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Highlights

What are the main findings?

e  The once-weekly, 8-week programme of sensory integration therapy is feasible and potentially
beneficial for children with autism spectrum disorder and co-occurring intellectual disability for
clinical settings in Japan.

What are the implications of the main findings?
e Sensory integration therapy may influence both the core symptoms of autism spectrum disorder and
adaptive functioning.

Abstract

Background: Occupational therapists often provide sensory integration therapy (SIT) as part of
interventions for children with autism spectrum disorder (ASD). However, evidence supporting its
effectiveness remains limited. Therefore, this study aimed to explore the feasibility and potential
benefits of once-weekly SIT for children with ASD and co-occurring intellectual disability (ID).
Methods: A non-blinded single-group pre-post study was conducted using SIT once a week for 8
weeks. Participants were children aged 2-6 years who had been diagnosed with ASD, had a
developmental index score of <70, and were classified as having severe autism according to the
Childhood Autism Rating Scale. Outcome measures included the Goal Attainment Scaling (GAS),
Vineland Adaptive Behaviour Scales, Second Edition (VABS-II), Short Sensory Profile (SSP), and
Parenting Stress Index, Short Form (PSI-SF). Data were analysed using the Wilcoxon signed-rank test
to compare pre- and post-intervention results. Results: All 10 participants who completed the study
exceeded the expected treatment outcome threshold on the GAS. On the VABS-II, significant
improvements were observed in the overall adaptive behaviour composite score as well as in the
subdomains of communication, daily living skills, and socialization. No significant differences were
observed for SSP or PSI-SF scores. Conclusions: This study showed the feasibility and potential
benefits of once-weekly SIT for children with ASD and co-occurring ID. However, the observed
changes involved considerable uncertainty, and the potential influence of concurrent developmental
therapies could not be excluded. Trial registration: This study was retrospectively registered in the
University Hospital Medical Information Network (UMIN000059427).
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1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by persistent
deficits in reciprocal social communication and interaction, along with restricted and repetitive
patterns of behaviour, interests, or activities [1]. The prevalence of ASD has been reported to be 2.76%
among 8-year-old children in the United States [2] and 3.22% among 5-year-old children in Japan [3],
highlighting the importance of providing appropriate support for individuals with ASD in Japan.

According to the 2021 White Paper on Occupational Therapy [4], developmental disorders such
as ASD account for 58.6% of all paediatric occupational therapy (OT) cases in Japan. As part of
interventions for children and individuals with ASD, occupational therapists (OTRs) often provide
sensory integration therapy (SIT).

SIT, developed by American occupational therapist A. Jean Ayres, is an OT approach that is
used to assess and treat children’s learning, behavioural, emotional, and social development from the
perspective of sensory integration in the brain (sensory integration theory). This theory is based on
the hypothesis that the brain’s ability to process sensory information influences learning and
behavioural performance [5]. In Japan, SIT is frequently used in OT practice for children with ASD.

Regarding the effectiveness of SIT, the American Academy of Paediatrics has reported a critical
lack of scientific evidence supporting its efficacy [6]. Novak et al. classified SIT for ASD as ‘not
recommended’ [7], and systematic reviews have indicated that high-quality studies such as
randomized controlled trials (RCT's) are limited to fewer than three publications [8, 9]. In response to
these critiques, several RCTs have since been conducted [10-12], advancing the evidence base for SIT
in children with ASD. More recent systematic reviews have reported improvements in multiple
domains, including motor, cognitive, social, and communication skills, as well as in daily functioning
and quality of life [13].

However, previous studies have been primarily focused on children with ASD without
intellectual disability (ID) or did not account for ID status in participant selection [13]. To the best of
our knowledge, no studies have specifically targeted children with ASD and co-occurring ID.

ID is a developmental disorder characterized by deficits in both intellectual and adaptive
functioning across conceptual, social, and practical domains [1]. The comorbidity rate of ID among
children with ASD has been reported as 37.9% in the United States [2] and 36.8% in Japan [3]. Children
with ASD and co-occurring ID exhibit greater challenges and impairments across a wide range of
behaviours and skills compared with those who have either [14], making early intervention essential.

Although SIT has previously been reported to be provided at least twice per week [13], in clinical
practice in Japan, it is offered not more than once per week [15]. The frequency of occupational
therapy sessions in Japan is restricted by the medical insurance system, child disability support
system, systemic reimbursement limitations, and a shortage of specialists [4, 16], resulting in sessions
typically being provided less than once per week. However, the effectiveness of SIT provided less
frequently than once per week, reflecting actual practice conditions in Japan, remains uninvestigated.

Therefore, we employed a single-group pre—post design involving children with ASD and co-
occurring ID, with two aims: 1) as a preliminary investigation toward a future two-group
comparison, to examine the feasibility of implementing SIT in Japanese clinical settings, and 2) to
explore the potential for change associated with once-weekly SIT, consistent with the typical
frequency of clinical practice in Japan.

2. Materials and Methods
2.1. Study Design

This study was conducted at the Nishinomiya City Child and Family Center Clinic, a core
medical and developmental support facility located in Nishinomiya City, Hyogo Prefecture, Japan,
which has a population of approximately 480,000. The Center provides medical and rehabilitation
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services for children under 18 years of age residing in Nishinomiya City. Its multidisciplinary team,
comprising physicians, nurses, physical therapists, occupational therapists, speech language hearing
therapists, and psychotherapists, provides medical care and developmental rehabilitation for
children and families facing physical or mental developmental challenges.

Ethical approval for this study was obtained from the Committee on Research Ethics, Graduate
School of Comprehensive Rehabilitation, Osaka Prefecture University (Approval No. 2021-217) on
March 30, 2022. The study was conducted as a preliminary investigation prior to a planned non-
randomised controlled trial on the therapeutic effects of SIT (scheduled study period: March 30, 2022,
to March 31, 2027). Written informed consent was obtained from the parents of all participating
children after providing both oral and written explanations of the study. Participants were informed
that they could withdraw from the study at any time without providing a reason. The preliminary
study was carried out between May 2023 and May 2024. Following ethical approval, coordination
with the study site required additional time to address issues such as ensuring fairness between
clients on the facility’s waiting list and those currently receiving services, as well as confirming the
practical feasibility of implementation.

Consequently, it was determined that public registration of the clinical trial should take place
after these issues had been resolved. Therefore, registration with the University Hospital Medical
Information Network (UMIN) was completed after conducting this feasibility-focused preliminary
study (UMIN000059427). Committee on Research Ethics The Graduate School of Comprehensive
Rehabilitation Osaka Prefecture University

2.2. Participants

Participants were selected according to the following inclusion criteria: 1) Diagnosis of ASD by
a paediatrician at the Nishinomiya City Child and Family Center Clinic based on the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5).

2) Age between 2 years 0 months and 6 years 9 months of age. The study included only children
who would remain preschool-aged throughout the treatment and assessment period.

3) ASD severity classified as severe (237 points) using the Childhood Autism Rating Scale,
Second Edition — Standard Version (CARS2-ST).

4) Developmental Quotient (DQ) of <70. Because it is often difficult to administer intelligence
tests to children with ASD and co-occurring ID, DQ was used as an index of intellectual ability.

Exclusion criteria were as follows: 1) presence of an evident physical disability such as cerebral
palsy; 2) medical conditions such as epilepsy or heart disease that contraindicate physical activity; 3)
current or past receipt of SIT provided by an occupational therapist; and 4) difficult family
circumstances (e.g., child abuse or parental illness, etc.).

2.3. Procedures

Figure 1 presents the study procedure and study population size. For participant selection,
information was collected from medical records and from professionals involved in each child’s care,
including paediatricians, speech language hearing therapists (STs), and nursery teachers. Initial
observations were also conducted during the first OT session for evaluation purposes. Based on this
information, parents or guardians of children who met the eligibility criteria were approached for
recruitment. For those whose guardians consented to participate, the responsible OTR conducted
pre-treatment assessments and measurements in consultation with a paediatrician and an ST. These
assessments incorporated information obtained during participant selection, as well as additional
data collected through parental interviews and questionnaires.

The frequency of SIT was set at once per week, reflecting actual clinical practice in Japan [15].
The treatment period and session length were established at 8 weeks (eight sessions in total) of 40
min each, based on previous SIT studies [17-19]. This schedule was chosen to ensure equitable
treatment for users at the facilities participating in the study.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202601.0101.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 January 2026

Following intervention completion, post-treatment assessments and measurements were
conducted through parental interviews and questionnaires.
As the therapist served as both the SIT implementer and evaluator, this aspect of the study was

not blinded.
[Participant Selection and Enrollment] Eligible participants identified (n = 30)
Excluded (n = 8):
- Difficult family circumstances (n = 5)
P - Met exclusion criteria (n=2)
+ Other (n=1)
v
Parents invited to participate (n = 22)
Excluded (n=11)
»
Ll
* Declined to participate
v
[ Evaluation and Treatment ] Enrolled participants (n = 11) Pre-
intervention assessment —_
SIT intervention (8 sessions over 8 Excluded(n=1)
> * Unable to complete assessments
weeks)
+ Unable to continue treatment
_
Post-intervention Assessment
[ Data Analysis ] Analyzed (n = 10)

Figure 1. Study participant flow chart.
2.4. Assessment of feasibility

Throughout the study, from recruitment to completion of assessment and treatment, the
evaluator documented all processes in the medical records and the Center’s internal database. During
recruitment, information obtained in advance from paediatricians, STs, and nursery teachers was
recorded, along with the number of eligible children, the number of those who did not provide
consent, and the reasons for non-participation. For the assessment and treatment phases, the dates
and details of each session were documented to monitor study progress.

2.5. Sensory Integration Therapy

SIT was conducted by an occupational therapist with 17 years of clinical experience who held
certification as a registered therapist (No. 141) from the Japanese Society for Sensory Integration. This
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certification is awarded to professionals in Japan who complete specialised training in the assessment
and intervention methods of SIT and are accredited by the society [20]. The intervention took place
in a sensory integration room within the clinic used by OTRs, equipped with essential apparatus for
SIT, including a trampoline, swing, and ball pool.

In implementing the intervention, the Ayres Sensory Integration Fidelity Measure (ASIFM) [21],
a scale developed to ensure that occupational therapists deliver SIT in accordance with the principles
established by Ayres, was used as a reference.

Given the characteristics of the study participants, namely children with ASD and co-occurring
ID who exhibited various behavioural difficulties [14] and were classified as having severe ASD
according to the CARS2, the intervention emphasised one of the core principles of SIT: establishing a
therapeutic relationship with the child. This focus is closely related to a key characteristic of ASD,
namely impaired social communication. During treatment sessions, particular attention was paid to
creating opportunities for eye contact and for expressing positive emotional responses through vocal
and facial interactions between the therapist and the child.

For each child, an individualized treatment plan was also developed by formulating hypotheses
based on sensory integration theory to interpret the underlying causes of specific functional
difficulties. For instance, if a child experiences difficulty using eating utensils, this is interpreted as a
challenge in understanding the characteristics and proper use of tools. During treatment, support
was provided to help the child develop their own approach in using tools through activities such as
guided practice with play equipment.

As the intervention progressed, the child’s responses during sessions were reviewed, and both
the treatment content and evaluations were adjusted as needed based on written records and video
reviews.

2.6. Tools Used for Participant Selection

For participant selection, the CARS2-ST was administered, and the results of the KSPD were
reviewed.

The CARS2-ST is a revised version of the original CARS, developed to differentiate children with
ASD from those with other developmental disorders. It is a scale used to diagnose ASD, differentiate
it from other disorders, and further classify the diagnosed disease as mild, moderate, mild-to-
moderate or severe.

The items incorporate the core features of autism described by Kanner, additional characteristics
identified by Creak, and supplementary scales useful for evaluating symptoms in young children.
The measure has also been validated as capturing the core symptoms described in previous editions
of the DSM-5. To calculate the total score, scores below 30 are classified as non-ASD, scores from 30
to 36.5 are classified as mild-to-moderate ASD, and scores from 37 to 60 are classified as severe ASD
[22].

Ratings are based on observations made in various contexts, such as during psychological
testing or at the child’s regular institution, along with reports from parents, comprehensive clinical
records, or an integration of these sources.

In this study, assessments were conducted using clinical records, behavioural observations, and
interviews with staff members at the Nishinomiya City Child and Family Center Clinic.

The KSPD is a standardised developmental assessment widely used in Japan [23, 24]. It is most
commonly employed during health checkups for infants and young children whose developmental
stage makes it difficult to administer Wechsler-type intelligence tests [25], and it is used in
determining eligibility for the Ryoiku Techo (rehabilitation certificate) issued to children with ID.

This assessment evaluates three developmental domains. The Postural-Motor (P-M) domain
evaluates motor function, the Cognitive-Adaptive (C-A) domain assesses cognitive abilities including
nonverbal reasoning and visuospatial perception, while the Language-Social (L-S) domain examines
communication encompassing interpersonal relationships, social skills, and language abilities. A
developmental quotient (DQ) is calculated for each of these three domains and for an overall
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composite score [26]. The DQ derived from the KSPD is considered a useful indicator for evaluating
a child’s developmental level [27].

In this study, the results of the KSPD previously administered at the Nishinomiya City Child
and Family Center Clinic or at child guidance centres were reviewed.

2.7. Outcome Measures and Assessment Tools

Because OT emphasises the individuality of each child, ‘individualised treatment goals’ were
included as a measurement item. As children with ASD and ID often exhibit a wide range of
behavioural challenges and difficulties [14], ‘behaviour’ was also selected. Furthermore, since
children with ASD frequently experience sensory issues such as hypersensitivity or hyposensitivity
in addition to their core characteristics [1, 28], ‘sensation” was included. Finally, as parents of children
with ASD have been reported to experience significantly higher levels of child-rearing stress
compared with parents of children with other disabilities or typically developing children [29], ‘child-
rearing stress” was also assessed. Thus, four domains were measured: individualised treatment goals,
behaviour, sensation, and child-rearing stress.

The corresponding assessment and measurement tools used for each are described below.

2.8. Outcome Measures

2.8.1. Evaluation of therapeutic goal attainment: Goal Attainment Scaling & Canadian Occupational
Performance Measure

Goal Attainment Scaling (GAS) is a standardised evaluation method in which individualised
rating scales are created for each client to measure the degree of goal achievement within their
treatment program [30]. It has demonstrated high reliability and responsiveness across a variety of
contexts, including paediatrics and cognitive rehabilitation [31-37], and is also recommended for
evaluating the effectiveness of OT and SIT interventions [38].

In GAS, three to five treatment goals that are meaningful to the client are established based on
information gathered from the client, family members, and professionals involved in the client’s care,
such as those in medical, health, educational, or childcare settings. Each goal is rated on a five-point
scale ranging from -2 to +2, where -1 represents the current performance level and 0 represents the
expected level of achievement.

There are several methods for scoring GAS, but we used the method described by Gordon et al.
[33] in this study and calculated the modified GAS score. A T-score of 50 indicates that the expected
outcome was achieved, scores above 50 indicate outcomes exceeding expectations, and scores below
50 indicate outcomes below expectations.

In this study, ‘goals meaningful to the client’ were identified using the Canadian Occupational
Performance Measure (COPM). The content and gradation of each goal were determined
collaboratively with two co-researchers who were OTRs with 10 or more years of clinical experience
with ASD and co-occurring ID, as well as experience conducting outcome studies using GAS.

The COPM was developed to ensure the quality of occupational therapy by identifying activities
that are meaningful to the client and tracking the client’s perception of performance in those activities
over time. It is an individualised, client-centred outcome measure that has demonstrated high
validity, reliability, usefulness, and responsiveness [39, 40].

In this study, the COPM was used to identify activities meaningful to each client, determine their
perceived importance, and incorporate this information into GAS.

2.8.2. Behavioural Assessment: Vineland Adaptive Behaviour Scales, Second Edition (VABS-II)

The VABS-II is an assessment tool used to evaluate adaptive behaviour and has demonstrated
high validity and reliability. The Adaptive Behaviour Assessment is divided into four domains—
communication, daily living skills, socialisation, and motor skills—each comprising two to three
subdomains.
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Composite and domain scores for adaptive behaviour are calculated as standard scores.
Subdomain scores are expressed as v-scale scores (mean = 15, standard deviation [SD] = 3), which
allow for detailed identification of low-level performance that significantly limit adaptive functioning
in individuals with disabilities such as ASD or ID [41].

The evaluation is conducted through semi-structured interviews with the parents of the
children. To improve interview efficiency, a Parent/Caregiver Questionnaire is provided beforehand
to gather preliminary information [42].

In this study, the Adaptive Behaviour Assessment was administered to the parents of
participating children. Because children with ASD and co-occurring ID often exhibit uneven
developmental skills [43, 44] and ASD-specific behavioural patterns that may not align well with
standardised items, the semi-structured interviews required considerable time. Given these factors,
securing sufficient time for interviews was expected to be difficult within the practical constraints of
the research setting. Moreover, the Japanese version of the VABS-II does not include the
Parent/Caregiver Questionnaire. Therefore, data collection was conducted through semi-structured
interviews supplemented with information obtained from other assessment and measurement tools.
Additionally, to gather complementary information, individualised questionnaires were developed
for each child and administered both before and after the intervention to support evaluation and
measurement.

2.8.3. Sensory assessment: Short Sensory Profile

The SSP is a shortened form of the Sensory Profile (SP), developed to assess sensory processing
abilities and their effect on daily functioning. This questionnaire enables rapid assessment in both
clinical practice and research [45].

Both the original and Japanese versions have been confirmed to have sufficient reliability and
validity [46].

The SSP consists of nine section scores and an overall total score that is particularly important
for clearly identifying a child’s sensory processing abilities. When the total score falls within the
‘much higher than others’ range (mean +2 SD or above), it may indicate difficulty adapting to the
environment and a potential for self-directed or outwardly disruptive behaviours. When the score
falls within the ‘higher than others’ range (mean +1 SD to +2 SD), it may suggest that sensory
processing difficulties are interfering with daily life.

2.8.4. Assessment of Child-Rearing Stress: Parenting Stress Index, Short Form

The Parenting Stress Index Short Form (PSI-SF) is a shortened version of the Parenting Stress
Index (PSI) [47], a screening tool designed to identify parents who may be at risk of difficulties in
child-rearing or who have children with developmental risks.

The Japanese version of the PSI-SF consists of 19 items with a two-factor structure: ‘Child
Domain” and ‘Parent Domain’. The Child Domain comprises nine items, such as ‘My child is so active
that it tires me” and “My child has less concentration than other children’. The Parent Domain consists
of ten items, such as ‘I enjoy being a parent’ and ‘I often feel that I cannot handle things well’. The
Japanese version has been shown to have adequate reliability and validity [48].

2.9. Statistical analysis

The effectiveness of SIT was examined using the following measures: therapeutic goal
attainment was evaluated using GAS, behavioural changes using the VABS-II, sensory processing
abilities using the SSP, and changes in child-rearing stress using the PSI-SF.

The Shapiro-Wilk test was first performed to assess normality. As some variables, including
GAS and VABS-II, were not normally distributed, pre- and post-intervention differences were
analysed using the Wilcoxon signed-rank test. The level of significance was set at p <.05 (two-tailed).
In accordance with the properties of the Wilcoxon test, cases with a difference of zero were
automatically excluded from the analysis. In this study, the effective sample size for the Wilcoxon
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test ranged from 7 to 10. The effect size (r) was calculated based on the total sample size (n = 10), and
confidence intervals were calculated accordingly. All statistical analyses were conducted using IBM
SPSS Statistics, version 28.0.1.0 (142).

3. Results
3.1. Participants

From the screening process, 30 children met the eligibility criteria. Based on information
obtained in advance from staff members and medical records, eight children were excluded for the
following reasons: difficult family circumstances such as abuse or parental illness (n = 5), meeting
exclusion criteria (n = 2), or other reasons (n = 1). Participation was subsequently offered to 22
children, of whom 11 provided consent, while the remaining 11 declined due to difficulty attending
weekly sessions. Among the 11 children who received SIT, one was unable to complete the pre- and
post-intervention assessments; therefore, data from 10 participants were included in the analysis.

Among the 10 participants who completed both assessments, DQ scores indicated mild delay
(70-51) in nine children and moderate delay (50-36) in one child; no participants were classified
within the severe (35-21) or profound (20 or below) ranges. The mean CARS2 score was 39.6x1.7,
with all participants classified as having severe ASD. Based on pre-intervention VABS-II results, the
mean composite adaptive behaviour score was 52.9 + 9.8, corresponding to below -2 SD. Among the
four domains, the lowest scores were observed in socialisation (Table 1).

No changes were planned in the children’s affiliations or individual ryoiku programmes during
the intervention period.

Table 1. Participant Characteristics and Use of Social Resources (n = 10).

Variable Sub variable Frequency
Age (years) Mean 4.7+0.7
Sex Male 9
Female 1
DQ Mean 64.3+4.5
CARS Score Mean 39.6+1.7
VABS-2
Adaptive Behaviour Composite Score Mean 52.9+9.8
Communication Mean 55.6+13.8
Daily Living Skills Mean 49.5+13.7
Socialisation Mean 40.6+11.4
Motor Skills Mean 61.0+16.5
Affiliation

Mean Number of Days of Use

Nursery Sch(or(l)zlél)ﬁndergarten Number of Children Receiving Additional 5/2W
Support
Child Day Servi
' (::};) ervice Mean Number of Days of Use 3.5/w
Mean Number of Days of Use
Dual ?r’:t:e;;dance Number of Children Receiving Additional 4'2/W_; L.8/w
Support
Individual Ryoiku Number of Users 5
2/w 1.6
Frequency of Use h/times

DQ: Developmental Quotient CARS: Childhood Autism Rating Scale.

3.2. Outcome Measure

3.2.1. Evaluation of Goal Attainment: GAS
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Three to four goals were set for each participant, and GAS T-scores were calculated before and
after the intervention (Tables 2-4). Table 2 presents a summary of the GAS and COPM goals
formulated based on the primary concerns of the parents, while Table 3 provides specific examples
for each goal category. Table 4 illustrates an example of GAS implementation and scoring.

Table 2. Classification of Activities in the COPM and GAS (n = 10).

Major goal category Subcategory COPM (n) GAS (n)
Interpersonal Relationships 5 7
Group Participation 6 7
Communication Expression of Intent 2 3
Means of Expression 4 2
Reciprocal Conversation 1 1
Eating 3 5
ADL Toileting 2 2
Fixation 1 0
Emotional Regulation 2 1
Behaviour Behavioural Flexibility 2 2
Sustained Attention 3 1
Situational Awareness 2 1
Motor GI?OSS Motor Skills 1 2
Fine Motor Skills 0 1
Sensory Sensory Hypersensitivity 1 2
Table 3. Sample Goals: Participant Challenges and Expected Goals (+0 Level).
Goal Category Challenge Expected Goal (0 Level)

Interpersonal ~ During free play in a small-group ryoiku session, the
Relationships  child engages in solitary play and does not attempt to
interact with other children.

The child occasionally initiates
approach toward other children.

With encouragement from the
The child has difficulty participating in group assigned support teacher, the child is

Group activities at kindergarten and tends to withdraw or  occasionally able to remain within
Participation move away even when encouraged by an assigned the group without avoiding
support teacher. participation (approximately once or

twice per week).

The child consistently refuses transitions between
locations or activities by saying “No.” However,
when the next location or activity is presented
visually and explained repeatedly, the child is able to
transition successfully.

When eating with a spoon, the child frequently (more The child uses the assisting hand to
Eating/Feeding  than half the time) touches the food with the non-  touch food about half as frequently

dominant hand to assist in scooping. as before.

The frequency of touching the step-
in front while climbing stairs
decreases by approximately one-
third.

The child still requires visual cues
or verbal explanation but is able to
transition without repeated
prompting.

Behavioural
Flexibility

When climbing steep stairs, the child holds onto the
Motor Function handrail or touches the step-in front with their hands
while ascending.

Table 4. Example of GAS Goal Setting and Scoring.

Goals (n): 4 GAS Score: +3 GAS T-Score: 61
Goal (1) Attending Kindergarten
Treatment Plan: To help the child better anticipate situations and improve behavioural flexibility.
Pre-Intervention Status: The child shows reluctance to attend kindergarten and often cries upon

arrival. The child resists entering the classroom and instead runs around outside.
GAS Goal Setting:

Attends kindergarten 3 days a week; however, resists attending on all 3 days and
occasionally refuses to go.
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Attends kindergarten 3 days a week; however, although despite resisting attendance on all 3

- days, the child does not stay home does not stay home as a result of this reluctance.
Attends kindergarten without resistance on one of 6 days (approximately once every 2
weeks) and does not stay home due to refusal.
11 Attends kindergarten without resistance on one of 3 days (once per week) and does not stay

home due to refusal.
Attends kindergarten without resistance on two of 3 days per week and does not stay home
due to refusal.
Post-Intervention Result: -1

Goal (2) Engaging in Play with Peers

Treatment Plan: To help the child better anticipate situations and improve body schema awareness.
Pre-Intervention Status: The child does not actively avoid other children but prefers solitary play
and has difficulty participating in group play activities such as chase games.

GAS Goal Setting:

Even with adult assistance, the child has difficulty playing in the same space as other

-2 children.
q With adult assistance, the child can play in the same space as others but has difficulty joining
group play.
0 With adult assistance, the child can occasionally participate in group play for a short
duration (approximately 2-3 min).

With adult assistance, the child can sometimes participate in the same activity for more than

+1 5 min.
The child is occasionally able to independently join and participate in the same activity

+2 without adult assistance.

Post-Intervention Result: +2
Goal (3) Tabletop Activities
Treatment Plan: To enhance the child’s understanding and imagery of tool use.
Pre-Intervention Status: The child is unable to complete even a single step of tabletop activities such
as colouring, drawing, or using scissors.
GAS Goal Setting:

The child rarely engages in tabletop activities, even with adult assistance.

Even with assistance (repeated verbal prompts, explanations, or demonstration), the child
-1 has difficulty completing a single step. For example, colouring within one section or making
one cut.
With assistance (repeated verbal prompts, explanations, or demonstration), the child is able

0 to complete a single step. For example, colouring within one section or making one cut.

11 The amount of assistance required to complete one step decreases; the child can engage after
one or two verbal prompts, explanations, or demonstrations.

“ With assistance (repeated verbal prompts, explanations, or demonstration), the child is able

to complete two steps. For example, colouring within two sections or making two cuts.
Post-intervention result: +2

Goal (4) Sensory hypersensitivity and attention/concentration

Treatment plan: To reduce auditory hypersensitivity and improve sustained attention and
concentration.
Pre-treatment status: During ryoiku activities, the child was distracted by environmental sounds
(such as the ventilation fan or voices from outside), often leaving their seat or the room to check the
source of the noise.
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GAS goal setting:
5 Almost every time a sound occurs, the child stops participating in the developmental
activity.
Out of several occurrences of sounds, the child stops participating once to leave their seat and check
4 the source of the sound. After conﬁrm.in.g it, they are able to return to the room or seat when
individually prompted
0 When distracted by a sound and leaving their seat to check it, the child sometimes returns to
the room or seat on their own after confirming the source.
a1 When distracted by a sound, the child is sometimes able to remain seated if given individual
verbal prompts.
“ There are days when the child can focus on the task without being disturbed by surrounding

sounds.
Post-intervention result: 0

The mean post-intervention GAS T-score was 61.2, exceeding the expected outcome criterion of
50 for all participants. A significant difference was observed between pre- and post-intervention GAS
T-scores (p = .005). The effect size corresponded to a large effect size (r = 0.88), with the confidence
interval ranging from small (r = 0.1-0.3) to large. (Table 5)

Table 5. Comparison of Pre- and Post-Intervention Results by outcome measure (n = 10).

Difference

Deviati 1959

Mean (Standard Deviation) CI95%  Effect r CI95% e
) ] Post- (lower, Size (v) (lower, P
Pre-intervention . .

intervention upper) upper)

el GAS T-score 353 _(05) 612 (7.7) 20373143 0889 0.269,1.000 0.005"
VABS-2
Composite Adaptive

52.9 9.8 56.3 9.8 217,463 0.893 0.274,1.000 0.005™
Behavior Score ©-8) 9.8)

Domain standard
score
Communication 55.6  (13.8) 59.6 (154) 1.62,6.38 0.779 0.179,1.000 0.012"
Subdomain v-scale

score

Receptive Language 61  (35) 84  (32) 108352 0853 0.234,1.000 0.007"
Expressive 77 (30) 83 (31) 023097 0775 0.155,1.000 0.014°
Language

Reading and Writing 12.3 (34) 116 (34) -1.29,-0.11 0.668 0.048,1.000 0.035
Domain standard score

Daily Living Skills  49.5 (13.7) 523 (15.3) 0.90,470 0.754 0.134,1.000 0.017

Subdomain v-scale

score

Personal 72 (32 79 (36) 031,171 0478 -0.142,1.000 0.131

Domestic 81 (18) 86 (1.8) 001,101 0598 -0.022,1.000 0.059
Community 71 @5 75 (31) 010,090 0517 -0.103,1.000 0.102
Domain standard

score

Socialisation ~ 40.6  (11.4) 459 (114) 342,718 0888 0268,1.000 0.005"
Subdomain v-scale

score

nterpersonal 84 (33) 92 (23) 014,174 0582 -0.038,1.000 0.066
Relationships

Play and Leisure 2.6 (2.3) 34 (2.6) 0.06,1.54 0.652 0.032,1.000 0.039
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Coping Skills 7.3 (2.0 8.6 (1.8) 0.62,1.98 0.811 0.191,1.000 0.010"
Domain standard
score
Motor Skills 61.0 (16.5) 635 (16.7) -1.29,6.29 0572 -0.048,1.000 0.071
Subdomain v-scale
score
Gross Motor 10.1 (1.8) 106 (1.8) -0.77,1.77 0.200 -0.420,0.820 0.527
Fine Motor 9.4 (2.2) 9.9 (2.1) 0.12,0.88 0.707 0.087,1.000 0.025

SSP  Total Score 662 (171) 719 (16.4) -2.51,1391 0485 -0.1351.000 0.125
PSI-SF Total Score 498 (10.1) 502 (84) -2.68,348 0.288 -0.331,0.908 0.362

p <0.05;"p < 0.01. v-scale scores: mean = 15, SD = 3. Wilcoxon signed-rank test (effective sample size: 7-10).

Effect size (r) calculated based on the total sample (n = 10).

3.2.2. Behavioural Assessment: VABS-II

The composite adaptive behaviour score showed a significant difference between pre- and post-
intervention (p = 0.005), with a large effect size (r = 0.88). The 95% confidence interval ranged from
small to large.

Significant differences were observed in the domains of communication (p = 0.012), activities of
daily living (p = 0.017), and socialisation (p = 0.005), all with large effect sizes. The 95% confidence
intervals for these domains ranged from small to large.

At the subdomain level, significant improvements were noted in receptive language (p = 0.007),
expressive language (p = 0.014), and coping skills (p = 0.010), each showing a large effect size. The
95% confidence intervals ranged from small to large, except for reading and writing, which included
a range below small.

Although a significant difference was observed for reading and writing (p = 0.035), the v-scale
score decreased slightly, while the raw score did not decline. (Table 5)

3.2.3. Sensory Assessment: SSP

No significant difference was observed in the total score (p = 0.125). Regarding changes in score
classification, one participant’s result shifted from ‘much higher than average’ to ‘higher than
average’, whereas three participants’ results shifted from ‘higher than average’ to ‘much higher than
average’, and one shifted from ‘average’ to ‘higher than average’. Overall, more participants showed
an increase in sensory regulation difficulties. Among the five participants whose scores did not
change, all were classified as ‘higher than average’. (Table 5)

3.2.4. Parental Stress Assessment: PSI-SF

No significant difference was observed in the total score (p = 0.362). The mean percentile rank
was approximately 87 before the intervention and 88 after, indicating little to no change. (Table 5)

4. Discussion
4.1. Feasibility Considerations

The aim of this study was to (D examine the feasibility of implementing SIT in clinical settings
in Japan, and @) explore the potential for change associated with once-weekly SIT based on outcome
measures.

A total of 11 children met the eligibility criteria and were recruited, with 10 ultimately
participating. All 10 participants successfully completed the entire process, including pre- and post-
intervention assessments and the intervention itself. Although the time commitment may have posed
some burden, the study design was determined to be feasible.

Regarding participant characteristics, based on DQ classification, nine of the ten children were
categorised as having mild ID and one as having moderate ID. Previous studies have shown that
approximately 85% of individuals with ID fall within the mild range and about 10% within the
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moderate range [49, 50]. Thus, the distribution observed in this study was broadly consistent with
these proportions. Although the absence of participants with severe or profound ID represents a
limitation, the overall distribution was considered reasonable and comparable to typical population
data.

The once-weekly frequency of SIT in this study was lower than that used in previous research
and might have been expected to produce limited changes. Nevertheless, several outcome measures
demonstrated statistically significant improvements. However, because participants were also
receiving regular ryoiku (Table 1), these effects may have been influenced by concurrent
interventions. Therefore, the results of each outcome measure are discussed below in relation to
sensory integration theory, referencing prior research on SIT for children with ASD and co-occurring
ID.

4.2. Considerations Regarding the Attainment of Individual Treatment Goals

The results of this study, consistent with previous findings [51, 52], showed positive changes.

Among the major goal categories (Table 1), ‘communication” was the most frequent, accounting
for approximately 54% of all GAS goals. These goals were primarily related to the core features of
ASD; deficits in social communication and restricted; and repetitive patterns of behaviour, interests,
or activities, which influence relationships with others and participation in group settings. Thus, they
were likely to reflect parents’ primary concerns and become central treatment goals.

The second most frequent category, ‘activities of daily living (ADL)’, comprised approximately
19% of all GAS goals. These goals involved unacquired daily functional skills, which were considered
to be influenced mainly by adaptive function impairments associated with ID.

However, the confidence interval for the effect size ranged from small to large, indicating a
relatively high degree of uncertainty in the results. Furthermore, the GAS T-score may have been
influenced by measurement bias due to the therapist and evaluator being the same person and the
assessment method being family-participatory, potentially leading to results being overestimated
compared to actual change.

4.3. Considerations Regarding Behaviour

VABS-II results showed significant improvements in the domains of communication, daily
living skills, and socialisation, as well as in the subdomains of receptive language, expressive
language, and coping skills. These significant domains were consistent with findings from previous
research [53]. The decline in subdomain v scores for reading and writing reflected a widening gap
relative to peer norms rather than a decrease in raw scores. This pattern, where standardized scores
decline due to slower developmental progress compared with peers, is consistent with previous
findings in children with neurodevelopmental disorders [54].

Regarding participant characteristics associated with the domains showing significant
differences, improvements in ‘communication” and ‘socialisation” likely reflected changes in social
communication abilities, particularly in language-related aspects, as indicated by the subdomain
results. These domains correspond to the ‘communication” goals among the individual treatment
objectives (Table 1) and are closely related to the core symptoms of ASD.

The ‘daily living skills’” domain corresponded to the “ADL’ goals in the individual treatment
objectives (Table 2) and was considered to reflect improvements in the acquisition of daily functional
activities associated with ID-related symptoms. However, as no significant differences were observed
at the subdomain level, the specific daily living activities that improved likely varied among
participants.

Nevertheless, the confidence intervals for the effect sizes ranged from below small to large,
indicating a high degree of uncertainty and the inclusion of ranges consistent with the absence of
effect.

4.4. Considerations Regarding Sensory Function
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In the pre-intervention results, seven participants were classified as ‘higher than average’ or
‘much higher than average’, indicating difficulties in sensory regulation. However, no significant
differences were observed between pre- and post-intervention scores, suggesting no measurable
change.

Comparison of mean scores showed an overall upward trend, indicating a tendency toward
increased sensory challenges. Based on score classification changes, four of the ten participants
demonstrated worsening sensory regulation difficulties.

This is likely attributable to positive changes in treatment goals and adaptive behaviour, which
increased the exploratory interactions of children with their environment. Consequently, daily
challenges became more visible, enhancing the awareness of parents for underlying sensory
processing issues.

Although some previous studies on SIT have shown improvements in sensory processing, these
involved different assessment tools [55] or the original SP [56] rather than the SSP. The present
findings suggest that, while the SSP is useful for evaluating sensory characteristics in this population,
it may be less suitable as an outcome measure for detecting therapeutic effects.

4.5. Considerations Regarding Parental Stress

Both before and after the intervention, parents exhibited high levels of stress, with no observable
change.

In this study, the PSI-SF was used to assess child-rearing stress, based on the hypothesis that
improvements in children through SIT would reduce parental stress. However, comparison with
previous parenting stress intervention studies revealed key differences: whereas this study focused
the child as the intervention target, prior research primarily targeted parents and parent-children
interactions. Additionally, most previous studies used the full PSI [57-59], with only limited use of
the shortened PSI-SF [60].

For these reasons, no change in parental stress levels was observed in this study.

4.6. Considerations Regarding the Relationship Between Evaluation and Measurement Results and SIT

The results show wide confidence intervals for effect sizes, indicating considerable uncertainty.
Therefore, we focused on items with effect sizes showing at least ‘small’ confidence intervals to
examine their relationship with sensory integration theory.

Analysis of individual treatment goals and behaviours suggested that SIT may influence core
ASD symptoms, including social communication deficits and restricted, repetitive behavioural
patterns, in children with ASD and ID, while also supporting the development of adaptive
functioning, particularly in activities of daily living.

From the perspective of the mechanisms of SIT, the promotion of praxis development in
participating children is considered a key factor underlying these changes. Konishi has proposed that
‘some autistic symptoms can be regarded as behavioural dysfunctions arising from sensory
integration dysfunction’ [61]. Praxis, the ability to plan and execute novel movements and actions, is
essential for interacting with the physical environment [5] (pp. 73-87).

Difficulties in adaptive functioning, particularly those related to ADL, can thus be interpreted
as challenges arising from impairments in praxis. The treatment goals set for participants, such as
eating (Table 1) and table activities (Table 3), may reflect difficulties in planning motor actions
involving physical tools such as utensils, crayons, or scissors, that is, challenges in effectively
interacting with the physical environment.

In this study, SIT was implemented in accordance with the ASIFM [21]. One of the fidelity
conditions of the ASIFM is that ‘the child is engaged in activities that challenge praxis and the
organisation of behaviour’, and many treatment activities in this study were designed to promote the
development of praxis. The treatment aimed to enhance adaptive functioning through promoting
behavioural changes.
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Ayres [62] described the relationship between praxis and language by stating that ‘if language
pertains to the social environment, praxis pertains to the physical environment; both enable
interaction and transaction’. The author further suggested that ‘praxis and language both require
ideation or concept formation as cognitive functions, both depend on the integration of sensory input,
and both involve planning that allows for motor expression’.

The core ASD symptoms underlying ‘communication’, the primary concern and treatment goal,
reflect difficulties in social environmental interaction. Therefore, improvements in behavioural
function likely facilitated interactions with both physical and social environments, particularly
through language development.

In summary, although effect sizes varied widely and considerable uncertainty remains
regarding the causes and correlations of observed changes, the SIT perspective suggests the following
sequence: improvements in behavioural functioning led to enhanced adaptive functioning and
language (which shares common foundations with behaviour), and these changes subsequently
influenced core ASD symptoms.

4.7. Limitations and Future Directions

The results of this study suggest the potential for positive changes associated with SIT in
children with ASD and co-occurring ID. However, because participants also received regular ryoiku
(Table 4), it is possible that these concurrent interventions had a greater influence than SIT itself. In
addition, although the effect sizes were calculated based on the total sample to avoid overestimation,
it should be noted that the effective sample size was smaller for some analyses and that the confidence
intervals were relatively wide.

Regarding feasibility, the present findings indicate that the once-weekly, 8-week programme
was a practical and appropriate design for clinical settings in Japan. Nonetheless, future studies
should continue to examine the effects of SIT while accounting for the potential influence of regular
ryoiku.

This study also has several structural limitations: it was a preliminary study with a small sample
size, used a single-group pre—post design without a control group, involved the same individual as
both assessor and therapist, and was conducted at a single site. These factors should be addressed in
future research to strengthen the validity and generalisability of the findings.

5. Conclusions

In this exploratory study, SIT was implemented for children with ASD and co-occurring ID to
examine its feasibility and potential for inducing change.

Of the 11 children who met the eligibility criteria, 10 completed all stages of assessment and
intervention, suggesting that the programme was feasible. Although SIT was delivered once a week
to reflect realistic clinical conditions in Japan, an infrequent schedule that may have made changes
more difficult to detect, improvements were observed in individual treatment goals as measured by
GAS and in adaptive behaviour as assessed using the VABS-II. However, because participants also
received regular ryoiku, these effects may have been influenced by concurrent interventions. In
addition, the confidence intervals for the effect sizes ranged widely, from below small to large,
indicating some uncertainty in the results. In addition, SSP and PSI-SF results showed no changes in
sensory regulation difficulties or child-rearing stress levels.

In preparation for larger-scale future studies, the relationship between the present findings and
SIT was examined with reference to previous research. The observed changes in individual treatment
goals and adaptive behaviours appeared to be associated with core ASD symptoms, including deficits
in social communication and restricted, repetitive patterns of behaviour, interests, or activities, as
well as with adaptive functioning difficulties related to ID. These results suggest that SIT may
influence both the core symptoms of ASD and adaptive functioning. Furthermore, these effects may
be mediated by interactions with the physical environment through the development of praxis, along
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with interactions within the social environment through language function, which is thought to share
a common foundation with praxis.

This study was an exploratory investigation, and although participants also received regular
ryoiku, the absence of a control group made it impossible to verify its influence. Other limitations
included the small sample size and the fact that the same individual served as both assessor and
therapist. Future studies should address these limitations and be conducted on a larger scale.
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The following abbreviations are used in this manuscript:

ASD Autism Spectrum Disorder

oT Occupational therapy

OTR Occupational Therapist Registered

SIT Sensory Integration Therapy

ID Intellectual Disability

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition

CARS2 Childhood Autism Rating Scale Second Edition
CARS2-ST CARS2-Standard Version

DQ Developmental Quotient

KSPD Kyoto Scale of Psychological Development

DA Developmental Age

GAS Goal Attainment Scaling

COPM Canadian Occupational Performance Measure
VABS-II Vineland Adaptive Behaviour Scales, Second Edition
SSP Short Sensory Profile

PSI-SF Parenting STRESS index short form

PSI Parenting STRESS index
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