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Since early childhood is regarded as an important period of motor and cognitive

development, understanding the effects of physical activity on motor abilites and

cognitive development in preschool children has major public health implications. This

study investigates the effects of a 12 weeks’ yoga intervention program on motor and

cognitive abilities in preschool children. Preschool children (n = 45; age 5–6 years)

attending regular preschool programs were non-randomly assigned to yoga intervention

(n = 23; 30min sessions three times per week) or a control group (n = 22; no

additional organized physical activity program). Exercise training for the intervention

group included yoga program. Motor abilities (BOT-2 subtests: fine motor integration,

manual dexterity, balance and bilateral coordination), and cognitive abilities (School

Maturity Test subtests: visual memory, stacking cubes and codes) were assessed

before and after the intervention period in both groups. Data were analyzed using

repeated-measures ANOVA. Participants in the intervention group improved fine motor

integration (p = 0.022), fine motor skills in general (0.029), bilateral coordination (0.000),

balance (0.000), and body coordination (0.000). Preschool children’s participation in

the preschool yoga intervention significantly improved their motor abilities, but not their

cognitive abilities.

Keywords: motor skills, cognitive function, physical development, physical activity, coordination

INTRODUCTION

Since early childhood is regarded as an important period of motor and cognitive development,
understanding the effects of physical activity on motor abilities and skills, and cognitive
development in preschool children has major public health implications (1). Regular participation
in physical activities prevents obesity in children and provides numerous health benefits, both
physical psychological (2). Along with prevention and reduction of obesity in children, physical
activity is also connected with health and good condition of vascular system, muscle strength and
endurance, reduction of depression and anxiety, as well as with the academic achievement (3).
The results of the research indicate that physical activity is the basis for the early development
of each child and it influences many aspects of the child’s health (4). Leading health organizations
emphasize that higher level of physical activity in children correlates with the important short-term
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and long-term health benefits in the physical, emotional, social,
and cognitive domains through their whole life. However, it is
very important to examine how different programs contribute
to the development of different abilities and skills which are
necessary for both participation in different sports activities
during lifetime and the normal functioning of an individual. One
of these programs is yoga for children.

Yoga is a specific form of exercise which is defined as a system
of physical positions (asana), breathing techniques (pranayama),
and meditations (shavasana), which are practiced with the aim
to improve one’s physical and emotional well-being. In the
pediatrics population, yoga has been used to improve physical
fitness, motor skills, strength, negative behavior, attention to
task, mindfulness and to reduce stress in older children with
typical development and those with physiological disorders and
behavioral and developmental conditions (5–7). Areas for which
yoga has been studied include physical fitness, cardiorespiratory
effects, mental health, behavior and development, irritable
bowel syndrome, eating disorders, and prenatal effects on birth
outcomes (5). Yoga training became more and more attractive,
because it influences the improvement of the health condition
in all ages, but the authors state the need for the additional
researches on the children population (5).

When it comes to the effects of physical exercises on
children’s cognitive abilities some research show that yoga
practice improves several aspects of cognition and executive
functions (8), which can be good predictors of math and reading
competence throughout the school years. It is possible that yoga
might help improve executive functions, spatial memory scores,
strategic planning and the ability to concentrate. It is shown
that regular yoga practice is coupled with the improved impulse
control, sustained attention, attenuated antisocial and self-harm
behaviors, reduced stress, and psychological distress (9), as well as
with the positive impact to concentration, attention and behavior
(10). These improvements may reflect underlying improvements
in motor planning, motor speed, and hand steadiness. In terms
of behavior, fine and gross motor skills and the academic
achievement, there is an insignificant or no change (8). One
of the studies that was conducted exclusively examined the
influence of Hatha yoga on the motor abilities, such as strength,
flexibility, coordination and balance. When it comes to motor
performances, Telles et al. concluded that after the yoga training
there is an improvement of statistical performances in children
(11), but most of the authors recommended additional research
to address methodological shortcomings.

Numerous researches have confirmed that during the
physical activity, the level of motor abilities increases,
along with development of cognitive abilities. Findings
favor causal evidence of relations between physical activity
with both motor and cognitive development in preschool
children, with increased physical activity having significant
beneficial effects on motor abilities and cognitive functioning,
but given the small number of studies available in the
literature, future research with large representative samples
is needed to explore other cognitive domains and to
strengthen and confirm the dose-response evidence (1).
Regarding that the aim of the study was to examine

TABLE 1 | Decriptive statistics (Mean ± SD).

Variable Yoga group Control

group

Number 23 22

Gender Boys: 9

Girls: 14

Boys: 9

Girls: 13

Age Initial: 5.82

± 0.23

Final: 6.06

± 0.23

Initial: 5.90 ±

0.27

Final: 6.14 ±

0.27

Body weight (kg) 21.43 ± 4.55 22.60 ± 3.60

Body height (m) 1.15 ± 0.05 1.17 ± 0.05

BMI (kg/m2) 16.07 ± 2.45 16.42 ± 1.65

the effects of yoga on motor and cognitive ablities in
preschool children.

METHODS

Subjects
A total of 45 children (age range 5–6 years) participated in this
study for a 12-week period. The sample was divided into two
groups: experimental group (n= 23) aged 5.82± 0.23 years, with
a mean height of 115 ± 0.05 cm and a mean weight of 21.45 ±

4.55 kg, and control group (n = 22) aged 5.90 ± 0.27 years, with
mean height 117± 0.05 cm, 22.60± 3.60 kg (Table 1).

All children attended a standard preschool program during
the day at one of the preschool institutions in PoŽarevac, Serbia.
The experimental group consisted of 23 children who attended
the preschool yoga program (three 30-min sessions per week) in
addition to their participation in a standard preschool institution
program. The control group consisted of 22 healthy children
from a single preschool institution who did not engage in
any additional organized PA outside of the standard preschool
program. It should be noted that the authors point out that
in children at this age, weight, height and endurance and
development of physical abilities are very similar in girls and
boys and that joint participation in the same programs is not
contraindicated (12).

All participants’ parents gave written consent for their
children to participate in the study. This study was approved
by the Institutional Review Committee of the University of Niš
(Ref. No. 04-1186/2) and was conducted under the Declaration
of Helsinki.

Motor Abilities Assessment
Subtests from the BOT-2test battery were used to evaluate motor
abilities (Bruininks-Oseretsky Test of Motor Proficiency). BOT-2
is used as a standardized measure of the level of motor ability in
children and adolescents aged 4 to 21 (13). Previous researches
in this area have proved that BOT-2 test is valid (14). For
the purposes of this research 4 subtests were used: fine motor
integration (8 tasks), manual dexterity (5 tasks), balance (9 tasks)
and bilateral coordination (7 tasks). The mentioned four subtests
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include a total of 29 motor tasks, and the last two subtests—
balance and bilateral coordination, together give a composite of
body coordination, which additionally indicates this ability of
the examinee.

Cognitive Assessment
To evaluate the cognitive abilities of preschool children three
subtests of the School Maturity Test (Serbian TZŠ+) were used:
visual memory, stacking cubes and codes. The results of the study
showed high reliability and validity of this test and they suggest
that TZŠ+ has high correlation with the cognitive tests of TYPE1
and with Raven’s Colored Matrices (15). Visual memory is a test
designed to evaluate the ability of memorization and attention
span, and it consists of 15 tasks. Stacking cubes is a test meant
to evaluate the ability of visual-motor coordination, perceptive
organization and the ability of planning, and it consists of eight
tasks. Codes is a test which evaluates the ability of learning from
experience, concentration and visual-motor coordination, and it
consists of 25 tasks.

For the purposes of this research the school maturity test was
ordered and purchased from the “Association of Psychologists of
Serbia” from Belgrade. When using this test two psychologists
were hired at the Faculty of Sports and Physical Education in
Niš and in the “Ljubica Vrebalov” preschool in Požarevac. The
hired psychologists conducted the cognitive tests and interpreted
the results, which is in accordance with the article 10 of the
Rulebook on the Standards and Procedures for the Development
and Use of Psychological Measuring Instruments. Testing of
all the participants in this experimental study was performed
immediatelyy before (the initial measurement) and later again,
after the applied experimental exercise programs (the final
measurement). All the testings, as well as the implementation of
the experimental program was conducted in the gymnasium of
“Ljubica Vrebalov” preschool in Požarevac.

Experimental Program of Yoga Exercises
The duration of the program of exercises is defined on the
bases of the recommendations of previous research. In this
regard, it was found that the duration of program in most
studies ranged between 2 and 4 months, and the treatments
ranged most frequently between 1 and 2 h per week, distributed
between 2 and 5 h per week. The yoga program was a modified
version of standardized yoga curricula for preschool children
(16–20). In these curricula most represented kinds of asana are
the animal positions (e.g., cat, cow, dog downward) and the
positions of the nature (e.g., mountain, tree, moon), because they
are relatively simple and interesting to the small children. In
accordance with the guidelines that for children under the age
of six the total time for yoga session should be up to 20min,
the class was divided into three parts. The introductory part
of the class lasted for 5min and was aimed to prepare the
children for the activities in themain part through light breathing
exercises. The main part of the class lasted up to 20min. In this
part yoga positions are performed and the children stay in the
final position of any yoga asana/exercise for up to 10 sec. This
modified form of yoga combines different physical positions,
visual images, but it doesn’t include extremely deep breathing,

because it is considered difficult for small children to include
distinct breathing along with holding an appropriate position
(8, 21). Final part of the class lasted for up to 5min and was
intended for relaxation.

The 2 × 2 repeated-measures ANOVA was used to compare
differences in outcome measures after the intervention period
between the two study groups. Moreover, p-values of <0.05 were
considered statistically significant. No corrections were applied
for multiple comparisons. The data are reported as mean ±

SD or frequency (percentage). The data were analyzed using
the statistical package SPSS version 20.0 (SPSS Inc., Armonk,
NY, USA).

RESULTS

The results ofmotor abilities tests indicate certain changes among
participants. Improvement in the fine motor integration test
results has been noted in favor of the intervention group (p
= 0.022). A significant differences were detected in the fine
motor skills test results (p = 0.029), bilateral coordination (p =

0.005), balance (p= 0.000), and body coordination total score (p
= 0.000) (Table 2).

DISCUSSION

This study evaluated the effectiveness of a 12-weeks yoga
intervention in preschool children and the results showed that
the program had higher influence onmotor than on the cognitive
abilities. Significant improvements were observed in 5 of total 6
subtests for motor abilities assessment, in fine motor integration,
manual dexterity, coordination, and balance, in the intervention
group compared to the control group. On the contrary, no
progress is observed in 3 subtests for cognitive assessment.

The significant contribution of the experimental program
which was recorded on the tests of motor coordination in
the variables bilateral coordination, balance and overall body
coordination, is in line with previous research (22–25). When it
comes to fine motor abilities test, a significant contribution of
yoga practice to fine motor integration and overall fine motor
abilities has been noted, which is also in line with previous
research (8). It is important to point out that motor coordination
affects the child’s quality of life and different bio-psycho-social
aspects (26), and that fine motor abilities have a positive impact
on the sensorimotor development of the nervous system (27).
Therefore, special attention should be paid to their development
in children.

A great improvement noted in the balance subtest is also
in line with the results in a large number of previous studies
showing that great improvement has been achieved in the static
balance of preschool children (28) and school-age children
(2, 5, 6, 29). All these findings confirm the theory of motor
development in children which says that preschool children, aged
3–6 are in a period of rapid development of balance skills (30).
Statistically significant improvement in balance abilities can be
attributed to the specific yoga positions. During yoga practice,
taking many positions or asanas stimulates the work of the torso
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TABLE 2 | SPANOVA (ANOVA goup × time).

Variables Yoga Control F p ηp2

Inicial Final Inicial Final

Fine motor integration 12.22 ± 4.56 12.87 ± 3.09 13.41 ± 3.83 11.82 ± 2.26 5.68 0.022* 0.117

Manual dexterity 13.70 ± 4.17 16.09 ± 5.51 12.91 ± 4.26 14.00 ± 4.69 0.60 0.445 0.014

Fine motor skills 25.91 ± 7.70 28.96 ± 7.78 26.32 ± 6.16 25.82 ± 5.48 5.10 0.029* 0.106

Bilateral Coordination 14.65 ± 2.06 17.22 ± 2.61 16.55 ± 1.99 16.68 ± 2.77 8.69 0.005* 0.168

Balance 15.74 ± 4.91 18.17 ± 5.06 15.27 ± 3.01 13.27 ± 3.65 15.60 0.000* 0.266

Body Coordination 30.39 ± 5.73 35.39 ± 6.35 31.82 ± 3.32 29.95 ± 5.43 20.44 0.000* 0.322

Visual memory 3.22 ± 0.67 3.35 ± 0.49 3.14 ± 0.35 3.27 ± 0.46 0.00 0.975 0.000

Stacking cubes 4.35 ± 0.88 4.48 ± 0.73 4.41 ± 0.67 4.18 ± 0.80 3.02 0.089 0.066

Code 3.43 ± 1.04 4.00 ± 0.85 3.23 ± 0.61 3.41 ± 0.67 2.30 0.137 0.051

Total cognitive Abilities 3.67 ± 0.67 3.94 ± 0.58 3.59 ± 0.40 3.62 ± 0.46 3.56 0.066 0.076

F-coefficient of the F-test; p—coefficient of significance of the differences, * at the p < 0.05 level; ηp2-partial Eta squared.

stabilizer muscles. This improves the interaction between the
upper and lower extremities in the kinetic chain, which facilitates
the maintenance of static balance during exercise (31). If this
ability isn’t developed properly and on time, it will negatively
affect other related abilities (30). About 73–87% of children with
poor motor development have problems with balance, and these
problems have an impact on their further learning of complex
motor skills such as climbing, running, cycling etc. (32). These
results are consistent with research by Bubel and Gaylord (28),
where no progress was made in dynamic balance after a six-
month yoga program in preschool children. However, the author
emphasizes his assumption that the cause of poor progress in
dynamic balance is the weak discriminativeness of BOT-2 items
which represent the dynamic balance (items 2 and 5), where the
respondents generally achieve high or maximum results, so there
is not enough space to quantify progress.

When it comes to cognitive assessment, the contribution
of experimental program is not noticed in any of 3 subtests,
which is unexpected because the vast majority of previous
research suggest slightly different results. A large number of
authors claim that the implementation of physical exercise
programs for preschool children can significantly contribute to
the improvement of their overall psycho-physical development.
It can influence the improvement of both their motor abilities
and skills and their cognitive abilities, which will enable them
to reach their full potential more easily (2, 33–35). We will
list the claims of several other significant authors: Lawson
et al. (8) suggest that yoga may have positive effects for
preschool-age children, particularly in the areas of fine motor
and academic performance; Preschool children’s fine motor
improvement with yoga is consistent, with literature showing
fine-motor improvement in school-age children participating
in yoga (36, 37); the yoga program helped students feel
focused and gave them strategies to control their behavior
in stressful situations (38); the significant improvement was
observed in measures of mental ability and memory in
experimental group of yoga practices in residential school
children (39); a positive influence of yoga practice in children
on the parameters of visual attention (40); Hillman et al.

(41) suggest that the exercise can increase the children’s brain
volume, improve their cognitive abilities and their academic
achievement (41).

Although numerous studies have confirmed that during the
physical activity the level of cognitive abilities increases, the result
of this study suggest the opposite and indicates that yoga exercise
didn’t have a significant influence on any variable of cognitive
abilities in preschool children. Some studies which agree with the
results of this study, although few in number, can still be found,
so Songul et al. (42) argue that after 1 h a week of yoga education,
significant difference was no found between the pretest and post-
test score in averages, which suggests that this topic should
be approached with a dose of caution, and that it should be
further examined. The tests of coordination are largely related to
intelligence, i.e., their adequate performance largely depends on
it, and due to this fact it cannot be literally said that there is no
progress in cognitive abilities.

Failure to achieve the expected results in our study can be
reflected in a small sample, in the insufficient duration of the
experimental exercise program itself, which may be the limit
of this study, so in future research, it is recommended to use
different cognitive tests which will more completely measure a
wider range of cognitive abilities. Certainly, we should also keep
in mind the analysis of Stojiljković et al. (43), who found that
exercise should be added to the simultaneous performance of
certain tasks which require cognitive thinking and higher levels
of attention. This suggestion should be a guideline for some
further research in this field, i.e., for designing a program of yoga
exercises that would include solving certain cognitive tasks at the
same time.

CONCLUSION

This study provides evidence that a 12-week yoga program
has beneficial effects on typically developed preschool children,
demonstrating a positive influence on their motor abilities. Such
research is extremely important, because the preschool period is
a critical period for the development of these abilities, and also,
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the habits that children acquire in this period are reflected in the
comprehensive motor development during life.
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