task 
(movement task)

How many ways can you move? Evaluates the ability to move from one point to another with a distance of 6 m, in different ways (as much as 
possible in 2 min). In this activity, the child is asked to travel the distance between two points in different ways and use movements that are 
interesting to him.

The third task 
(symbolizing task)

A few paper or plastic cups (disposable cups) and a basket are given to the child and he is asked to put the glasses in the basket in any way he 
can and to redefine the capacity and evaluate finding new uses or functions for an object.

The fourth task 
(imagination task)

Can you move, like a fish / tree in the wind / a rabbit / a car driver or someone pushing an elephant (big limb)? 

The fifth task 
(the divergent 
motor ability test)

First station: 1) four cones diagonally at a distance of 1–1.5 m, 2) a mattress 1 × 2 m, 3) jumping from a rope 38 cm long, 4) jumping from 
inside the hoop.

Second station: Place the shapes on, below, next to or at the end of an empty bench 18 cm high.

Third station: Manipulate a ball on the playground with a diameter of 9 m in space (3 × 4.5 m) bounded by a wall and cones.
The sixth task 

(transforming 
traditional game 
into creative one)

Manipulating constraints (e.g., “requesting a move using only one limb or without using each limb”), functional diversity (e.g., “another way 
or another way”, “show me to perform this move”), problem solving (e.g., “find a way to ...” o “how could you?”), initiative (e.g., “show 
me anything”, “do whatever you want to do”), play fantasy (e.g., “imagine you are an animal and imitate it”), and create (e.g., “create 
something completely new”).
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Results
The results of the M-box test (for the assumption of uni-
formity of covariance matrix) and Levene’s test (for uni-
formity of variance) showed that the relevant assumptions 
have been observed (p > .05).

The following table shows the descriptive results of the 
mean and standard deviation of motor creativity and motor 
competence scores in the divergent thinking, convergent 
thinking, and control groups (Table 2).

Motor competence
In the total score of motor competence, the results revealed 
significant main effects for groups (F(2, 31) = 24.21, 
p < .001, ηp

2 = .610) and time (F(1, 32) = 109.67, 
p < .001, ηp

2 = .780) as well as a significant group by time 
interaction effect (F(2, 31) = 10.85, p < .001, ηp

2 = .412). 
These results indicated that the participant’s motor compe-
tence varied according to the groups and time. Bonferroni’s 
post hoc tests showed that in the motor competence, the 
divergent thinking group (M = 32.50, SD = 0.80) was sig-
nificantly better after intervention than the control group 
(M = 24.79, SD = 0.76, p < .001) and the convergent 
thinking group (M = 28.81, SD = 0.80, p = .003). Also, 
the convergent thinking group was significantly better than 
the control group (p = .008). 

In manual dexterity, the results revealed significant main 
effects for groups (F(2, 31) = 15.85, p < .001, ηp

2 = .506) 
and time (F(1, 32) = 44.57, p < .001, ηp

2 = .590) as well 
as a significant group by time interaction effect (F(2, 
31) = 4.21, p < .001, ηp

2 = .214). Bonferroni’s post hoc 
tests showed the divergent thinking group (M = 10.95, 
SD = 0.48, p < .001) and the convergent thinking group 
(M = 9.77, SD = 0.48, p = .002) were significantly bet-
ter than the control group (M = 24.79, SD = 0.76). But 
no significant difference was found between the divergent 
thinking and convergent thinking groups (p = .278). 

In aiming and catching, the results revealed signifi-
cant main effects for time (F(1, 32) = 90.74, p <  .001, 
ηp

2 =  .745) and a significant group by time interaction 
effect (F(2, 31) = 4.47, p =  .020, ηp

2 =  .224). But no 
significant main effects for groups were found (F(2, 
31) = 2.47, p =  .100, ηp

2 =  .138). Bonferroni’s post hoc 
tests showed no significant difference between any of the 
groups (p >  .05).

In balance, the results revealed significant main effects 
for groups (F(2, 31) = 15.13, p < .001, ηp

2 = .494) and 
time (F(1, 32) = 31.87, p < .001, ηp

2 = .507) as well 
as a significant group by time interaction effect (F(2, 
31) = 9.33, p = .001, ηp

2 = .376). Bonferroni’s post hoc 

tests showed the divergent thinking group (M = 11.95, 
SD = 0.34) was significantly better than the convergent 
thinking group (M = 9.68, SD = 0.34, p < .001) and 
control group (M = 9.62, SD = 0.33). But no significant 
difference was found between the convergent thinking and 
control groups (p > .05). 

Motor creativity
In the total score of motor creativity, the results revealed 
significant main effects for groups (F(2, 31) = 10.86, 
p = .001, ηp

2 = .412) and time (F(1, 32) = 131.49, 
p < .001, ηp

2 = .809) as well as a significant group by time 
interaction effect (F(2, 31) = 20.06, p < .001, ηp

2 = .564). 
These results indicated that the participant’s motor creativity 
varied according to the groups and time. Bonferroni’s post 
hoc tests showed the divergent thinking group (M = 13.27, 
SD = 0.41, p < .001) and the convergent thinking group 
(M = 12.36, SD = 0.41, p = 0.016) were significantly bet-
ter than the control group (M = 10.63, SD = 0.40). But 
no significant difference was found between the divergent 
thinking and convergent thinking groups (p = 0.408). In 
fluency, the results revealed significant main effects for 
groups (F(2, 31) = 5.03, p = .013, ηp

2 = .242) and time 
(F(1, 32) = 55.94, p < .001, ηp

2 = .643) as well as a sig-
nificant group by time interaction effect (F(2, 31) = 4.95, 
p = .014, ηp

2 = .242). Bonferroni’s post hoc tests showed 
the divergent thinking group (M = 5.87, SD = 0.23, 
p = .022) and the convergent thinking group (M = 5.77, 
SD = 0.23, p = .047) were significantly better than the 
control group (M = 4.92, SD = 0.22). But no significant 
difference was found between the divergent thinking and 
convergent thinking groups (p > .99). 

In flexibility, the results revealed significant main effects 
for groups (F(2, 31) = 4.25, p = .023, ηp

2 = .215) and time 
(F(1, 32) = 34.11, p < .001, ηp

2 = .524) as well as a sig-
nificant group by time interaction effect (F(2, 31) = 8.97, 
p = .001, ηp

2 = .367). Bonferroni’s post hoc tests showed 
the divergent thinking group (M = 4.73, SD = 0.24) was 
significantly better than the control group (M = 3.75, 
SD = 0.23, p = .020). But no significant difference was 
found between the convergent thinking (M = 4.31, 
SD = 0.24) and divergent thinking groups (p = .709). 
Also, no significant difference was found between the con-
vergent thinking and control groups (p = .317). 

In originality, the results revealed significant main effects 
for groups (F(2, 31) = 8.32, p = .001, ηp

2 = .349) and time 
(F(1, 32) = 41.39, p < .001, ηp

2 = .572) as well as a sig-
nificant group by time interaction effect (F(2, 31) = 7.09, 
p = .003, ηp

2 = .314). Bonferroni’s post hoc tests showed 
the divergent thinking group (M = 2.65, SD = 0.12) was 

Table 2 Mean and standard deviations of motor creativity and motor competence before and after the intervention

Variable Time
Divergent thinking training  

(n = 11)
Convergent thinking training 

(n = 11)
Controls  
(n = 12)

Motor creativity Pre-test 9.84 ± 1.18 10.19 ± 1.23 9.99 ± 1.51
Post-test 16.70 ± 2.51 14.54 ± 1.53 11.27 ± 2.27

Motor competence Pre-test 22.55 ± 5.06 22.63 ± 5.12 21.75 ± 3.57
Post-test 42.45 ± 3.14 35.90 ± 3.22 27.83 ± 5.72
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significantly better than the control group (M = 1.95, 
SD = 0.11, p = .001). But no significant difference was 
found between the convergent thinking (M = 2.27, 
SD = 0.12) and divergent thinking groups (p = .115). 
Also, no significant difference was found between the con-
vergent thinking and control groups (p = .214). 

Discussion
The purpose of this study was to investigate game-based 
interventions with divergent and convergent teaching 
methods on children’s motor creativity and motor com-
petence. Overall, the findings of this study suggest that 
divergent thinking strategies are the most effective teach-
ing method for improving children’s motor competence 
in game-based settings. Similarly, the findings in motor 
creativity showed that divergent and convergent teaching 
methods were not different.

The effectiveness of the type of training (convergent-
divergent) on motor creativity showed that the divergent 
and convergent thinking groups were better than the con-
trol group. This issue shows the effectiveness of the type 
of exercises used in promoting motor creativity. Therefore, 
the children who participated in this study benefited from 
two types of enriched approaches in promoting motor cre-
ativity based on different convergent and divergent styles. 
These interventions using different thinking method has 
the highest practical application for improving the motor 
creativity of children in the game-based setting. Indeed, it is 
important to develop strategies that allow children to select 
motor responses for a given task (Marinšek & Lukman, 
2022). It is hypothesized that convergent and divergent 
learning based on the games presented will enable children 
to perform creative actions in a diverse range of specific 
sports situations and perhaps even beyond. One inference 
from the results is that children can improve their creativity 
with training programs dedicated to increasing the ability 
to generate creative ideas (Memmert, 2007).

Also, the results showed that there was no significant 
difference between divergent and convergent groups in 
motor creativity. It seems that motor creativity cannot be 
predicted based on the type of training. Therefore, both 
convergent and divergent teaching methods are a strategy 
to motivate children to overcome movement problems and 
thus promote motor creativity. The results of the present 
research reject the view that only motor creativity can be 
influenced by non-linear mechanisms (child and environ-
ment interaction). Nevertheless, it can be said that linear 
and converging mechanisms do not limit the child’s explo-
ration and motor creativity (Marinšek, & Lukman, 2022). 
The present research suggests more research to search fur-
ther and discover the underlying mechanisms of the two 
divergent and convergent approaches. 

 These results did not agree with the research results of 
Richard et al. (2018), they showed that the approach of 
non-linear training is superior to traditional training and 
improves mental ability and flexibility in movement. They 
believe that children’s physical education classes that use an 
indirect teaching style with divergent thinking strategies 

can improve children’s ability to create different movement 
patterns to increase creativity. Consequently, divergent 
thinking has priority to converge thinking. The reason for 
this discrepancy could be the small number of sessions in 
the present study. Probably, choosing the number of ses-
sions and practicing with more children can provide dif-
ferent results and show the differences between convergent 
and divergent strategies more clearly. Also, we consider that 
results may not be representative of teams of different ages, 
gender. Concurrently for deeper usage of results to make 
a more individualized training process post differences 
should be considered.

The effectiveness of the training type (convergent-
divergent) on motor competence showed that the divergent 
thinking group has the highest mean score in motor com-
petence compared to other groups. The results of this study 
were consistent with the research of Hudgins and Edelman 
(1988), who stated that teaching convergent thinking 
increases children’s motor performance. In fact, according 
to the theory of dynamic systems, children need encourage-
ment, training opportunities, a more dynamic environment, 
and quality of education in the ecological environment to 
improve their motor abilities. It is believed that whatever 
enrichment of the environment occurs in dynamic systems, 
the child will be more successful in promoting motor com-
petence, and the development of motor skills will be pos-
sible based on adjustments between task constraints (Ren-
shaw et al., 2019). Thus, given the dynamic environment 
and the discovery of the environment, children continue 
to expand their motor set and improve their ability to cor-
rect, adapt or combine basic patterns of movement, using 
divergent thinking (Zachopoulou & Makri, 2005).

The findings of this study suggest that the real level of 
motor development occurs at an early age and improve-
ment in motor competence is confirmed as a general 
phenomenon during child development depending on the 
individual’s background and the accumulation of motor 
experiences. As a result, it can be well justified why the chil-
dren in the present study had a significant improvement 
in motor competence in interventions based on divergent 
games. Through games based on the divergent method, 
they had a better space to acquire a variety of movement 
experiences and finally practiced many motor skills (Lester 
et al., 2017; Lopes et al., 2021).

 This study in the field of nonlinear pedagogy showed 
that creative motor actions can emerge from finding new 
and degenerate adaptive motor solutions. The results of 
the present study are in agreement with Lee et al. (2014), 
Nathan and Haynes (2013), and Dania et al. (2017), con-
firming that nonlinear pedagogy is an effective approach 
in learning sports skill.  Indeed, educational methodologies 
based on movement games are more effective than tradi-
tional programs based on movement repetitions. Practi-
cally, it can be justified that the use of the movement game 
method probably encourages the child to explore the envi-
ronment of interaction with objects and the environment, 
and this is an important issue that the child focuses on 
mastering the relevant skills to acquire more complex skills 
(Simón-Piqueras et al., 2022).
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Briefly, the findings of Nathan (2016) and Sampaio 
and Valentini (2015) are not in line with the present 
research. Their research showed that there is no difference 
between a physical education program based on game 
education and a skill-based model (linear training). Their 
findings showed that students enjoyed both methods and 
that both methods created positive attitudes toward play 
situations. One of the reasons is probably because the 
game teaching method is still in its infancy in schools, 
so as a result the skill-based model still dominates other 
methods. The second reason is that the age group of their 
subjects is different from the present study. The average 
age of their students was not in the preschool category, 
and the possibility of a game-based training method is not 
particularly superior to the performance of their skills. 
Childhood is the progression towards the greater orga-
nization of sensory and motor systems. Although older 
children are still developing their motor competence, 
children’s response to early interventions focused on the 
development of motor competence appears to be more 
supported at younger ages. Finally, superior interventions 
to improve motor competence help children participate in 
sports, games, and other types of physical activity as they 
grow older (Coppens et al., 2019).

The knowledge obtained from gathering this infor-
mation in the present study is to introduce guidelines 
and recommendations to promote motor development 
in children at a young age, which can reveal new ideas 
and opportunities for designing exercise programs for 
researchers. 

Conclusion
In the findings of the present study, it was shown that 
interventions based on divergent thinking are effective in 
improving motor competence. Also, both interventions 
based on traditional and divergent methods are effective in 
improving movement creativity. This study did not find a 
significant difference between the two training groups for 
motor creativity.

Conflict of interest
The authors report no conflict of interest.

References
An, D., Song, Y., & Carr, M. (2016). A comparison of two models of creativity: 

Divergent thinking and creative expert performance. Personality and Indi-
vidual Differences, 90, 78–84. https://doi.org/10.1016/j.paid.2015.10.040

Barnett, L. M., Lai, S. K., Veldman, S. L., Hardy, L. L., Cliff, D. P., Morgan, P. J., Zask, 
A., Lubans, D. R., Shultz, S. P., Ridgers, N. D., Rush, E., Brown, H. L., & Okely, A. 
D. (2016). Correlates of gross motor competence in children and adolescents: 
A systematic review and meta-analysis. Sports Medicine, 46, 1663–1688. 
https://doi.org/10.1007/s40279-016-0495-z

Cleugh, M. F. (Ed.). (2021). Teaching the ‘slow’ learner in the special school. Tay-
lor & Francis. https://doi.org/10.4324/9781003174073

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). 
Lawrence Erlbaum Associates. https://doi.org/10.4324/9780203771587

Coppens, E., Bardid, F., Deconinck, F. J. A., Haerens, L., Stodden, D., D’Hondt, E., 
& Lenoir, M. (2019). Developmental change in motor competence: A latent 
growth curve analysis. Frontiers in Physiology, 10, Article 1273. https://doi.
org/10.3389/fphys.2019.01273

Dania, A., Kossyva, I., & Zounhia, K. (2017). Effects of a teaching games for 
understanding program on primary school students’ physical activity pat-
terns. European Journal of Physical Education and Sport Science, 3(2), 81–94. 
https://doi.org/10.5281/zenodo.400591

Domínguez, A., Díaz-Pereira, M. P., & Martínez-Vidal, A. (2015). The evolution 
of motor creativity during primary education. Journal of Human Sport and 
Exercise, 10(2), 583–591. https://doi.org/10.14198/jhse.2015.102.05

Fletcher, A., & Benveniste, M. (2022). A new method for training creativity: Nar-
rative as an alternative to divergent thinking. Annals of the New York Academy 
of Sciences, 1512(1), 29–45.  https://doi.org/10.1111/nyas.14763

Guilford, J. P. (1967). The nature of human intelligence. McGraw-Hill.
He, Q., & Karlberg, J. (2001). BMI in childhood and its association with height 

gain, timing of puberty, and final height. Pediatric Research, 49(2), 244–251. 
https://doi.org/0031-3998/01/4902-0244

Henderson, S. E., Sugden, D. A., & Barnett, A. L. (2007). Movement Assessment 
Battery for Children-2 (2nd ed.). The Psychological Corporation. https://doi.
org/10.1037/t55281-000

Hudgins, B. B., & Edelman, S. (1988). Chlldren’s self-directed critical thinking.  
Journal of Educational Research, 81(5), 262–273. https://doi.org/10.1080/00220
671.1988.10885834

Javaid, S. F., & Pandarakalam, J. P. (2021). The association of creativity with 
divergent and convergent thinking. Psychiatria Danubina, 33(2), 133–139. 
https://doi.org/10.24869/psyd.2021.133

Lee, M. C. Y., Chow, J. Y., Komar, J., Tan, C. W. K., & Button, C. (2014). Nonlinear 
pedagogy: An effective approach to cater for individual differences in learning 
a sports skill. PLOS ONE, 9(8), Article e104744. https://doi.org/10.1371/journal.
pone.0104744

Lester, D., McGrane, B., Belton, S., Duncan, M. J., Chambers, F. C., & O’Brien, W. 
(2017). The age-related association of movement in Irish adolescent youth. 
Sports, 5(4), Article 77. https://doi.org/10.3390/sports5040077

Lopes, L., Santos, R., Coelho-e-Silva, M., Draper, C., Mota, J., Jidovtseff, B., Clark, 
C., Schmidt, M., Morgan, P., Duncan, M., O’Brien, W., Bentsen, P., D’Hondt, E., 
Houwen, S., Stratton, G., De Martelaer, K., Scheuer, C., Herrmann, C., García-
Hermoso, A., … Agostinis-Sobrinho, C. (2021). A narrative review of motor 
competence in children and adolescents: What we know and what we need to 
find out. International Journal of Environmental Research and Public Health, 
18(1), Article 18. https://doi.org/10.3390/ijerph18010018

Marinšek, M., & Lukman, N. (2022). Teaching strategies for promoting motor 
creativity and motor skill proficiency in early childhood. Economic Research-
Ekonomska Istraživanja, 35(1), 2645–2653.  https://doi.org/10.1080/13316
77X.2021.1974306

Memmert, D. (2007). Can creativity be improved by an attention-broadening 
training program? An exploratory study focusing on team sports. Creativity 
Research Journal, 19(2–3), 281–291. https://doi.org/10.1080/10400410701397420

Moraru, A., Memmert, D., & van der Kamp, J. (2016). Motor creativity: The roles 
of attention breadth and working memory in a divergent doing task. Journal 
of Cognitive Psychology, 28(7), 856–867. https://doi.org/10.1080/20445911.2016
.1201084

Nathan, S. (2016). Badminton instructional in Malaysian schools: A comparative 
analysis of TGfU and SDT pedagogical models. SpringerPlus, 5(1), Article 1215. 
https://doi.org/10.1186/s40064-016-2872-3

Nathan, S., & Haynes, J. (2013). A move to an innovative games teaching model: 
Style E Tactical (SET). Asia-Pacific Journal of Health, Sport and Physical Educa-
tion, 4(3), 287–302. https://doi.org/10.1080/18377122.2013.836769

Oboeuf, A., Hanneton, S., Buffet, J., Fantoni, C., & Labiadh, L. (2020). Influence 
of traditional sporting games on the development of creative skills in team 
sports. The case of football. Frontiers in Psychology, 11, Article 611803. https://
doi.org/10.3389/fpsyg.2020.611803

Renshaw, I., Davids, K., Newcombe, D., & Roberts, W. (2019). The constraints-
led approach: Principles for sports coaching and practice design. Routledge. 
https://doi.org/10.4324/9781315102351

Renshaw, I., Davids, K., & Savelsbergh, G. J. P. (Eds.). (2010). Motor learn-
ing in practice: A constraints-led approach. Routledge. https://doi.
org/10.4324/9780203888100

Richard, V., Ben‐Zaken, S., Siekańska, M., & Tenenbaum, G. (2021). Effects 
of movement improvisation and aerobic dancing on motor creativity and 
divergent thinking.  Journal of Creative Behavior, 55(1), 255–267. https://doi.
org/10.1002/jocb.450

Richard, V., Lebeau, J. C., Becker, F., Boiangin, N., & Tenenbaum, G. (2018). 
Developing cognitive and motor creativity in children through an exercise 
program using nonlinear pedagogy principles. Creativity Research Journal, 
30(4), 391–401. https://doi.org/10.1080/10400419.2018.1530913

Sampaio, D. F., & Valentini, N. C. (2015). Iniciação esportiva em ginástica rítmica: 
Abordagens tradicional e o clima de motivação para a maestria [Gymnastics 
rhythmic’ youth sport: Traditional approach and mastery motivational climate 
approach]. Journal of Physical Education, 26, 1–10. https://doi.org/10.4025/reve-
ducfis.v26i1.22382

Scibinetti, P., Tocci, N., & Pesce, C. (2011). Motor creativity and creative thinking 
in children: The diverging role of inhibition. Creativity Research Journal, 23(3), 
262–272. https://doi.org/10.1080/10400419.2011.595993

Simón-Piqueras, J. Á., Prieto-Ayuso, A., Gómez-Moreno, E., Martínez-López, M., 
& Gil-Madrona, P. (2022). Evaluation of a program of aquatic motor games 

https://doi.org/10.1016/j.paid.2015.10.040
https://doi.org/10.1007/s40279-016-0495-z
https://doi.org/10.4324/9781003174073
https://doi.org/10.4324/9780203771587
https://doi.org/10.3389/fphys.2019.01273
https://doi.org/10.3389/fphys.2019.01273
https://doi.org/10.5281/zenodo.400591
https://doi.org/10.14198/jhse.2015.102.05
https://doi.org/10.1111/nyas.14763
https://doi.org/0031-3998/01/4902-0244
https://doi.org/10.1037/t55281-000
https://doi.org/10.1037/t55281-000
https://doi.org/10.1080/00220671.1988.10885834
https://doi.org/10.1080/00220671.1988.10885834
https://doi.org/10.24869/psyd.2021.133
https://doi.org/10.1371/journal.pone.0104744
https://doi.org/10.1371/journal.pone.0104744
https://doi.org/10.3390/sports5040077
https://doi.org/10.3390/ijerph18010018
https://doi.org/10.1080/1331677X.2021.1974306
https://doi.org/10.1080/1331677X.2021.1974306
https://doi.org/10.1080/10400410701397420
https://doi.org/10.1080/20445911.2016.1201084
https://doi.org/10.1080/20445911.2016.1201084
https://doi.org/10.1186/s40064-016-2872-3
https://doi.org/10.1080/18377122.2013.836769
https://doi.org/10.3389/fpsyg.2020.611803
https://doi.org/10.3389/fpsyg.2020.611803
https://doi.org/10.4324/9781315102351
https://doi.org/10.4324/9780203888100
https://doi.org/10.4324/9780203888100
https://doi.org/10.1002/jocb.450
https://doi.org/10.1002/jocb.450
https://doi.org/10.1080/10400419.2018.1530913
https://doi.org/10.4025/reveducfis.v26i1.22382
https://doi.org/10.4025/reveducfis.v26i1.22382
https://doi.org/10.1080/10400419.2011.595993


7

Z. Alipour et al. Acta Gymnica, 2023, 53, e2023.003

in the improvement of motor competence in children from 4 to 5 years old. 
Children, 9(8), Article 1141. https://doi.org/10.3390/children9081141

Venetsanou, F., & Kambas, A. (2010). Environmental factors affecting preschool-
ers’ motor development. Early Childhood Education Journal, 37, 319–327. 
https://doi.org/10.1007/s10643-009-0350-z

Zachopoulou, E., & Makri, A. (2005). A developmental perspective of divergent 
movement ability in early young children. Early Child Development and Care, 
175(1), 85–95. https://doi.org/10.1080/0300443042000230401

Zhang, W., Sjoerds, Z., & Hommel, B. (2020). Metacontrol of human creativity: 
The neurocognitive mechanisms of convergent and divergent thinking. Neu-
roImage, 210, Article 116572. https://doi.org/10.1016/j.neuroimage.2020.116572

https://doi.org/10.3390/children9081141
https://doi.org/10.1007/s10643-009-0350-z
https://doi.org/10.1080/0300443042000230401
https://doi.org/10.1016/j.neuroimage.2020.116572

	The effect of games based on divergent and convergent thinking on motor competence and creativity in children aged 7–8 years
	Introduction
	Methods
	Participants
	Measurement and procedure
	Interventions
	MABC-2
	Bertsch’s motor creativity test
	Data analysis

	Results
	Motor competence
	Motor creativity

	Discussion
	Conclusion
	Conflict of interest
	References


