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Abstract Recent evidence suggests that approximately
1 out of 100 children around the world is diagnosed with
autism disorder. One of the effective ways to improve the
cognitive abilities and general condition of children with
autism is sports. The study involved 17 young healthy
people (age 12.23; SD=2.58) and 10 young people with
autism (age 13.52; SD=2.32) practicing judo. We used a
test battery that has been previously applied in young
athletes. A study of sensory-motor reactions revealed a
slowdown in visual response against the background of
moderate emotional stress in autistic athletes. In contrast,
healthy athletes show a quick visual response to non-verbal
information. A similar result was obtained when autistics
performed visual search. At the same time, healthy athletes
show fast decision-making of non-verbal information. The
decision-making test correlates with the ability to perceive
and process information as an indicator of cognitive
development. The result was faster perception and
decision-making in healthy athletes compared to autistic
athletes that show slow decision-making time. A heart rate
variability study found that athletes with autism had higher
levels of sympathetic activation. Since the children in this
project were average children with autism, it can be

assumed that judo classes have a positive effect on the
psychophysiological state of children. As a result, autistic
athletes showed an optimization of the emotional state
during mental anxiety. This corresponded to the
predominance of sympathetic activation of the autonomic
nervous system in autistic athletes. At the same time,
autistic athletes showed a slowdown in decision-making
and an improvement in the quality of processing non-verbal
information.
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1. Introduction

Autism is a disorder with communication and isolation
behavior of autism patients avoiding social problems [1].
Over the last twenty years, the number of autism among
the population has increased. According to a recent study,
approximately 1 out of 100 children around the world is
diagnosed with autism disorder [2]. Two causes of autism
disorder are well discussed. The first, internal factors can
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be summarized by the deterioration of the development of
the nervous system [3] and genetics heritage [4]. The
second, it refers to environmental factors: social, family
communications, and ecological settings [5]. The most
obvious signs of autism spectrum disorders are associated
with personal isolation, lack of social communication and
ignoring the need for public contacts [5, 6]. Externally, the
behavior of autistics is characterized by restraint in
emotions, verbal stereotypes, and strange use of objects
[7, 8 9]. Due to the existing problems with
communication and social adaptation in children with
autism, some intervention approaches use individualized
practical work. For instance, some approaches use a play-
based approach to improving children's planning skills
[10]. In addition, some authors use programs for emotion
regulation [11]. Among the various prevention approaches
for individuals with autism spectrum disorders, prevention
can be distinguished with the aim of supporting the
stability of the adaptation and behavior [12]. The
cognitive-behavioural therapy is one of the effective
approaches to working with autistics [13]. The main
topics of cognitive-behavioural therapy are related to the
development of verbal and written skills [14]. External
support of patients is important, as new information can
negatively affect autistics.

But one of the effective ways to improve the cognitive
abilities and general condition of children with autism is
physical activity such as sports. For instance, there is plenty
of research on the use of therapeutic horseback riding to
improve motor, physical performance and social
communication in children with autism [15, 16]. Multiple
factors explain those successful interventions such as the
positive impact of the animal or factors related to the
physical load on improving the condition of children with
autism. A recent study focusing on adolescents used a 48-
week exercise program to treat autism [17]. The results of
this study indicate positive effects on improved social and
behavioral skills in those adolescents diagnosed with
autism spectrum disorders. A further study using physical
exercise implemented in aquatic training programs for
children with autism showed high effectiveness in
improving motor abilities [18]. It is known that the
mechanisms by which physical activity improves
functional status in autistic people are related to the
influence of motor actions on cognitive abilities [19, 20].
This effect is especially evident in the formation of special
skills in autistic people [21].

In the current paper, we test whether sports such as
martial arts would produce similar or even stronger
effects than in the above-described interventions.
Currently we have only limited knowledge how and how

much martial arts improve children’s behavior.
Among the few studies of children with autism spectrum

disorders, one study examined the effects of judo on
cortisol levels [22]. A trend toward decreased cortisol
levels in autistics was found after one judo session and after
10 weeks of the judo program. The same result was
obtained by the authors who studied two groups of children
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with autism spectrum disorders (8-12 and 13-17 years old).
A decrease in cortisol and stress levels was found in
children after 10 months of judo classes [23]. Thus, it can
be assumed that judo classes have a positive effect on
reducing stress levels in children with autism spectrum
disorders. Probably, martial arts classes also have a positive
effect on the mental and emotional state of autistic people.
We can present a work concerning the use of martial arts in
the development and socialization of children with autism
spectrum disorders [24]. This confirms the relevance of this
topic.

Three studies that are indicative of such claim are
interventions using a). an adapted judo program for
increasing motor skills and psychosocial behavior in
children with autism [25], b). a judo training that shows
improvements in cardiovascular fitness and endurance in
young athletes with autism [26] and c). combined exercise
interventions with a variety of sports, including martial
arts [27] that indicated improvements in emotional and
cognitive functioning. Various studies of patients with
autism spectrum disorders use tests of attention and non-
verbal intelligence: the Wechsler Intelligence Scale for
Children [28, 29], tests of motor abilities, and the Raven's
Progressive Matrices Test [30].

The discussed three studies are important in
demonstrating the use of various types of martial arts to
improve the general condition of the body and
psychophysiological indicators in patients with autism
spectrum disorders. However there is a lack in research on
studying the cognitive and vegetative properties of young
judokas with autism spectrum disorders that allows to
understand the mechanisms of positive change from a
psychophysiological perspective of view.

Filling this gap in research will not only provide
explanations of intervention effects but as well offer
possibilities of intervention approaches in improving both,
the cognitive and vegetative functions in autistics by the
judoka training.

2. Materials and Methods

2.1. Participants

The current study involved 17 young healthy people (age
12.23; SD=2.58) and 10 young people with autism (age
13.52; SD=2.32) practicing judo. We used a convenience
sampling of both groups an age-matched the sub-groups as
best as possible.

All participants had been practicing judo for more than
two years. The frequency of judo classes was three times a
week. All individuals had previously been examined by a
doctor and received permission to conduct the study.

2.2. Research Design
The study was conducted in the first half of the day. All
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of the participants received information about the
procedure of the study. First, a pre-test was conducted.
Participants performed all tests and received instructions
and test trials for correct test execution. Then, after 30
minutes of rest, the main test was conducted. If further
testing was not possible, the study was suspended and
resumed after a rest period. To adhere to the
psychophysiological nature of the intervention effects and
the different potential explanations of training effects we
applied a test battery for assessing mental, cognitive and
autonomic characteristics of the sample.

Traditionally, the Wechsler Intelligence Scale for
Children [28] and the Raven Progressive Matrices Test [29]
are used to study cognitive abilities in people with autism
spectrum disorders. However, both tests involve processing
paper forms. This process is very complex and labor-
intensive when carried out in a gym. We used tests to assess
the cognitive functions and mental state of our patients
using the Multipsychometer-05 computer
psychodiagnostic complex. These tests are distinguished
by their accessibility for training and efficiency in testing
and obtaining information.

Additionally, we did not use specific motor ability tests
because the main purpose of our study was to examine the
cognitive abilities of children with autism spectrum
disorders.

The first test we used was the mental state assessment
test called the Luscher color test. The procedure of the color
test consists of choosing and ordering color preferences
among eight colors. The concept of this test is to assess the
relationship between the mental state and the sequence of
color choices. The following variables were assessed based
on the validated test description: psychosocial capabilities,
fatigue, anxiety, deviation from autogenously norm,
eccentricity,  concentricity,  vegetative  coefficient,
heteronomy and autonomy.

All indicators of the Luscher color test indicate the
psycho-emotional state of a person. Psychosocial
capabilities determine the overall optimal ratio of the
choice of colors that indicates the overall mental state of a
person. Fatigue reflects emotional tiredness in the test.
Deviation from the autogenic norm indicates mental
comfort or discomfort in the patient. Eccentricity and
concentricity are opposite movements of the human psyche.
The movement of eccentricity - from a person to the center,
means peace, satisfaction, passivity. Concentricity - on the
contrary, movement towards a person is associated with
search, desire for change, dissatisfaction with the present
and aspiration for the future. The vegetative coefficient is
an indicator of the activation of the parasympathetic or
sympathetic tone. Heteronomy and autonomy as opposites
mean dependent or independent human behavior.

The second test is a simple visual response latency test.
This test involves assessing the visual-motor reaction time
to a simple stimulus. The participant must quickly press a
defined key when a visual stimulus appears on the screen.
To evaluate the test result, the reaction latency and reaction
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stability (indicated by response variance) were assessed.
Autistics often have problems with attention distraction

and concentration [31]. Therefore, we assessed attention
using a third test, the number selectivity attention test. The
essence of this test is to concentrate attention on the field
corresponding to displayed numbers. The person must find
the number in the corresponding field: on the right or on
the left side of the display. The variables assessed were
latency of response and stability (indicated by response
variance). The test “number selectivity” is validated to
evaluate a person's ability to concentrate when quickly

solving problems.
The fourth non-verbal test, “comparison of numbers,”

measured a person’s ability to compare the previous
number with the current one on the display. This test
includes non-verbal numerical information that a person
must  perceive, process, and respond with the
corresponding number. The following characteristics were
assessed on the test results: efficiency, latency of the
response, accuracy and stability (indicated by response

variance). ) ) N
The fifth test of spatial perception ability was

characterized by the task of spatially determining the image
of the direction of the hand vector on the computer screen.
The image of the palm (right and left hand) was positioned
in a different direction each time. The athlete's task was to
determine which hand was shown on the screen. The main
variables determined as a result of the test execution are:
efficiency, latency of the solution, accuracy and stability

(as a variance).
The sixth decision-making test involved responding to

visual information of varying levels of complexity. The test
subjects were asked to respond to three colors: red, green,
and yellow. The right button must be pressed for red, the
left button for green, and no buttons must be pressed for
yellow. The method of presenting information was
adaptive, when the speed of presenting information
correlates with reaction time. The test results recorded:
dynamism, capacity of the visual analyzer, decision-
making time, and impulsiveness. Dynamism reflects rapid
learning of a skill when confronted with a new task.
Dynamism is assessed by the ratio of fast movement to the
maximum threshold of perception (indicated in percent).
The capacity of the visual analyzer is related to the amount
of stimulus processing (speed of signal presentation).
Decision making time was correlated with the minimum
time interval between the processing of the information
stimulus. Impulsivity shows the tendency to perform
spontaneous, fast, insufficiently prepared reactions and
actions under conditions of information overload.

All six described tests are included in the test battery of
the computer psychodiagnostic complex

“Multipsychometer-05.
For a psychophysiological perspective of the research

guestions we assessed heart rate variability as an
informative method that measures for the level of balance
between sympathetic and parasympathetic activation of the
autonomic nervous system. The computer cardiograph
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"Fazagraf" was used to measure heart rate variability. The
following parameters were assessed: high-frequency (HF)
and low-frequency (LF) heart rate oscillations. In addition,
the autonomic balance (LF/HF ratio) was assessed.
Frequency domain methods are one of the ways to assess
heart rate variability. Traditionally, heart rate variations are
assessed by three frequencies: high frequency (HF) from
0.15 to 0.4 Hz, low frequency (LF) from 0.04 to 0.15 Hz,
and very low frequency (VLF) from 0.0033 to 0.04 Hz. In
our study, we used the variables HF, LF, and LF/HF ratio.
As it is known, HF power indicates parasympathetic
activity, and low frequency (LF) is associated with the
parasympathetic activity of the autonomic nervous system
[32]. In addition, the LF/HF ratio indicates autonomic
balance.

2.3. Statistical Analysis

Given the study sample was not normally distributed, we
used a nonparametric method of statistical analysis. For
comparison between study groups, the Wilcoxon rank sum
test was used. The interquartile ranges with median, lower
(25% percentile) and upper (75% percentile) quartiles. The
software "Statistica 12" was used for data analysis.

2.4. Ethical Considerations

Parents or guardians gave consent for participants
under 18 years to participate in the study, in accordance
with the Ethical Standards of the Helsinki Declaration.
The ethical case of the study was submitted to the
Biomedical Ethics Committee of the National University
of Ukraine on Physical Education and Sport (dated
16.04.2024, protocol No. 3).

3. Results

Table 1 presents the results of a comparative study of the
mental state of healthy and young athletes with autism.

According to this study, the variable of psychosocial
capabilities does not have reliable differences between both
groups of athletes. We obtained the same result for the
variables of fatigue and anxiety. This fact indicates an
optimal mental state in young athletes in both groups.

The variable "deviation from the autogenic norm"
indicates the emotional mood, the level of mental comfort
or discomfort. The revealed result shows a greater increase
in the level of this variable in healthy athletes compared to
athletes with autism disorders. According to this fact,
healthy athletes have internal tension and low neuronal and
mental stability. In addition, this is associated with a
decrease in mental reliability. Athletes with autism have an
increase in the level of unproductive tension and mental
anxiety. This mental state is also associated with
detrimental mental performance.

The vegetative coefficient characterizes the level of

Cognitive and Autonomic Properties of Healthy Judokas and Judokas with Autism

internal mental energy of the body and activation of the
vegetative nervous system. Higher absolute values of the
vegetative coefficient in healthy athletes reflect activation
of the sympathetic tone of the autonomic nervous system
and excessive expenditure of mental energy. On the
contrary, among athletes with autism, there is a tendency
for a decrease in sympathetic activation and optimization
of mental energy. The revealed a higher level of autonomy
in the autism group indicates low distraction from the
external environment when solving problems.

The higher level of autonomy found in the autistic group
indicates independence in decision-making from the
external environment. This is related to the withdrawal
behavior of autistics [33].

The study of the latent time of visual reaction indicates
a longer reaction among athletes with autism (Table 2).

Table 1. The variables of Color Test of Lusher in healthy and autistic
young athletes (median, lower and upper quartiles)

Young athletes
Variables
Healthy (n=17) Autistic (n=10)
Psychosocial capabilities, 9.00 11.00
conditional unit 5.00; 12.00 8.00; 12.00
. . . 5.50 5.50
Fatigue, conditional unit
4.00; 8.00 3.00; 8.00
. . . 5.00 4.00
Anxiety, conditional unit
3.00; 7.00 2.00; 5.00
Deviation from 21.00 17.00*
autogenously norm, ) )
conditional unit 16.00; 24.00 14.00; 20.00
- . 10.00; 8.00
Eccentricity, secret unit
4.00; 11.00 6.00; 12.00
Concentricity, 4.00 6.00
conditional unit 2.00; 8.00 4.00; 7.00
Vegetative coefficient, 17.00 15.50*
conditional unit 10.00; 20.00 11.00; 20.00
Heteronomy, 6.00 6.50
conditional unit 4.00; 8.00 5.00; 8.00
Autonomy, 6.50 8.00*
conditional unit 6.00; 7,00 5.00; 8.69

Legend: * p =.05, indicates better performance for healthy young
athletes in comparison to autism spectrum disorder patients

Table 2. The variables of sensory-motor test in healthy and autistic
young athletes (median, lower and upper quartiles)

Young athletes

Variables
Healthy (n=17) Autistic (n=10)
Latent time of response, 404.50 469.00*
ms 343.00; 448.00 430.50; 634.80
- 15.43 21,80*
Stability, %
13.40; 22.60 18.40; 32.80

Legend: * p =.05, indicates better performance for healthy young
athletes in comparison to autism spectrum disorder patients
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This result shows a faster visual reaction in young
healthy athletes than in athletes with autism. It was also
noted that the stability of the reaction is lower in athletes
with autism. Stability was assessed as the coefficient of
variation of the reaction time (indicated in percent) and,
according to the physiological concept, indicates the level
of psycho-emaotional stress. For stable reproduction of the
sensory-motor reaction, additional mobilization of
resources is necessary due to additional emotional tension.
The found decrease in stability of reaction in healthy
athletes corresponded to an increase in the tension of the
emotional state.

At the same time, athletes with autism show moderate
emotional tension. This fact indicates that autistic athletes
experience a reduced level of emotional stress when
performing a sensory-motor test.

The study of the attention test “number selectivity”
shows reliable differences between both groups of athletes
in the variables: effectiveness and latency of solving the
task (Table 3). The effectiveness variable is higher in
athletes with autism, and the latency of solving is higher
in healthy athletes.

Table 3. The variables of attention test “number selectivity” in healthy
and autistic young athletes (median, lower and upper quartiles)

Young athletes

Variables

Healthy (n=17) Autistic (n=10)

2090.00
1803.00; 2631.00

3114.00*
2854.00; 5463.00

Effectiveness,
conditional unit

Latency of solving, 1995.00 3089.00*
ms 1413.00; 2556.00 2854.00; 4593.00
o 41.900 38.00
Stability, %
26.60; 48.90 36.90; 44.40

Legend: * p =.05, indicates better performance for healthy young
athletes in comparison to autism spectrum disorder patients

The results indicate a difference in the strategy of
attention selection in healthy and autistic athletes. Healthy
athletes have a quick reaction to numerical information
with a slight decrease in the quality of perception. Athletes
with autism have a decrease in the speed of decision
making, but an increase in the efficiency of the test. Similar
results have been found in some studies, suggesting that
motor skills can be taught to autistics [34, 35].

Group differences were obtained for the non-verbal test
"comparison of numbers" (Table 4). These data showed an
increasing value of efficiency in autistics, which
corresponded to high-quality solutions in the non-verbal
test and a simultaneous decrease in the speed of
information  perception. In healthy athletes, the
performance of the non-verbal test was accompanied by
rapid decision-making.
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Table 4. The variables of non-verbal test “comparison of numbers” in
healthy and autistic young athletes (median, lower and upper quartiles)

Young athletes

Variables

Healthy (n=17) Autistic (n=10)

1297.00
1273.00; 1812.00

2304.00*
1546.00; 2608.00

Effectiveness,
conditional unit

Latency of solving, 1240.00 1825.50*
ms 1201.00; 1685.00 1333.00; 2159.00
Accuracy, number of 0.90 0.77*
mistakes 0.90; 0.95 0.72; 0.85
- 34.90 39.20
Stability, %
29.20; 38.90 31.700; 45.00

Legend: * p =.05, indicates better performance for healthy young
athletes in comparison to autism spectrum disorder patients

This result corresponded to the accuracy, which was
better in athletes with autism. Thus, autistic athletes were
found to have disorders of the afferent part of the
perception of non-verbal information. At the same time,
athletes with autisms showed an increase in the quality of
decision-making of non-verbal information.

The next test we used for our study was the ability of
spatial perception of athletes (Table 5). According to this
study, the efficiency of test performance and accuracy are
higher in athletes with autism. This fact is associated with
a lower number of mistakes in test performance in this
group of athletes. On the contrary, healthy athletes have a
lower level of stability. The obtained result showed an
increase in emotional stress in healthy athletes.

Table 5. The variables of spatial perception ability test in healthy and
autistic young athletes (median, lower and upper quartiles)

Young athletes

Variables

Healthy (n=17) Autistic (n=10)

3391.50
1960.00; 6052.00

4057.00*
2752.00; 10166.00

Effectiveness,
conditional unit

Latency of so|ving’ 3150.00 2821.00
ms 2582.00; 3404.00 1863.00; 9531.00
Accuracy’ 0.87 0.76*
conditional unit 0.78; 0.89 0.59; 0.88
- 45.15 53.15%
Stability, %
41.90; 54.00 47.40; 61.30

Legend: * p =.05, indicates better performance for healthy young
athletes in comparison to autism spectrum disorder patients

The decision-making test assessed the athletes’ ability to
quickly and qualitatively perceive and solve information
from the environment with different levels of complexity
(Table 6).
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Table 6. The variables of decision making test in healthy and autistic
young athletes (median, lower and upper quartiles)

Young athletes
Variables
Healthy (n=17) Autistic (n=10)
Dynamism, conventional 56.95 30.85*
units 39.80; 66.90 -36.01; 71.25
Capacity of visual 134 0.87*
analyzer, conventional ) )
units 1.20; 1.50 0.61; 1.10
Decision making time, 560.00 860.00*
ms 440.00; 590.00 695.00; 1190.00
Impulsiveness, -0.02 -0.01
conventional units -0.11; 0.03 -0.29: 0.35

Legend: * p =.05, indicates better performance for healthy young
athletes in comparison to autism spectrum disorder patients

Our study shows significant differences in all variables
between both groups of athletes. The dynamism indicator
reflects the balance between the processes of excitation and
inhibition of the nervous system. Moreover, dynamism
indicates the ability to acquire new skills in athletes. Our
study showed an improvement in dynamism in healthy
athletes than in autistic athletes. This fact is associated with
a higher ability of healthy athletes to develop new cognitive
skills.

The obtained result corresponded to the value of the
visual analyzer capacity. It revealed a greater increase in
the visual analyzer capacity in healthy athletes than in
autistic individuals. This fact indicates an improvement in
the perception of visual information in healthy athletes. The
analysis of decision-making time in athletes of both groups
showed a shorter time in healthy athletes. Thus, healthy
athletes realize rapid perception and decision-making in
relation to athletes with autism. This leads to the formation
of new cognitive skills. In autism, athletes have a slow
decision-making process and a decrease in the ability to
form new cognitive skills.

Traditionally, heart rate variability is used as an indicator
of the state of the autonomic nervous system. The results
showed that healthy athletes have a higher level of HF and
a lower level of LF (Table 7).

Table 7. The variables of variability of heart rate test in healthy and
autistic young athletes (median, lower and upper quartiles)

Young athletes
Variables
Healthy (n=17) Autistic (n=10)
39.35 45.50*
LF, %
29.80; 60.80 26.00; 48.00
43.60 38.00*
HF, %
31.70; 56.00 29.004; 54.00
0.90 1.34*
LF/HF
0.48; 1.83 0.43;1.63

Legend: * p =.05, indicates better performance for healthy young
athletes in comparison to autism spectrum disorder patients

Cognitive and Autonomic Properties of Healthy Judokas and Judokas with Autism

This fact reflects the predominance of parasympathetic
activation of the autonomic nervous system in healthy
athletes. In contrast, autistic athletes have a higher level of
sympathetic activation. A significant increase in the LF/HF
ratio in autistic athletes indicates increased tension in
autonomic regulation and is a sign of stress.

4. Discussion

The study aims to add to the current discussion on the
nature of autism and which interventions to suggest. Some
authors believe that autism is associated with mental
disorders [36], while others consider autism a behavioral
syndrome [37, 38, 39].

In addition, authors believe that autism is accompanied
by a triad of disorders: socialization disorders, disorders of
verbal and nonverbal communication and violations of
behavioral strategies [40, 41]. According to executive
dysfunction theory, autism is accompanied with some
strengths: islets of ability, obsessions with system and
repetitive behavior [42].

In this paper we addressed how to improve behavior of
children with autism spectrum disorder by making the
claim that physical exercise, here judoka training is
important to consider. This claim relies on findings
showing positive changes with autism spectrum disorder in
children by sport activity [43, 44, 45]. The effects of sport
can have multiple effects such as communication and mood
as well as abilities to develop cognitive skills due the sport
activity in children with autism spectrum disorder [46,
47]. In addition, studies showed improvements in quality
of life among autistics through physical activity and

sports [48]. ) ) )
Our hypothesis was that judo classes influence the

development of special adaptation mechanisms that
improve the psychophysiological state of children with
autism spectrum disorder.

According to our first test, we found better mental state
in healthy judokas compared to children with autism
spectrum disorder. Healthy athletes showed internal mental
tension. For contrast, athletes with autism spectrum
disorder showed mental anxiety. Previous research
indicated that the absolute values of healthy individuals
are higher than those of age-matched individuals with
autism spectrum disorder in previous studies [49].

According to our second test we found a slowdown in
visual response against the background of moderate
emotional stress in autistic athletes. In contrast, healthy
athletes show a quick visual response to non-verbal
information. Analogical results were established in some
authors [50, 51].

One of the interesting results showed an improvement in
the quality of test performance (third and fourth tests) in
autistic athletes. A similar result was obtained when
autistics performed visual search [52]. Also the analogical
result was revealed by some authors [53, 54]. Our results
show an increase in the quality of decision-making of non-
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verbal information in autistic athletes. At the same time,
healthy athletes show fast decision-making of non-verbal
information. In fact, autistics make fewer mistakes when
performing non-verbal tasks.

The decision-making test (fifth test) correlates with the
ability to perceive and process information as an indicator
of cognitive development. The result was fast perception
and decision-making in healthy athletes. Autistic athletes
showed slow decision-making time. These results are
consistent with some authors that autistic people may
develop compensatory mechanisms that facilitate decision-
making by changing cognitive strategies [55, 56]. In our
thinking, children with autism spectrum disorders develop
special cognitive strategies that compensate for the
slowdown in cognitive processes. As a result, there is a
decrease in errors in non-verbal information tests in autistic
judokas.

A study of heart rate variability in athletes with
different levels of mental health showed a higher
parasympathetic activation of the autonomic nervous
system in healthy athletes. A higher level of sympathetic
activation was found in autistic athletes. This result is
consistent with the data of some authors who found an
increase in sympathetic tone in autistics due to altered
behavioral responses [57, 58].

5. Conclusions

We assume that judo classes influence the formation of
special adaptation mechanisms that improve the
psychophysiological state of autistic children. As a result,
autistic athletes showed optimization of mental state. This
corresponded to the predominance of sympathetic
activation of the autonomic nervous system in autistic
athletes. At the same time, autistic athletes showed a
slowdown in decision-making and improved processing of
non-verbal information.

Funding

This research received no external funding.

Acknowledgments

We thank the coaches and athletes for participating in the
study, as well as the parents of all participants.

Conflicts of Interest

The authors declare no conflicts of interest.

221

REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

Ahlers, K.P., Gabrielsen, T.P., Lewis, D., Brady, A.M,,
Litchford, A., “Supporting individuals with autism
spectrum disorder in understanding and coping with
complex social emotional issues”, School Psychology
International, vol. 38, no. 6, pp. 586-607, 2017. DOI:
10.1177/0143034317719.

Zeidan, J., Fombonne, E., Scorah, J., Ibrahim, A., Durkin,
M.S., Saxena, S., Yusuf, A., Shih, A., Elsabbagh, M.,
“Global prevalence of autism: A systematic review update”,
Autism research, vol. 15, no. 5, pp. 778-790, 2022. DOI:
10.1002/aur.2696.

Hirota, T., King, B.H., “Autism spectrum disorder: a
review”, Jama, vol. 329, no. 2, pp.157-168, 2023. DOI:
10.1001/jama.2022.23661.

Gesundheit, B., Rosenzweig, J.P., “Autism spectrum
disorders (ASD)-searching for the biological basis for
behavioral symptoms and new therapeutic targets”,
Frontiers in Neuroscience, vol. 10, pp. 607, 2017. DOI:
10.3389/fnins.2016.00607.

Kasari, C., Sterling, L., “Loneliness and social isolation in
children with autism spectrum disorders”, Psychological
perspectives on social isolation, social withdrawal, and
being alone, pp. 409-426, 2013. DOl:
10.1002/9781118427378.ch23.

Shao, M., Luo, S., Qian, H., Li, X., We,i Z., Hong, M.,
Wang, J., Li, X., Meng, J., “The relationship between
autistic traits and the stress of social isolation: Development
of an explanatory model”, Heliyon, vol. 10, no. 4, pp.
€26082, 2024. DOI: 10.1016/j.heliyon.2024.e26082

Marlow, K., Agar, G., Jones, C., Devine, R.T., Richards, C.,
“The Prevalence and Correlates of Self-restraint in
Individuals with Autism and/or Intellectual Disability: a
Systematic Review and Meta-analysis”, Review Journal of
Autism and Developmental Disorders, vol.5, pp. 1-20, 2024.
DOI: 10.1007/s40489-024-00450-5.

Botha, M., Dibb, B., Frost, D.M., “‘Autism is me’: an
investigation of how autistic individuals make sense of
autism and stigma”, Disability & Society, vol. 37, no. 3, pp.
427-453, 2022. DOI: 10.1080/09687599.2020.1822782.

MacLennan, K., Woolley, C., Heasman, B., Starns, J.,
George, B., Manning, C., “It is a big spider web of things:
Sensory experiences of autistic adults in public spaces”,
Autism in Adulthood, vol. 5, no. 4, pp. 411-422, 2023. DOI:
10.1089/aut.2022.0024.

Sealey, L.A., Hughes, B.W., Sriskanda, A.N., Guest, J.R.,
Gibson, A.D., Johnson-Williams, L., Pace, D.G., Bagasra,
O., “Environmental factors in the development of autism
spectrum disorders”. Environ Int., vol. 88, pp. 288-298,
2016. DOI: 10.1016/j.envint.2015.12.021.

Escolano-Pé&ez, E., Acero-Ferrero, M., Herrero-Nivela,
M.L., “Improvement of planning skills in children with
autism spectrum disorder after an educational intervention:
a study from a mixed methods approach”. Frontiers in
Psychology, vol. 10, pp. 2824, 2019. DOI: 10.3389/fpsyg.
2019.02824.



222

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Cognitive and Autonomic Properties of Healthy Judokas and Judokas with Autism

Miniarikova, E., Audras-Torrent, L., Berard, M., Peries, M.,
Picot, M.C., Munir, K., Baghdadli, A., Chabaux, C., Chatel,
C., Cohen, D., Damville, E., “Adaptive behaviors and
related factors in children and adolescents with autism
spectrum disorder: Report from ELENA cohort” Journal of
Psychiatric Research, vol. 163, pp. 43-54. 2023.

Walters, S., Loades, M. & Russell, A. A., “A Systematic
Review of Effective Modifications to Cognitive
Behavioural Therapy for Young People with Autism
Spectrum Disorders”, Review Journal of Autism and
Developmental Disorders, vol. 3, pp. 137-153, 2016. DOI:
10.1007/s40489-016-0072-2.

Taverna, EC, Huedo-Medina, TB, Fein, DA, Eigsti, IM.,
“The interaction of fine motor, gesture, and structural
language skills: The case of autism spectrum disorder”,
Research in autism spectrum disorders, vol. 1, no. 86, pp.
101824, 2021. DOI: 10.1016/j.rasd.2021.101824.

Mabhler, K., Hample, K., Jones, C., Sensenig, J., Thomasco,
P., Hilton, C., “Impact of an Interoception-Based Program
on Emotion Regulation in Autistic Children”, Occup Ther
Int., vol. 1, pp. 1-7, 2022. DOI: 10.1155/2022/9328967.

Steiner, H., Kertesz, Z., “Effects of therapeutic horse riding
on gait cycle parameters and some aspects of behavior of
children with autism”, Acta Physiol Hung, vol. 102, no. 3,
pp. 324-35, 2015. DOI: 10.1556/036.102.2015.3.10.

Zhao, M., Chen, S., You, Y., Wang, Y., Zhang, Y., “Effects
of a Therapeutic Horseback Riding Program on Social
Interaction and Communication in Children with Autism”,
Int J Environ Res Public Health, vol. 18, no. 5, pp. 2656,
2021. DOI: 10.3390/ijerph18052656.

Toscano, C.V.A., Ferreira, J.P., Quinaud, R.T., Silva,
K.M.N., Carvalho, H.M., Gaspar, J.M., “Exercise improves
the social and behavioral skills of children and adolescent
with autism spectrum disorders”, Front Psychiatry, vol. 13,
pp. 1027799, 2022. DOI: 10.3389/fpsyt.2022.1027799.

Monteiro, C.E., Da Silva, E., Sodre, R., Costa, F., Trindade,
A.S., Bunn P., Costa Silva, G., Di Mas, F., Dantas, E., “The
effect of physical activity on motor skills of children with
autism spectrum disorder: a meta-analysis”, International
Journal of Environmental Research and Public Health, vol.
19, no. 21, pp. 14081, 2022. DOI: 10.3390/ijerph19211408
1

Tiner, S., Cunningham, G.B., Pittman, A., ““Physical
activity is beneficial to anyone, including those with ASD”:
Antecedents of nurses recommending physical activity for
people with autism spectrum disorder”, Autism, vol. 2, pp.
576-587, 2021. DOI: 10.1177/136236132097008.

Bazyma, N., Lyndina, Y., Rasskazova, O., Kavylina, G.,
Litovchenko, O., Hrynyk, 1., “Research of the problem of
autism and autistic disorders. Theoretical Aspect”, Revista
Romaneasca Pentru Educatie Multidimensionala, vol. 14,
no. 2, pp. 301-317, 2022. DOI: 10.18662/rrem/14.2/582.

Rivera, P., Renziehausen J., Garcia, J.M., “Effects of an 8-
week Judo program on behaviors in children with Autism
Spectrum Disorder: A mixed-methods approach” Child
Psychiatry & Human Development, vol. 51, pp. 734-741,
2020.

Renziehausen, J.M., Rivera, P.M., Leahy, N.A. Fukuda,
D.H., Garcia, J.M., “The Feasibility of a Community-Based
Judo Program and Cortisol Collection in Children with

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

[33]

[34]

Autism”, Adv Neurodev Disord, vol. 6, pp. 100-105, 2022.
DOI: 10.1007/s41252-022-00237-X.

Polevaia-Secareanu, A., “The use of martial arts means in
the development and socialization of children with autistic
spectrum disorder”, Bulletin of the Transilvania University
of Brasov, Sciences of Human Kinetics, vol. 29, no. 2, pp.
183-191, 2023. DOI: 10.31926/but.shk.2023.16.65.2.22.

Marzouki, H., Soussi, B., Selmi, O., Hajji, Y., Marsigliante,
S., Bouhlel, E., Muscella, A., Weiss, K., Knechtle, B.,
“Effects of Aquatic Training in Children with Autism
Spectrum Disorder”, Biology (Basel), vol. 11, no. 5, pp. 657,
2022. DOI: 10.3390/biology11050657.

Morales, J., Pierantozzi, E., Fukuda, D.H., Garcia, V.,
Guerra-Balic, M., Sevilla-Sanchez, M., Carballeira, E.,
“Improving motor skills and psychosocial behaviors in
children with autism spectrum disorder through an adapted
judo program”, Front Psychol., vol. 13, pp. 1067310, 2022.
DOI: 10.3389/fpsyg.2022.1067310.

Pierantozzi, E., Morales, J., Fukuda, D.H., Garcia, V.,
Gamez, A.M., Guerra-Balic, M., Carballeira, E., “Effects of
a Long-Term Adapted Judo Program on the Health-Related
Physical Fitness of Children with ASD”, Int J Environ Res
Public Health, vol. 19, no. 24, pp. 16731, 2022. DOI:
10.3390/ijerph192416731.

Bremer, E., Crozier, M., Lloyd, M., “A systematic review
of the behavioural outcomes following exercise
interventions for children and youth with autism spectrum
disorder”, Autism, vol. 20, no. 8, pp. 899-915, 2016. DOI:
10.1177/1362361315616002.

Nader, A.M., Jelenic, P., Souliéres, I., “Discrepancy
between WISC-I11 and WISC-IV cognitive profile in autism
spectrum: what does it reveal about autistic cognition?”,
PloS one, vol. 10, no. 12, pp. e0144645, 2015. DOI:
10.1371/journal.pone.0144645.

Courchesne, V., Girard, D., Jacques, C., Souliéres, I.,
“Assessing intelligence at autism diagnosis: Mission
impossible? Testability and cognitive profile of autistic
preschoolers”, Journal of autism and developmental
disorders, wvol. 49, pp. 845-856, 2019. DOI:
10.1007/s10803-018-3786-4.

Ames, C., Fletcher-Watson, S., “A review of methods in the
study of attention in autism”, Developmental Review, vol.
30, no. 1, pp. 52-73, 2010. DOI: 10.1016/j.dr.2009.12.003.

Laborde, S.J., Mosley, E., Thayer, J., “Heart Rate
Variability and Cardiac Vagal Tone in Psychophysiological
Research-Recommendations for Experiment Planning,
Data Analysis, and Data Reporting”, Frontiers in
psychology, wvol. 8, pp. 213-220, 2017. DOI:
10.3389/fpsyg.2017.00213.

Anderson, D.K., Maye, M.P., Lord, C., “Changes in
maladaptive behaviors from midchildhood to young
adulthood in autism spectrum disorder”, American journal
on intellectual and developmental disabilities, vol. 116, no.
5, pp. 381-397, 2011. DOI: 10.1352/1944-7558-116.5.381.

Caron, M.J., Mottron, L., Berthiaume, C., Dawson, M.,
“Cognitive  mechanisms,  specificity —and  neural
underpinnings of visuospatial peaks in autism”, Brain, vol.
129, no. 7, pp. 1789-1802, 2006. DOI: 10.1093/brain/awl0
72.



[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

International Journal of Human Movement and Sports Sciences 13(1): 215-223, 2025

Minassian, A., Paulus, M., Lincoln, A., Perry, W., “Adults
with autism show increased sensitivity to outcomes at low
error rates during decision-making”, Journal of Autism and
Developmental Disorders, vol. 37, pp. 1279-1288, 2007.
DOI: 10.1007/s10803-006-0278-8.

Tordjman, S., Cohen, D., Coulon, N., Anderson, G.M.,
Botbol, M., Canitano, R., Roubertoux, P.L., “Reframing
autism as a behavioral syndrome and not a specific mental
disorder: Implications of genetic and phenotypic
heterogeneity”, Neurosci Biobehav Rev, vol. 80, pp. 210,
2017. DOI: 10.1016/j.neubiorev.2017.01.030.

Dell'Osso, L., Muti, D., Carpita, B., Cremone, .M., Bui, E.,
Gesi, C., Carmassi, C., “The Adult autism subthreshold
spectrum (AdAS) model: A neurodevelopmental approach
to mental disorders”, Journal of Psychopathology, vol. 24,
no. 3, pp. 118-124, 2018.

Micai, M., Fatta, L.M., Gila, L., Caruso, A., Salvitti, T.,
Fulceri, F., Ciaramella, A., D'Amico, R., Del Giovane, C,
Bertelli, M., Romano, G., Schinemann, H.J., Scattoni, M.L.,
“Prevalence of co-occurring conditions in children and
adults with autism spectrum disorder: A systematic review
and meta-analysis”, Neurosci Biobehav Rev., vol. 155, pp.
105436, 2023. DOI: 10.1016/j.neubiorev.2023.105436.

Hollocks, M.J., Lerh, J.W., Magiati, I., Meiser-Stedman, R.,
Brugha, T.S., “Anxiety and depression in adults with autism
spectrum disorder: a systematic review and meta-analysis”,
Psychol Med., vol. 49, no. 4, pp. 559-572, 2019. DOI:
10.1017/S0033291718002283.

Baron-Cohen, S., “The cognitive neuroscience of autism”, J
Neurol Neurosurg Psychiatry, vol. 75, no. 7, pp. 945-948,
2004. DOI: 10.1136/jnnp.2003.018713.

White, S.J., “The Triple I Hypothesis: taking another('s)
perspective on executive dysfunction in autism”, J Autism
Dev Disord., vol. 43, no. 1, pp. 114-121, 2013. DOI:
10.1007/s10803-012-1550-8.

Jure R., “The ‘Primitive Brain Dysfunction’ Theory of
Autism: The Superior Colliculus Role”, Front Integr
Neurosci., vol. 31, no. 16, pp. 797391, 2022. DOI:
10.3389/fnint.2022.797391.

Di Palma, D., Molisso, V., “Sport for Autism”, Journal of
Humanities and Social Policy, vol. 3, no. 3, pp. 42-49, 2017.

Huseyin, O., “The impact of sport activities on basic motor
skills of children with autism”, Pedagogics, psychology,
medical-biological problems of physical training and sports,
vol. 3, pp. 138-144, 2019. DOI: 10.15561/18189172.2019.
0305.

Ryan, S., Fraser-Thomas, J., Weiss, J., “Patterns of sport
participation for youth with autism spectrum disorder and
intellectual disabilities”, Journal of Applied Research in
Intellectual Disabilities, vol. 31, no. 3, pp. 369-378, 2018.
DOI: 10.1111/jar.12414.

Pan, C.Y., Chu, C.H,, Tsai, C.L., Sung, M.C., Huang, C.Y.,
Ma, W.Y ., “The impacts of physical activity intervention on
physical and cognitive outcomes in children with autism
spectrum disorder”, Autism, vol. 21, no. 2, pp. 190-202,
2017. DOI: 10.1177/1362361316633.

[47]

(48]

[49]

[50]

[51]

[52]

[53]

(54]

[55]

[56]

[57]

(58]

223

Bodnar, 1., Pavlova, I., Khamade, A., “Physical education
of children with autism spectrum disorders: a systematic
review of structure and effects of interventional programs”,
Physiotherapy Quarterly, vol. 28, no. 4, pp. 61-70, 2020.
DOI: 10.5114/pq.2020.96232.

Cuesta-Ga@nez, J.L., Vidriales-Fernandez, R., Ortega-
Camarero, M.T., “The quality of life of people with ASD
through physical activity and sports”, Heliyon, vol. 8,
no. 3, pp. 09193, 2022. DOI: 10.1016/j.heliyon.2022.e09
193.

Taylor, E.C., Livingston, L.A., Callan, M.J., Ashwin, C.,
Shah, P., “Autonomic dysfunction in autism: The roles of
anxiety, depression, and stress”, Autism, vol. 25, no. 3, pp.
744-752, 2021. DOI: 10.1177/1362361320985.

Chen, Y., Norton, D.J., McBain, R., Gold, J., Frazier, J.A.,
Coyle, J.T., “Enhanced local processing of dynamic visual
information in autism: evidence from speed discrimination”,
Neuropsychologia, vol. 50, no. 5, pp. 733-739, 2012. DOI:
10.1016/j.neuropsychologia.2012.01.007.

Baisch, B., Cai, S., Li, Z., Pinheiro, V., “Reaction time of
children with and without autistic spectrum disorders”,
Open Journal of Medical Psychology, vol. 6, no. 2, pp. 166-
178, 2017. DOI:10.4236/0jmp.2017.62014.

Joseph, R.M., Keehn, B., Connolly, C., Wolfe, J.M,,
Horowitz, T.S., “Why is visual search superior in autism
spectrum disorder?”’, Developmental science, vol. 12, no. 6,
pp. 1083-1096, 2009. DOI: 10.1111/j.1467-
7687.2009.00855.x.

Rivest, J.B., Jemel, B., Bertone, A., McKerral, M., Mottron,
L., “Luminance-and texture-defined information processing
in school-aged children with autism”, PLoS One, vol. 8, no.
10, pp. €78978, 2013. DOI: 10.1371/journal.pone.0078978.

Kowallik, A.E., Schweinberger, S.R., “Sensor-based
technology for social information processing in autism: A
review”, Sensors, vol. 19, no. 21, pp. 4787, 2019. DOIL:
10.3390/519214787.

Manning, C., Hassall, C.D., Hunt, L.T., Norcia, A.M.,,
Wagenmakers, E.J., Evans, N.J., Scerif, G., “Behavioural
and neural indices of perceptual decision-making in autistic
children during visual motion tasks”, Sci Rep., vol. 12, no.
1, pp. 6072, 2022. DOI: 10.1038/s41598-022-09885-4.

Stacey, R., Cage, E., “Simultaneously Vague and Oddly
Specific: Understanding Autistic People's Experiences of
Decision Making and Research Questionnaires”, Autism
Adulthood, vol. 5, no. 3, pp. 263-274, 2023. DOI:
10.1089/aut.2022.0039.

Bharath, R., Moodithaya, S.S., Kishan, A., Krishna Bhat,
C.H., “Association of Severity of Autism Spectrum
Disorder with Cardiac Autonomic Indices in Children”,
Indian Journal of Public Health Research & Development,
vol. 11, no. 6, pp. 964-970, 2020.

Owens, A.P., Mathias, C.J., lodice, V., “Autonomic
dysfunction in autism spectrum disorder”, Frontiers in
Integrative Neuroscience, vol. 15, pp. 787037, 2021. DOI:
10.3389/fnint.2021.787037.





