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Barefoot walking improves cognitive ability in adolescents
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INTRODUCTION

ABSTRACT Walking can have a positive impact on cognitive function in adolescents.
This study aimed to compare the effects of walking with sneakers and barefoot on
cognitive ability in adolescents. Fifty-nine adolescent male students were included
in the study and assigned to the control (n = 20), sneaker (n = 19), and barefoot (n =
20) groups. The barefoot and sneakers group performed a 40-min walking exercise
four times a week for 12 weeks during the morning physical activity time, while the
control group performed self-study. Electroencephalogram (EEG) and brain activity
variables were measured before and after the exercise program. The results showed
that after 12 weeks, the barefoot group had a significant decrease in Gamma and
H-beta waves and a significant increase in sensorimotor rhythm (SMR) and Alpha
waves. Conversely, the control group showed a significant decrease in SMR waves
and increase in Theta waves. The sneaker group showed a significant decrease in
SMR waves alone. In an eyes-open resting state, the barefoot group showed a signifi-
cant increase in H-beta, M-beta, SMR, and Alpha waves. The barefoot group also had
a significant increase in cognitive speed and concentration and a significant decrease
in brain stress. Taken together, barefoot walking can effectively enhance cognitive
ability in adolescents, as demonstrated by the significant variation in EEG activity.
This research highlights the potential benefits of barefoot walking as a simple and ef-
fective form of exercise for enhancing cognitive function in adolescents.

brain development.
Recently, there has been growing interest in the potential ben-

Adolescence is a stage of neurodevelopmental period character-
ized by pronounced neuroplasticity and significant structural and
functional changes in the brain, particularly in regions associated
with advanced cognitive function [1,2]. While physical activity
is essential for healthy development [3] during adolescence, the
practice of walking has become less common in modern societies
[4]. This is concerning as research has demonstrated that regular
physical activity, including walking, can have significant physio-
logical and psychological benefits for adolescents [5,6]. Therefore,
it is crucial to understand the impact of walking on the develop-
ing adolescent brain and its potential role in promoting healthy

efits of barefoot walking for physical and cognitive health [7,8].
Barefoot walking has been widely recommended for teenagers
and can effectively prevent disease and improve health by stimu-
lating the feet without the side effects of shoes [9,10], and can be
performed at all ages without complicated rules or high physical
fitness; therefore, the possibility of discontinuing this activity is
significantly lower than that in other forms of exercise and can be
performed repeatedly over long periods [11]. Several studies have
investigated the effects of barefoot walking on various aspects
of health, including balance control, gait efficiency, and foot and
ankle function [12,13]. For example, a study by Petersen et al. [14]
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found that barefoot walking can improve balance and postural
control in healthy young adults. Another study by McNab et al.
[15] showed that barefoot walking can increase gait efficiency and
reduce the risk of falls in older adults. However, to the best of our
knowledge, no previous studies have investigated the effects of
barefoot walking on electroencephalogram (EEG) activity in ado-
lescents. EEG is a noninvasive technique that can provide insights
into the neural mechanisms underlying cognitive function, and
has been used in previous studies to investigate the effects of vari-
ous interventions on brain activity in both adults and children
[16-20].

Therefore, the present study aims to investigate the potential
effects of barefoot walking on EEG activity in adolescents. Our
objective is to test the differences in EEG activity during walking
with and without shoes, with a hypothesis that barefoot walking
would potentially enhance cognitive function in adolescents.

METHODS
Participants

The study included 62 volunteers who had no difficulty in
performing physical activity but did not participate in regular ex-
ercise. During the study, participants who discontinued owing to
personal circumstances were excluded, and the measurement re-
sults were analyzed for a total of 59 participants, 20 in the control,
19 in the sneaker, and 20 in the barefoot groups. Each participant
provided written assent, and a parent or guardian provided writ-
ten informed consent.

The research plan was approved by the Keimyung University
Bioethics Committee (KMU IRB/40525-201909-HR-055-02), and
the physical characteristics of the participants, who were aged in
13-years-old, are shown in Table 1.

Experimental study design

During morning physical activity, participants engaged in a
40-min exercise session, comprising 5 min of warm-up exercises,
followed by 30 min of continuous walking, and concluded with
5 min of cool-down exercises for 12 weeks at a frequency of four
times per week. Meanwhile, the control group performed self-
study for the same amount of time. EEG were measured before
and after the 12 weeks for 40 min, the same duration as the

Table 1. Physical characteristics of the subjects

morning exercise. The EEG measurements were employed to
assess changes in brainwave patterns and understand their as-
sociation with cognitive function. To minimize the influence of
environmental factors during the experimental period, barefoot
activities, and intentional physical activities other than the set
exercise, were not performed.

Exercise program

Before entering this study, the participants were fully educated
for one week on walking barefoot and in sneakers, and prelimi-
nary adaptation exercises in the playground, such as walking,
jumping, and running lightly with bare feet, were conducted to
remove any physical and psychological anxiety factors [21]. The
playground area, totaling 200 square meters with a 60-meter
straight path and a 40-meter curved path, was intentionally cho-
sen to meet our exercise requirements without inducing undue
stress on the participants. After completing the preliminary ad-
aptation period, the 12-week exercise program was conducted at a
frequency of four times a week from 8:10 am to 8:50 am for a total
of 40 min. Exercise intensity was gradually increased in accor-
dance with the principle of training; however, it was set slightly
lower than the standard suggested by the American College of
Sports Medicine in consideration of foot impact in the barefoot
group participants and potential injury [9]. The change in heart
rate was measured using a wireless heart rate monitor (RS800CX;
Polar System) to maintain the appropriate walking exercise inten-
sity. Exercise intensity was determined using Karvonen's formula.
The individual target heart rate was set at 50% of the heart rate
reserve for weeks 1-4, 50%-60% for weeks 5-8, and 60%-70% for
weeks 9-12, and the rating of perceived exertion was maintained
in the range of 10-14, which mean participants were felt it from
light to hard.

Measurements

EEG activity was recorded to examine the changes in the left
and right hemispheres in the resting state (eyes open and closed)
and during spatial perception and memory tasks. Alpha, Beta,
Theta, and Gamma waves were measured. We used the EEG
system QEEG-8 (LXE3208; LAXTHA Inc.) with eight electrode
areas (Fpl, Fp2, F3, F4, T3, T4, O1, O2), one reference electrode
(A2), and a ground electrode placed at the back of the neck. The
sampling frequency was set at 256 Hz. The method used for the

Group Height (cm) Weight (kg) Body fat percentage (%) Body mass index (kg/m?)
Control (n = 20) 158.02 + 6.99 50.67 +13.38 24.89 + 8.35 20.03 +4.03
Sneakers (n = 19) 158.03 + 6.87 50.91 +12.86 23.77 +9.17 20.25 = 3.89
Barefoot (n = 20) 160.57 + 6.26 56.03 +11.48 27.61 +4.83 21.57 +3.25

Values are presented as mean + standard deviation.
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analysis of the recorded brain waves was based on the Interna-
tional Brain Education Association Brain Test, and signals were
processed with the commercial software Complexity Ver. 2
(LAXTHA Inc.). The quantitative analysis indicators of the EEG
were obtained by changing the t-score for statistical standardiza-
tion. In addition, to examine spatial perception and memory dur-
ing the presentation of eight questions and 24 items, the change
in brain activity was analyzed using a brain test (LAXTHA Inc.)
based on brain wave variation. As for the assessed variables,
changes in cognitive intensity, cognitive speed, concentra-
tion, and brain stress were analyzed. During EEG recording of
brain activity, body movement and noise generation can affect
measurements; therefore, these factors were limited as much as
possible while recording. In addition, drinking, visual stimuli,
auditory stimuli, excited psychological states, and exercise affect-
ing the heart rate can affect the recorded values; therefore, the
mental and physical stability of the participant were maintained
before recording to ensure accurate measurements [22]. The pre-
exercise EEG was conducted at 8:10 AM on the day preceding the
exercise treatment, while the post-exercise EEG took place at the
same time, 8:10 AM, one day after the completion of the 12-week
exercise treatment [23,24].

Statistical analysis

Statistical analysis was performed using the Prism 9 (v. 9.4.0)
software for Mac. A three-way repeated measure analysis of vari-
ance (ANOVA) was conducted to determine the effects of sneaker
and barefoot exercise training on EEG brain activity compared to
the control. For simple two-way interactions and main effects, a
Bonferroni adjustment was applied and statistical significance set
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at p < 0.05. After testing the homogeneity of the measurements (p
> 0.05), all data were presented as the mean + standard deviation
and/or standard error. All data were normally distributed (p >
0.05) as assessed using Shapiro-Wilk’s normality test. Addition-
ally, Levene’s test for equality of variances was used to assess vari-
ance homogeneity. Statistical significance was set at p < 0.05.

RESULTS
EEG scores in the eyes-closed resting state

There was a statistically significant interaction between time
and EEG scores in a stable with eyes-closed in the three groups
(F(25, 672) = 6.63, p < 0.001). However, the effect of the 12-week
program was significantly different between control (F(5, 228) =
32.66, p < 0.001), sneaker (F(5, 216) = 14.00, p < 0.001), and bare-
foot groups (F(5, 228) = 53.08, p < 0.001). In the control group,
the sensorimotor rhythm (SMR) wave score was decreased after
the 12-week period (mean + standard deviation [Md] = 10.95,
95% confidence intervals [CI] diff from 2.71 to 19.19, p = 0.003),
and the Theta score increased (Md = -9.15, 95% CI diff from
-17.39 to 0.91, p = 0.02). The Gamma (Md = -13.75, 95% CI diff
from -19.98 to —7.52, p < 0.001) and H-beta (Md = -9.70, 95%
CI diff from —15.93 to -3.47, p < 0.001) scores were significantly
decreased in the barefoot group, whereas the Alpha score was
increased (Md = 13.65, 95% CI diff from 7.42 to 19.88, p < 0.001).
Finally, the SMR score was significantly increased in both the
barefoot (Md = 9.90, 95% CI diff from 3.67 to 16.13, p < 0.001) and
sneakers group (Md = -13.05, 95% CI diff from —24.42 to -1.69, p
=0.02) (Fig. 1).
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Fig. 1. EEG scores in the eyes-closed resting state. The three-way repeated measure ANOVA revealed a statistically significant interaction between
time and the EEG score in the eyes-closed resting state in the control (n = 20), barefoot (n = 20), and sneakers group (n = 19) (F(25, 672) = 6.63, p <
0.001). The control group presents significantly decreased SMR and increased Theta scores after the 12 weeks of self-study. Post-training, the barefoot
group shows significantly decreased Gamma and H-beta scores while those of SMR and Alpha are increased. Conversely, the sneaker group presents
a significant decrease in the SMR score alone. EEG, electroencephalogram; SMR, sensorimotor rhythm. *p < 0.05, **p < 0.01, ***p < 0.001 vs. before the

program.
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EEG scores in the eyes-open resting state

There was a significant interaction between time and EEG
scores in the eyes-open resting state in the three groups (F(25,
672) = 1.88, p < 0.01). However, the effect of the 12-week program
was significantly different in the barefoot (F(5, 228) = 5.84, p <
0.001) and sneakers group (F(5, 216) = 3.21, p = 0.01), but not in
the control (F(5, 228) = 1.72, p = 0.13). In the barefoot group, H-
beta (Md = 9.20, 95% CI diff from 2.17 to 16.23, p = 0.004), M-
beta (Md = 13.00, 95% CI diff from 5.97 to 20.03, p < 0.001), SMR
(Md = 13.05, 95% CI diff from 6.02 to 20.08, p < 0.001), and Alpha
(Md = 11.95, 95% CI diff from 4.92 to 18.98, p < 0.001) scores were
significantly increased. In the sneaker group, however, there were

no significant differences in the EEG scores (Fig. 2).

Left and right hemisphere EEG activity during spatial
perception and memory tests

During the spatial perception and memory tests, there was
no significant interaction between the program and EEG scores

in the left (F(25, 672) = 1.41, p = 0.09) nor the right hemispheres
(F(25,672) = 0.66, p = 0.90) (Figs. 3 and 4).

Brain activity in spatial perception and memory tests

There was a significant interaction between brain activity and
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Fig. 2. EEG scores in the eyes-open resting state. The three-way repeated measure ANOVA revealed a significantly different interaction between
EEG score and time for control, barefoot group, and sneakers group (F(25, 672) = 1.88, p < 0.01). After the 12-week program, only the barefoot group
presents a significant increase in H-beta (Md = 9.20, 95% ClI diff 2.17-16.23, p = 0.004), M-beta (Md = 13.00, 95% Cl diff 5.97-20.03, p < 0.001), SMR (Md
= 13.05, 95% ClI diff 6.02-20.08, p < 0.001), and Alpha (Md = 11.95, 95% Cl diff 4.92-18.98, p < 0.001) scores. EEG, electroencephalogram; SMR, senso-
rimotor rhythm; Md, mean =+ standard deviation; Cl, confidence intervals. **p < 0.01, ***p < 0.001 vs. before the program.
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Fig. 3. Left hemisphere EEG scores during spatial perception and memory tests. The three-way repeated measure ANOVA revealed no significant
difference in the EEG scores of the left hemisphere during spatial perception and memory tests before and after the program (F(25, 672) =141, p =
0.09). EEG, electroencephalogram; SMR, sensorimotor rhythm.
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Fig. 4. Right hemisphere EEG scores during spatial perception and memory tests. The three-way repeated measure ANOVA revealed no signifi-
cant difference in the EEG scores of the right hemisphere during spatial perception and memory tests before and after the program (F(25, 672) = 0.66,

p = 0.90). EEG, electroencephalogram; SMR, sensorimotor rhythm.
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Fig. 5. Brain activity during spatial perception and memory tests. The three-way repeated measure ANOVA revealed a significant interaction
between mental performance and time in the three groups (F(25, 672) = 6.85, p < 0.001). In the control group, the brain stress score is increased, and
the concentration score decreased. In the barefoot group, the cognitive speed and concentration scores are increased, and the brain stress score de-
creased. However, brain engagement in the sneaker group does not vary significantly. **p < 0.01, ***p < 0.001 vs. before the program.

time in the three groups (F(25, 672) = 6.85, p < 0.001). The effect
the 12-week program was significantly different between the
control (F(5, 228) = 1148, p < 0.001), sneaker (F(5, 216) = 13.29,
p < 0.001), and barefoot groups (F(5, 228) = 10.36, p < 0.001). In
the control group, the brain stress score (Md = 8.30, 95% CI diff
from 2.96 to 13.64, p < 0.001) was increased and the concentra-
tion score (Md = -7.55, 95% CI diff from -12.89 to -2.21, p <
0.01) decreased. In the barefoot group, cognitive speed (Md =
17.10, 95% CI dift from 12.03 to 22.17, p < 0.001) and concentra-
tion (Md = 8.80, 95% CI diff from 3.73 to 13.87, p < 0.001) scores
were increased, whereas the brain stress score was decreased (Md
= -11.60, 95% CI diff from —16.67 to —6.53, p < 0.001). However,
mental performance in the sneaker group did not vary signifi-
cantly (Fig. 5).

www.kjpp.net

DISCUSSTION

In this study, we aimed to investigate the effects of barefoot
walking on cognitive ability in adolescents. Our findings showed
that barefoot walking led to significant changes in EEG scores, in-
cluding a decrease in Gamma and H-beta waves and an increase
in SMR and Alpha waves, during both eyes-closed and eyes-open
resting states. Additionally, the barefoot group showed signifi-
cant improvements in cognitive concentration and speed and a
decrease in brain stress after the 12-week exercise period. These
results suggest that barefoot walking can effectively enhance cog-
nitive ability in adolescents.

The EEG scores of the barefoot group during the eyes-closed
resting state showed a significant decrease in Gamma and H-beta

Korean J Physiol Pharmacol 2024;28(4):295-302
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Fig. 6. The study involved 59 adolescent male students who were divided into control (n = 20), sneaker (n = 19), and barefoot (n = 20) groups.
The barefoot and sneaker groups performed a 40-min walking exercise four times a week for 12 weeks during morning physical activity time, while
the control group performed self-study. Electroencephalogram (EEG) and brain activity variables were measured before and after the exercise pro-
gram. After 12 weeks, the barefoot group showed a significant decrease in gamma and H-beta waves and a significant increase in sensorimotor
rhythm (SMR) and alpha waves. The control group showed a significant decrease in SMR waves and an increase in theta waves. The sneaker group
showed a significant decrease in only SMR waves. In the resting state with eyes open, the barefoot group showed a significant increase in H-beta, M-
beta, SMR, and alpha waves. In addition, the barefoot group showed a significant increase in cognitive speed and concentration, and a significant
decrease in brain stress. Taken together, barefoot walking can effectively improve cognitive performance in adolescents, as evidenced by significant

changes in EEG activity.

waves and a significant increase in SMR and Alpha waves after
the 12-week training period. This observation aligns with the
intriguing link between serotonin, which is a pivotal neurotrans-
mitter, and brainwave frequencies such as gamma and H-beta
waves, an area of significant interest in neuroscience. The pres-
ence of gamma waves in EEG signals has been widely associated
with higher-order cognitive functions, such as memory encoding,
attentional control, and perceptual processing [25-28]. The ob-
served increase in gamma wave activity following barefoot walk-
ing suggests a potential enhancement in cognitive performance
and information processing. These findings support the notion
that engaging in barefoot walking could have cognitive benefits
beyond mere locomotion. Additionally, the detection of H-beta
waves in EEG recordings is indicative of attentional processes and
sensory integration [29]. The observed changes in H-beta wave
activity following barefoot walking suggest an augmentation in
attentional focus and sensory processing abilities. This may be
attributed to the multisensory stimulation experienced during
barefoot walking, which engages various sensory receptors in the
feet and promotes heightened sensory awareness. Furthermore,
the stimulation of the toes during barefoot walking [30] can dilate
brain capillaries and increase brain blood flow, thus improving
oxygen supply to the brain and promoting brain activation [31,32].
These mechanisms may explain the decrease in Gamma and H-
beta waves and increase in SMR and Alpha waves observed in our
study.

In the eyes-open resting state, the barefoot group showed sig-
nificant increases in H-beta, M-beta, SMR, and Alpha waves after
the 12-week training period. These results indicate that barefoot
walking can effectively activate cognitive ability, especially in

Korean J Physiol Pharmacol 2024;28(4):295-302

regions associated with information processing and complex
reasoning. The stimulation of nerve cells in the sensory cortex,
thalamus, and cerebellum through the activation of the toes
during barefoot walking may play a key role in this process [33].
Additionally, the increase in cognitive concentration and speed
and decrease in brain stress observed in the barefoot group after
the 12-week training period suggest that barefoot walking can
improve cognitive function, even under conditions that require
brain utilization.

The balanced activity of the left and right hemispheres of the
brain is important for overall cognitive function and brain health
[31]. Our results showed no significant differences in EEG scores
between the left and right hemispheres of the brain during spa-
tial perception and memory tests, indicating a balance in brain
activity. The increase in H-beta, SMR, and Alpha waves observed
in both hemispheres of the barefoot group is particularly note-
worthy, as this pattern is associated with increased attention,
sensory sensitivity, and cognitive ability [34]. Exercise-induced
SMR activation promotes motor learning by reinforcing neural
pathways involved in movement control [35]. These results stimu-
late brain regions responsible for cognitive function, including
attention, memory, and executive function. Regular exercise has
been linked to improved cognitive performance and may help re-
duce the risk of cognitive decline and neurodegenerative diseases.
Furthermore, these findings suggest that barefoot walking can
effectively activate the whole brain, leading to improvements in
various cognitive functions.

Aerobic exercise has been shown to improve cognitive func-
tion and brain health in numerous studies [36-38]. Our findings
suggest that barefoot walking can be a particularly effective form

https://doi.org/10.4196/kipp.2024.28.4.295
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of aerobic exercise for improving cognitive function and brain
health in adolescents. Barefoot walking can activate the enteric
nervous system, increase brain blood flow, and stimulate the toes
[32] to activate nerve cells in the sensory cortex, thalamus, and
cerebellum, leading to improved overall cognitive ability [39].
Furthermore, barefoot walking stimulates the toes more than
walking in sneakers, thereby enhancing lower skeletal muscle
strength [32,40]. These mechanisms can facilitate increased blood
flow to the brain [41]. Furthermore, the reduction in mental
fatigue and brain stress observed in the barefoot group suggests
that this form of exercise may be particularly useful for individu-
als who experience high levels of stress or mental fatigue.

There are limitations to note with this study. Firstly, the study
was conducted on a relatively small sample size. Secondly, the
study was conducted on a specific age group, and it is unclear
whether the results can be extended to other age groups. Third,
this study did not measure serotonin levels. Finally, the study was
conducted over a short period, and therefore, the long-term ef-
fects of the intervention could not be assessed. Further research
with larger sample sizes and a longer intervention period is neces-
sary to confirm and extend our findings.

Our study suggests that barefoot walking can effectively en-
hance cognitive ability in adolescents. These findings may be at-
tributed to the activation of the enteric nervous system, increased
brain blood flow, and stimulation of nerve cells in the sensory
cortex, thalamus, and cerebellum during barefoot walking. Nev-
ertheless, further research is necessary to validate these results
and to explore the potential underlying mechanisms responsible
for the improvement of cognitive ability in adolescents during
barefoot walking (Fig. 6).
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