
Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution NonCommercial 
4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-Commercial use, reproduction and distribution of 
the� work� without� further� permission� provided� the� original� work� is� attributed� as� speci�ed� on� the� Red� Flower� Publication� and� Open� Access 
pages (https://rfppl.co.in)

Balance Promotes Cognition: An Experimental Study with Balancing 
Asana in Early Adolescent Children

Kuntal Ghosh1, Leitanthem Nganthoi Devi2

HOW TO CITE THIS ARTICLE:
Kuntal Ghosh, Leitanthem Nganthoi Devi. Balance Promotes Cognition: An Experimental Study with Balancing 
Asana in Early Adolescent Children. Ind J Anct Med Yoga. 2026; 19(3): 150-158.

ABSTRACT

Introduction: Asana, the main component of yogic physical practice, is sure to 
promote motor skills and cognitive functions in normal and special needs children. 
Neural connectivity of vestibular organ with cognitive areas of the higher brain 
through the cerebellum and the locus coeruleus of the pons and induce neurotrophic 
factors, e.g., BDNF (brain-derived neurotrohphic factor) may transform balance 
motor skills to cognitive abilities with regular practice of asana. This open a scope 
of the role of Balancing Asana (BA) on cognition. So, the present study built on this 
premise of the mechanism of BA and cognition. Thus, a set of BA was introduced to 
children, and their balance and cognitive function were examined.
Methods: Forty school children between 10 and 13 years were randomized as BA 
and control groups(n=20 each; mean age 11.4 ± 1.2 years). The children were assessed 
for cognition to the Stroop color-word task for children and balance the Bass stick 
test.�After�the�pretest,�the�BA�group�practiced�a�set�of�BA�30�minutes�daily,�𿿿ve�days�
a week for six weeks,while the control group continued with their usual routine. 
Both groups were assessed at the end of six weeks.
Results: Within-group and between-group results showed that the BA group 
signi𿿿cantly�improved�the�Stroop�color�tasks�(p<0.001)�and�Bass�stick�test�balance�
(p<0.001) compared to a control group with larger effect sizes.
Conclusion:� Our� 𿿿ndings� demonstrated� that� BA� impacts� vestibular� connectivity,�
which helps in inducing balance and improving balancing skills, thereby enhancing 
children's cognitive ability.
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INTRODUCTION
Childhood is a crucial period for the rapid 
development�of�physical�𿿿tness�and�cognitive�
function.1 Additionally, Yogic techniques 
have been shown to promote health, wellness 
and mental well-being across various age 
groups of children.2-4 Asana, the fundamental 
component of yogic physical activity, is 
believed to improve aerobic capacity, muscular 
strength, endurance, and balance5-6 by 
enhancing core muscle stability connected 
to the spine, pelvis, legs, and shoulders.7-8 

Research indicates that regular asana 
practice� positively� inÁuences� cardiovascular�
health,9-10 cognitive function and academic 
performance11-13 in children.The potential 
bene𿿿ts� of� asana� have� generated� interest� in�
research focusing on both typically developing 
and special needs children in concerning 
cognition and motor skills.14-15 Studies 
demonstrate that enhancing motor skills 
through asana16-17 is linked with cognitive 
function.18 The mechanism of yogic exercise 
inÁuences�the�higher�brain�center�responsible�
for memory and cognition.12;16-18

To explore how asana improves cognitive 
functions, the authors sought to identify possible 
mechanisms supported by existing literature 
about�the�cognitive�bene𿿿ts�derived�from�asana�
practice. Broadly, yogic asanas are categorized 
based on different movements and positions. 
One primary category is balancing asana 
(static balance). Balancing asanas (BA) 
involve various movements by shifting the 
center of gravity.19 Regardless of whether 
performed standing, sitting, or supine, BA 
stimulates the vestibular, neuromuscular and 
proprioceptive systems20-21 The perception 
of body movement and static balance in 
achievingthe𿿿nal� posture� is� processed�
through vestibular detection of inertial motion 
combined with proprioceptive and visual 
signals.22 Consequently, BA stimulates the 
vestibular system. The semicircular canals 
and otolith organs of the peripheral vestibular 
system are located in the inner ear.23 While 
achieving� the� 𿿿nal� position� of� BA,� it� senses�
motion, navigation, and spatial orientation.24-25 
Anatomically, the vestibular organ connects 
with the cerebellum and pons via the vestibular 
nucleus.26-27 Neuroanatomical studies reveal 
that the cerebellum serves as a bidirectional 
pathway linked to the dorsolateral prefrontal 
cortex, inferior frontal gyrus, and anterior 

cingulate cortex ofthe cerebral cortex, which 
regulate cognitive functions.28-31 Thus, normal 
vestibular stimulation is some what essential 
for cognitive functions in children, such as 
spatial memory, navigation, and attention.32-34  
Neurological studies indicate that the locus 
coeruleus(LC) in the pons plays a vital role in 
numerous higher brain functions, including 
cognition and memory.35 Furthermore, the 
vestibular system is interconnected with the 
dorsal raphe and the LC in the pons. The LC 
has a direct connection with the hippocampus 
and amygdala.36 Therefore, BA transmits 
vestibular stimulation to the cerebellum, 
which then responds to the LC in the pons. 
In the hippocampus, place cell activity 
and theta rhythm can be modulated solely 
by vestibular stimulation.37 Theta rhythm 
in the hippocampus enhances cognitive 
functions such as spatial orientation and 
spatial memory.38-39 Occasionally, achieving 
a higher level of asana leads to a state of 
sukhaavastha or non-duality. Reaching this 
elevated mental state may promote theta 
rhythm in the hippocampus. Increasing 
literature also supports the neurochemical and 
neurophysiological changes that arise through 
asana practice. Neurochemical components 
such as neurotrophic factors e.g., brain-derived 
neurotrophic factor (BDNF) or insulin-like 
growth factor 1 (IGF-1), metabolites (e.g., 
lactate), and neurotransmitters (e.g., serotonin) 
play a crucial role in neuronal development 
and cognitive function.40–42 Neurotrophic 
factors facilitate neural connectivity, which  
is a mechanism that may elucidate the 
relationship between BA and cognition.

Therefore, the present study was based on 
the premise of the mechanisms linking of BA 
and cognition. A set of BA was thus introduced 
to children, and their balance and cognitive 
function were assessed.

MATERIAL�AND�METHODS
1. Design

It was a randomized pre-post-control trial 
that compared balance and cognition following 
the practice of a set of BA. A comparison was 
made both within the group and between the 
groups.

2. Participants
For this study, 40 students from Popular 

High Schoolin Imphal, Manipur, studying in 
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grades�𿿿ve�to�seven. Subjects were randomly 
assigned to two groups using a computerized 
random method. The ages of the subjects ranged 
from 10 to 13 years (group mean and SD11.58 
± 2.02) with 53% being girl students. Inclusion 
criteria included healthystudents with regular 
attendance within the age group of 10-13 years. 
Exclusion criteria comprised any history of 
psychiatric or neurological disorders and color 
vision impairment. Signed informed consent 
was obtained from the principal of the school. 
The subjects were divided into two groups of 
20 each: Group 1 (BA) and Group 2 (Control). 
Data was collected from both groups, referred 
to as pre-test data. Following this, Balancing 
Asana training was administered to the BA 
group for six weeks while the control group 
continued with their usual routine. After the 
training was completed, data was collected 
again from both groups as post-test data. 

3. Assessments
The participants were assessed for cognition 

using the stroop test and balance with the  
Bass stick test.

The stoop color and word test (SCWT) is a 
neuropsychological test design to assess the 
ability to inhibit cognitive interference.It is 
also considered a cognitive control task.43 The 
SCWT was developed by John Ridley Stroop in 

1935. In this task, subjects must read three tables 
as� quickly� as� possible.� The� 𿿿rst� card� (set.� 1)� 
requires reading words, the second (set. 2) 
involves reading the color of the word and the 
third card (set. 3) asks the participants to name 
the color of the ink in which a printed word is 
displayed. The Stroop test measures cognitive 
functions such as attention, processing speed, 
cognitive� Áexibility� and� working� memory.�
Participants were instructed to respond as 
quickly and accurately as possible. Score were 
recorded in seconds for all three sets.44

Bass stick test: The Bass stick test evaluates 
balance, in which participants alternate foot 
hopping and hold a static position. It measures 
the static balance of the subject by maintaining 
stability on a narrow surface while standing 
on the ball of the foot. This test is suitable for 
both sexes aged ten years and above. Scores 
are recorded in seconds.45

4. Administration of the training program
After completing the pre-test, the BA 

group under went six weeks of BA training, 
while the control group engaged in their 
daily activities. Training was conducted 
six days a week, from Monday through 
Saturday. Initially, subjects were given to have 
balancing asanas. The BA training module was  
as follows.

Table 1: Practice modules of BA and their Balancing Potential

Sl.No. Name of the practice Time 

1 Starting prayer: Om sahanavavatu 2 min

2 Standing Loosening exercise 2 min

3 Tadasana (standing palm tree): balance is maintained by putting body weight on the big toes and partially on the 
other toes of both legs. 2 min

4 Triyakatadasana (standing swaying palm tree): balance is maintained by both legs by shifting the center of gravity 
to the left or right side by bending the upper body from the waist region with hand stretch interlocking position. 2 min

5 Vriksasana (standing tree pose): balance is achieved in a single leg by folding one leg at the knee and placing the 
sole on the inner thigh of the standing leg. 2 min

6 Natrajasana (standing dancer pose): Balance is maintained in a single leg, and another leg is held by the same 
hand by pulling up from the back. 2 min

7 Garudasana (standing eagle pose): balance is achieved in a single leg by typically raping another leg and both 
arms cross each other from at elbow joints. 2 min

8 Virabhadrasana (back bending warrior pose) balance is maintained in a single leg by bringing the body and 
another leg parallel to the ground. 2 min

9 Ardhanavasana (abdominal balancing half boat pose): balance is achieved by being in the prone position on the 
abdomen by lifting the upper trunk and legs towards the sky. 2 min

10 Parvatasana (sitting mountain pose): sitting in padmasana, then standing and balancing on both knees. 2 min

11 Prapadasana (sitting tip-toe pose): balance is maintained by squatting down onto toes with both heels in the air. 2 min

12 Relaxation: Savasana (corpse) pose. 5 min

13 Closing prayer: Sarve bhavantusukhinah 3 min

Total = 30 min
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5. Statistical analysis
The data collected from the pre and post-

test was analyzedusing descriptive statistics. 
The�signi𿿿cance� level�was� set�at� 0.05,� and�all�
statistics were performed using Jamovi 2.2.1 
free software. Cognition was compared with 
the values of three sets of Stroop tests and 
balance was assessed using the Bass Stick 
test. Descriptive statistics was applied to 
determine the characteristics of the pertaining 
data. Additionally, a paired sample t-test was 
employed�to�identify�the�signi𿿿cant�difference�
between the means of the pre-and post-test 
cognition tasks and balance. In the between-
group comparison, Stroop test sets one and two 
did not show normal distribution. The results 
of Shapiro-Wilk Normality Test indicatedthat 
low p-values violate the normality assumption. 
Therefore, for Stroop tasks set 1 and 2, the 
Welch’s t-test was conducted. Other variables, 
such as Stroop task set 3 and the Bass stick test 
also utilized Independent Samples t-test.

RESULTS
Table 1: Comparison of Pre and Post test of BA Group on the 
three sets of Stroop test

Group Mean ± SD t-value p-value Cohen’s d

SET1-Pre 6.05 ± 1.32
1.17 <0.001 1.17

SET1-Post 5.30±1.08

SET2-Pre 8.50±1.50
2.67 <0.001

2.50
SET2-Post 6.90±1.29

SET3-Pre 12.00±1.72
2.50 <0.001 2.67

SET3-Post 9.30±1.34
Note: Result of Paired Samples t-test, Significant at 0.05, 
SET1 - first card, SET2 - second card, SET3 - third card.

Table� 1� indicates� a� signi𿿿cant� difference�
regarding the Stroop test for the BA group with 
t-values of 1.17, 2.67, and 2.50 and p-values 
(sig) of <0.001, <0.001, and <0.001, respectively 
found�lower�than�the�0.05�level�of�signi𿿿cance�
demonstrating larger effect sizes.

Table 2: Comparison of Pre and Post-test of Control Group on 
the three sets of Stroop test

SET Mean±SD t-value p-value Cohen’s d

SET1-Pre 5.85±1.27
0.294 0.204 0.29

SET1-Post 6.10±0.85

SET2-Pre 8.70±1.46
0.000 1.000 0.00

SET2-Post 8.70±1.46

SET3-Pre 11.75±1.55
0.188 0.412 0.18

SET3-Post 11.50±1.54
Note: Result of Paired Samples t-test, Significant at 0.05, SET1-
first card, SET2- second card, SET3- third card

Table� 2� shows� that� there� is� no� signi𿿿cant�
difference in the Stroop test ofthe control 
group with t-values of 0.29, 0.00, and 0.18, and 
corresponding p-values of 0.204, 1.000, and 
0.412, all exceeding 0.05and indicating smaller 
effect sizes.

Table 3: Comparison of Pre and Post test of BA Group on Bass 
Stick Test

Variable Mean±SD t-value p-value Cohen’s d

BST Pre 16.65±3.64
15.9 <0.001 3.56

BST Post 22.70±4.25

Note: Result of Paired Samples t-test, Significant at 0.05, 
BST - Bass stick Test

In�Table�3�a�signi𿿿cant�difference�is�observed�
in the Bass stick test for the experimental  
group with the t-value of 15.7 and p-value 
 (sig) <0.001, both of which are below0.05 and 
reÁect�ahigh�effect�size�as�indicated�by�Cohen’s�
d value of 3.56.

Table 4: Comparison of Pre Post test of Control Group on Bass 
stick test

Variable Mean±SD t-value p-value Cohen’s d

BST Pre 15.10±5.20
4.97 <0.001 1.11

BST Post 16.65±5.09

Note: Result of Paired Samples T-Test, Significant at 0.05,  
BST- Bass stick Test

Table� 4� reveals� a� signi𿿿cant� difference� in�
the Bass stick test forthe control group with 
a t-value of 4.97 and a p-value (sig) <0.001, 
both lower than 0.05 and yielding a high effect 
size of Cohen’s d value of 1.11.
Table 5: Comparison between BA and Control Groups on the 
three sets of Stroop test on their mean difference

Variable t-value p-value Cohen’s d

SET 1 4.20 <0.001 1.33

SET 2 6.84 <0.001 2.16

SET 3 6.23 <0.001 2.06
Note: SET 1 and 2 results of Welch’s t and SET 3 student 
t-test, Significant at 0.05

Table� 5� demonstrates� a� signi𿿿cant� difference�
regarding the three sets of Stroop tasks 
between the BA and control group, with 
t-values of 4.20, 6.84, 6.23, and the p-values of 
(sig) <0.001, <0.001 and <0.001 and Cohen’s d 
values of 1.33, 2.16 and 2.06.
Table 6: Comparison between Experimental and Control groups 
of Bass stick test on mean difference

Variable t-value p-value Cohen’s d

Bass Stick Test 9.15 <0.001 2.89 

Lastly Table 6 indicatesa significant difference in the Bass 
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Stick Test while comparing between the BA and control 
groups with a t-value of 9.15 and p-value(sig) <0.001, 
both lower than 0.05, and a higher effect size represented 
byCohen’s d value of 2.89.

DISCUSSION
The�𿿿ndings�of�this�study�reveal�that�six�weeks�

of the BA program have an effect on improving 
the three sets of Stroop tasks and the Bass stick 
test. Forthe BA group, the results of the three 
sets of Stroop tasks analyzed using the paired 
sample� ‘t’� test� showed� a� signi𿿿cant� change�
between pre and post readings. Conversely, 
for the control group, from the same sets of 
Stroop� tasks� indicated�no� signi𿿿cant� changes�
between pre and post readings. In the Bass  
stick test, the results of paired sample t-test 
that both groups demonstrated considerable 
changein their pre and post readings. 
Comparing the BA and control groups with 
the Studentt-test and Welch’s t-test revealed 
substantial changes in the three sets of Stroop 
tests and the Bass Stick test. Therefore, 
according to statistical analysis, it was 
con𿿿rmed�that�the�six-week�BA�program�was�
effective in improving balance and cognition 
among children.

The Stroop task is based on three interrelated 
cognitive processes: inhibition, working 
memory,� and� cognitive� Áexibility.43 Inhibition 
is the ability to resist and control one’s 
attention and thoughts, which may be habitual 
or impulsive. Working memory involves 
retaining essential and pertinent information 
in mind simultaneously engaging in another 
task.�Cognitive�Áexibility� refers� to� the� ability�
to switch quickly and easily between different 
tasks.46 In this study, the BA program improved 
these three levels of cognitive processes 
compared� to� the� control� group.� The� 𿿿ndings�
also support one of the modules aimed at 
enhancing inhibition skills in individuals by 
transferring� skills� from� training,� speci𿿿cally,�
from BA training to cognitive abilities.47

Another insight comes from neuroimaging 
studies using fMRI which have shown that the 
three components of cognitive function engage 
a network of brain regions, including the 
dorsolateral prefrontal cortex, inferior frontal 
gyrus, anterior cingulate cortex, supplementary 
motor cortex, pre-supplementary motor 
cortex, precuneus, and insula.48 The 
supplementary motor cortex (SMA), pre-
supplementary motor cortex (pre-SMA) and 

other areas are also involved in programming 
complex sequences of movements and 
coordinating bilateral movements.49 In the 
present BA module, several Asanas such as 
Natarajasan, Guradadasana, Virabhadrasana, 
and Propadasana involve in bilateral complex 
sequences�of�movement�in�the�𿿿nal�positions.�
This pathway may support the transformation 
of skills from BA asana training to cognitive 
abilities in the Stroopcolor-word task.

The study by Rogge et al. 2017 demonstrated 
that 12 weeks of balance training could induce 
structural plasticity in higher brain center 
such as the superior temporal cortex, visual 
association cortex, posterior cingulate cortex, 
and superior frontal sulcus. These areas 
facilitate higher cognitive functions such as 
memory and spatial cognition and are also 
involved in visual-vestibular self-motion 
processing. Our present study replicates the 
Rogge et al. 2017�𿿿ndings.50 The BA program 
induces neural connectivity through the 
vestibular� pathway,� which� is� reÁected� in�
improvements in balance and increased ability  
to inhibit cognitive interference in the Stroop 
task readings compared to the control group. 

Generally, Asana, including the BA, is 
practiced with closed eyes and participants 
maintained� the� 𿿿nal� posture� with� their� eyes�
closed according to their individual ability. 
Studies have shown that achieving balance 
with closed eyes is more challenging than 
with eyes open.51 In a review by Prosperini  
et al. (2013), the ability to balance with closed  
eyes was used to assess balance in patients 
with multiple sclerosis compared to those 
with open eyes. The result indicated that there 
was a greater degree of imbalance with closed 
eyes than with open eyes due to the absence 
of visual proprioception.52 Silvas tested static 
balance among young women with open and 
closed eyes while wearing high-heeled shoes. 
The� 𿿿ndings� revealed� that� closed� eyes� were�
a contributing factor to maintaining static 
balance in standing posture.51 Thus, practicing 
with eyes closed may also induced neural 
connectivity and improved balance. As a result, 
there may be improved cognition in children 
participating in the BA program compared to 
the control children.

The present study observed that BA 
improved motor skills by enhancing balance 
readings in the Bass stick test. Studies have 
demonstrated that motor skills and cognitive 
function are inter connected.53-54 Children  
need to enhance their balancing motor skills 
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through regular physical activity, which 
would, in turn, improve cognitive function. 

In this study, we utilized BA to engage 
the vestibular, proprioceptive, and reticular 
formation systems. Regarding of children’s 
balance skills, the cerebellar region plays a 
signi𿿿cant� role� in� maintaining� balance.� A�
recent review the structural brain correlates 
with postural balance and training in humans 
revealed that a larger cerebellar gray matter 
volume is associated with better balance across 
various training programs for healthy and 
clinical populations.55� Our� 𿿿ndings� regarding�
Bass stick test readings for static balance 
in healthy children may also support this 
concept. Another observation from the Bass 
stick test redings indicate that in the pre and 
post data, both the BA group and the control 
group showed improvements in balance. 
The reason for this could be that learning is 
a natural phenomenon in children56 which they 
often observe and emulate from others’ daily 
activities. However, between-group results 
revealed that BA enhances neural connectivity 
and� signi𿿿cantly� improves� balance� in� BA�
children compared to their control children.

CONCLUSION
Based on the results obtained, the present 

randomized controlled trial demonstrated that 
balancing asanas positively impact vestibular 
connectivity, aiding in balance for children. The 
𿿿ndings� con𿿿rmed� that� enhancing� balancing�
skills contributes to improved cognitive ability 
in children. Improvements in balance and 
cognitive tasksamong children participatingin 
BA may support the mechanisms underlying 
these�bene𿿿ts�discussedat� the�beginning�of� this�
paper. Despitethe small sample sizes, this study 
provides� signi𿿿cantopportunities� for� future�
research to examine the impact of various 
types of asanas on cognition. Future studies 
could be exploring simple forms of asana 
compared to complex sequencesregarding 
cognitive abilities. Additionally, this study 
could be replicated with children who have 
cognitive� de𿿿cits� or� special� needsutilizing�
neuroimaging methods.
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