
OR I G I N A L R E S E A R C H

Sensory Integration and Perceptual-Motor Profiles

in School-Aged Children with Autistic Spectrum

Disorder
This article was published in the following Dove Press journal:

Neuropsychiatric Disease and Treatment

Yee-Pay Wuang1

Chien-Ling Huang2

Hsien-Yu Tsai1

1Department of Occupational Therapy,

Kaohsiung Medical University, Kaohsiung,

Taiwan; 2Department of Rehabilitation

Medicine, Kaohsiung Medical University

Chung-Ho Memorial Hospital, Kaohsiung,

Taiwan

Purpose: This study aimed to investigate the sensory integration and perceptual-motor

performances in elementary school children (5–12 years) with autistic spectrum disorder

(ASD) in Taiwan. The impacts of comprehensive body functions on activity participations in

ASD were also investigated to provide evidence for clinical applications and further study.

Methods: One hundred and seventeen children with ASD (42 females; aged 5–13 years,

average age 8 years 3 months) were recruited. All participants were assessed with standar-

dized measures of body functions and activity participations. The body function measures

included Bruininks–Oseretsky of Motor Proficiency – Second Edition, Sensory Profile, Test

of Sensory Integration Functions, and Test of Visual Perception Skills – Third Edition. The

activity participation measures included the Chinese versions of both Vineland Adaptive

Behavior Scale and School Function Assessment.

Results: School-aged children with ASD had different levels of impairments on body function

measures. Most participant scores fell within the impairment range on 13 to 15 items out of the

total 19 sensory and perceptual-motor measure subtests, with worst performance on coordina-

tion-related motor task and most sensory integrative dimensions. The results indicated

a significant main effect for age and sex on some body functions and activity participations.

Correlation analyses indicated strong associations between body function and activity partici-

pation across settings in ASD.

Conclusion: Our findings characterized the developmental continuum of body functions of

school-aged children with ASD and showed their associations with adaptation and participa-

tion. While emphasizing the development of functional skills to facilitate age-appropriate

activity participation in multiple scenarios, interventions aiming to improve body functions

are indispensable.

Keywords: ASD, motor function, sensory processing, sensory integration, visual perception,

activity participation

Introduction
Autism spectrum disorder (ASD) is one of the most common developmental

disabilities, with an estimated prevalence of 13.4 per 1000 children.1 The main

characteristics of ASDs include severe and complex impairments in social interac-

tion and communication skills, repetitive stereotypical behaviors, as well as

restricted interests and activities. The unusual combinations of sensory, cognitive,

behavioral, and communication features seen with ASD might persist throughout

life.2 Sleeping and eating difficulties, affective maladjustment, and difficulties with

ideation and motor planning are often manifested.3
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Sensory integration, visual perceptual skills, and motor

functioning are the foundations for child’s overall devel-

opment and adaptive social interactions. However, these

fundamental components have less focus compared to

social and communication issues for children with ASD.

Early intervention for ASD is critical because rehabilita-

tive treatments to enhance the development and functions

for ASD children might be more efficient at younger age,4

and will result in substantial cost-savings to families of

ASD children and the whole socio-medical system.5 In-

depth understanding of early developmental profiles in

sensory integration and perceptual-motor domains among

children with ASD could help to improve the effectiveness

of early interventions to the greatest extent.

Sensory Processing and Sensory

Integrative Dysfunctions
Sensory processing disorders (SPD) include three main types

of problems: sensory modulation disorder (ie, under-

responsiveness, over-responsiveness, and sensory seeking),

sensory-based motor disorder (ie, vestibular-bilateral func-

tional problems), and sensory discrimination disorder

(ie, dyspraxia).6–8 The new DSM-5 definition of autism9 as

well indeed includes sensory issues as one of the four

restricted and repetitive behavior features, and the sensory

issues are defined as over- or under-responsivity to sensory

stimulation or atypical attention on certain sensory elements

in the environment. SPD are reported in a high proportion

(92%) of ASD, and the levels of sensory dysfunction corre-

late to the autism severity and atypical behaviors but are not

associated with cognitive levels (eg, intelligence quotient).10

Sensory integration was defined as the complicated

neurological processes that categorize, modulate, and

coordinate sensations from an individual’s body and from

the surrounding environment, the end products of the

functional sensory integration process are adaptive

behaviors.11 The primary sensory systems involved in the

sensory integration process are vestibular, proprioceptive,

and tactile systems. Different kinds and degrees of pro-

blems in development, information processing, and beha-

vior might occur when the sensory inputs from these

primary sensory systems are not integrated or organized

appropriately at the cortical and subcortical levels.

Children with ASD often have sensory integrative dys-

function caused by poor sensory registration, motor

incoordination, sequencing deficits, and specific verbal-

motor dyspraxia.12

Perceptual-Motor Abilities
Children with ASD demonstrate difficulties in performing

daily tasks requiring various visual perception functions

such as visual figure ground, visual form constancy, and

visual sequencing memory abilities.13 Besides limitations

in both essential social communication and adaptive beha-

viors, children with ASD also exhibit delayed motor devel-

opment and deficient perceptual-motor functions that

influence multiple sensory and neuromotor systems.14

Research results suggest that children with ASD usually

have co-existing motor dysfunctions and motor program-

ming deficits.15 Motor coordination deficits are considered

as a cardinal feature of ASD in addition to their featured

social and behavioral difficulties, and the large effects from

meta-analysis research provide compelling support for the

ASD group having significant deficits in performing motor

coordination tasks.16 These perceptual-motor deficits in

ASD have great adverse impact on their qualitative and

quantitative participation in various activities across

settings.17

Activity Participation
The International Classification of Functioning, Disability

and Health (ICF) model18 defines participation as “engage-

ment in life events and contexts” resulting from interaction

of individuals with their environments. Participation in

daily activities is crucial and essential for fostering devel-

opment and enriching life experience, and through these,

children will be able to obtain skills and capabilities,

establish inter-personal connections, and find meaningful

goals of life.19 The concept of participation and function

has become increasingly important in the field of child-

hood rehabilitations.20

The first study hypothesis is that children with ASD

would have atypical or impaired sensory and perceptual-

motor performances. On the basis of shifts of health para-

digms, the second hypothesis is that body functions would

have significant impacts on ASD children’s activity parti-

cipations. The age and gender effects would be investi-

gated as well. To address these study hypotheses,

standardized instruments assessing different subdomains

of body functions and activity participations were adopted.

The results of a comprehensive assessment battery could

provide thorough and in-depth understanding of the sen-

sorimotor functions and activity participations in a wide

age-ranged children with ASD.
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Materials and Methods
Participants
Convenience sampling was used in this study to facilitate

representative body functions from ASD participants across

age range and different gender. The inclusion criteria were:

(1) elementary school age (5–13 years); (2) physicians; and

(3) no serious physical or behavioral problems. Participants

who carried concurrent sensory impairments (eg, blindness,

deafness) were also excluded. A total of 166 children met the

study inclusion and exclusion criteria, with all children and

parents consenting, and ultimately, 117 (75 males, 42

females) agreed to take part in this study. We divided the

participants (mean age: 8 years 3 months; range: 5 years 1

month to 13 years 6 months) into three groups of different

age bands since it seemed reasonable to expect greater dif-

ferences in groups of children between the ages of 5–7 years

and 8–10 years than in adolescents (11–13 years).21 These

three age groups were of similar size: youngest (5–7 years) (n

= 43; 18 females; mean age: 6 years 2 months); middle (8–10

years) (n = 44; 18 females; mean age: 8 years 11 months);

and oldest (11–13 years) (n = 30; 8 females; mean age: 11

years 11months). Of this 117, 26 children (22.5%) had

Asperger’s, 21 children (17.9%) had high-functioning aut-

ism, and 70 children had unspecified ASD. Sixty-seven

participants attended the regular educational programs, and

40 were enrolled in special education programs.

Instruments
The body function measures included Bruininks–Oseretsky

of Motor Proficiency – Second Edition, Sensory Profile,

Test of Sensory Integration Functions, and Test of Visual

Perception Skills – Third Edition. These measured were

chosen to assess the motor functions, sensory processing,

sensory integration, and visual perceptual functions, respec-

tively. The activity participation measures included the

Chinese versions of both Vineland Adaptive Behavior

Scale and School Function Assessment.

Body Function Measures

Test of Visual Perceptual Skills – Third Edition (TVPS-3)22

The TVPS-3 consists of seven subtests: visual discrimina-

tion, visual memory, visual spatial relationship, visual

form constancy, visual sequential memory, visual figure-

ground, and visual closure.23 The TVPS-3 is appropriate

for individuals aged 4–18 years 11 months. It was admi-

nistered on an individual basis and the time for conducting

the testing is about an hour. The TVPS-3 has good test–

retest reliability (0.97),22 and moderately correlated with

other standardized visual perception measures.24

The Bruininks–Oseretsky Test of Motor Proficiency –

Second Edition (BOT-2)25

The BOT-2 assesses proficiency for individuals aged 4–18,

and consists of four motor-area composites. Fine manual

control composite (FMC) measures the motor skills

involved in handwriting and manipulative tasks acquiring

accurate control of finger movements. Manual coordination

composite (MC) assessed reaching, grasping, and object

manipulation tasks relying heavily on motor control,

speed, and coordination of upper extremities. Body coordi-

nation composite (BC) evaluates the balance and motor

skills required for successful participation in PE class,

sports, and leisure activities. Strength and agility composite

(SA) assessed lower extremities muscle strength, running

speed, and agility during locomotion. The BOT-2 had good

test-retest (>0.95), inter-rater reliabilities (>0.92), and the

internal consistencies of the four motor composites are from

0.78 to 0.97.25 The BOT-2 total composite correlated fairly

well with other measures of motor performance, and its

construct validity was supported as well.26,27

Sensory Profile (SP)28

The SP is a parent-reported assessment of behaviors associated

with deviant reactivity to different sensory stimulation for

children aged 5–10 years. The SP (125 items) consists of

three major domains: Sensory Processing, Modulation, and

Behavioral and Emotional Responses. The total score of each

section was used to indicate the sensory dysfunction tapped in

different domain. Published cut-off scores are provided in the

SP manual, and mean score for the typical reference sample

was used to judge the sensory function (typical: ≥ mean;

probable difference: 1 SD < below the mean; definite differ-

ence: 2 SD < the mean). The SP had sound reliabilities: the

internal consistency ranged from 0.47 to 0.90, and the SEM

ranged from 1.13 to 2.81.28 The validity of the SP was sup-

ported by its moderate correlations with the School Function

Assessment supported as well.29

Test of Sensory Integration Function (TSIF)30

The TSIF is developed to diagnose the subtypes of sensory

integrative dysfunction for children aged from 3 to 12 years.

The six subtests in TSIF include postural movement, bilat-

eral integration sequencing, sensory discrimination, sensory

searching, attention and activity, and emotional–behavioral

reactivity. These subtests consisted of different interactive
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activities that could tap the functions of the primary sensory

systems (vestibular, proprioceptive, and tactile systems)

involved in sensory integration process. The parents or

teachers observe the targeted behaviors while children per-

forming those interactive activities, and then rate the fre-

quency of the behaviors during the whole activity. The

rating score ranges from 1 (never) to 5 (always), and

lower scores suggest better performance on sensory integra-

tion tasks. The TSIF has sound psychometric properties

including high internal consistency, test–retest reliability,

and sound construct validities.30

Activity Participation Measures

Vineland Adaptive Behavior Scale – Chinese Version

(VABS-C)31

The Vineland Adaptive Behavior Scale32 was developed for

use in populations aged from birth to 18 years 11 months,

and the VABS-C was its translated version in Chinese.

Adaptive behavior is defined as the age-appropriate perfor-

mances of the everyday activities required for personal and

social functioning, and this scale was designed to measure

the construct of participation through its assessment of

adaptive behaviors. The four domains are communication,

daily living skills, socialization skills, and motor skills. We

used the teacher-rated scale in the current study. The VABS-

C measure had good reliabilities (split-half reliability: 0.91

to 0.99; and the test–retest reliability coefficient: 0.74 to

0.93). Sound discriminative and current validity were also

supported well.31

School Function Assessment – Chinese Version (SFA-C)33

The SFA-C is translated from the School Function

Assessment.29 This questionnaire was developed to assess

and monitor a child’s participation, support needs, and

performance of functional (nonacademic) tasks and

school-related activities. The SFA is comprised of three

parts with 316 items total; these 3 parts are Participation,

Task Support, and Activity Performance. The entire

assessment can be administered or scales can be chosen

depending on the child’s need. We selected the following

sum scored to measure the overall school functions of the

ASD; these are Participation (6 major school settings),

Activity Performance-Physical Tasks (12 physical tasks,

such as tool use, recreational games, and basic activities of

daily living), and Activity Performance- Cognitive/

Behavioral Tasks (9 tasks, such as comprehension, expres-

sion). These items were rated by the children’s teachers in

the current study. The SFA-C had sound validities and

reliabilities (internal consistency: 0.94 to 0.96; test– retest

reliability: 0.87 to 0.99).34

Procedure
After obtaining approval from the Institutional Review

Board of the Kaohsiung Medical University Hospital,

this study was conducted from 2016 to 2019. Participants

were recruited from educational (15 schools and 4 private

agencies serving children with ASD) and clinical (depart-

ments of occupational therapy at three hospitals) sources at

different areas. Written informed consent was obtained

from the participant and his/her parents or guardian before

the study. Participating teachers were consented as well.

Information and diagnosis of each child were collected

from medical or school records. The SFA-C, VABS-C,

and the TSIF were sent to the child’s school teacher for

rating and then scored by the PI. SP was filled out by one

parent of each child. Four senior pediatric occupational

therapists administered the BOT-2 and TVPS to the chil-

dren according to standardized procedures provided by the

test manuals. To improve the reliabilities and consistencies

of the raters, the PI offered the four examiners 8-hour

training sessions, and the training emphasized administra-

tion procedure and scoring standards of each assessment.

It took about 2 hours to complete the testing, and all the

assessments were conducted on an individual basis in quiet

spaces either at the child’s classroom or OT room. This

study was conducted in accordance with the Declaration of

Helsinki.

Data Analysis
We used SPSS20 for all data analyses in the present study.

Different types of scores were adapted to facilitate ana-

lyses. Raw scores of SP and SFA-C were used, while raw

scores of BOT-2, TVPS-3, TSIF, and the VABS-C had to

be converted to standard scores according to the adminis-

tration manual. To evaluate whether children with ASD

performed differently from normative samples for all the

body functions and activity participation, a one-sample

z-test was then computed. The percentage of children

who scored on an individual subtest falling more than

1.5 standard deviations below the age-based normative

mean was used to indicate the frequency of body function

impairments.

Comparative Studies

The MANOVA (multiple analysis of variance) was per-

formed to analyze the age and sex effects on all the
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sensorimotor and activity participation measures. We

performed different 2 X 3 MANOVAs to assess the

effects of age, sex, and age-sex interaction for the subt-

ests of the body function and activity participation mea-

sures. Follow-up univariate F-tests were performed with

Scheffe´ post-hoc comparisons if the multivariate test

indicated a significant group effect (effect sizes f2:

0.02, small; 0.15, medium; 0.35, large).34 In light of

the number of univariate analyses conducted, the sig-

nificant level was set at 0.05/numbers of dependent

variables for all follow-up analyses to maintain

a family-wise error rate of less than 0.05. After adjust-

ing for age, Pearson correlations were computed to

assess the relations between body functions and overall

activity participation. Correlation coefficients of 0.1,

0.3, and 0.5 were considered as small, medium, and

large, and were used as a guideline to indicate the

strength of correlation.35

Results
Profiles of Sensory Integration, Motor

and Visual Perceptual Functions
The z-tests results demonstrated that 5- to 13-year-old

ASD children had substantial impairment across all

body function as shown in Table 1. All participants had

deficient performance on at least 4–6 subtests out of

19 body function measures. More than half of the parti-

cipants (71/117, 60.7%) had sensorimotor and visual per-

ceptual impairments between 13 and 15 subtests, whereas

58/117 (49.6%) had results falling 1.5 SD below the

mean on 16 or more subtests. Performance on sensory

integration, motor functions, and visual perception tests is

described as follows.

Sensory Integration Profile

Most participants scored in the impaired range on any of

the three SP domains: the sensory modulation had the

Table 1 Z-Tests on the Standard Scores of the Sensorimotor Measures in Children with ASD (n=117)

Measures Mean SD Impairment* n (%) Z-Test Statistica

BOT-2

Fine manual control 29.19 4.16 110 (94.0) −22.25

Manual coordination 28.33 5.23 112 (95.7) −30.15

Body coordination 27.16 4.11 98 (83.8) −40.13

Strength & agility 39.12 5.15 55 (47.0) −19.07

TVPS-3

Visual discrimination 14.21 3.17 97 (82.9) +1.13

Visual memory 11.47 3.33 88 (75.2) −11.33

Visual spatial relationship 16.48 6.05 67 (57.3) −9.79

Visual form constancy 10.13 3.62 90 (76.9) −7.77

Visual sequential memory 11.25 2.77 102 (87.2) −10.00

Visual figure-ground 10.70 3.58 90 (76.9) −10.01

Visual closure 9.92 4.01 91 (77.0) −12.87

Total 80.93 9.98 99 (84.6) −6.65

SP

Sensory Processing 100.6 20.2 99 (84.6) −17.33

Modulation 89.1 19.2 98 (83.8) −14.10

Behavioral & Emotional Responses 74.5 23.1 85 (72.6) −10.92

TSIFb

Postural movement 73.18 4.15 43 (36.8) 6.3

Bilateral integration sequencing 99.57 5.61 60 (51.3) 14.75

Sensory discrimination 100.12 8.33 103 (88.0) 13.54

Sensory searching 99.33 4.78 99 (84.6) 12.75

Attention and activity 80.44 3.11 76 (65.0) 14.11

Emotional-behavioral reactivity 89.18 6.03 101 (86.3) 13.66

Notes: *Impairment was defined as performance equal to or more than 1.5 SD below normative means on sensorimotor measures. ap < 0.0001 for all z-values. bLower

scores indicate better performance.

Abbreviations: BOT-2, The Bruininks–Oseretsky Test of Motor Proficiency – Second Edition; TVPS-3, Test of Visual Perceptual Skills – Third Edition; SP, Sensory Profile;

TSIF, Test of sensory integration function; SD, standard deviation.
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highest frequency of impairments (94.2%) and the beha-

vioral and emotional response had the lowest (87.6%). All

participants scored in the impaired range on the seven

TSIF subtests with the best performance on postural move-

ment task. Participants had the worst performance on the

bilateral integration sequencing, sensory discrimination,

and sensory searching subtests, and these tasks correlated

with the overall somatosensory functions.

Motor Profile

On four BOT-2 composites, all participants met impair-

ment criteria, and they had rather better performances on

Strength and Agility composite (Table 1). All children

(100%) scored in the impaired range on BOT-2 fine

motor composite, with manual dexterity having the highest

frequency (97.4%) of impairment. About 70% of children

scored in the impaired range on BOT-2 gross motor com-

posite, and the bilateral coordination had the highest fre-

quency (63.2%) of impairment.

Visual Perceptual Functions

School-aged children with ASD in the present study had

significantly impaired visual perceptual abilities, more

than half (50%) of the participants were scored in the

designated impaired range. In the seven visual perceptual

tasks of the TVPS-3, the participants performed best on

the visual–spatial relationship and the worst on constancy

and visual figure-ground/visual closure tasks (88.5% of

impairment).

Results of Comparative Studies
Body Functions

A MANOVA was performed to assess the effects of age

group (three levels) and sex levels (two levels) on the four

composites of the BOT-2. Main effect was only noticed for

age (Wilk’s λ = 0.87, p = 0.04) on the BOT-2, and there was

no significant effect for either sex (Wilk’s λ = 0.88, p = 0.10)

or age x sex interaction (Wilk’s λ = 0.90, p = 0.17). Post-hoc

analysis revealed the significant differences of the four

BOT-2 composite scores in the middle (8–10 years) versus

oldest (11–13 years) and youngest (5–7 years) versus oldest

group (Table 2), and the effect sizes were all in the medium

range (f2: 0.21–0.33).

No significant effects for age (Wilk’s λ = 0.64, p = 0.66),

sex (Wilk’s λ = 0.55, p = 0.13), or age x sex interaction

(Wilk’s λ = 0.69, p = 0.35) for the seven TVPS-3 subtests

except for the visual-spatial relationship subtest were noted.

Significant differences of the visual-spatial relationship

subtest were found in the middle versus oldest (f2 = 0.28;

medium effect size) and youngest versus oldest (f2= 0.52,

large effect size) group.

No significant main effects for sex or age x sex interac-

tion effect on three sections of SP (sex: Wilk’s λ = 0.73,

p = 0.54; age x sex: Wilk’s λ = 0.66, p = 0.21) and six

subdomains of TSIF (sex: Wilk’s λ = 0.69, p = 0.69; age

x sex: Wilk’s λ = 0.73, p = 0.66) measures were noted. Main

effect was noticed for age group in the SP (Wilk’s λ = 0.73,

p = 0.00) and the TSIF (Wilk’s λ = 0.45, p = 0.04). For the

three SP subdomains, significant differences were noticed

between the following age groups: middle versus oldest

(Sensory Processing, Modulation), and youngest versus

Table 2 Post Hoc Scheffé Multiple Comparison of Sensorimotor

Measures Across Age and Sex in Children with ASD (N= 117)

Measures Multiple Comparisons

Young-

Middle

Middle-

Oldest

Young-

Oldest

BOT-2

Fine manual control −3.11 −5.21* −8.32*

Manual coordination −5.14 −6.16* −11.30*

Body coordination −5.92 −4.42* −10.34*

Strength & Agility −7.27 −3.31* −10.58*

TVPS-3

Visual discrimination −.79 −3.79 −4.58

Visual memory −3.03 −2.10 −5.13

Visual spatial relationship −4.31 −3.11* −7.42*

Visual form constancy −2.91 −1.83 −4.74

Visual sequential memory −.25 −1.75 −2.00

Visual figure-ground −2.51 −1.28 −3.79

Visual closure −1.32 −.99 −2.31

Total −10.95 −6.60 −17.55

Sensory Profile

Sensory Processing −1.00 −3.10* −4.10*

Modulation −4.11 −17.00* −21.11*

Behavioral & Emotional

Responses

−8.85 −2.58 −11.43*

TSIF

Postural movement 6.03* 2.22* 8.25*

Bilateral integration

sequencing

4.60 6.14* 10.74*

Sensory discrimination 2.74 3.22 5.96*

Sensory searching 11.28 2.64 13.92*

Attention & activity 7.16 4.18 11.34*

Emotional-behavioral

reactivity

4.07 5.18 9.25*

Note: *p< 0.002 (0.05/21).

Abbreviations: BOT-2, The Bruininks–Oseretsky Test of Motor Proficiency –

Second Edition; TVPS-3, Test of Visual Perceptual Skills – Third Edition; TSIF, Test

of sensory integration function.
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oldest group (Sensory Processing, Modulation, Behavioral,

and Emotional Responses). The effect sizes were all in the

medium range (f2: 0.25–0.34). For TSIF, significant differ-

ences of SP scores were found in the young versus middle

(Postural Movement), middle versus oldest (Postural

Movement, Bilateral Integration Sequencing), and youngest

versus oldest group (all 6 subtests) (Table 2). The effect sizes

were between the medium to large range (f2: 0.25–0.57).

Activity Participation

Regarding the four VABS-C domains, a significant main

effect for age (Wilk’s λ = 0.99, p = 0.03) and sex was found

(Wilk’s λ = 0.98, p = 0.04), and no significant age x sex

interaction effect (Wilk’s λ = 0.95, p = 0.21) was demon-

strated. The between-subject effects of the MANOVAmodel

were adopted to further investigate the main effect of age and

gender. For all the four domains, significant age effects with

medium effect sizes (f2: 0.22–0.33) were found between the

following age groups: middle versus oldest and the young

versus oldest group (in daily living skills, socialization, and

motor skills subdomains). The oldest group performed the

best, and girls outperformed boys in daily living skills and

socialization subdomains (Table 3).

After analyzing the effects of age group (three levels)

and sex (two levels) on the three parts of SFA-C (partici-

pation, physical tasks, cognitive-behavioral tasks), the

results showed significant main effects for age (Wilk’s

λ = 0.95, p = 0.04) and sex (Wilk’s λ = 0.89, p = 0.03),

but no significant age x sex interaction effect (Wilk’s

λ = 0.99, p = 0.89) for the subdomains of this measure

was found. The oldest group performed the best on all

school functions, and girls significantly outperformed boys

in participation and cognitive-behavioral tasks with defi-

nite difference (Table 3).

Correlational Studies
All correlation data are presented in Table 4. The TVPS-3

significantly correlated to VABS-C domains and SFA-C

parts with large effect size mostly. The correlations between

motor functions (BOT-2) and all the activity participation

measure domains were in the moderate range except for the

VABS-C Communication subdomain (small). All the sen-

sory integration functions (measure by the SP and the TSIF)

were strongly related to the activity participations (mea-

sured by the VABS-C, SFA-C) domains.

Discussion
Our study showed that school-aged ASD children were

impaired on all body function measures (sensory integra-

tion, motor functions, and visual perceptual functions), and

were strongly related to their activity participation.

Numerous studies have assessed body function and its

associations with activities; however, to our knowledge,

no study has examined comprehensive body functions and

activity participation across multiple scenarios in ASD

children with wide age range.

Body Functions
Motor Functions in ASD

Early studies showed that most motor characteristics and

development trajectories of children with ASD were similar

to those of individuals with various developmental

disabilities.36 However, most studies confirmed impairments

in motor development primarily focused on ASD at younger

ages.37,38 Our study results demonstrated that ASD children

generally show some levels of impairment and atypical varia-

tions in both gross and fine motor skills compared to their

typically-developing peers, and these impairments might last

through adolescence and adulthood. Although the motor pro-

blems of ASD have been less emphasized compared to the

social and communication deficits, assessment and remedia-

tion of comprehensive motor functions should be integrated

into the complete rehabilitation plan and provided as early as

possible.

Gross Motor Function

Gross motor development is strongly associated with

Table 3 Post Hoc Scheffé Multiple Comparison of Activity

Participation Measures Across Age and Sex in Children with

ASD (N= 117)

Measures Multiple Comparisons

Young-

Middle

Middle-

Oldest

Young-

Oldest

Female-

Male

VABS-C

Communication −2.90 −6.21 −9.23 3.30

Daily living skills −6.51 −14.71* −21.30* 5.90*

Socialization −.50 −3.82* −3.54* 5.40*

Motor skills −1.40 −3.11* −4.58* −3.39

SFA-C

Participation −5.57 −20.41 −25.99* 7.77*

Physical tasks −4.67 −12.33 −58.83* −8.98

Cognitive-behavioral

tasks

−10.31 −58.69 −68.70* 16.15*

Note: * p< 0.007 (0.05/7).

Abbreviations: VABSC, Vineland Adaptive Behavior Scale – Chinese Version; SFA-

C, School Function Assessment – Chinese Version.
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cognition, and consequently language in children.39,42 The

study findings emphasize the necessity of early interventions

that boost gross motor development since such interventions

will also enhance cognitive development. Our research results

echoed a previous meta-analysis study15 showing that motor

coordination deficits are a predominant characteristic of ASD.

To improve gross motor functions in ASD groups, therapists

should particularly stress provision of therapeutic movements

requiring various motor coordination abilities such as dynamic

balance, and bilateral extremity functions. Although the indi-

viduals with ASD performed better on tasks requiring muscle

strength and agility, rehabilitative interventions aiming to

improve these two motor functions are strongly suggested

since they are associated with general physical fitness, daily

activities, and later vocational functions.40

Fine Motor Function

The BOT-2 test results showed that ASD individuals had

pervasive impairments in fine motor skills, and these findings

were similar to earlier studies.41 We propose some possible

reasons for the poor fine motor skills in ASD. The primary

reason might be due to the impaired tactile-perceptual skills

in ASD. Researchers have suggested that ASD individuals

might have deficient stereognosis,43 one of the higher-level

tactile-perceptual abilities, and such impairments will further

exacerbate advanced fine motor performance. Another prob-

able assumption is that subcomponents of fine motor skills

require maturity and integration of the central nervous sys-

tem networks, and the fronto-parietal pathway has been

considered being responsible for most fine motor skills.44

This neural pathway involves the motor cortex, supplemen-

tary motor area, basal ganglia, and cerebellum, and early

studies have identified differential activation in these cortical

and subcortical areas in ASD.45 Lastly, weakness in grip

strength explained by inadequate muscle tone might hamper

functional fine motor tasks.43 Provision of preparatory activ-

ities could increase grip strength, while sensory integration

intervention has been found effective in treating sensory

modulation disorders related to hand functions and hand-

writing (eg, tactile defensiveness). To improve the tactile-

perceptual functions in ASD individuals, occupational

therapists usually offer a wide array of sensory training

protocols and manipulative activities emphasizing speed,

accuracy, and total efficiency.

Sensory Profile in ASD

Our study results showed that school-aged children with

ASD had significant difficulties in sensory integration, and

emotional and behavior regulations. The overall sensory

processing abilities of ASD children seem to be still

Table 4 Correlations Between Sensorimotor Measures and Activity Participations in Children with ASD

Measures VAB-C SFA-C

Communication Daily

Living

Skills

Socialization Motor

Skills

Total Participation Physical

Tasks

Cognitive-

Behavioral

Tasks

BOT-2

Fine manual control 0.21 0.62* 0.42 0.78* 0.77* 0.82* 0.77* 0.49

Manual coordination 0.20 0.59* 0.22 0.79* 0.81* 0.65* 0.62* 0.45

Body coordination 0.22 0.58* 0.43 0.87* 0.69* 0.73* 0.66* 0.28

Strength & Agility 0.08 0.44 0.25 0.55* 0.59* 0.43 0.78* 0.29

Total 0.27 0.58* 0.65* 0.71* 0.63* 0.59* 0.70* 0.40

TVPS-3 Total 0.73* 0.66* 0.48 0.67* 0.65* 0.61* 0.69* 0.71*

TSIF Total 0.47 0.63* 0.67* 0.71* 0.61* 0.78* 0.82* 0.63*

Sensory Profile

Sensory Processing 0.58* 0.57* 0.56* 0.51* 0.53* 0.55* 0.60* 0.62*

Modulation 0.48 0.44 0.51* 0.77* 0.65* 0.65* 0.53* 0.67*

Behavioral & Emotional

Responses

0.52* 0.48 0.49 0.45 0.59* 0.70* 0.42 0.58*

Total 0.55* 0.62* 0.77* 0.78* 0.70* 0.75* 0.67* 0.51*

Notes: *Only the significant correlation with large effect size was indicated in this table. r ≥ 0.5 indicates a large effect size. r ≥ 0.3 < 0.5 indicates a medium effect size. r ≥ 0.1 < 0.3

indicates a small effect size.

Abbreviations: BOT-2, The Bruininks–Oseretsky Test of Motor Proficiency – Second Edition; TVPS-3, Test of Visual Perceptual Skills – Third Edition; SP, Sensory Profile;

TSIF, Test of sensory integration function; VABS-C, Vineland Adaptive Behavior Scale – Chinese Version; SFA-C, School Function Assessment – Chinese Version.
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impaired compared to the referenced group as they reach

adolescence.46

Low Muscle Tone

Low muscle tone, commonly observed in ASD popula-

tions, might be due to their sensory processing difficulties

in regulating muscle endurance and tone. Hypotonia in

ASD should be treated as early as possible to prevent

further dysfunctions since low muscle tone is associated

with significant limitations on multiple areas of attention

levels, motor proficiency, and participation in academic

and extracurricular activities.47 Awareness of the signs of

hypotonia in young children might serve as an entrance to

improve early diagnosis of ASD since a large-scale study

supported the possible connections between infantile mus-

cle tone and childhood autistic features.48

Sensory Integration

From our research results, children with ASD manifested

various sensory integrative disorders (SID) including sensory

modulation disorders, sensory discrimination and perceptual

dysfunctions, vestibular-bilateral difficulties, dyspraxia, and

sensory-seeking behaviors.49,50

Over-responsiveness in autism is pretty common and

very often manifested as tactile defensiveness (TD) or

auditory defensiveness (AD).50 Self-care activities and

school functions are often affected by sensory defensive-

ness, and common social situations might be disturbing

enough to lead their emotional outburst and maladaptive

social behaviors.51 Somatodyspraxia refers to a sensory

integrative dysfunction involving poor motor planning,

deficient tactile discrimination, and proprioceptive

processing,52 and it might be a significant area of concern

for ASD since the participants in this study had poor

tactile perception in conjunction with poor motor planning.

Motor planning difficulties have been well documented in

ASD populations,53 and ideation of motor planning might

be affected and could be related to their repetitive and

stereotyped behaviors that comprise one of the defining

characteristics of ASD diagnosis.

The ASD participants also demonstrated significant

impairments in postural movement and bilateral integra-

tion sequencing tasks, and thus indicated their vestibular

and proprioceptive processing difficulties.52 A previous

study that examined vestibular functions of children with

ASD suggested that postural control in these children was

underdeveloped,54 and delayed head lag at infancy served

as a predictor of autism at later ages.55 Inefficient postural

controls as well as poor bilateral coordination are likely to

affect competence in motor activities. Bilateral coordina-

tion difficulties are associated with delayed midline skill

development, such as hand preference and right-left

discrimination.56 Proprioceptive problems in ASD cases

of concern to occupational therapists are related to integra-

tion of proprioceptive information from the entire body to

guide complex action, and proprioceptive insufficiencies

might be related to their postural-motor and praxis

difficulties.

Sensory-seeking behavior is prevalent among children

with ASD, and the typical behaviors often involve visual,

tactile, and auditory-seeking. It is convincing that sensory-

seeking behaviors in this population serve arousal modula-

tion functions,57 and it might be used to help dampen or

override over-responsivity in a particular system.58 Some

sensory-seeking behaviors in ASD children might not be

socially appropriate and have even become a safety issue

at home and schools.

Visual Perceptual Functions in ASD

The TVPS-3 results suggested that school-aged ASD chil-

dren have below-average performances in various visual

perceptual tasks. These visual perceptual impairments

might contribute to some unique features in ASD; for exam-

ple, impaired visual scanning and memory would affect their

facial recognition of others.59

Visual Discrimination

Our study results are opposite to some studies suggesting

that ASD had superior visual search abilities (basic visual

discrimination ability).60 The inconsistent finding might be

caused by the different demographic contributes that our

participants were much younger than those studies. Our

ASD participants demonstrated challenges in performing

the visual discrimination tasks of TVPS-3. These difficul-

ties might be due to the unique information processing

strategy utilized by ASD individuals, who, having discre-

pancies in visual attention strategy, are prone to concen-

trate their focus on detailed parts (local features) rather

than the object as a gestalt (global shape) while processing

visual stimulations.61 This information processing is dif-

ferent from those seen in typically developing children; for

example, cognitive-impaired individuals demonstrated

correct overall organization but made many mistakes on

local details.62 The detail-oriented information strategies

adopted by ASD individuals were well described,63 and
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this processing bias might hinder the generalizing skills of

ASD children.64–66

Visual Memory and Visual Sequential Memory

Visual memory refers to the memory of an object, while

visual sequential memory is more associated with memory

of location. Research results regarding visual memory in

ASD children are inconclusive, and the results suggest that

ASD individuals have difficulty in performing visual

memory tasks. A recent study showed that ASD partici-

pants had lower visual working memory; especially with

having difficulties processing rapid visual information.67

Individuals with ASD possess rather intact visual object

working memory than visual spatial working memory.67,68

The ASD children also had significant difficulties in

performing the sequential memory tasks of TVPS-3.

Deficits in sequential memory might hinder children’s

memories for locations, and the level of the impairments

was positively related to the memory loading. In addition,

the impairments in visual memory might be age-related,

and the relations become more noticeable from adoles-

cence to adulthood.69 Both typically-developing and

ASD populations show gradual improvements in visual

memory as they grow up, but the extent of improvement

is smaller in ASD individuals.70 Children with ASD have

preserved associated visual memory and shape recogni-

tion. ASD individuals have been reported to have excellent

recognition memory for visual stimulation and objects not

carrying any social meaning (eg, colors, car brands),71

however, facial recognition still seems to be a particular

impairment in ASD children in spite of the rather intact

associative memory.

Spatial Relationship

The ASD participants had best performance on the visual-

spatial relationship in the TVPS-3 domains, but it was still

in the impaired range. Impairments in imitation abilities

have been reported in ASD individuals,72,73 and these

dysfunctions might hamper development of play skills

and social functions. The mirror neuron system has been

considered responsible for the imitation skills,74 and pro-

blems in the functioning of this system could be involved

in social cognitive impairments commonly observed in

ASD individuals.75 Deficient visual spatial processing in

ASD children might make the mirror neuron system work

harder, therefore more adversely affecting their imitation

abilities.16,76

Form Constancy, Figure Ground and Visual Closure

The participants had significant impairments on performing

form constancy, figure ground and visual closure tasks.

Both visual discrimination and mental rotation abilities are

fundamental to form constancy, figure ground, and visual

closure abilities.77 Mental rotation requires both the dorsal

stream (spatial working memory) and ventral stream (object

working memory) subsystem to operate together,78 and

ASD individuals were found to have impaired neural corre-

lates (prefrontal cortex network) in both spatial and object

working memory.67,68 Among the TVPS-3 subtests, the

ASD participants had the worst performance on Figure

Ground tasks. This TVPS-Figure Ground subtest is estab-

lished according to the visual processing hierarchy, and the

individuals are asked to identify an image from a rival

background. A previous study demonstrated a positive cor-

relation between TVPS-Figure Ground subtest scores and

autistic-like social features only seen in males; additionally,

the figure-ground ability might be linked to facial recogni-

tion difficulties.79

Activity Participation
Our research results indicated that activity participation

measures differed between young-oldest age groups; how-

ever, the impairments in adaptive behaviors that character-

ize ASD children might not diminish with age and

maturity. The earlier studies showed that children with

ASD had relatively stronger Daily Living Skills, Motor

Skills, and poor Communication and Socialization skills

among the adaptive functioning assessed.80 The present

study had similar results, where the VABS scores demon-

strated that both Communication and Socialization Skills

were significantly worse than Daily Living and Motor

skills. A previous study indicated that IQ is a significant

predictor of adaptive behaviors in ASD,81 and the autism

severity might partially explain the differences in

Socialization and Daily Living Skills. In another study

investigating adaptive behaviors in Taiwanese children

with high-functioning autism, the results demonstrated

that the social domain showed vulnerable adaptive func-

tioning. Cognitive abilities were positively associated with

adaptive functions, but autism severity was poorly related

to the adaptive behaviors.82 Among the school functions,

the results indicated that school-aged children with ASD

have more problems in Participation and Cognitive-

behavioral Tasks. Even the ASD individual had better

performance on carrying out Physical Tasks, the com-

monly coexistent difficulties in body coordination and
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visual perception are still exhibited in the challenging

features of most daily and school activities.

Correlations Between Body Functions

and Activity Participation
Our finding highlighted a significant association (most are

of large effect size) between body functions and activity

participation measures, and these strong correlations sup-

port the possible contribution of sensory-perceptual-motor

functions on substantial participation in children with ASD.

Consequently, intervention aimed at treating the sensory-

related issues is crucial for both clinicians and ASD indivi-

duals. Globally, occupational therapists have traditionally

and widely used the Ayres Sensory Integration® frame of

reference (SI-FOR) for children with ASD, and it has been

validated in its effectiveness for improving both sensory

integration function and other issues related to sensory

processing difficulties in children with ASD.83

Gender Effects
The study results showed that gender did not have sig-

nificant effects on body functions of children with ASD

except for a few measures. Girls performed better on

behavioral and emotional responses while boys had

higher scores on visual-spatial relationship and most

motor-related tasks. On activity participation, girls per-

formed better on daily living skills, participation, and

cognitive-behavioral domains while boys had higher

scores on physical and motor-related tasks. These results

are similar to the trend in typically developing children

where males outperform females on most gross motor

functions.84 Our research results indicated no gender

effect in communication although some studies have

demonstrated that ASD individuals with different gender

had diverse impairments in social communication.84

Girls with ASD tend to use compensatory strategies

(eg, keeping close to peers) to disguise their difficulties

in social interactions according to the camouflage

hypothesis,85 and the possible gender bias might contri-

bute to the underestimation of the prevalence of ASD in

females.

Conclusions
The school-aged with ASD had impaired sensory and

perceptual-motor performances, and these impairments

were significantly related to their activity participations.

This study has several strengths. Firstly, the participants

are representative since they included a wide range of

school-aged children. Secondly, comprehensive and valid

measurements were adopted to fully and reliably inves-

tigate the body functions and activity participations

across multiple settings in Taiwanese school-aged chil-

dren with ASD. There were some limitations with

respect to the lack of control group and intellectual

functioning measures. For further study, we recommend

the completion of longitudinal studies with various sub-

types (eg, Asperger’s, high-functioning autism) and

intellectual functioning to determine the effects of

maturation and individual differences on sensory integra-

tion and perceptual-motor skills in ASD school-aged

individuals.

Due to the nature of this research, participants of this

study did not agree for their data to be shared publicly, so

supporting data are not available.
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