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Abstract

Introduction. The digital age has made children more dependent on digital sources for study and entertainment, which leads
to increased physical inactivity that contributes to reduced work breathing and attention. Yogasana can be a promising form
of physical activity that improves a child’s lung function and attention span if, started at a young age. To find out the effect of
yoga exercises on lung volumes, vital capacity, and attention span in school-going children.

Methods. A total of 56 children between the ages of 10-15 years were included using the chit method. The children were ran-
domly divided into 2 groups: group A (yoga group, n = 27) and group B (control group, n = 29). The students of both groups were
assessed for chest expansion, lung volumes, and attention span. Group A (yoga group) was trained to perform yoga exercises
3 days a week for 4 weeks. Group B (control group) children were asked to perform daily activities. At the end of the 4 weeks,
post-assessment of both the groups was assessed, documented, and statistically analysed using Wilcoxon signed rank and
Mann-Whitney U-tests.

Results. Respiratory parameters (FEV,, FVC/FEV,, and PEFR), chest expansion, and the attention span of group A were statisti-
cally significant compared to group B with a p-value < 0.05.

Conclusions. Yoga exercises led to improvement in lung volumes, vital capacity, and attention in school-going students.
Key words: yoga, lung volumes, attention span, Pranayama

Introduction

School-age children are constantly juggling between their
physical activities and their personal obligations to meet aca-
demic commitments. As an important time for physical growth
as well as mental growth, it requires large amounts of focus,
attention, and optimum muscular activity to meet the de-
mand [1].

Pulmonary function is a term that is used to define how the
lungs are functioning in helping a person to breathe. Physical
activity is important for lung health because physical training
improves exercise capacity and outcomes for school-going
children. Increased stress brought on by scholastic pressure
and digital dependency, further causes reduced work of breath-
ing, leading to reduced lung volumes and capacity [1].

The two most often used lung function indexes are forced
expiratory volume in the first second (FEV,) and forced vital
capacity (FVC), which respectively reflect the mechanical char-
acteristics of major airways and the maximum amount of air
that can be forcedly expelled from the lungs [2].

FEV,is a dynamic measurement of lung volume most
often used in conjunction with FVC. Forced expiratory volume
measured at 6 seconds is useful because it closely approx-
imates FVC [2]. The ratio of FEV,/FVC can serve as an inde-
pendent predictor of subsequent decline in lung function,
and FVC is the capacity of the lungs that is decided by the
strength of the musculature that helps in contraction and re-
laxation of the lungs, hence improving efficiency [2].

Attention span is defined as an individual’s ability to attend
to a stimulus or object over a period of time [3]. Development
of the brain continues between the ages of 10-25 years,
though the size of brain remains the same, whereas creases
or folds keep increasing. Frontal lobe maturation goes on until
prefrontal cortex development is accomplished, which is mainly

responsible for all executive functions of the nervous system,
including attention. Lack of attention among children causes
their perception of understanding, and the environment be-
comes meaningless and perplexing. Cognitive processes like
comprehension and reasoning heavily depend on attention
in academics [4]. Attention span contains many processes,
such as visual scanning, mental flexibility, sustained attention,
psychomotor speed, and information processing speed [5].
Mental flexibility, working memory, selective attention, and
sustained attention are critical qualities for academic and
professional success as they allow children to intentionally
focus on a particular target in the environment and to avoid
distraction over time, and it is strongly influenced by the
amount of learning. Improvement in school-going children
can be achieved by improving the qualities of traditional lec-
ture patterns in selected schools highlighting a strong need
to address this problem.

Family conditions and the home environment also con-
tribute to a greater extent on the reduction of attention span
in childhood, as it helps children to get oriented and examine
objects in their environment. The financial background of the
child has also been seen as a reason for reduced sustained
attention due to peer pressure caused by social isolation and
lower confidence [6].

Combining meditation with the relaxing aspects of yoga
can help one to achieve a level of mental equilibrium. Stud-
ies have shown that meditation primarily engages the para-
sympathetic nervous system, which calms the mind and less-
ens anxiety and stress [7].

Yoga is a learning strategy that has its roots in India and
strives to achieve the union of the mind, body, and spirit through
its three primary components: exercise, breathing, and medi-
tation [8].
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Pranayama is the fourth limb of ancient Ashtanga yoga that
consists of breathing techniques consisting of slow and fast
breathing along with breathing control for varying time periods
that improves cardiovascular and respiratory functions by in-
creasing the work of breathing. Breath control works to in-
crease lung compliance and also improves lung capacity by
reducing physiological dead space ventilation [9].

Yogasanas is a combination of physical stances and cor-
rect breathing practices that help the body and mind to main-
tain overall equilibrium. Yogasanas not only reduce stress and
anxiety but also work on concentration and focused attention,
which is used to maintain a static balance while performing
the asana, leading to a remarkable improvement in attention
span [10].

Subjects and methods

A randomised control trial was performed where 278
healthy school children between the ages of 10-15 years were
screened for chest expansion measures less than 4 cm. Obese
students with a BMI higher than the 85 percentile but less
than the 95 percentile were classified as overweight [11] and
those who are willing to perform yoga exercises were in-
cluded and children diagnosed with medical conditions like
bronchial asthma and any neurological condition were ex-
cluded from the study. Accordingly, 56 children were included
in the study and were randomly divided using the chit method
into 2 groups: group A (yoga group, n = 27) and group B (con-
trol group, n = 29) to avoid any bias in the study. Both groups
of students finished the study. Pre- and post-assessments
were performed for pulmonary function and attention span.

Assessments

For pulmonary function tests, a portable spirometer was
used for assessment. Subjects were asked to sit in a chair
while the procedure was explained. The subject was asked to
take 2-3 normal tidal breaths and then inspire, a nose clip
was applied, and then were asked to blow out the air continu-
ously till the investigator said to stop. The same procedure was
repeated, and readings were taken for FVC, FEV,, the ratio
of FVC/FEV,, and peak expiratory flow rate (PEFR).

Single letter cancellation task (SLCT) is easy to understand
and easy to administer in children. The task requires pen and
paper where children need to search for the targeted letter
and cancel or slash them in a given period of time of 90 s.
For the scoring, we have to calculate the cancelled letters and
the number of wrong letters that are cancelled. The net score
is calculated by deducting the latter from the former [5].

Interventions

Group A students were given the whole protocol of Ash-
tang Yoga, which includes Yogasanas (Tadasana, Ustrasana,
Phalakasana) and meditation followed by Pranayama for be-
ginners, specifically anulom vilom along with the duration
and how to perform it on the first day. Group B students were
asked to remain active and conduct routine work like walk-
ing, running, jogging, and playing.

Yogasana was performed for 30 min (Yogasana for 10 min,
Pranayama 10 min, and meditation for 10 min), once a day,
3 days a week for 4 weeks resulting in 12 supervised ses-
sions. The progression in time duration was performed at
1 min per component until the 4" week.

Students were trained for transcendental meditation,
which is based on mantras like OM chanting, while students

were in a seated position like Padmasana/Sukhasana in
a comfortable sitting position and were instructed to focus
on breathing by closing their eyes and instructed to take
a deep breath and repeating OM as long as they can pro-
nounce. Transcendental meditation is a considerably non-re-
ligious method for relaxation, stress, and self-consciousness.

Post-intervention

At the end of the 4 weeks, all the studied parameters were
measured again for both groups as post-test data with the
same methods and were documented and analysed.

Statistical analysis

The data was analysed using SPSS software version 21.
The Shapiro-Wilk test was applied to assess the normal dis-
tribution of the data using Q-Q plots and histograms. Nor-
mality was not found (p = 0.005), hence a non-parametric
test was applied (Wilcoxon signed rank test) to check for the
difference between pre- and post-interventions. The general
characteristics and pre-study parameters maintained homo-
geneity. Data was summarised in mean and SD values and
analysed to give results.

Results

Table 1 shows the sample’s characteristic features, which
include ages, genders, heights, weights and calculated BMlIs.
In this study, the mean age of group A (yoga exercises) was
11.64 + 0.55, and group B (control group) was 11.67 + 0.47.
On statistical analysis, the p-value was > 0.005 and there was
no significant difference between both groups.

Table 2 presents the group analysis of group A (experimen-
tal group), indicating Yogasana meditation showed a signifi-
cant difference in lung volumes (FEV1), capacity (FVC), and
PEFR with a p-value < 0.005; however, FVC/FEV, did not
show a statistical difference. Similarly, within the group analy-
sis of group B (control group), FVC and FVC/FEV, were sta-
tistically significant with p-values < 0.005, whereas FEV, and
PEFR did not show any statistical differences.

Table 3 presents the group comparisons of pre- and post-
attention span in group A (experimental group), showing sta-
tistically significant differences with a p-value < 0.005 com-
pared to the control group.

Table 1. Baseline characteristics of participants

Group A Group B
Characteristics (n=27) (n=29) p-value
mean + SD mean + SD

AGE (years) 11.70 £ 0.54 11.62 + 0.49 0.55
BMI 35.94 + 15.76 36.23 + 12.16 0.93
FVC 1.65 + 0.60 1.72£0.84 0.083
FEV, 1.24 £ 0.49 1.42 £ 0.58 0.38
FVC/FEV, 80.56 + 20.56 87.95 + 21.09 0.90
PEFR 175.86 + 35.50 | 173.70 + 45.50 0.20
Attention span | 54.51 + 30.23 71.81 £41.30 0.10

BMI - body bass index, FVC — forced vital capacity
FEV, — forced expiratory volume in 1 second
FVC/FEV, — ratio of forced vital capacity upon forced expiratory

volume in 1 second, PEFR — peak expiratory flow rate
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Table 2. Within group analysis of study participants

Characteristics o e p-value
(mean £ SD) (mean £ SD)

Group A (n=27)
FEV, 1.24 +0.49 1.80 £ 0.24 0.002
FVC 1.65 £ 0.60 2.39 +0.31 0.0008
FVC/FEV, 80.56 + 20.56 81.86 +2.49 0.88
PEFR 175.86 + 35.50 | 226.78 + 58.62 0.0008
attention span 54.51 +30.23 | 108.82 + 54.66 0.0001

Group B (n = 29)
FEV, 1.42 + 0.58 1.40 £ 0.42 0.81
FVC 1.72 £ 0.84 2.17 £+ 0.46 0.005
FVC/FEV, 87.95 + 21.09 64.06 + 13.77 | < 0.0001
PEFR 173.70 £ 45.50 | 165.71 + 42.02 0.13
attention span 71.81+41.30| 78.71 +54.88 0.60

FVC — forced vital Capacity, FEV, —forced expiratory volume in
1 second, FVC/FEV, - ratio of forced vital capacity upon forced
expiratory volume in 1 second, PEFR — peak expiratory flow rate

Table 3. Between-group analysis of study participants

Characteristics (m(:;?]uz QD) (m(:;uf_r) SD) p-value
FEV, 1.79 £ 0.23 1.39£0.42 0.0001
FVC 2.38 £ 0.30 217 £ 0.47 0.05
FVC/FEV, 81.65 + 12.32 63.63 + 13.84 0.0001
PEFR 225.86 + 57.78 | 164.44 + 42.27 0.0001
Attention span | 107.96 + 54.66 78.51 + 55.91 0.04

FVC — forced vital capacity, FEV, —forced expiratory volume in
1 second, FVC/FEV, - ratio of forced vital capacity upon forced
expiratory volume in 1 second, PEFR — peak expiratory flow rate

Discussion

This study was conducted to find the efficiency of yoga on
lung functions, volume, and attention span in a population of
school-going children (aged between 10-15). In Table 1, all the
baseline parameters, along with the pre-assessment values,
were statistically insignificant, and the samples were homo-
geneous without any bias except for attention span. This
could be because the study was performed in a school where
the authorities were informed about purpose of the study,
and thus samples in the experimental group were intention-
ally selected with decreased attention spans compared to
the control group.

When comparing the two groups, group A showed a sig-
nificant increase in pulmonary function tests in particular FEV,,
FVC/FEV,, and PEFR values. In this study, FEV, was statisti-
cally significant in group A. The result may be due to the fact
that during Pranayama yoga, the lungs expand, which in-
creases lung compliance, and the airway resistance decreases,
leading to efficient movement of the diaphragm and an in-
crease in lung volume. Our results were supported by those
who found short-term yoga exercises improve lung volumes
and breath holding in children aged 10-12 years and further
improve cardiovascular endurance [11]. D’souza and Avad-
hany [12] stated that breathing exercises open the small
airways in the lungs and reduce the airway resistance and

showed short durations of yoga therapy can also improve
lung volumes and function in children aged 7-9 years at the
end of 3 months of yoga training.

PEFR was also found to be improving in group A which
can be due to stimulation of the pulmonary stretch receptors
resulting from maximum inflation of the lungs. These stretch
receptors reflexively relax the smooth muscle of the larynx
and tracheobronchial tree. This, in turn, modulates the airway
calibre, reducing airway resistance and increasing PEFR after
Pranayama practice. Jasrotia et al. [13] supported this study’s
results by stating that yoga helps asthmatics as well as
healthy children cope better with vigorous physical activities.

In the present study, both groups showed a beneficial
effect on FVC, suggesting that Yogasana is as effective as
being active throughout the day. A study stated that 6 months
of yoga training has a favourable effect on respiratory muscle
strength [10].

In this study, the pre-intervention values for the attention
span of group A showed that the attention span was reduced
in this age group which could be because the children par-
ticipated in the study with a mean age of 11 + 0.64. At this
adolescent age, the brain continues to be refined and develop
morphologically until complete cognitive development occurs.
At this age, advances in brain frontal lobe maturation occur
and progress to the primary motor cortex, and finally, the pre-
frontal cortex matures, which primarily monitors attention and
may affect critical reading and writing skills in adolescent
which affects their academic performance [14, 15]. The World
Health Organization (WHO) created a set of physical activity
guidelines that suggested that children should perform 60 min
of vigorous to moderate physical activity each day to benefit
psychological well-being as well as promote better cognitive
development in adolescents [16].

The attention span in group A was statistically significant
after the 4 weeks of yoga practice in this study. The reason
for such significant results might be that Yogasanas are uti-
lised to build inner strength of the mind and concentration
which promotes mental and emotional equilibrium. Our re-
sults were supported by those who stated that Yogasanas are
an option to stimulate social and emotional intelligence and
also improve concentration while allowing movements that
could stimulate the growth and development of the brain [17].

Improved results of attention span can also be due to the
type of Yogasanas practised in this study, as Tadasana, Pha-
lakasana, and anulom vilom require intense concentration
and sustained attention, which instantly increases a child’s
ability for prolonged attention when performed for prolonged
time periods which is noticed later while performing a variety
of tasks leading to improved academic performance. A pilot
study that supported our results that yoga can improve sus-
tained attention in children and has positive effects on sus-
tained attention in 7-8-year-old children. This is because
Yogasana uses purposeful meditation, including Pranayama,
to help enhance blood flow to the brain, including the prefron-
tal cortex helping improve attention span and other executive
functions [18].

This study demonstrates how yoga, when practised for
the recommended amount of time, can increase schoolchil-
dren’s lung capacities, compliance, and attention span. There-
fore, yoga practice should be encouraged in schools so that
their academic performance can be enhanced.

Conclusions

The study concluded that regular practice of Ashtanga
yoga, including meditation-focusing breathing techniques,
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helps to enhance pulmonary functions as well as cognitive
functions such as attention span in adolescents.
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