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Abstract

Background and Study Aim: The proliferation of adapted judo programs for people with intellectual disabilities has garnered continu-
ous growth in the number of participants in this activity. As a result of this growing popularity, a number
of adapted international judo competitions are now being held. The adaptive judo classification system
was established to ensure that Special Needs judo athletes could be appropriately divided into categories
to ensure their safety within the context of competition. The purpose of this study is knowledge about
the reliability of the recently developed classification system for individuals with intellectual disabilities
in adapted judo competitions.

Material and Methods: The classification system has five levels according to functional criteria. Six raters (experts) evaluated 20 vid-
eos of official adapted judo competitions, corresponding to one of the five proposed classification categories.
Two methods were used to quantify the degree of inter-rater agreement as to the analysis and classification of
the recorded matches. Inter-rater agreement was evaluated using the Intraclass Correlation Coefficient (ICC)
and Fleiss-Kappa procedures.

Results: Results indicated an excellent degree of inter-rater reliability, showing that the system produces consistent
results with different raters.

Conclusions: This study represents an important step forward in the classification level of participants in adapted judo com-
petitions for people with intellectual disabilities. Future international adapted judo competitions would ben-
efit from field studies to confirm the reliability of this classification system.
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Intellectual disability -
psychological or mental state
limiting the various forms

of activity performed by an
individual.

ASD - autism

spectrum disorder is

a neurodevelopmental
disorder characterized by

a variety of symptoms that
impact social and behavioural
functioning.

Stereotypic behaviour -
repetitive, invariant behaviour
pattern with no obvious goal
or function.

Adapted judo - judo practice
that includes modifications of
the objectives, methods and
contents of teaching judo to
children with disabilities.

Kata - prescribed patterns or
sequences of techniques [34].

Paralympian - noun an
athlete who competes in the
Paralympics [35].
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Sport Programme (Project Identifier: 612954-EPP-1-2019-1-ESSPO-SCP)
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INTRODUCTION

The positive effects of physical and athletic
activity on the overall health of young people
with intellectual disabilities (ID) have been well
documented [1]. In broad terms, the positive
effects can be grouped into two areas. Firstly,
there are benefits for physical health, includ-
ing improvements in physical aptitudes and
bone metabolism, an increase in the perfor-
mance of cardiovascular and respiratory mus-
cles, and decreases in the likelihood of obesity
and a sedentary lifestyle. Secondly, there are
psychosocial effects, which can include greater
functional independence and fuller inclusion
in social activities, as well as cognitive ben-
efits and increases in various aspects of psy-
chological wellbeing (especially in terms of
self-esteem, self-competence and positive self-
perception) [2]. Despite this evidence, a num-
ber of studies nonetheless show that people
with mental disabilities tend to spend much
less time than others on physical activity [3],
and that these individuals tend to be in worse
physical health than the population on aver-
age [4] and are more likely to be obese [5]. For
these reasons, it is highly desirable to develop
and implement exercise or sports programs
and other educational strategies to help peo-
ple with ID to improve their overall health and
to motivate them to take part in regular phys-
ical activity.

Recent research involving sports, such as soc-
cer [6], tennis [7] and baseball [8], highlight
adapted sport and exercise programs devel-
oped with the aim of helping individuals with ID
improve their quality of life. Meanwhile, a num-
ber of systematic reviews and meta-analyses
have measured the positive effects that physi-
cal exercise and participation in sports programs
including swimming, track and team sports can
have for this population [2, 8-10]. In terms of the
type of ID, these studies predominantly focus on
individuals with down syndrome (DS) or autism
spectrum disorder (ASD), while a lesser number
of researchers have also examined individuals
with Prader-Willi Syndrome [1].

Several studies have also provided evidence
of the benefits offered by participation in mar-
tial arts programs that are adapted to meet the
needs of individuals with ID [11]. Research has
shown these programs to be especially effec-
tive at improving the motor skills of people
with ASD [12, 13] and DS [14]. These activities
have also proven to have psychosocial benefits,
with karate katas aimed at people with ASD, for
example, having been shown to lead to signifi-
cant improvements in stereotypical behaviours
and social interaction [15, 16]. The characteris-
tics of martial arts make them well suited to the
individuals with ID because of their use of mod-
erate to vigorous exercise intensities and the
added mental components of concentration and
self-control [17]. Martial arts can also be appeal-
ing to young people with ASD because of the
repetitive nature of the exercises involved [18].
Recent research into the effects of judo participa-
tion on children with ASD has yielded promising
initial results, particularly psychosocial benefits,
such as increases in both social skills and self-
esteem [19]. Participants have also tended to
engage in moderate to strenuous physical activ-
ity more often and to reduce the time they spend
on sedentary behaviour [17].

The proliferation of adapted judo programs for
people with ID has garnered continuous growth
in the number of participants in this activity. As
a result of this growing popularity, a number of
adapted judo competitions are now being held.
Institutions such as the Special Needs Judo Union
(SNJU) and the Special Olympics have led the
way in organizing a growing number of competi-
tive opportunities for individuals with ID.

The rules governing these events have evolved
and improved over time, with organizers striving
to guarantee the safety of all the athletes who take
part. In 2018, the revised rulebook was released
after two years of testing. This update was devel-
oped by international experts in adaptive judo in
conjunction with experienced adaptive judo ref-
erees and coaches from various countries across
Europe. In the past two years (2018-2020), these
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rules were used in all major national and interna-
tional adaptive judo tournaments, including the
Special Olympics World Games.

The regulations are now applied by adapted
judo associations in 28 different countries [20]
and 46 Special Olympic countries & territories
worldwide [21].

With the aim of establishing worldwide standards
for adapted judo events, the same rule set of the
SNJU rules [20] have been adopted by Special
Olympic International in their 2020 updates [21].
The rules currently in place classify participants
into five categories based on their skill level. This
is distinct from the mainstream classification sys-
tem, which places participants according to their
age and weight class. The technical rules and the
scoring system used in the adapted competitions
are very similar to those of the International Judo
Federation, with some minor adaptations aimed
at further ensuring the participants’ safety.

The purpose of this study is knowledge about the
reliability of the recently developed classification
system for individuals with intellectual disabilities
in adapted judo competitions.

MATERIAL AND METHODS

Methodology

This study consisted of two methodological
phases. The first took the form of an application
of the Delphi technique [22] in order to assess
the validity of the proposed classification sys-
tem. Six experienced experts offered their eval-
uation as to the classification of athletes with ID
in adapted judo competitions. The resulting clas-
sifications were applied at different competitions,
and the experts used the feedback obtained from
the events to inform a series of changes to their
criteria. They repeated this process until they
had come to a consensus. The second phase
consisted of an inter-rater reliability test aimed
at measuring the degree of agreement between
observers applying the consensus classification
system. To accomplish this, the raters viewed
a number of video recordings of judo bouts from
adapted judo competitions.

Participants

Six raters (five men and one woman) took part
in the classification process. Each of them had
at least four years of experience working with
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judo athletes with ID. Three of the raters were
internationally certified referees with experi-
ence classifying tournament participants, and
the other three were adapted judo coaches who
had taken part in international competitions. The
raters watched 20 videos of official adapted judo
competitions, with each recorded match corre-
sponding to one of the five proposed classifica-
tion categories.

Classification protocol and assignment to
categories

The adaptive judo classification system was
established to ensure that special needs judo
athletes could be appropriately divided into cat-
egories to ensure their safety within the context
of competition. The classification system has five
levels 1 to 5, with 1 representing the highest abil-
ity level and 5 indicating the lowest ability level.

The levels are determined according to functional
criteria. The raters compare the skill level of the
special needs judoka with that of typically-devel-
oped competitive judoka (for level 1) or that of
typically-developed recreational judoka (levels
2-5). The SNJU classification system for adapted
judo tournaments [20] is presented in Table 1.

Data collection procedure

All of the judo matches were video recorded from
the same angle in order to ensure that the partici-
pants’ movements were clearly visible. The length
of each recording was limited to the beginning
of the first minute in order to force the raters to
issue a judgement under conditions even more
demanding than they would likely face in real life.

Prior to the data collection process, the expert
raters reviewed the SNJU classification criteria
(2018) that have been adopted by the Special
Olympics (2020). A multiple choice, video-based
Moodle system (with users able to choose from
five options) was developed to allow the raters
to watch the adapted judo match recordings and
provide an assessment of the corresponding level
of the judoka. Twenty videos in total were pre-
sented, showing matches at varying levels (from
1to5)(level 1: n =3, level 2: n =2, level 3:n=7,
level 4: n =5, level 5: n = 3).

Statistical analysis

Two methods were used to quantify the degree
of inter-rater agreement as to the analysis and
classification of the recorded matches. Inter-rater
agreement was evaluated using the intraclass
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Table 1. Classification system proposed for Special Needs Judo Union (2018) and adopted for Special Olympics (2020).

Level 1is a judoka who can perform in a contest with a typical developed competitive judoka. This judoka is fast and powerful and has
excellent reactivity. He/she has a strong feeling for Judo and an excellent strategic view. This type of judoka has a minimal disability and
therefore usually attends reqular education. In general, these are judoka with high functioning autism or light physical disability, as well
as hearing impaired judokas and some judoka with ID that have progressed beyond level 2.

Level 2 is a judoka who can perform randori with typical developed recreational judoka. This judoka is fast and powerful and has moderate
reactivity but is usually slow to respond to judo situations. He/she has good judo feeling, but usually no effective strategy.

Level 3 is a judoka who can perform a playful randori with typical developed recreational judoka. This judoka is reasonably fast and
powerful and has reasonably developed reactivity, but is almost always slow responding to situational judo. Strategy for this type of
judoka consists of repeating the same technique over and over.

Level 4is a judoka who can grapple and play with another judoka of the same or comparable level. Reactivity is suboptimal. Usually the
only judo technique consists of takedown and immobilize.

Level 5 is a judoka who can grapple and play with other judoka of the same level. These judokas are very passive, or respond very slowly.
Constant coaching to take action is necessary. When they end up in osae-komi, the action to escape can take a very long time.

Table 2. Classification level assessments of the recorded judo matches by each rater.

Rater

B 2 3 4 5 6 :Iel‘cl)eclation
1 4 4 5 4 4 4 4
2 4 5 4 5 4 5 5
3 4 4 4 4 4 4 4
4 2 3 3 3 3 3 3
5 1 2 1 1 1 1 1
6 1 2 2 2 2 2 2
7 5 5 4 5 5 5 5
8 1 1 1 1 1 1 1
9 3 3 3 3 3 3 3
10 3 3 3 3 3 3 3
1 5 5 5 5 5 5 5
12 4 3 4 3 4 4 4
13 4 4 4 4 4 4 4
14 3 2 3 3 3 3 3
15 2 2 2 1 1 1 1
16 4 3 3 4 4 4 4
17 2 2 2 2 2 2 2
18 3 3 2 2 3 3 3
19 3 3 3 3 3 3 3
20 2 3 3 3 3 3 3
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correlation coefficient (ICC) and Fleiss-Kappa
procedures. The ICC (model 2, 1) was inter-
preted such that >0.8 = excellent, 0.7-0.8 = good,
0.5-0.7 = fair, <0.5 = poor [23]. The standard
error of measurement (SEM) was calculated
as SEM = SD x V/(1-ICC) [24]. Following Landis
and Koch [25], Fleiss Kappa was interpreted
such that a Kappa value <0.0 = poor agreement,
0.0-0.2 = slight agreement, 0.2-04 = fair
agreement, 0.4-0.6 = moderate agreement,
0.6-0.8 = substantial agreement, and 0.8-1 = near
perfect agreement. Confidence intervals (CI) of 95%
are reported with the ICC and Fleiss Kappa values.
Statistical analyses were performed using SPSS
software v.24 (SPSS Inc., Chicago, IL, USA).

RESULTS

The six raters displayed excellent agreement
in their level assessments of the recorded
judo matches with an ICC value of 0.91, (Cl of
95%, 0.84 to 0.95, p <0.001) and SEM of 0.36.
Table 2 shows the raters’ classifications for each
of the bouts.

The Fleiss Kappa values for classification level
assessments within raters reflected agreement
between substantial and nearly perfect, with
a mean percentage of agreement of 85% (Table 3).

Table 3. Intra-rater and overall agreement values.

Morales J et al. - Inter-rater reliability...

The Fleiss Kappa values for classification level
assessments indicated at least substantial agree-
ment (with the proportions of agreement reach-
ing at least 77.77%) (Table 4), with the exception
of the level 2 judo matches.

DISCUSSION

The high level of agreement between the raters
is reflected in the ICC calculation, which yielded
a figure of 0.91. This indicates an excellent
degree of inter-rater reliability, showing that the
system produces consistent results with different
raters. The fact that the levels of inter-rater reli-
ability found in this study were so high is espe-
cially significant given that the video recordings
used were only one-minute long. This limited
opportunity for observation might have been an
obstacle to the classification, and such a limita-
tion would not be an issue under normal circum-
stances. However, the fact that the raters were
able to observe judo matches meant that they
could analyse two participants at once. This pro-
vided them with additional context to inform
their classification level assessments.

The Fleiss Kappa values indicated that the agree-
ment among all the raters ranged from substan-
tial to nearly perfect, with an average value of

S Rater
atistic
indicator sl
2 3 4 5 6
Fleiss Kappa ~ 0.67 0.67 0.60 0.87 0.93 1 0.79
(95% (l) (0.41-1.03) (0.43-1.05) (0.39-0.97) (0.54-1.20) (0.52-1.08) (0.76-1.24) (0.52-1.22)
% agreement ~ 80% 75% 70% 90% 95% 100% 85%
Table 4. Classification level and overall assessment agreement values.
R Level
atistic
indicator el
2 3 4 5
Fleiss Kappa 0.71 0.49 0.71 0.68 0.71 0.66
(95%(l) (0.59-0.82) (0.38-0.60) (0.59-0.82) (0.56-0.79) (0.59-0.82) (0.60-0.72)
% agreement 71.77% 91.66% 90.47% 83.33% 83.33% 85%
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0.79. One possible explanation for the high level
of inter-rater reliability found here is the fact that
this classification system has already been in use
for a few years in unofficial competitions and exhi-
bition matches. In other words, the referees and
coaches who are responsible for applying these
standards are already familiar with them. Earlier
studies [26] have found that the inter-rater reli-
ability of tests measuring athletes’ functional skills
tends to increase when the raters have more train-
ing and experience. Our study further confirms this,
as the raters who displayed the greatest degree of
agreement were those with the most experience
and those who were certified referees. The latter
are responsible for classifying athletes prior to com-
petitions. In light of this, it is clear that future raters
should be given practical training in order to ensure
they have the experience they need.

A number of prior studies have examined the valid-
ity and reliability of a range of different classifica-
tion methods for athletes in adapted sports [27-31].
The level of agreement reflected in this study by
the Fleiss Kappa values for the assignment to clas-
sification levels was not as high as it was for the
raters, but it was nonetheless considerable. All the
classification levels showed a substantial degree of
agreement (0.6-0.8) with the exception of level 2,
where the figure was 0.49, indicating only moder-
ate agreement. However, this was the category that
showed the highest percentage of overall agree-
ment (91.66%). This discrepancy between the low
Fleiss Kappa value and the high overall agreement is
likely due to the fact that this category was the least
represented in the sample (only two bouts). A study
by Rosén et al. [31] on the reliability of a classifi-
cation system for Paralympians in a sport called
Para Va'a reached a similar conclusion. This study
found that tests with a lesser prevalence of cases
yielded lower values, thus providing evidence that
Fleiss Kappa statistics are affected by the number
of cases in each category [32].

As indicated above, adapted judo athletes are
placed into five classification levels based on the
assessment of raters. The results of this study can
be approached as nominal variables in that each
level corresponds with an independent category,
but they can also be taken as ordinal, in that each
level represents a progression with respect to devel-
opment of specific judo skills. The method used
here to assess inter-rater reliability is a way to quan-
tify the degree of agreement among a group of rat-
ers who independently analyze and score a group
of participants [33]. More specifically, this study has

used both ICC and the Fleiss-Kappa calculations, in
order to establish the level of agreement between
the raters and to analyze the data collected. The
fact that the ICC calculations yielded higher values
than the Fleiss-Kappa can be explained by the kind
of data used in this study. The Fleiss-Kappa test is
better suited to use with nominal variables such as
data collected using a Likert scale, while the ICC is
more effective with ordinal data [33]. Therefore, it
is possible to conclude that the ICC test is the best
fit when it comes to making inferences about the
agreement between raters, while the Fleiss Kappa
also allows us to analyse the agreement attained
within each classification level.

CONCLUSIONS

This study represents an important step for-
ward in the classification level of participants in
adapted judo competitions for people with ID.
The study found high levels of inter-rater reliabil-
ity using different agreement analysis methods
of scores assigned to video recorded matches by
expert raters. Future international adapted judo
competitions would benefit from field studies to
confirm the reliability of this classification system.

HIGHLIGHTS

The safety of participants in sports competitions
for people with intellectual disabilities is essen-
tial. This study confirms that the classification
system for people with intellectual disabilities in
judo competitions that is currently being used is
valid and reliable.
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Abstract: The public health lockdown prompted by the novel coronavirus (COVID-19) pandemic,
which included school closures that may have potentially serious consequences for people with
disabilities or special educational needs, disrupted an ongoing adapted judo training intervention
in children with Autism Spectrum Disorder (ASD). The purpose of this study was to compare
repetitive behaviours, social interaction, social communication, emotional responses, cognitive style
and maladaptive speech scores across four time-points: baseline, after an eight-week control period,
after an eight-week judo intervention and after an eight-week lockdown period due to COVID-19.
The sample consisted of 11 children diagnosed with ASD according to the criteria of the Diagnostic
and Statistical Manual of Mental Disorders—Fifth Edition (DSM-V), with an intelligence quotient
(IQ) range between 60 and 70. Significant improvements were shown following the judo intervention
period compared to the baseline and control periods. However, the same values significantly declined
during the COVID-19 lockdown period resulting in values lower than those recorded at baseline, and
following the control period and the judo intervention. The decline in psychosocial and behavioural
scores are likely due to the stress caused by the sudden halt in activity and the increase in sedentary
practices associated with the lockdown.

Keywords: ASD; Autism; adapted judo programme; exercise intervention; physical activity; COVID-
19; lockdown; GARS

1. Introduction

Autism Spectrum Disorder (ASD) is a developmental disorder that involves deficits
in social interaction, communication and behaviour. Children with ASD are at risk of
physical inactivity due to social and behavioural problems [1]. These individuals tend
to spend less time on physical exercise [2] while displaying more deficient motor skills
and physical conditioning than their typically developing children [3,4]. In recent years,
researchers have attempted to quantify the effects of physical exercise on the motor skills
of children with ASD and to develop recommendations for professionals who work with
this population [5,6]. The potential for physical activity to enhance the relationship and
communication skills in children with ASD has been established, with evidence showing
that exercise can lead to improvements in social interactions with classmates, parents,
siblings and teachers [7-9].
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Despite the clear developmental benefits of physical activity, many children with
ASD have a relatively sedentary lifestyle [10]. Short-term participation in physical activity
could lead to a decrease in functional difficulties, including behaviours like hyperactivity,
aggression and self-harm that are common in children with ASD [1]. In addition, long-term
engagement may reduce mortality and morbidity associated with chronic adult diseases
such as cardiovascular dysfunction and obesity [1,10]. Unfortunately, individuals with
ASD often face obstacles that limit engagement in physical activity levels under normal
circumstances. Participating in sports is often further limited because of behavioural
problems, motor skill deficits or a lack of trained instructors or peer exercise partners [11].

In response to these challenges, several programmes aimed exclusively at people with
ASD have been developed, including a range of physical activities and sports initiatives
to enhance social skills and quality of life. The results of these investigations have been
positive, with reports of improved social, communication, self-regulation, and motor
skill [12-15]. The benefits appear to be more than transient changes, as demonstrated by
Zanobini and Solari [16], who found improved relational behaviours and aquatic skills six
months after participating in a swimming programme. Therefore, additional information
on successful physical activity engagement for children with ASD and promotion of the
enjoyment of sports may assist in limiting the potentially harmful effects of a sedentary
lifestyle within this population.

The available evidence examining the use of adapted martial arts activities for in-
dividuals with ASD shows that participation can be effective, especially when it comes
to enhancing motor skills [17,18] and social behaviour. For example, a study of karate
participants reported significant improvements in stereotypical behaviour and social in-
teraction [19,20]. While martial arts training may be beneficial due to coupling moderate
to high-intensity physical exercise with mental skills or mindfulness practice [21], it may
be particularly appealing to those with ASD because of the repetitive structure of the
movements involved [22]. Aikido has been found to reduce the symptoms of children with
ASD associated with social ability, physical ability and communication behaviours [23].
Recent studies designed to study the effects of participation in judo on children with ASD
have yielded initial results that point toward some psychosocial improvements [24]. These
programmes also seem to represent an effective way to promote moderate to high-intensity
physical activity among this population and curb their tendency toward a sedentary
lifestyle [21]. We believe that judo practice, and the overall health benefits it offers like
other forms of physical exercise, also provides specific benefits that come from the opportu-
nity to establish physical contact mediated through the grip in the judo uniform with their
partners. It has been demonstrated that physical contact, competition and cooperation
situations that occur in judo sessions contribute to the well-being and social integration
of children in the general population [25,26] and children with intellectual disabilities in
particular [27]. These benefits could include discipline, respect, cognitive aspects, auton-
omy, and not specifically physical fitness, but functional fitness that will improve daily life
activities. All this together would facilitate children with ASD being part of society and
enjoying being included in it.

The literature shows that the primary objective of most sports programmes aimed
at people with ASD is to reduce the prevalence of sedentary behaviour [2]. Inactivity
prevention is necessary because the patterns of communication difficulties, anxiety, and
lack of social interaction typical of this population tend to be associated with low levels of
participation in moderate to high-intensity physical activities and greater amounts of time
spent engaging in sedentary behaviours [28]. In this sense, martial arts training can also be
helpful to reduce stress and anxiety/depression symptoms in autistic children [29,30].
In particular, the practice of judo has shown positive results in typically developing
adolescents [31].

Meanwhile, the extremely unusual situation that struck the world in 2020 due to the
novel coronavirus (COVID-19) has caused school closings and confined children to their
homes [32]. Consequently, all the adapted sport and physical activity programmes for
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children with ASD have been brought to a halt. The suspension of these activities will
have potentially serious consequences for people with disabilities or special educational
needs, as they are vulnerable to abandonment and lack of stimuli [33]. This unprecedented
lockdown situation and the resulting lack of physical activity and excess of sedentary
behaviour could have unexpected effects on children with ASD.

When the COVID-19 crisis began, we were in the midst of an adapted judo project
with a group of children with ASD, with the backing of the European Union’s ERASMUS +
Sport programme. The initiative included six different countries and was scheduled to run
through the 2020-2021 and 2021-2022 school years. The original project proposal called
for measuring the effects of an eight-week adapted judo programme on the children’s
motor and psychosocial skills. The sudden interruption of the programme because of the
COVID-19 health crisis and lockdown meant that we could not complete the second round
of motor skill testing. We were, however, able to administer the post-test questionnaires on
the psychosocial variables. More importantly, the situation afforded us the opportunity
to take the research in an innovative direction by collecting psychosocial data for eight
weeks of the lockdown and comparing these data to those collected during the intervention
period and baseline values.

Thus, the main objective of this study is to compare the behavioural scores on the six
Gilliam Autism Rating Scale (GARS) subscales obtained by children with ASD during three
different periods (baseline/control, judo intervention and lockdown). We hypothesise that
the participants will show improved behaviour during the adapted judo intervention and
that their behaviour ratings will decline during the COVID-19 lockdown period. Due to
the relatively short-term duration of the training intervention, social interaction and social
communication were expected to exhibit the most pronounced improvements.

2. Materials and Methods
2.1. Participants

We recruited a convenience sample in special education schools that consisted of
11 boys (n = 7) and girls (n = 4) ranging from 9 to 13 years of age with an average age
of 10.17 (£2.45) years, an average height of 153.18 (£6.48) cm and an average weight of
53.71 (£6.11) kg. Initially, the study began with 15 participants, 2 of them dropped out for
reasons unrelated to the study, and 2 of them did not complete all the sessions. Finally, the
data of the 11 participants were used (Figure 1). The children were invited to participate via
several associations of families with children with ASD and special education schools from
Barcelona (Spain) area. All participants had been diagnosed with ASD according to the
criteria of the Diagnostic and Statistical Manual of Mental Disorders—Fifth Edition (DSM-
V), and the psychological reports provided by the participants reported an intelligence
quotient (IQ) range between 60 and 70 (mean of 66.5 + 3.77). Individuals who had been
advised against physical activity for medical reasons were excluded, as were those who
had previously taken judo classes. The participants were invited to participate in the study
voluntarily, and along with their parents, they were informed verbally and in writing as to
the programme’s characteristics. Parents or legal guardians signed informed consent forms,
and the children signed a consent document that explained the objectives and planned
activities of the programme. The study was approved by the Research Ethics Committee of
Ramon Llull University with reference number CER URL_2019_2020_003. All protocols
applied in this research (including managing the participants” personal data) complied
with the requirements specified in the Declaration of Helsinki of 1975 and its subsequent
revisions. The trial was registered in clinicaltrials.gov (NCT04523805).
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‘ Assessed for eligibility (n=15) ‘

Excluded (n=0)

Enrollment + Not meeting inclusion criteria (n = 0}
+ Declined to participate (n=0)

+ Other reasons (n = 0)

Nonrandomized (n = 15)

Allocated to intervention (n = 15)
Allocation + Received allocated intervention (n = 14)

+ Did not receive allocated intervention (n= 1)
Reason: One participant attended no sessions

Lost to follow-up (n = 1)
Reason: One participant migrated to other city
Discontinued intervention (n = 0)

Follow-Up

Y

Analysed (n=11),

Analysis Excluded from analysis (n = 2}

Reason: Two participants did not answer the
last questionnaire

Figure 1. Flow chart of the Transparent Reporting of Evaluations with Non-randomized Designs
(TREND) shows the number of participants through each stage of the study.

2.2. Procedure

After the preliminary procedures described above, the research design consisted of a
longitudinal study in which data were collected on each participant at four different time
points (Figure 2) between 23 November 2019 and 9 May 2020. Baseline data were collected
at time point 1 (T1-Baseline), at the start of the programme, and eight weeks later, scores
were recorded for time point 2 (T2-Control), which represents a control period. During the
control period, part of which included the winter break from classes, the students did not
participate in any extracurricular physical activities; thus, their organised physical exercise
was limited to their regular physical education classes at school. Between this second
measurement and time point 3 (T3-Judo), the eight-week judo intervention was conducted,
which consisted of weekly adapted 75-min judo sessions. The final period consisted of
eight weeks of the obligatory lockdown imposed by the health authorities in Spain due to
the COVID-19 crisis on 14 March 2020, culminating in the final measurement at time point
4 (T4-Lockdown).

—

1 T2 T3 T4

CONTROL PERIOD EXPERIMENTAL PERIOD

T T T T T T T T T T T T
Week 2 Week4 Week6 Week8 Week 10 Week 12 Week 14 Week 16 Week 18 Week 20 Week 22 Week 24|

Figure 2. Study timeline. All participants were assessed four times: once as a baseline measurement
upon entry to the programme (T1-Baseline), a second time after an eight-week control period (T2-
Control), a third time after an eight-week adapted judo intervention (T3-Judo) and a fourth time after
an eight-week lockdown period due to COVID-19 (T4-Lockdown).

The choice was made to include the control period at the start of the process because
we did not have a control group willing to submit to all the measurements throughout the
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project. In the absence of a control group, it was decided to take the second measurement,
after which the participants only took part in the compulsory physical education activities
at their schools.

The same adapted Judo programme is carried out in six countries of the European
Union; nevertheless, only data of one of the countries are included in the present study.
The reasons behind that decision are the insufficient data homogeneity in all the countries
based on varying lockdown dates, the lack of control period and different intervention
times. Therefore, we considered it appropriate to include only the data from one of the
countries to ensure rigour and control in the data collection as part of an initial evaluation
before examining a larger sample.

2.3. Intervention

The judo sessions were performed in a large and well-ventilated space suitable for
judo practice, such that the safety of the participants was maintained. The judo equipment
required for this project included a tatami mat with a surface area of 120 m?, made of
high-density foam that helps prevent injuries and ensures that a wide range of activities
can be carried out safely. Each participant wore a judogi (a traditional uniform consisting
of a cotton jacket and trousers and a belt).

The sessions were 75 min in duration and were held once a week. Two judo teachers
with degrees in pedagogy and sports sciences and 7th and 6th-degree black belts, respec-
tively, led each session, and at least four volunteer judo instructors were present to lend
support. The sessions were divided into a warm-up, main exercise and cool-down activities.
The main exercise content of the sessions included:

e  Different types of movements and falling techniques (from walking in all directions to
turning around, from stable movements to unstable movements).

e  Judo techniques and opposition games (building up body contact with games, teaching
simplified movements, basic judo movements).

e  Ground control techniques and throws (gradually adding techniques to already known
movements, scaffolding basic repetitive movements to assist in understanding those
more relevant for judo).

e  Repetition of different forms of foundational directional movements (pulling, pushing,
holding, lifting).

The instructional methodology applied the principles of gradual progression, featuring
practice to consolidate the concepts learned in the initial lessons before moving on to more
complex material. Each participant was allowed to progress at their own pace. Learning
was based on imitation and guided modelling of techniques.

2.4. Instruments

All participants were assessed at the previously described timepoints using the Gilliam
Autism Rating Scale-Third Edition (GARS-3) scale [34]. The GARS-3 is one of the most
commonly used instruments to assess changes in the severity of ASD behaviours. It in-
cludes 56 items describing the characteristic behaviours of individuals with ASD. The items
consisted of six subscales: repetitive behaviours, social interaction, social communication,
emotional responses, cognitive style, and maladaptive speech. Parents or caregivers scored
each item on a four-point Likert-type scale (0 = never observed; to 3 = frequently observed).
A higher score indicates severity of autism-related behaviours, and a lower value represents
an improvement. The instrument can be administered in 5-10 min, and it is based on the
frequency of occurrence of each item under ordinary circumstances in a six-hour period.
The raw score for each subscale was used.

For the first three measurements (T1-Baseline, T2-Control and T3-Judo), parents
completed the questionnaire with pen and paper, and they were allowed to ask questions
about the interpretation of a given item. For the final measurement (T4-Lockdown), parents
and caregivers received a Google Forms hyperlink by email and completed the GARS-
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3 online. Parents and caregivers did not report any issue when completing the online
questionnaire, likely because they were already familiar with the instrument.

2.5. Statistical Analysis

All descriptive data from the dependent variables are presented as mean =+ standard
deviation (SD). The normal distribution of each variable was checked with a Shapiro-Wilk
test. The analysis of the outputs from each GARS-3 subscale at the four-time points (T1-
Baseline, T2-Control, T3-Judo and T4-Lockdown) were carried out using one-way repeated
measures multivariate ANOVA with follow-up univariate analyses with Bonferroni post
hoc correction for multiple comparisons. All statistical analyses were conducted using the
Statistical Package for Social Science version 24.0 software (SPSS, Inc., Chicago, IL, USA). A
significance level of p < 0.05 was used for all tests.

3. Results

One-way repeated measures multivariate ANOVA of the mean GARS-3 score across all
subscales showed a significant main effect within subjects (F1gg; = 4.75, p < 0.05; np2 =0.51).
Univariate contrast showed a significant effect for time on four of the six subscales: repetitive
behaviours, social interaction, social communication and emotional responses. In all cases, the
sphericity assumption was violated and the number of degrees of freedom was adjusted using
the Huynh-Feldt method, repetitive behaviours (F; 36 1500 = 15.48, p < 0.05; np2 = 0.61); social
interaction (Fy 121162 = 25.55, p < 0.05; nP2 = 0.71); social communication (F 271382 = 18.21,
p <0.05; nPZ = 0.64); emotional responses (F1 ¢519.89 = 76.95, p < 0.05; np2 =0.88).

Pairwise comparisons (Figure 3) indicated a significant improvement (p < 0.05) fol-
lowing the 8-week adapted judo training intervention at T3-Judo in repetitive behaviours,
social interaction, social communication and emotional responses subscales compared with
each of the other time points (T1-Baseline, T2-Control and T4-Lockdown). On the other
hand, the cognitive style and maladaptive speech subscales did not show significant differ-
ences in any of the measurements. It should be noted that a low score indicates a decrease
in the severity of the characteristics of children with ASD. Furthermore, a deterioration
in the same subscales was observed following the 8-week COVID-19 lockdown period at
T4-Lockdown compared to the other time points (T1-Baseline, T2-Control and T3-Judo).
No significant differences in any of the subscales were observed during the control period
between T1-Baseline and T2-Control.

[ 1T1

# T2

B [ T3
# . T4

103 .4

S C

RAW SCORE

Figure 3. Gilliam Autism Rating Scale-Third Edition (GARS-3) subscales for repetitive behaviours
(RB), social interaction (SI), social communication (SC), emotional responses (ER), cognitive style
(CS), and maladaptive speech (MS) at baseline (T1-Baseline), after the 8-week control period (T2-
Control), after the 8-week judo training intervention (T3-Judo), and after the 8-week COVID-19
lockdown period (T4-Lockdown). * significantly different (p < 0.05) from T1-Baseline, T2-Control,
and T4-Lockdown. # significantly different (p < 0.05) from T1-Baseline, T2-Control, and T3-Judo.
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4. Discussion

This study confirms the positive effects of 8-week adapted judo training in repetitive
behaviours, social interaction, social communication and emotional responses subscales in
children with ASD. Furthermore, our results provide evidence of the indirect, potentially
harmful effects on children with ASD during the lockdown imposed by the health author-
ities to stop the spread of COVID-19. The interpretation and limitations of the present
study must be considered with respect to the exceptionality of the situation caused by the
COVID-19 pandemic which altered the original intervention. This situation has caused
an interruption in their daily routines leading to the increased time spent engaging in
sedentary activities such as watching television and using electronic devices [35]. Under
these circumstances, children with ASD risk losing the benefits they may have previously
attained from an active lifestyle, which is demonstrated by the GARS-3 subscale scores
measured in excess of baseline and control values prior to the improvements conferred by
the adapted judo programme.

The overall results show that the participants recorded significantly better scores
(p < 0.05) on the subscales repetitive behaviours, social interaction, social communication
and emotional responses during the adapted judo intervention period than they did
during the control period or during the lockdown. The first of the subscales, repetitive
behaviours, measures the restrictive/repetitive behaviours displayed by children with
ASD. It corresponds to the subscale on stereotyped behaviours in the previous version of
the testing instrument (GARS-2). The most common of these behaviours include a rocking
motion of the hands, nodding, shaking arms, sudden running, rocking the body forward
and backward, repeated manipulation of objects and finger movements [36]. Our results
agree with those obtained by the Ferreira et al. [37] meta-analysis that reported children
with ASD showed 1.1 fewer instances of stereotyped behaviours after an intervention with
physical exercise. This clear indication of the effectiveness of physical activity for children
with ASD has also been demonstrated following a variety of interventions, including an
eight-week sports programme based on exercise with a ball [13], a ten-week horseback
riding programme [38] and a programme linking physical exercise to video games [39].

The results of this study also, in essence, confirm prior research examining the use of
combat sports or martial arts to improve certain executive and psychosocial behaviours
that also influence the quality of life of children with ASD. For example, an intervention
with adapted mixed martial arts [40] found improvements in executive functioning and
reduced repetitive behaviours. These researchers attribute the improvements to the ability
of these sporting activities to be adapted to the individual needs, preferences, and training
status of children with ASD. Bahrami et al. [20] also achieved positive results in terms
of reduced stereotypical behaviours following a karate kata intervention with highly
structured activities calling for participants to follow a classmate or instructor’s movements
and imagine scenarios with opponents. The success of our adapted judo programme could
be partially due to its grounding in traditional martial arts practices, which, in addition
to developing physical skills, aim to hone participants’ self-discipline and enhance their
behavioural, emotional and cognitive control [21]. These psychosociological benefits align
with the recommendations of the most successful martial arts interventions for children
with ASD [20,40].

The social interaction, social communication and emotional responses subscales,
which are closely connected to social ability, also displayed significant improvements
following the judo intervention over the scores for the control period. These results support
and confirm previous findings showing that participation in sport can improve the social
abilities of children with ASD and help improve engagement in social interactions [15,16].
Sports programmes [13,14] are ideal for fostering positive social ability since the very act of
participation and need for teamwork involved afford children innumerable opportunities
to interact with one another. The current findings coincide with Movahedi et al. [19],
which showed socio-emotional improvements after a karate intervention that requires
participants to engage with their surroundings and with one another. In our research,
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touch or contact is our most social sense since it involves exploring the environment and
engaging in successful interactions, forming interpersonal attachments. In that regard,
judo practice involves physical contact situations during standing and groundwork, and
contact situations have a potential role in developing bodily self-awareness defined as
the ability to sense and recognise our body as our own [41]. The information that arises
from inside the body gives information about its movement and location in the space (e.g.,
proprioceptive, vestibular and kinaesthetic input) and the perception of its physiological
condition [41]. Thus, our adapted judo programme introduced a progressive increase
in oppositional situations where physical contact is promoted between peers in simple
to increasingly complex situations, thus eliciting progressive training of perception and
decision-making skills. Contact experienced by the participants during the adapted judo
programme may have stimulated positive adaptations in self-awareness in addition to
the enhancement obtained in behavioural, social and emotional skills. Future works are
warranted to investigate the effects of judo practice on self-awareness in children with ASD.

Cognitive style and maladaptive speech did not present differences during the lock-
down period or the adapted judo programme. Nevertheless, some physical activity in-
terventions have shown improvements in cognitive functioning [39,42], likely because
the control of bodily movement developed in the context of sport involves decision mak-
ing, anticipation and the measuring of speed and trajectories, all of which are associated
with cognitive skills [43]. Nonetheless, cognitive improvements and decreases in inap-
propriate language are less positively affected by interventions with minimal physical
activity compared to social abilities [44]. For example, Pan et al. [43] found significant
improvements on only three of the six indices of the Wisconsin Card Sorting Test, while
Anderson-Hanley et al. [39] found significant progress on the Digit Span Backward Task,
but not the Color Trails or Stroop Tests. These findings suggest that the two subscales
in question might not be sensitive to participation in an adapted judo programme while
potentially being more connected to other symptoms within the broad spectrum of autism.

The results following the COVID-19 lockdown showed a significant, generalised
decline in the same behavioural measures (repetitive behaviours, social interaction, social
communication and emotional responses) that were improved with the adapted judo
programme in children with ASD. The quarantine likely resulted in additional stress
among parents and damage to the mental health of children with ASD, leading to a
greater number of episodes of aggression and maladjusted behaviour [45]. According
to Narzisi [46], during the COVID-19 lockdown period, children with ASD may have
an increased tendency toward stereotyped behaviour because of the new stress caused
by changes in the daily routine. Meanwhile, it is also possible that the deterioration in
behaviours was due to the lockdown and the halt of the adapted judo programme, as in
this study, it is impossible to separate these two factors. The fact that the baseline (T1) and
control scores (T2) were lower than the results after eight weeks of the lockdown agrees
with other recent studies of children with ASD [47] that reported worsened sleep problems
and autism symptoms during the lockdown. These factors may be compounded by the
preference of individuals with ASD for sedentary activities, especially those involving
screens [2], which can increase their risk of obesity and cardiovascular disease [10].

In order to counteract these harmful outcomes, it would be beneficial for children with
ASD to continue engaging in physical activity interventions at home during quarantine
orders to maintain overall health and immune function while minimising sedentary screen
time [45]. Narzisi [46] recommends that parents and children share activities and play
semi-structured games together or do exercise routines using online videos; however, there
is an inherent need for familial support for these efforts to be successful. Furthermore,
there is a wealth of resources and articles that offer examples of physical activities to do
with children with ASD and strategies to encourage them to be more active [35]. As part
of our project, we have created online judo materials to offer the study participants the
opportunity to receive judo instruction remotely.
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The limitations of this study stem from the small sample size. However, it is worth
emphasising the difficulties involved in taking longitudinal measurements of a group of
children with ASD due to their high drop-out rate and their tendency to display a low
degree of continuity in physical exercise. Because of the difficulties discussed above, we
could not recruit a control group, representing another limitation of the study. However, we
established a control period, during which the participants did not do any extracurricular
sports that also encompassed their winter break from classes. Finally, the fact that the
parents or guardians completed the questionnaires could have affected the results. While
they were certainly in the best position to follow the participants’ progress, they may also
have been influenced by their expectations of the adapted judo programme or the stress
they experienced during the lockdown. Therefore, these expectations force us to consider
these data as preliminary results that require a more extended period of intervention to
allow for broader interpretation.

5. Conclusions

The eight-week adapted judo training intervention positively affected repetitive be-
haviours, social interaction, social communication, and emotional responses subscales
in children with ASD. On the other hand, the cognitive style and maladaptive speech
subscales did not show significant differences in any of the measurements. The COVID-19
lockdown period resulted in an apparent deterioration of repetitive behaviour, social in-
teraction, social communication and emotional response returning to baseline values in
children with ASD. The cognitive style and maladaptive speech subscales did not display
any changes over any of the periods. Further studies could attempt to replicate or expand
these findings either in-person or remotely and incorporate factors that influence cognition
or language into the judo programme. The long-term effects of these interventions also
need to be explored, while additional aspects of behaviour, including issues connected to
motor skills, should be examined.
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Abstract: Physical fitness is one of the most important physical and mental health aspects for
children with Autism Spectrum Disorder (ASD). This study aimed to test the effects of a long-term
adapted judo program on the health-related physical fitness of children with ASD. The participants
were recruited from various associations of families and schools for children with special needs.
Twenty-one children were assigned to an experimental group and nineteen to a control group. The
experimental group participated in a six-month adapted judo program consisting of 90 min of
practice each week. Health-related physical fitness was measured using the indicators obtained from
the ALPHA-fitness battery, the estimated VO,max and the waist/height ratio’?. Changes within
and between groups were analyzed using linear mixed models for repeated measures designs and
test-retest reliability of tests requiring a maximum score using the Intraclass Correlation Coefficient
(ICC). A judo program tailored for children with ASD can improve the cardio-metabolic health and
cardiorespiratory fitness of its participants. The problems involved with administering physical
aptitude tests that involve maximum effort or performance in children with ASD cast serious doubts
on the reproducibility of their results.

Keywords: combat sports; autism; intellectual disabilities; adapted sports; non-exercise equation;
waist circumference

1. Introduction

Physical activity and exercise can help children and adolescents achieve a suitable
degree of physical fitness. Maintaining a certain level of physical fitness is one of the
most important factors for children and adolescents” physical and mental health [1]. The
World Health Organization guidelines recommend an average of 60 min/day of moderate-
to-vigorous intensity aerobic physical activity and regular muscle-strengthening activity
across the week for health benefits in children and adolescents [2,3]. This can be done in
various settings, including hobbies, recreation and extracurricular youth sports [4].

Autism spectrum disorder (ASD) is a neurological disorder with an unknown cause
that manifests itself in difficulties and deficits associated with communication and social
interaction and repetitive and stereotyped behaviors [5]. Children with ASD have been
shown to have a lower fitness level than children with typical development [6]. The causal
relationship between this difference and ASD is unclear; however, it has been reported that
challenges when accessing physical activity programs, bullying, lack of awareness of ASD
among service providers or instructors, few adapted program options, or the prioritization
of therapeutic interventions limited participation [7,8]. The motivation to practice physical
activity regularly in children with ASD is affected by complex physical, cultural and
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environmental elements [9-11]. Subsequently, it has been observed that children with ASD
tend to be less active, have more motor deficits and, ultimately, live a more sedentary
lifestyle [11]. These factors can lead to many chronic diseases, such as obesity, diabetes and
cardiovascular diseases [12].

Furthermore, low levels of physical fitness can also reduce social integration [13]. It
has been shown that children with ASD show less interest in play and spontaneous games
during leisure time activities than their peers without ASD [14], making it difficult to make
friends and, therefore, favoring social isolation. Extracurricular sports activities offer an
excellent opportunity to increase children's daily PA, stimulate social interactions and
appear to be very helpful in preventing illness and improving fundamental motor skills
and development in children with ASD [14]. Indeed, structured leisure time activities have
positively affected children and adolescents” mental and physical health [15].

The physical and mental health benefits of physical activity for individuals with ASD
have been extensively documented in the scientific literature in [9-11,13,16,17]. Some
systematic reviews have linked PA to social and communication improvements [18,19],
as well as to improved motor skills [20,21]. Other studies have shown how PA and/or
exercise programs can improve physical health [22,23].

Martial arts and combat sports involve activities of moderate to vigorous intensity
and feature additional cognitive and emotional components such as concentration and self-
control [24]. These types of activities are attractive to young people with ASD because of
the repetitive structure of the exercises involved [25]. Research supports the effectiveness of
these sports not only in improving motor skills [26,27] but in addressing social behavior. For
example, the training of karate katas has been found to significantly improve stereotypical
behaviors and social interaction [28,29].

The systematic review by Pec¢nikar et al. [30] highlights the improvements in health
parameters and social skills of people with intellectual disabilities when they participate in
adapted judo programs. Judo has led to positive results in short-term programs, including
improvements in repetitive behaviors, interaction and social communication, and emotional
response [16]. Accordingly, a recent study reported [31] a reduction in aggressive behavior
in children with ASD who participated in an adapted judo program after an eight-week
intervention [31]. Other research demonstrates the viability and effectiveness of this type
of program, which can produce a great deal of acceptance and high rates of enjoyment,
with participants often expressing a strong desire to continue to take part in the sport after
the program is over [32]. It has been reported that adherence to adapted judo programs is
associated with an increase in the volume of moderate to vigorous physical activity [24], a
fundamental condition for improving the physical fitness of children and adolescents.

Researchers seeking to measure the physical fitness of individuals with ASD face
considerable limitations. These issues include communication difficulties, sensory deficits,
poor limb function, delayed growth and motor development, defiant behavior and a lack
of understanding or motivation to make the required level of effort or to strive for the
best possible performance. All of these factors can influence the reliability of a test [33].
In [34,35], the former tests are more cost-efficient and can be carried out in a familiar
environment that favors better performance by the participants, even though the latter are
usually more precise. A major obstacle researchers face when measuring physical fitness in
individuals with ASD is that there is no evidence that certain tests are feasible or reliable
with some population subgroups, such as younger children and those with moderate to
severe levels of intellectual disability [33].

Therefore, assessing the health-related physical fitness in children with ASD is a
challenge. To the best of our knowledge, there are no validated physical fitness batteries
of tests exclusively for children with ASD. Generally, the physical fitness in children
with ASD has been measured using adaptations of tests for the general population or via
existing batteries of tests such as EUROFIT [36,37]. Other batteries, such as the ALPHA
health-related fitness test battery [38], have been validated for the population with Down
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Syndrome [39] and also have adaptations for preschoolers [40]. The use of such tests is a
potential methodology in studies of the field of children with ASD.

Anthropometric measurements have been characterized as a good resource for moni-
toring cardio-metabolic health in this population because of their ease of administration
and the consistency of the measurements they yield. Specifically, BMI has historically been
used despite its limitations [41]; however, when measuring on the individual level, there are
anthropometric alternatives much more valid than BMI. These alternative measurements
are based on the waist-to-height ratio (WHTR) [42] or the allometric index (the waist circum-
ference divided by half the height) (WHT.5R = WC/height0.5). The latter is a measurement
of waist circumference independent of height [43]. Meanwhile, the variable of maximal
oxygen consumption (VO;max) is a robust and well-established indicator of cardiovascular
health [44] and has proven effective at predicting premature mortality, regardless of its
cause [45]. However, it is challenging to perform laboratory or field tests that measure or
estimate VO;max following maximal effort exercise in children with ASD [33]. In situations
like this, when the measurement or estimation of VO2max through an exercise protocol is
not possible, researchers have suggested the use of “non-exercise estimation models” that
make calculations using factors such as age, gender, self-reported level of physical activity,
body composition and other parameters [46,47], all variables that can be easily recorded in
children with ASD. These models have been validated against laboratory measurements of
VO,max and have reported estimation errors from 3.11 to 5.70 mL/kg/min and goodness
of fit from r = 0.50 to r = 0.86 [45].

The wide-ranging evidence of the benefits of physical activity and exercise on the
health of children with ASD, and the previously demonstrated efficacy of adapted judo
programs in this type of population, led to the adoption of the main objective of this study,
which is to assess the effects of a long-term adapted judo program on the health-related
physical fitness of children with ASD. The secondary objective was to verify the feasibility
and reliability of the indicators used to measure physical fitness in this population.

2. Materials and Methods
2.1. Participants

The GPOWER v3.1 software program (Bonn FRG, University of Bonn, Department of
Psychology, Diisseldorf, Germany) was used to calculate the a priori sample size necessary
to obtain a Power (1-8) > 0.9, a large effect size = 0.6 and a type I error = 0.05, two groups
and two measurements, with the result being a required total sample of 32 subjects. Based
on previous experiences in judo programs with children and adolescents with ASD, we
estimated a dropout rate of 20% of the participants during the intervention. Therefore, we
recruited forty children for the current study.

The participants” mean age was 11.07 (£1.73) years, height 145.9 (£15.81) cm and
weight 47.71 (£16.71) kg. All of them were recruited from various associations of fami-
lies of children with ASD and schools for children with special needs. All participants
had been diagnosed with ASD based on the Diagnostic and Statistical Manual of Mental
Disorders—Fifth Edition (DSM-5) criteria. The psychological reports provided by the par-
ticipants indicated intelligence quotients (IQ) ranging from 60 to 70 (mean of 65.4 £ 3.55).
Individuals who had been medically advised against physical exercise, previously partici-
pated in judo classes or simultaneously participated in extracurricular sports activities were
excluded. All subjects were invited to participate in the study voluntarily, and both the par-
ticipants and their families were informed verbally and in writing about the characteristics
of the program. Subsequently, the parents or legal guardians signed the informed consent
document, and the children signed an informed consent form in which the objectives and
plan of the program were explained. All the protocols applied in this research, including
managing the participants’ personal data, comply with the requirements specified in the
Declaration of Helsinki of 1975 and its subsequent revisions. This study was approved by
the Research Ethics Committee of the Ramon Llull University under document number
CER URL_2019_2020_003, and the trial was registered at Clinicaltrials.gov (NCT04523805).
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2.2. Procedure

This research used a prospective design. The convenience sample was divided into
two groups based on their availability and commitment to participate in an adapted judo
program over a school year. The experimental group (n = 21: age = 11.1 years £+ 1.9;
height = 147.0 & 15.7; weight = 47.7 kg + 12.5) participated in the adapted judo program for
six months, and the control group (n = 19: age = 11.0 year + 1.5; height = 144.5 cm £ 15.9;
weight = 47.6 kg &+ 10.2) did not participate in any extracurricular sports activities during
this period. Each participant's weight and height were measured using a digital balance
(Seca 707, Hamburg, Germany) and a wall-mounted stadiometer (Seca 220, Hamburg,
Germany) following standard procedures (stand with heels, buttocks and upper back
against stadiometer), with each participant being assessed twice, once at the beginning of
the program and again at the end. Body mass and height were used to calculate the body
mass index, according to Quetelet (kg/m?). All measurements were done under stable
conditions and in the same room where the judo sessions were held in Barcelona (Spain)
during January 2022 and June 2022.

In order to assess the physical condition of the participants at the two different times of
measurement, the ALPHA-fitness battery was administered. This battery of tests evaluates
the main components of health-related physical conditioning, including cardiorespiratory
fitness, musculoskeletal fitness, body composition and motor fitness. The battery of tests has
been shown to have a high degree of versatility in its application to special populations [39].
The reliability of the results of physical fitness tests among the population of children with
ASD is subject to a high degree of uncertainty, especially when the sample of participants
has a wide range of IQs that includes both midrange and low scores [33]. Therefore,
additional steps were taken to ensure the reliability of the tests that involve motivation
or require maximum effort. In order to confirm the consistency of the responses, intra-
session repetitions of the muscle strength tests and the cardiorespiratory fitness test were
carried out 48 h apart. In addition, VO,;max was estimated through a non-exercise equation
(NEXE) [46] that uses age, basal heart rate, waist circumference, heart rate and time and
intensity of weekly physical activity to estimate cardiovascular capacity. Differences in the
factors used to calculate the NEXE have been shown to explain a substantial proportion
of the variance in maximal oxygen consumption values among populations of different
ages [48-50].

2.3. Intervention

The experimental group participated in an adapted judo program over six months.
The judo sessions were held in an ample, well-ventilated space suitable for athletic activity
in general and judo in particular, so the safety of the participants was guaranteed. The judo
equipment required for this project included a tatami mat with a surface area of 120 m?,
made out of high-density covered foam that helps prevent injuries and ensures that a wide
range of activities can be carried out safely. Each participant was outfitted with a judogi
(the traditional uniform consisting of a cotton jacket, trousers and a belt).

The 90-min sessions were held once a week. Two judo teachers with 7th and 6th DAN
levels led the sessions. One has a degree in Pedagogy, and the other in Sports Science.
Furthermore, at least four volunteer judo instructors were available at each session to
support. The sessions were divided into three parts following the physiological principles
of exercise: warm-up, main exercise and cool-down. The main content of the sessions is
included in Table 1.

The instructional methodology applied the principle of gradual progression, beginning
with practice to consolidate the concepts learned in the initial lessons before moving on to
more complex activities and material. Each participant was allowed to progress at his or
her own pace. Learning was based on imitation and guided execution of judo-specific skill
patterns [51].
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Table 1. Contents and temporal distribution of the adapted judo sessions.

Content Time (min)

Different types of movements and falling techniques (from

walking in all directions to change of direction activities, from 15-20
stable movements to unstable movements).

Judo analytical techniques and judo games (progressively

increasing body contact with games, simplifying movements to 25-30
focus on essential judo movements).
Ground control techniques and throws (add technical details

incrementally to already known movements, progression from

repetitive movements to those more relevant to the 25-30
understanding and purpose of judo).
Repetitions of basic movements in different directions and planes 20-30

(pulling, pushing, holding, lifting).

The chosen learning method was imitation, where the instructors exposed the tech-
niques and guided the practice. Very marked routines were based on brief and clear
instructions, speaking calmly and with a firm voice. The instructions were objective and
refrained from using figurative language or irony. Spontaneous and unexpected behavior
changes were monitored and redirected by the judo instructors. They were aware that
each participant needed their own time. Instructions were given repetitively and used a
wide spectrum of senses, not just verbal signals. The isolated use of sensory instructions,
one at a time, can aid perception. For example, the instructor can demonstrate physically
with verbal instructions and one time without speaking. At the beginning of the pro-
gram, pictograms were used, but they were stopped because it was considered that it was
not necessary.

2.3.1. ALPHA-Fitness Battery

The ALPHA-fitness battery [38] administered in this study is a well-known instrument
for measuring health-related physical fitness. This battery consists of various field tests
and is suitable for use with children and adolescents. This study used the high-priority
variant of the test, which omits skin-fold measurement (triceps and subscapularis). The
version used here included the following tests: (1) the 20 m Shuttle Run Test to assess
cardiorespiratory fitness; (2) the handgrip strength test; (3) the standing long jump tests to
assess musculoskeletal fitness; (4) BMI; and (5) waist circumference. Verbal instructions
and demonstrations were given to the participants before each test element until they
understood the tasks. The instructors always attempted to motivate all participants [52].
All the tests were carried out in the space that hosted the judo sessions, guaranteeing the
necessary space and safety conditions.

The participants” aerobic capacity was measured using their 20 m Shuttle Run Test
scores. Because some of the children in this study had difficulties understanding the
instructions, they were sometimes accompanied during their run by the test observers. The
test required children to run between two cones placed 20 m apart at a pace set by sound
signals. The test ended when the child could not reach the next cone or gave up because
of fatigue. The final distance the children ran was recorded. Musculoskeletal fitness was
measured via the muscle strength in their hands and legs. Hand strength was measured by
asking participants to apply maximal pressure with their dominant hand on the handgrip
dynamometer (TKK 5101; Takey, Tokyo, Japan). The device was adjusted to fit the size
of each participant’s hand. The participants performed the test standing up with their
dominant arm extended, and the best score of two attempts was recorded. The standing
long jump test was used to assess the explosive strength of the lower limbs. The children
were asked to jump as far as possible on two feet from a standing position. The score for
this test was the distance jumped in centimeters on the best jump of two attempts. BMI
was calculated as weight (kg) divided by the height squared (m?). Participants” weights
and heights were measured using a standard protocol.
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2.3.2. A Non-Exercise Equation to Estimate CRF

In order to estimate VO,max (eVO,max), we recorded data on each participant’s
age, waist circumference (WC) and baseline heart rate (HRp,seline)- In addition, the legal
guardians of the participants were asked about the frequency and intensity of their chil-
dren’s physical activity and the time spent on it. These data were then analyzed using the
modified version [46] of the physical activity index (PAI), which was previously published
by Kurtze et al. [53]. The first question on the questionnaire was, “How many times do
you do physical activity each week?” Respondents choose one of the following answers:
0 = never or less than one day a week; 1 = at least one day a week; 2 = two to three days
a week; 3 = almost every day. The second question was, “How much time do you spend
on each session?” Respondents choose one of the following answers: 1 = less than 30 min;
1.5 = more than 30 min. The third question was, “What is the intensity of the physical
activity you do?” Respondents can choose among the following answers: 0 = very soft or
soft; 5 = heavy breathing and sweating; 10 = maximum intensity, near exhaustion.

In order to gather data on the HRypagcline, @ finger pulse oximeter (Lifesense LS1-9R,
Nonin Medical Inc., Plymouth, MN, United States) was provided to the family of each
participant. Family members were instructed to measure for a minute immediately after
waking up in the morning for at least four days. The average of the four-day HRpaseline
results was entered into the formula before and after the intervention.

The participants” waist circumference (WC) was evaluated in accordance with previ-
ously published instructions [54]. Briefly, WC was measured with participants standing
with their feet shoulder-width apart using a standard non-elastic anthropometric tape
measure. WC measurements were taken to the nearest 0.1 cm, midway between the lower
rib and the iliac crest, near the level of the umbilicus, after a gentle exhalation. A trained
researcher made two measurements and calculated the mean unless the two values differed
by more than 0.5 cm, in which case one more measurement was taken. Waist circumference
and WHT.5R were used for analysis.

2.4. Statistical Analysis

Descriptive testing data are shown as mean =+ standard deviation. The subtests of the
ALPHA-fitness battery that require a maximum effort or maximum performance (20 m
Shuttle Run Test, handgrip strength, and the standing broad jump) were each recorded
twice in a single testing session (each time the best score of two attempts was recorded),
except for the 20 m Shuttle Run Test, which was repeated after 48 h. In order to verify
test-retest reliability, the Intraclass Correlation Coefficient ICC (bidirectional mixed model,
absolute agreement, single measures) was used. ICC values of less than 0.5, from 0.5 to
0.75, from 0.75 to 0.9, and greater than 0.90 indicate poor, moderate, good, and excellent
reliability, respectively [55]. ICC calculations were carried out using the Statistical Package
for Social Science, version 24.0 (SPSS, Inc., Chicago, IL, USA).

Changes within and between groups were analyzed using linear mixed models for
repeated measure designs when all assumptions were met. Normality of the residuals was
analyzed using the Shapiro-Wilk test for every variable and revealed no deviations from
a normal distribution for WC and WHT.5R. However, HRy, 01ine and eVO,max residuals
were not normal. Homoscedasticity was checked by plotting the residuals-predicted
value [56], and we found that residuals were constant across the predicted values for most
of the derived variables but not for HRpseline Or €VOomax. Therefore, we employed a
nonparametric ANOVA-type statistical test for the latter variables. The alpha level was set
at p < 0.05 for all the analyses.

We employed the module GAML] for the linear mixed model analyses. This module
uses the R formulation of random effects, as implemented by the Ime4 R package in
jamovi software [57]. GAML] estimates variance components with restricted (residual)
maximum likelihood, which, unlike earlier maximum likelihood estimation, produces
unbiased estimates of variance and covariance parameters. The inter-subject group factor
(EXP or CON), the intrasubject time factor (PRE and POST tests), and the interaction
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(GROUP x TIME) were set as fixed effects, and participants’ intercepts were set as a random
effect. Changes were evaluated using the {3 coefficients and a corresponding 95% confidence
interval (CI), representing a non-standardized effect size. Between-group changes were
assessed using the estimated parameter with a 95% CI of the interaction between the fixed
effect of the model. When a significant interaction was detected, we carried out a simple
effects analysis of the within-group effect of the time of measurement. The standardized
mean difference between PRE and POST was calculated as the mean change score divided
by the SD of the change score, termed Cohen’s dz [58], and it was corrected by Hedges’
g to account for the small sample sizes. Cohen’s dz effect was presented with a 90% CI
and qualitatively interpreted as trivial if dz < 0.20, small if 0.20 < dz < 0.50, medium if
0.50 < dz < 0.80, large if 0.80 < dz < 1.30 and very large if dz > 1.30 [59].

The effect of the intervention on HRypase1ine and eVO,max was analyzed using nparLD
(nonparametric analysis of longitudinal data in factorial experiments) with the R software
package [60]. This package calculates nonparametric ANOVA-type statistics (group x time)
and uses ranks to calculate relative marginal effects. It was chosen because, unlike tradi-
tional nonparametric tests, this test provides information on the effect of each factor and
the interaction between them. When a significant interaction was detected, we carried out
a simple effects analysis of the within-group effect of the time of measurement. Within-
subject changes were analyzed through stochastic superiority (Apost-pre), which represents
the probability that a randomly selected score from the post-intervention will be greater
than a randomly selected score from the pre-intervention. Probability values equal to or
higher than 0.56, 0.64 and 0.71 when approaching one or values equal to or lower than 0.44,
0.36 and 0.29 when approaching 0 for Apost-pre were regarded as small, medium and large
values, respectively [61].

3. Results

Table 2 shows the descriptive statistics for the ALPHA-fitness battery of tests and
the ICC, corresponding to the ICC test-retest values. All ICC scores on the tests requiring
maximum effort were poor (<0.5): 20 m Shuttle Run Test (ICC = 0.21), handgrip strength
(0.16) and the standing broad jump (0.48). Therefore, it was decided not to use the results
of these tests because inconsistency in the results gathered with the sample would make it
difficult to interpret any possible changes during data analysis.

Table 2. Descriptive statistics and reliability of the ALPHA-fitness battery of tests.

TEST Mean (+Standard Deviation) ICC

20 m Shuttle Run Test 3.45 periods (+1.75) 0.21
Handgrip strength 15.87 kg (£4.95) 0.16
Standing broad jump 127 cm (£0.33) 0.48
BMI 22.23 kg/m? (+£2.33) 0.98

Waist circumference 72.95 cm (+6.34) 0.99

There was no difference before the intervention between the study groups in age,
height, weight, WC, WHT.5R, HRy,geline, and eVO,max. Table 3 presents the effects of
the fixed factors obtained after analyzing the WC and the WHT.5R using the mixed linear
model. Effects of time of measurement and time x group interaction were found for both
variables. In the analysis of the simple effects, we found that the EXP group reduced
their WC (PRE: 72.5 + 7.5 cm vs. POST: 70.6 + 6.9 cm; coefficient: —1.86 cm, 95%CI
[—2.63; —1.09]; t38 = —4.90, p < 0.001; dz = —0.98, 90% CI [—1.23; —0.81], large), whereas
there were no changes in the CON group (PRE: 73.5 £ 4.9 cm vs. POST: 73.8 £ 5.1 cm;
coefficient: 0.32 cm, 95%CI [—0.49, 1.23], t38 = 0.79, p = 0.433, dz = 0.19, 90% CI [0.07, 0.33],
negligible). However, simple effects analysis showed a reduction in WHT.5R in both the
EXP group (PRE: 0.60 & 0.05 vs. POST: 0.58 + 0.05; coefficient: —0.024, 95%CI [—0.030;
—0.019]; t38 = —7.83, p < 0.001; dz = —1.64, 90% CI [—2.04; —1.38], very large) and the CON
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=

eVO2max (ml/kg/min)

group (PRE: 0.61 & 0.04 vs. POST: 0.61 & 0.04; coefficient: —0.008, 95%CI [—-0.015, —0.002],
t38 = —2.51, p = 0.016, dz = —0.58, 90% CI [-0.79, —0.42], medium).

Table 3. Fixed effects of the variables WC and WHT.5R.

Lower Upper

Variable Effect Estimate 95% CI 95% CI t3s p

(Intercept) 72.59 70.67 74.51 73.94 <0.001

Waist CON vs. EXP 2.08 -1.76 5.93 1.06 0.295

Circumference POST vs. PRE —-0.77 —0.23 —-1.31 —2.80 0.008
(cm) CON vs. EXP

POST vs. PRE 2.17 1.10 3.25 3.95 <0.001

(Intercept) 0.598 0.584 0.611 87.23 <0.001

WHT5R CON vs. EXP 0.022 —0.005 0.049 1.62 0.113

(m x r;fl) POST vs. PRE —0.016 —0.020 —0.012 —7.21 <0.001
CON vs. EXP

POST vs. PRE 0.016 0.007 0.025 3.58 <0.001

Figure 1 shows the effects of the fixed factors on eVO,max and HRy,geline after non-
parametric analysis with ANOVA-type statistical analysis. There was an effect of the time
of measurement on both variables, and there was a time x group interaction. Simple effects
analysis showed an increase in eVO2max in the EXP group (PRE: 53.5 &+ 7.4 mL/kg/min
vs. POST: 55.2 + 7.5 mL/kg/min; Fy o = 73.96, p < 0.001; Apost-pre = 66.6%, medium),
whereas there were no changes in the CON group (PRE: 54.2 £ 6.2 mL/kg/min vs.
POST: 54.2 & 6.2 mL/kg/min; Fy o = 0.26, p = 0.609; Apost-pre = 51.4%, negligible). How-
ever, there were reductions in HRy,gejine in both EXP (PRE: 73.60 + 7.0 ppm vs. POST:
68.3 = 4.4 ppm; Fq o =32.50, p <0.001) and CON (PRE: 72.3 £ 7.8 ppm vs. POST: 70.6 £ 5.5;
Fi,00 = 32.50, p = 0.018), although the effect size was greater in EXP (Apost-pre = 28.0%,
medium) than CON (Apost-pre = 45.6%, negligible).

60 =
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40+

Group: £ .=0.753, p=0.386 B Group: F .. <0.001, p=1.000
Time: Fy . =54.515, p<0.001 Time: Fy . =37.920, p < 0.00]
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Figure 1. Individual responses and effects of fixed factors on eVO2max and HRyygeline before and after

the intervention.

4. Discussion

This study investigated the effects of an adapted judo program on the health-related
physical fitness of a group of children with ASD. Participation in the program was linked
to greater improvements in body composition parameters (i.e., waist and WHT.5R) and
cardiorespiratory fitness (i.e., eVO;max) in the experimental group than in the control



Int. |. Environ. Res. Public Health 2022, 19, 16731 9 of 14

group. The data on muscle strength, evaluated using the Alpha-fitness battery in the
pretest, showed a very low degree of reliability, so it was decided not to carry out a post-test
due to the difficulty that the interpretation of the data would entail.

Previous studies have discussed how participation in sports programs can improve
the physical fitness of children with ASD. For example, a meta-analysis by Healy et al.
(2018) [22] highlights that experimental groups tended to outperform control groups, with
a large effect (d = 0.81) in muscular strength and endurance outcomes, although they un-
derscored that best results require longer interventions. The meta-analysis and systematic
review by Sam et al. [23] found that children and adolescents with ASD tend to show im-
provements in physical fitness, exercise mastery and social competence after participating
in exercise programs. There is a considerable history of studies examining the effects of
specific exercise or sports programs on the health-related fitness of children with ASD.
In one study, aquatic exercise programs were effective at improving physical condition-
ing [62,63]. More recent studies in this regard have detailed the effects of participation in
a high-intensity exercise program to improve physical fitness [64], and the participation
in both structured physical activities [65] and individualized fitness programs [66]. A
five-month rhythmic gymnastics intervention for children with intellectual disabilities [67]
obtained similar results to those of the present study in improving cardiorespiratory fitness.
Another long-term program in which a treadmill exercise routine was carried out over nine
months [68] yielded an improvement in body composition similar to our results. How-
ever, these improvements do not appear to be duration-dependent as long as a minimum
duration of eight weeks is reached. Shorter interventions using different sports have also
arrived at results consistent with our study [62,63,63]. For instance, mini-basketball has
also been used effectively to improve the physical fitness of preschool children with autism.

Low levels of cardiorespiratory fitness (CRF) have been identified as a potential risk
factor for cardiovascular disease (CVD) and all-cause mortality. Conversely, substantial
health benefits can be gained through improved CRFE, which can be achieved via physical
activity and exercise [45]. In this regard, CRF is viewed as an important marker of cardio-
vascular health and has even been recommended as a new vital sign by the American Heart
Association [45]. Indeed, there is evidence that early intervention and prevention strategies
that target youth CRF might be associated with maintaining positive health parameters
in later life [69]. Furthermore, CRF is an important marker of physical and mental health
and academic achievement in youth [49]. Therefore, family members, educators and health
professionals caring for children with ASD should evaluate and implement strategies to
improve CREF, including participation in adapted judo programs.

Meanwhile, experiences with other interventions that did not limit their focus to any
specific sport also reinforce the results of this study. Such programs usually feature physical
exercise interventions with a very similar structure to that of judo sessions. In one study,
a high-intensity exercise intervention with alternating rest intervals [64], in which squats,
jumping jacks and bear crawls were performed in stationary circuit mode, was linked to
improvements in CRF and trunk and limb strength. Arslan et al. (2020) [65] also carried out
a structured exercise intervention that included balancing and strength exercises, walking
and jumps, leading to significant improvements in running speed and agility, balance,
standing long jump performance, reaction times, grip strength and flexibility.

Elsewhere, an intervention using individualized fitness programs [66] also improved
overall strength and BMI for half of the participants, although the mean BMI did not
change significantly. Srinivasan et al. [34] suggested that BMI, waist circumference and
skin-fold thickness measurements could be used to assess changes in body composition as
an indicator of health during and after exercise interventions in children with ASD. These
authors also suggested quantitative measures of physical activity that included heart rate
monitoring and accelerometry, as well as qualitative measures of physical activity that
included diaries, logs, and questionnaires completed by parents and caregivers. In addition,
it has been pointed out that field tests are preferable to laboratory tests when it comes to
measuring the physical fitness of children with ASD [35]. It is important to note that using
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BMI as a measure can lead to biases that affect the final result. BMI calculations consider
weight and height, but changes in weight, especially at early ages, may be due to changes
in body composition that do not necessarily imply fat mass gain. For this reason, in our
study, we have used the WHT.5R index, which is independent of height and has been
suggested as the best WC-derived index associated with metabolic health indicators [43].
In our study, a group effect was found as a function of the time of measurement (meaning a
group x time interaction) on the WC and the WHT.5R. Specifically, in the EXP group, WC
saw a reduction with a large effect size, and the results for WHT.5R indicated a very large
effect size, whereas in the CON group, there was no change in WC and only a moderate
reduction in WHT.5R.

It is well-established that judo improves health-related physical fitness in children
and adolescents [70]. Apart from its positive effects on health and physical fitness, it has
also been associated with psychological and social improvements [71]. The specific focus
of this study is on the health-related physical fitness improvements that can come from
participating in judo. Numerous studies detailing long-term interventions in typically de-
veloping individuals have reported improvements. Several studies examining the influence
of one-year judo programs have pointed to improvements in various physical fitness and
motor domains such as hand strength, flexibility, general coordination [72], the quality of
body posture, balance and lower limb muscle strength impulse [73]. Other investigations
have compared the benefits of judo with those of other sports [74,75]. A more recent but
shorter study [76] found significant improvements in CRF and body composition among an
experimental group of obese children who had participated in a recreational judo program
than in a control group. Physical exercise interventions that replicate situations similar to
judo sessions have generally been shown to be effective in improving the health of children
with ASD. Such exercise sessions are characterized by alternating high- and low-intensity
phases, individualized attention, respect for the pace of each participant, explicit verbal and
visual instructions, tactile guidance, continuous repetitions and feedback for reinforcement.

Prior research on the effects of judo on the physical fitness of individuals with ASD is
somewhat scarce, and the existing studies have always used a much shorter intervention
time. The focuses of these earlier studies have mainly been on analyzing the levels of
adherence to the adapted judo program, achieving an increase in the volume of physical
activity from moderate to vigorous [24], measuring the levels of acceptance and rates
of enjoyment or inspiring a solid desire to continue with the activity [32]. Elsewhere,
researchers have sought to gauge the decrease in stress and cortisol levels among young
people with ASD who do judo [77]. The present study has addressed evidence of the
benefits of adapted sport programs employing a relatively large sample compared to
similar studies. The study used a long-term intervention and a research design featuring
a control group to improve the integrity of the results. Despite the barriers found to
measuring physical condition and delivering judo sessions in children with ASD, the
present study showed safe and valid protocols that pretend to encourage education (i.e.,
teachers and pedagogues) and health professionals (i.e., physiotherapists, occupational
therapists and sport coaches) to work in a multidisciplinary and interdisciplinary way to
promote physical exercise and its linked benefits to this population.

The most important limitation of this study lies in the impossibility of repeating the
strength and aerobic endurance tests in the post-test. The results of <0.5 ICC forced us
to rule out performing a post measurement. The ALPHA-fitness battery includes tests
that have been used regularly in individuals with ASD, but some authors have warned of
issues that can emerge when administering the test, depending on the level of IQ of the
participants [33]. If the tests require maximum effort or performance, uncertainties arise.
Those responsible for administering the tests are never sure whether the participants have
jumped as high as they are capable of, whether they have applied all of their strength in
the handgrip test, or whether they have continued the 20 m Shuttle Run Test as long as
they were able. The use of VO,max has been suggested as an indicator of cardiorespiratory
fitness and as a very powerful predictor of general health [45]. The use of a "model without
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exercise" was considered the best way to estimate the VO,max of the sample of this study.
This model uses easily accessible measures such as age, gender, resting heart rate, self-
reported level of physical activity and body composition [46], all of which are factors that
have shown their influence on the mechanisms responsible for VO,max. The model is
validated and has a very large sample that lends it a great deal of credibility. On the other
hand, in the field of body composition, BMI has been discarded as an indicator of cardio-
metabolic health, and the WHT.5R index has been used instead [43], as it is considered
the most suitable instrument in these cases. These two indicators showed significantly
greater improvements in both cardiorespiratory fitness and cardio-metabolic health in the
experimental group than in the control group.

5. Conclusions

The most important conclusion of this study is that it has shown that an adapted judo
program for children with ASD can improve the cardio-metabolic health and cardiores-
piratory fitness of its participants. The study also highlights the difficulties involved in
applying physical fitness tests that involve maximum effort or performance in individuals
with ASD, because of doubts about their reproducibility.

The study provides additional support for the monitoring of health-related physical
fitness in individuals with ASD through methods that estimate the results with easily
accessible data such as age, sex, anthropometric data, HR and the self-reported level of
physical activity. Such methods facilitate data gathering and help overcome the uncertain-
ties generated by the application of physical tests to this type of population.

These health improvements are further evidence in favor of the use of judo programs
as a complementary intervention to improve cardiovascular risk level and physical fitness
in children with ASD. Further studies should investigate the dose-response relationships
of judo training with the aim of reducing cardiovascular risk and improving fitness in
this population.
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Improving motor skills and
psychosocial behaviors in
children with autism spectrum
disorder through an adapted
judo program
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Vanessa Garcia?, Miriam Guerra-Balic?,
Marta Sevilla-Sanchez* and Eduardo Carballeira*

Faculty of Psychology, Education Sciences and Sport Blanquerna, Ramon Llull University,
Barcelona, Spain, 2Department of Neuroscience, Rehabilitation, Ophthalmology, Genetics, Maternal
and Child Health, University of Genoa, Genoa, ltaly, *School of Kinesiology and Physical Therapy,
University of Central Florida, Orlando, FL, United States, “Department of Physical Education and
Sports, Faculty of Sport Sciences and Physical Education, University of A Corufia, Oleiros, Spain

Introduction: This study aimed to investigate the long-term effects of an
adapted judo program on the motor skills and psychosocial abilities of children
with Autism Spectrum Disorder (ASD).

Methods: All participants had been diagnosed with ASD and were assessed
twice, one time at the start of the intervention and again 6 months later, with
the Test of Gross Motor Development (TGMD-3) and the Gilliam Autism Rating
Scale-Third Edition (GARS-3). A one-way repeated measures MANOVA was
carried out in order to evaluate these assessments, and a mediation analysis
was done to determine the relationship between them.

Results: The experimental group significantly improved (p<0.05) from the
pre-test to the post-test for several subtests of the TGMD-3 and the GARS-3.

Conclusion: The study shows that participation in an adapted judo program
clearly helps to improve the motor skills and psychosocial behaviors of
children with ASD.

KEYWORDS

combat sports, ASD, TGMD, GARS, intellectual disabilities, adapted sports

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder with an unknown
cause that manifests in difficulties and barriers associated with social communication and
repetitive and stereotyped behaviors (American Psychiatric Association, 2013). There has
been a recent increase in the prevalence of ASD among children, as in the mid-1990s it was
thought to affect 11.6 out of 1,000 people in this age group (Baird et al., 2006), while more
recent studies have put this figure as high as 18.5 per 1,000 (Maenner et al., 2020).
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Several researchers have shown that people with ASD
experience difficulties in social interactions and communication
(Jones and Frederickson, 2010; Wilmshurst and Brue, 2018),
leading to problems in their relationships with others. They are
often characterized by a lack of motivation, resistance to change,
and difficulties following social rules (Habib et al., 2018).
Additionally, people with ASD often have problems with motor
skills (Colombo-Dougovito and Block, 2019; Crucitti et al., 2020),
affecting their ability to interact with others including successful
social participation (Bodison, 2015).

It is yet unclear whether these motor difficulties are a direct
consequence of the disorder itself or whether they emerge from
an amalgam of other factors, such as a lack of opportunities to
practice these abilities or a lack of motivation. It is clear, though,
that children with ASD tend to lag behind their peers without the
disorder when it comes to motor development (Pan et al., 2017;
Sansi et al., 2021). This means that it is sometimes difficult for
children with ASD to participate in activities that require motor
skills that would otherwise be typical for their age groups, thereby
further limiting their opportunities for social interaction.

Substantial evidence exists detailing these motor limitations.
Studies have found that children with ASD perform poorly
compared to their peers across various motor domains including
balance, postural control and overall coordination (Downey and
Rapport, 2012), gait disturbances, lateral movement and fine
motor skills (Kaur et al, 2018). During early infancy, the
differences in motor development between children with and
without ASD are less pronounced. However, starting at about
18 months, the gap becomes more apparent, with children with
ASD displaying less interest in play and spontaneous games
(Serrada-Tejeda et al., 2021). This could further affect their motor
and sensory development and, in turn, lead them to participate
less in leisure and social activities throughout childhood.

The positive impact of physical exercise reducing ASD
symptomology and the associated comorbidities has been
sufficiently explored. Several systematic reviews and meta-
analyses focused on synthesizing the effects of physical activity
and sports participation in this population (Hume et al., 2021).
Potential benefits noted in the literature include how physical
activity can contribute to improvements in the social relations and
communication skills of those with ASD (Bremer et al., 2016;
Howells et al., 2019; Chan et al., 2021), how exercise can help
reduce stereotyped behaviors (Ferreira et al., 2019), and the broad
range of improvements in motor skills, social skills, and physical
fitness resulting from these types of interventions (Sowa and
Meulenbroek, 2012; Sam et al., 2015; Healy et al., 2018).

Participating in combat sports can help improve the physical
and mental health of children with ASD, particularly when it comes
to improving participants motor skills (Kim et al., 2016; Sarabzadeh
etal, 2019), but there are also studies evaluating the benefits in social
terms. For example, researchers have shown that karate training can
significantly reduce stereotyped behaviors and improve social
interaction (Bahrami et al., 2012; Movahedi et al., 2013). It is worth
highlighting that martial arts and combat sports training requires
moderate-to-vigorous physical activity and, simultaneously, the need
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for concentration and self-control (Garcia et al., 2019). These sports
may also appeal to young people with ASD because of the repetitive
nature of the tasks involved in the training (Bell et al., 2016).

Among martial arts, the specific characteristics of judo, with
its alternating phases of vigorous physical activity and
low-intensity exercises focused on mindfulness, may provide an
ideal method to reduce the stress response (e.g., cortisol levels) of
young people with ASD (Renzichausen et al., 2022). Indeed, a
recent systematic review (Pecnikar Oblak et al., 2020) highlights
the health and psychosocial benefits that people with mental
disabilities can gain from participating in adapted judo programs.
Short-term judo programs have reduced repetitive behaviors and
improved social communication, interaction, and emotional
responsiveness (Morales et al., 2021). At the same time, a study
with an eight-week intervention (Rivera et al., 2020) found a
decrease in aggressive behaviors among children with ASD who
had taken part in an adapted judo program. Other researchers
have demonstrated the viability and effectiveness of these
programs, observing that the participants tend to embrace and
enjoy adapted judo and express a desire to continue participating
(Tomey, 2017). Adapted judo programs have registered good
adherence rates leading to overall increases in moderate-to-
vigorous physical activity (Garcia et al., 2019). However, the
impact of participation in extended-duration judo training
beyond 8 weeks in children with ASD has yet to be fully explored.

In light of this evidence of the effectiveness of adapted judo
programs for people with ASD, the main objective of this study is
to determine the effects of a long-term adapted judo program on
the motor skills and psychosocial behaviors in children with
ASD. The secondary objective is to observe the relationship
between motor skills and the severity of psychosocial behavior
symptoms of children with ASD. The hypothesis is that the
participants in the adapted judo program will improve the motor
skills and psychosocial behaviors assessed in the study.

Materials and methods
Participants

This study featured the participation of 40 children with a mean
age of 11.07 (£1.73) years, a mean height of 145.9 (£15.81) cm and

amean weight of 47.71 (£16.71) kg. A sample description by group
is presented in Table 1. The participants were recruited with the

TABLE 1 Sample characteristics by group.

Variable Experimental group Control group
(n=21) (n=19)
Mean (standard Mean (standard
deviation) deviation)
Age (years) 10.82 (+1.6) 11.35 (+1.9)

Height (cm) 143.91 (£13.01) 147.95 (+16.45)
Weight (kg) 45.96 (+17.09) 49.67 (+12.01)
1Q 60.8 (+3.05) 61.9 (+4.13)
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assistance of several different associations of families of people with
ASD and schools for children with special needs. All the
participants had been diagnosed with ASD according to the criteria
of the Diagnostic and Statistical Manual of Mental Disorders - Fifth
Edition (DSM-5). The psychological reports provided by the
participants indicated that their intelligence quotients (IQ) ranged
from 55 to 70 (mean value 61.4 +3.55). Exclusion criteria included
individuals who had been advised not to participate in physical
exercise, those who had previously taken judo lessons and those
who were already participating in extracurricular athletic activities.
Participation was voluntary, and the participants and their families
were verbally and in writing informed of the program’s
characteristics. The participants parents, legal guardians, and
children signed an informed consent document explaining the
programs’s plan and objectives. All the protocols within this research,
including the treatment of the participant’s personal information,
followed the 1975 Declaration of Helsinki requirements and the
subsequent revisions. This study received the approval of the
Research Ethics Committee of Universitat Ramon Llull under file
number CER URL_2019_2020_003, and the trial was registered on
Clinicaltrials.gov (NCT04523805).

Procedure

The present study was prospective and employed a
convenience sampling method. The sample was divided into two
groups according to their willingness and commitment to
participate in an adapted judo program over a school year. Thus,
the sample consisted of an experimental group (n=21) that took
part in a 6-month adapted judo program and a control group
(n=19) that did not participate in extracurricular sports over this
period. The experimental group participated exclusively in the
adapted judo program without the possibility of regular
participation in other sports activities, which could bias the
results. Each participant was assessed twice, at the beginning and
the end of the program, under stable conditions and in the same
room where the judo sessions were held.

Intervention

The experimental group took part in a 6-month adapted judo
program. The judo sessions were performed in a large, well-
ventilated, and safe space suitable for judo practice. The judo mat
had a surface area of 120 m? and was made of high-density foam
designed to reduce the impact of falls, ensuring safe practice. Each
participant was outfitted with a judogi (the judo suit consisting of
a cotton jacket, trousers, and a belt).

Participants completed one session per week of 90min of
duration. Two judo teachers with 7th and 6th degree black belts,
with academic backgrounds in pedagogy and sports sciences,
respectively, led the sessions, and at least four volunteer judo
instructors lent support. The sessions consisted of judo-specific
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tasks preceded by a warm-up and ending with a cool-down. As
previously employed in other studies of our research group (Morales
etal,, 2021), the judo-specific content of the sessions included:

« Different types of general movements and falling
techniques (from stepping in all directions to body
repositioning and turning, movements from stable to

unstable supports).

Simplified judo-specific movements and games (building
up body contact through games, primary focus on
essential/simplified judo movements).

Body control techniques on the ground and throws
(progression of techniques from simplified to more
complex movements).

o Repetitions of basic technical movements in different
directions (pulling, pushing, holding, lifting).

The method of instruction utilized the principle of gradual
progression, ensuring the consolidation of concepts learned in the
initial lessons before moving on to more complex activities and
material. Each participant progressed at his or her own pace.

The judo program was adapted by applying the principle:
“normal where possible, adapted where necessary” (Morales et al.,
2022). The main attributes of our adapted judo program were:

o The learning method chosen was imitation. The instructor
presented techniques and then guided the practice.

o The employment of very marked routines based on brief
and clear instructions in the form of the five “W” (who,
when, what, where, why).

Judo teachers spoke in a calm and firm voice. They gave
objective instructions and refrained from using figurative
language or irony.

It can be deduced that sometimes it can be difficult for

people with ASD to see the big picture because they
perceive so many details.

Instructors were trained to keep calm and not criticize the
slowness of reproducing movements that sometimes
characterize people with ASD.

Spontaneous and unexpected behavior changes were
monitored and redirected by judo teachers. They were
aware that each participant required their own time.

« Instructions were given repetitively and employed a broad
spectrum of senses, not only verbal cues. The isolated use
of sensory instructions, one at a time, can support
perception. For example, the instructor may physically
demonstrate with verbal instructions and once
without speaking.

Assessment instruments

All participants completed two assessment sessions, once at the
start of the intervention and again 6 months later, with the Gilliam
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Autism Rating Scale-Third Edition (GARS-3; Gilliam, 2014) and
the Test of Gross Motor Development (TGMD-3; Ulrich, 2019).

The TGMD-3 is an instrument designed to assess the gross
motor performance of children from 3 to 10years of age. The
assessment includes subscales measuring Locomotor Skills and
Ball Skills, representing the fundamental motor skills most
commonly taught in physical education classes worldwide. This
study used a visual support protocol previously validated for
children with ASD (Allen et al., 2017), whereby the instructors
explained the test elements via a combination of illustrated cards,
verbal instructions and physical demonstrations.

In addition to detecting delays and limitations in children’s
gross motor skill development, the TGMD-3 can also be used as
a research tool to explore gross motor skills, both among children
with a typical development pattern and among those with atypical
movement functioning (Ulrich, 2019). The Locomotor Skills
subscale features six movements that require coordination and
movements in various directions (Run, Gallop, Hop, Skip,
Horizontal jump, Slide). The Ball Skills subscale assesses throwing,
hitting and catching skills through seven tasks: Two-hand strike,
One-hand strike, Dribble, Two-hand catch, Kick, Overhand
throw, and Underhand throw. The test is video recorded and later
analyzed by trained independent (blinded) raters using a screening
tool and the criteria set out in the TGMD-3 for each task.
Participants are assigned a score of “1” for each task they
successfully completed and a score of “0” when they do not meet
the criteria. After this analysis, the locomotor and ball skills
subscale scores are summed, yielding a raw total TGMD-3 score.

The GARS-3 is an instrument used to assess changes in the
severity of ASD behaviors. As described in a previous work of our
research group (Morales et al., 2021), the GARS-3 includes 56
items describing characteristic behaviors of individuals with
ASD. The items are grouped into six subscales: repetitive behaviors
(RB), social interaction (SI), social communication (SC),
emotional responses (ER), cognitive style (CS), and maladaptive
speech (MS). Parents and caregivers had to score each item on a
four-point Likert-type scale (0=never observed; to 3 =frequently
observed) spending approximately from 5 to 10 min, and based on
the frequency of occurrence of each item under ordinary
circumstances in a 6-h period. The raw scores for each subscale
were summed, yielding a total GARS-3 score. Both the pre-and
post-tests were carried out using pen and paper. Parents and
caregivers had the opportunity to ask questions about
item interpretation.

Statistical analysis

All descriptive data from the dependent variables are
presented with the mean + standard deviation (SD). The normality
of the distribution of each variable was checked with a Shapiro-
Wilks test. A one-way repeated measures MANOVA evaluated the
effects of an intra-subject factor (TIME: pre-post) and an
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inter-subject factor (GROUP: control-experimental) of each
dependent variable.

Multivariate contrast monitoring was performed using
univariate contrast to determine any significant differences
in dependent variables between conditions. The effect size of
the multivariate and univariate contrasts was calculated using
the partial eta squared (7°p) and interpreted as a small,
medium, or large effect when the values of 7°p reached 0.0099,
0.0588, and 0.1379, respectively (Cohen, 1988). When
univariate contrasts showed statistically significant
interaction effects, pairwise comparisons with Bonferroni
correction were applied.

A simple mediation analysis model measured the relationship
between motor skills and the severity of psychosocial behaviors
among children with ASD. This simple mediation analysis
examined motor skills” direct and indirect effects using the total
TGMD-3 post-test scores as a predictive variable (PV) of the total
GARS-3 post-test scores, representing the dependent variable
(DV) of psychosocial behaviors. This analysis used the variation
in the total GARS-3 score (calculated as the difference between the
pre-and post-test scores) as a mediating variable (MV). The
associations explored in this model are represented in Figure 1.

A simple mediation analysis indicates a direct effect (c) when
the PV exerts an influence on the DV without taking into account
the analysis of the participation of the MV. Meanwhile, the model
indicates an indirect effect (a and b) when the PV exerts its
influence on the DV through the MV. Finally, a total effect is
registered when the PV influences the DV in the presence of the
MYV but not via this mediating variable.

All the statistical analyses were calculated using the Statistical
Package for Social Science version 24.0 software (SPSS, Inc.,
Chicago, IL, United States). A significance level of p<0.05 was
used for all tests. (Data available at https://doi.org/10.6084/
m9.figshare.20465337).

Results

All the dependent variables did not show significant
differences at the pre-test between the control and experimental
groups, indicating that they were homogeneous groups at the
beginning of the intervention.

The multivariate analysis applied to the outputs of the
TMGD-3 test showed a significant timexgroup interaction
(F343=10.18, p<0.001, °p=0.41) and a significant effect of time
(F543=23.08, p<0.001, n’p=0.61). Follow-up of the univariate
analysis in this test showed an interaction effect (time x group) in
the Locomotor Skills subscale score (F,,,=27.87, p<0.001,
7°’p=0.38) and the total TGMD-3 score (F, 4,=20.06, p<0.001,
’p=0.31). The Ball Skills subscale did not show interaction effect.
Finally, we observed significant improvements in the experimental
group between the pre-and post-test in the Locomotor Skills
subscale (p<0.001) and Total TGMD-3 (p<0.001) (Figure 2).
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VARIATION

Total TGMD-3

Indirect Pre- and Post test Indirect effect (b)

effect (a)

Total TGMD-3 N Total GARS-3
Direct effect (¢’)
FIGURE 1

Mediation analysis. Contribution of total TGMD-3 post-test scores on total GARS-3 post-test scores through the variation in the total GARS-3
score (calculated as the difference between the pre-and post-test scores). TGMD-3=Test of Gross Motor Development-Third Edition; GARS-

3=Gilliam Autism Rating Scale-Third Edition.
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FIGURE 2

Pre- and post-scores in Total TGMD-3 and its Locomotor and
Ball Skills subscales after 6 months adapted judo program by
group. *Significant differences (p <0.05).

The multivariate analysis applied to the outputs of the GARS-3
test showed a significant timexgroup interaction between
(F;3=31.25, p<0.001, °p=0.87) and a significant effect of time
(F;3,=12.06, p<0.001, n’p=0.72). Follow-up of the univariate
analysis in this test showed an interaction effect (time x group) in
the RB subscale score (F, 33=6.29, p<0.016, 7°p=0.14), SI subscale
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score (F,3=60.39, p<0.001, #°p=0.61), ER subscale score
(F\33=8.40, p<0.006, 77°p=0.18), CS subscale score (F,33=4.20,
p<0.046, n’p=0.10) and the total GARS-3 score (F,;=17.39,
p<0.001, #’p=0.31). The SC and MS subscales did not show
interaction effect. Finally, the pairwise comparison showed
significant improvements in the experimental group between the
pre and post-test in the RB (p=0.01), SI (p<0,001), ER (p=0.002)
and CS (p=0.005) subscales, and Total GARS-3 (p<0.001).
(Figure 3).

The results of the simple mediation analysis (Table 2) showed
a significant total effect when the PV (total TMGD-3 score)
influences the DV (total GARS-3 score) in the presence of the
MYV (GARS-3 variation), but not through the latter variable. This
result demonstrates that motor skills performance is closely
linked to the severity of ASD in terms of psychosocial behaviors
and that the variation in motor skills recorded during the
intervention influenced this relationship, albeit a small one,
because the values for the variation include the control group.

Discussion

This study offers a complete description of the effects of a
long-term adapted judo program on children with ASD and
illustrates the psychosocial behavioral changes that occurred in
the sample during the intervention.

The study’s results confirm the initial hypothesis, as most
indicators showed improvements in the experimental groups
scores after participating in the adapted judo program. After the
intervention, the children in the experimental group recorded
improvements in motor skills, as measured by the total score on
the TGMD-3 and the Locomotor Skills subscale. Meanwhile, the
children in the control group did not display any significant
changes. The experimental group also showed significant
improvements in the total GARS-3 score and on the subscales
measuring RB, SI, ER, and CS.
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intervention. *Significant differences (p <0.05).

Pre- and post-scores on the Gilliam Autism Rating Scale-Third Edition (GARS-3) subscales forrepetitive behaviors (RB), social interaction (Sl), social
communication (SC), emotional responses (ER), cognitive style (CS), and maladaptive speech (MS) after 6 months of adapted judo program
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TABLE 2 The approximate mediating role of the variation of motor
skills in the relationship between psychosocial behaviors and motor
skills.

Effect  Coefficient 95% zZ p- %

Confidence value mediation
interval

Indirect 0.009 —-0.01;0.02  1.00 0316 3.76

(axb)

Direct (c) 0.243 —0.34;—0.14  4.64 <0.001* 96.24

Total 0.234 —-0.33;-0.13 432 <0.001* 100.0

(c+axb)

#p <0.05 indicates statistically significant differences.

It has been established that children with ASD tend to engage
in sedentary activities and generally are less physically active than
their neurotypical peers during their free time (Zhao and Chen,
2018). As such, guided activities like the judo sessions described
within this study might be needed to encourage the participation
of children with ASD in physical activity. In fact, some prior
studies of short-term adapted judo programs for children with this
disorder have achieved high adherence among participants,
increased moderate-to-vigorous physical exercise (Garcia et al.,
2019), and improved satisfaction and self-confidence
(Tomey, 2017).

We have been unable to find other studies that have examined
the improvement of the motor skills of children with ASD through
judo. There are, however, some examples of research using other
martial arts disciplines or other combat sports, such as a case
study observing the balance and postural control benefits of an
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intervention program based on aikido (Polak et al., 2019) and
another eight-week intervention using taekwondo (Kim et al,
2016). Systematic participation in judo requires balance and
coordination tasks as well as the development of grip strength
(Demiral, 2011). In addition to the usual elements of judo, the
adapted program that was applied in this study included a large
number of judo-specific movement exercises that coincided with
the tasks assessed on the Locomotor Skills subscale of the
TGMD-3, meaning that it was reasonable to expect the
improvements that were achieved in this regard. Meanwhile, there
is evidence that participation in judo can also help improve motor
skills such as agility, coordination and balance among neurotypical
children (Protic-Gava et al., 2019; Purnamasari et al., 2021).
Another study featuring a year-long judo program in children
found improvements in various domains of motor skills and
physical fitness, such as hand strength, flexibility and overall
coordination (Toski¢ et al., 2014), while judo training has been
shown to improve body posture, balance and lower limb muscle
strength (Walaszek et al., 2017).

Meanwhile, Lo et al. (2019) have shown that using judo in
school can improve spatial orientation skills. These researchers
recommended using judo with people with ASD in order to
improve their executive functioning. Our results echo these
findings, as the participants showed improvements in postural
control and spatio-temporal orientation (Run, Gallop, Hop, Skip,
Horizontal jump, Slide) following the intervention. Additionally,
a high degree of correlation was found between motor skills and
executive functioning, suggesting a relationship between these
two constructs and those interventions aimed at one of these two
areas might also impact the other (Hilton et al., 2014). In light of
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this relationship between motor skills and executive functioning,
improvements in the former might help children with ASD in
their everyday activities and, in broader terms, contribute to
increasing their quality of life.

After participating in the long-term adapted judo program,
the children with ASD significantly reduced psychosocial
behavioral ratings. The results are similar to those found in our
previous work following an eight-week intervention (Morales
et al, 2021). In both cases, significant improvements were
recorded on six of the subscales of the GARS-3, although the list
of scales with significant differences was not the same in the two
studies. There were no significant differences in the subscale
measuring maladaptive speech in either of the studies, which
might indicate that participating in sports does not tend to
improve the language skills of people with ASD, as previously
reported following an intervention involving horseback riding
(Gabriels et al., 2015). Compared to the earlier short-term judo
intervention, one unique finding of the current study is that the
did
improvements. This result stands in contrast with the general

Communication  subscale not display significant
trend reported in systematic reviews and meta-analyses of physical
activity and sports participation interventions (Bremer et al., 2016;
Healy et al,, 2018; Howells et al., 2019), which have observed
improvements in communication skills presumably due to the
experiences of teamwork and social interaction.

The overall results regarding psychosocial behaviors coincide
with previous investigations following short-term adapted judo
programs, which have been found to decrease stress, increase
satisfaction with the activity, and improvements in social relations
(Rivera et al., 2020; Renziehausen et al., 2022). These findings are
further confirmed by other experiences with neurotypical people
that have found that participating in judo increases empathy,
reduces aggressive behavior (Ennigkeit and Beek, 2019) and
contributes to the development of self-discipline, serenity, efficient
problem solving and socio-moral sensitivity (Sterkowicz-
Przybycien et al., 2014). It is also worth highlighting the successful
record of adaptations of other martial arts in reducing stereotyped
behaviors and improving social interactions within this population
(Bahrami et al., 2012; Movahedi et al., 2013; Phung and Goldberg,
2019). Combat sports and martial arts like judo have clear
structures and other elements that make them very suitable for
people with ASD and are likely to contribute to improvements in
various aspects of their everyday lives. These kinds of sports can
be adapted to the individual characteristics of each participant and
can be applied in different contexts, such as various exercise
intensities that might cater to children with ASD. Additionally,
these sports are highly structured and involve repetitive
movements that are easily mimicked and mental imagery with
opponents (Bahrami et al., 2012). One possible reason for the
effectiveness of the adapted judo program was that it was designed
according to some of the traditional tenets of martial arts training.
In other words, it extended beyond physical activity, with
additional emphases on self-discipline and behavioral, emotional
and cognitive control, as previously recommended for combat
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sports and martial arts interventions for children with ASD
(Morales et al., 2021).

Concerning the secondary objective of this study, the results
showed a significant relationship between the variables measuring
motor skills and those measuring psychosocial behaviors. The
participants’ total TGMD-3 scores directly affected the total
GARS-3 score, with the mediation calculated at 96.24%. The same
mediation analysis also showed a significant total effect, as
determined by the mediation effect calculated by adding the direct
effect and the indirect effect represented by the variation in scores
on the TGMD-3 during the intervention period. These results
suggest that motor skills and psychosocial behaviors are closely
linked and that interventions addressing motor skills may
influence this relationship to an extent.

There is considerable evidence showing that children with
ASD experience greater difficulties with motor development than
their peers (Miyahara, 2013). MacDonald et al. (2014) found a
correlation between gross and fine motor skills and the severity of
ASD. Specifically, they observed that more severe cases of ASD
were associated with poorer fine and gross motor skills. Beyond
delays in motor development among children with ASD,
researchers have found links between these motor problems and
the development of language and cognitive abilities (Bedford et al.,
2016) and adaptive conduct (MacDonald et al., 2013), as well as
between motor development and social skills (MacDonald
etal., 2013).

One question that regularly emerges within the scientific
literature on this topic is whether motor difficulties should
be viewed as a central characteristic of ASD and whether this
disorder should be co-diagnosed along with Developmental
Coordination Disorder (DCD; Camden et al., 2022). Sumner et al.
(2016) examined the relationship between motor skills and social
abilities in a group of people with ASD, another with DCD and a
control group in children, finding a good deal of overlap between
the assessments of the motor and social skills of the ASD and
DCD groups, both of which recorded lower scores than the
control. Additionally, motor skills were found to predict social
functioning in both of these groups.

Fundamental motor skills are the building blocks in
developing more complex gross motor movements. If the
intervention described here successfully improved motor skills,
then the participants should be inspired to take a more positive
view of their own motor abilities. This, in turn, might encourage
them to continue participating in judo, as has been the case with
other judo programs for people with ASD (Tomey, 2017; Garcia
etal, 2019). Judo programs could also positively affect their social
functioning and physical health. Importantly, it could also help
them develop the motor skills needed to participate in other
sports and physical activity programs with their neurotypical
peers (Colombo-Dougovito and Block, 2019).

In childhood, free play is an opportunity to develop a range of
motor skills. There does not seem to be any reason why children
with ASD should not participate in play as neurotypical children
do, but starting at the age of two the former tend to reduce their
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free play interactions (Serrada-Tejeda et al., 2021). However, they
continue to display interest in directed play. In addition to offering
directed activities, it is important to strive to adopt an inclusive
approach to increase their effectiveness in physical activity
interventions (Sansi et al., 2021). This could help address the
difficulties that people with ASD often have in finding activities
that meet their needs. Some of the motor development problems
experienced by children with ASD might be due to this lack of
opportunity. Adapted sports programs like the one described here
are useful because they are designed specifically for the enjoyment
of children with ASD and offer them the chance to contact other
children. The characteristics of judo training mean that there is a
combination of peer learning, which helps improve the
relationships among the students with ASD, and guided activities
where they learn the technique of the sport by imitating their
instructors. Finally, the structure of judo sessions and the routines
associated with the sport, such as formal procedures, including
bowing, might help the participants overcome some of the
difficulties they face in their everyday lives and at school.

This study may have some limitations because the data was
collected from non-blinded caregivers, which was the case for the
GARS-3. This can be a source of confusion in this type of
intervention-based research, as it can be unclear whether the
knowledge of the intervention by the caregivers could influence
their answers or whether the results could be affected by subjective
factors such as the expectations involved with the adapted judo
program. In any case, the GARS-3 protocol recommends that the
people most familiar with the participants’ behavior complete the
questionnaire. Furthermore, the sampling distribution within
groups was not randomized. As stated in the methods section,
they were distributed into two groups according to their
willingness and commitment to participate in an adapted judo
program over a school year. The lack of randomization could have
biased the results; nevertheless, experimental and control groups
presented similar values in all the dependent variables at the
pre-test, indicating that they were homogeneous groups at the
beginning of the intervention.

Conclusion

The most important conclusions of this study are that
participating in a 6-months adapted judo program improved the
motor skills and psychosocial behaviors of children with
ASD. We can also conclude that there is a close relationship
between motor skills and psychosocial behaviors, as the children
with greater severity of autism-related behaviors were likely to
display poorer motor skills. Meanwhile, the adaptation of the judo
program increases its efficiency and could help participants adapt
better to their everyday lives and improve their quality of life. In
the present work, we have presented judo-specific content and
instructional cues that could help apply the judo program to
young people with ASD. Future research is warranted to study the
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effects of adapted judo programs in adults with ASD or other
intellectual disabilities.
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