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Purpose: This study aims to examine the differences in physical activity and motor 
performance between young children with autism spectrum disorder (ASD) and children 
with typical development (TD) and to investigate the relationships between the levels of 
physical activity and motor performance.
Patients and Methods: Twenty-five children with ASD (mean age = 59.3 ± 8.1 months) 
and 28 children with TD (mean age = 63.1 ± 8.6 months) were recruited. The Actigraph 
accelerometer, Movement Assessment Battery for Children-second edition, and Assessment 
of Preschool Children’s Participation were used.
Results: Young children with ASD spent significantly less time in moderate and light 
physical activity and exhibited more sedentary behavior than did children with TD. Those 
children with ASD also had greater motor difficulties and engaged less frequently in physical 
recreation activities compared to their TD peers. Motor performance was significantly 
correlated with physical activity in all children.
Conclusion: This study highlighted the specificity of the levels of physical activity, motor 
difficulties, and participation diversity in children with ASD comparing performances on 
children with TD. Additional research is needed to provide valuable information for early 
interventions.
Keywords: autism spectrum disorder, physical activity, motor competence, early childhood, 
sedentary behavior

Introduction
In the past decade, the number of people diagnosed with autism spectrum disorder 
(ASD) in Taiwan has increased from 8151 to 14,533.1 Individuals with ASD have 
social interaction and communication challenges, along with restricted or repetitive 
behaviors, interests, and patterns that are associated with less participation in 
physical activity and social participation.2,3 Children with ASD have been found 
to be less physically active during recess compared to those without disabilities. 
They tend to spend less time engaging in physical activities compared to their peers 
with typical development (TD).4–6

Physical activity is associated with a better health-related quality of life in 
children, and the short-term and long-term health benefits last well beyond 
adolescence.7,8 While regular physical activity helps prevent chronic physical and 
mental illnesses and improves overall health in young children with TD, sedentary 
behaviors increase obesity rates.7,9 Physical activity guidelines recommend that 
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young children should engage in at least 180 min per day 
of physical activity, including 60 min of moderate and 
vigorous physical activity per day (MVPA).10 A previous 
study found that 89% of children between 3 and 6 years of 
age failed to meet the recommended amount of physical 
activity in Taiwan.11 Physical activity in preschool chil-
dren has received increasing attention because preschool 
children are at a critical period in the development of their 
motor skills and abilities; participating in physical activity 
might promote the development of these skills in 
children.12

The patterns of physical activity refer to the temporal 
distribution of the frequency and amount of body move-
ment over the participating period, including vigorous 
physical activity (VPA), moderate physical activity 
(MPA), light physical activity (LPA), and sedentary phy-
sical activity (SPA).10,13–15 These patterns are categorized 
based on the time spent engaging in these different physi-
cal activities, which was expressed as total counts divided 
by measured time per day (counts per minute, CPM).16 

Previous research has explored patterns of physical activ-
ity in preschool children with ASD.13–15 However, only 
three studies have used objective measurements to exam-
ine their levels of physical activity, and the results have 
been inconsistent.13–15 Using data logging accelerometers 
to track the movements of participants over a span of 1 
week, two studies found that preschool children with ASD 
spent the same amount of time engaging in MPA and VPA 
as their peers with TD did.13,14 MPA levels were lower for 
preschool children with ASD than for their peers with 
TD.13 On the other hand, Ketcheson et al15 preschool 
children, with ASD engaging in higher MPA and VPA 
when compared to children with TD. While these studies 
were conducted in the United States and Australia,13,15 no 
research to date has been done involving young children 
with ASD in Taiwan. Thus, information regarding the 
variables that account for the physical activity patterns of 
Taiwanese young children with ASD is lacking.

Additionally, only a few studies have compared the 
motor performance (eg, postural control, bilateral coordi-
nation, manual dexterity, handwriting, object control, and 
visuo-motor integration skills) of children with ASD with 
that of children with TD, and most of them have focused 
on children between the ages of 5 to 12 years.17–19 These 
studies have reported that children with ASD have poorer 
motor performance compared to children with TD.17–19 

Other studies20–22 have reported poor motor performance 
in preschoolers with ASD; however, there were too few 

practical comparisons has been made with TD children. 
Relatively little is known about the development gap 
between children with ASD and TD children. According 
to previous studies, children with TD are less likely to 
participate in physical activity if they have poor motor 
performance.23,24 However, no association was found 
between the level of physical activity and motor skills in 
preschool children with ASD.15 This relationship among 
young children with ASD in Taiwan has not been well 
investigated.

Activity levels in young children with ASD can be 
measured using accelerometers, which provide objective 
information about physical activity. However, information 
on the type of everyday activity being performed is not 
provided. Previous studies reported that children with 
ASD had lower levels of activity participation (eg, play, 
skill development, active physical recreation, and social 
activities) than children with TD.25,26 There is a lack of 
direct evidence correlating activity participation with 
levels of physical activity among young children with 
ASD. Thus, investigating the types and diversity of every-
day activities in which children with ASD participate 
would increase our understanding of physical activity 
practices in this population. The research questions we 
aimed to answer for this study were as follows: (a) How 
much time do young children spend on sedentary, light, 
moderate, and vigorous physical activities? (b) Are there 
differences in sedentary, low, moderate, and vigorous phy-
sical activity levels, motor performance, and levels of 
activity participation between young children with ASD 
and with TD? (c) How does physical activity relate to 
motor performance and participation diversity of the two 
groups?

Method
Participants
A total of 53 children between 48 and 72 months of age were 
recruited. Out of the total, 25 children were diagnosed with 
ASD by a pediatric psychiatrist using the standard criteria 
for the Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5). The Childhood Autism Rating 
Scale, second edition (CARS-2) was used to support diag-
nosis and for ASD severity. The remaining 28 children with 
TD were recruited from preschools and kindergartens in 
Tainan City. The exclusion criteria for both groups were 
children with attention-deficit hyperactivity disorder or any 
condition or disease that could affect physical activity and 
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motor performance (eg, cerebral palsy, genetic disorder, 
chronic disease, heart disease, cancer, severe visual impair-
ment, and acute or chronic injuries). For children with ASD, 
the primary investigator reviewed their medical records to 
check whether they had comorbidities. For children with 
TD, parents reported whether their child had attention- 
deficit hyperactivity disorder or any developmental delay.

As shown in Table 1, there were no significant differ-
ences in age, body mass index (BMI), BMI percentiles, or 
BMI rankings between both groups. One child in each 
group was underweight. Five children in the ASD group 
and seven children in the TD group were overweight or 
obese. All of the children with ASD scored over 30 on the 
CARS-2, with a mean score of 35.7; 68.0% were categor-
ized as mild-to-moderate autism and 32% were categor-
ized as severe autism. Their intellectual quotient scores 
ranged from 49 to 117. There was a significant difference 
in gender between the two groups. We recruited four 
female children and 21 male children with ASD. The 
ratio of males to females was 5.25:1, which is similar to 
the reported ASD general population sex ratio. All parti-
cipants did not take medications during the study.

Measurements
Childhood Autism Rating Scale, Second Edition 
(CARS-2)
CARS-2 is used to identify the severity of ASD symptoms.27 

The scale contains 15 items relating to people, imitation, 
emotional response, body use, object use, adaptation to 
change, visual response, listening response, response and use 
of the senses (taste, smell, and touch), fear or nervousness, 
verbal communication, nonverbal communication, activity 

level, level and consistency of intellectual response, and gen-
eral impression. The examiner assesses the items using a scale 
ranging from 1 (age appropriate) to 4 (severely abnormal), 
with the possibility of assigning half-point scores for each 
item. A total score below 30 indicates that the examinee is 
non-autistic, while a score of 30 or greater indicates the pre-
sence of autism. This measure is a valid and reliable measure, 
with a Cronbach’s alpha of 0.93.27 Its sensitivity and specifi-
city values are 0.88 and 0.86, respectively.27

Actigraph Accelerometer
Physical activity levels were measured using an ActiGraph 
wGT3X-BT (ActiGraph, Pensacola, FL) worn on the partici-
pants’ wrist. The accelerometer is a three-dimensional sensor 
that captures the frequency and amount of body movement 
with well-established reliability and validity when used in 
children aged three to five years.16 Cut-off points for VPA, 
MPA, LPA, and SPA levels were above 4450 cpm, 2120–4449 
cpm, 240–2119 cpm, and 0–239 cpm, respectively.16 For com-
parison purposes, the MPA and VPA levels were combined 
into MVPA to coincide with the WHO guidelines.10 

Participants were asked to wear the accelerometer for 24 h on 
a weekday under a caregiver’s supervision to prevent the 
children from taking off the accelerometer on their own. For 
our study, an epoch length of 10 s was chosen. Non-wear time 
was defined as 60 min of consecutive zeros and a two-minute 
tolerance.28 We used the ActiLife software for calibration and 
data access. The data were then exported into Excel to obtain 
percentages of the amount of time spent for each physical 
activity level.

Movement Assessment Battery for Children-Second 
Edition (MABC-2)
The MABC-2 is a standardized motor assessment used to 
evaluate and identify motor impairments in children and 
adolescents between 3 and 16 years of age.29 The perfor-
mance scale is divided into three age bands. Each band 
includes eight tasks within three categories: manual dex-
terity, ball skills, and balance. For this study, a three- to 
six-year-old age band was employed. The standard and 
percentile scores were reported in accordance with the 
examiner’s manual.29 Comparison between groups was 
used for the standard scores. The interrater reliability for 
this tool is over 0.75, and the intrarater reliability is 0.70.29

Assessment of Preschool Children’s Participation- 
Chinese Version (APCP-C)
The ACPC is a parent-completed questionnaire about pre-
school children’s participation in everyday activities.30 

Table 1 Demographic Data of Children with ASD and TD

Variables ASD (n = 25) M 

±SD/ N (%)

TD (n = 28) M 

±SD/ N (%)

t or χ2 p

Age (months) 59.3 ± 8.1 63.1 ± 8.6 −1.660 0.103

Sex 5.613 0.022

Male 21 (84.0%) 15 (53.6%)

Female 4 (16.0%) 13 (46.4%)

BMI 16.6 ± 4.5 16.0 ± 2.5 0.568 0.572

BMI percentiles 49.2 ± 29.3 48.6 ± 32.9 0.073 0.942

BMI ranking 1.491 0.795

Underweight 1 (4.0%) 1 (3.6%)

Normal 19 (76.0%) 20 (71.4%)

Overweight 2 (8.0%) 1 (3.6%)

Obese 3 (12.0%) 6 (21.4%)

CARS-2 35.7 ± 5.7 ̶

Abbreviations: ASD, autism spectrum disorder; TD, typical development; BMI, 
body mass index; CARS-2, Childhood Autism Rating Scale, second edition.
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The assessment classifies 45 activities into four categories: 
play, skill development, active physical recreation, and 
social activity. For each activity, parents are asked to 
indicate if their child has participated in the activity (yes/ 
no) in the previous 4 months, and how often this has 
happened. The frequency questions use a 7-point Likert- 
type scale ranging from 1 (once over the last 4 months) to 
7 (once daily or more). Diversity and intensity scores are 
calculated for each of the four categories. The diversity 
score is the percentage of time for which the child has 
engaged in one of the activities. The intensity score is 
calculated by dividing the sum of frequency scores across 
for all items by the total number of times for which the 
child participated in each of the four categories. APCP-C 
can be used for children aged two to five years and 11 
months. The APCP-C has some modified activities to 
account for Taiwanese culture. For example, in the “pop-
ular community organization” item, a picture book reading 
group and Chinese literature reading group have been 
added.30 The internal consistency for the diversity and 
intensity of participation from children with disabilities is 
0.85 and 0.86, respectively.30

Procedure
This study is an exploratory study and was approved by 
the Research Ethics Committee of NTUH Hisn-Chu 
branch Institutional interview board (107–062-F). Study 
procedures were conducted in accordance with the princi-
ples of the Declaration of Helsinki. Parents were briefed 
on the procedure of the study and provided informed 
consent prior to commencement. Participants were asked 
for verbal consent to wearing the wrist accelerometer 
before parent signed consent was solicited. In order to 
examine the severity of ASD, a CARS-2 score was deter-
mined by a trained occupational therapist or psychologist 
who is well known to participants through direct observa-
tion of the child playing with a researcher in the hospital. 
Participants were instructed to wear accelerometers on 
their non-dominant wrist for 1 week except when swim-
ming, showering, and bathing. All participants were 
assessed by registered occupational therapists using the 
Movement Assessment Battery for Children and 
Assessment of preschool children’s Participation. The phy-
sical activity monitored day were separated by the 
assessment day. All procedures were completed within 3 
weeks.

Statistical Analysis
The analysis was done using the Statistical Package for 
Social Sciences (SPSS) software (SPSS Inc., Chicago, IL, 
USA). The alpha level of this study was set as p < 0.05 to 
indicate statistical significance. Demographic data were 
reported using descriptive statistics, consisting of mean, 
standard deviation, percentage, frequency, and median. 
Test of normality was examined by the Shapiro–Wilk 
statistic. Differences in levels of physical activity, motor 
performance, and participation diversity between the two 
groups were evaluated using independent t tests. We also 
evaluated effect size with Cohen’s d based on mean and 
standard deviation for each comparison. The interpretation 
for size of effect indicating small, moderate, large were 
0.2, 0.5, 0.8, respectively.31 Categorical variables, such as 
gender and BMI ranking, were calculated using Chi-square 
and Fisher’s exact test. The relationship between physical 
activity, motor performance, and participation diversity in 
all the participants and of both groups individually was 
calculated using a Spearman correlation coefficient. 
Physical activity in both groups was compared for four 
different levels (MVPA, MPA, LPA, and SPA) and 
recorded as a percentage. Due to the lack of vigorous 
physical activity data collected from children with ASD, 
we did not compare this level of physical activity between 
the groups.

Results
Accelerometers
According to the data collected by the accelerometers, chil-
dren with ASD accumulated an average of 2.0 h/day of 
MPA, 3.3 h/day of LPA, and 18.7 h/day of SPA on week-
days, respectively. Physical activity level was calculated as 
a percentage. The Shapiro–Wilk test suggested that the 
physical activity level was normally distributed. On aver-
age, young children with ASD spent most of their daily time 
on SPA (78.1 ± 11.5%), followed by LPA (13.7 ± 6.3%), 
and the least amount of daily time on MVPA (8.2 ± 5.7%). 
None of the children with ASD engaged in VPA (0%). 
Therefore, for statistical purposes and to align participant 
comparisons to the WHO guidelines, percentages from 
MPA (8.2%) and VPA (0%) for the ASD group were com-
bined to create MVPA (8.2%). On the other hand, children 
with TD accumulated an average of 14.8 h/day of SPA, 5.0 
h/day of LPA, 3.8 h/day of MPA, and 0.4 h/day of VPA on 
weekdays. Children with TD spent a greater portion of time 
on LPA (21.0 ± 4.5%) and MPA (16.0 ± 5.9%) compared to 
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children with ASD. Children with ASD had significantly 
lower percentages of MVPA (t(51) = −5.805, p < 0.001), 
MPA (t(51) = −4.906, p < 0.001), and LPA (t(51) = −4.871, 
p < 0.001) compared to children with TD (Table 2). 
Children with ASD also spent more time on SPA than 
their peers with TD. The effect sizes for the differences in 
MVPA, MPA, LPA, and SPA were large (Table 2). The 
effect sizes for VPA difference between two groups were 
moderate. Seven of the 25 (28%) children with ASD did not 
meet the WHO recommended time for daily MVPA. For 
children with TD, all children except one met the recom-
mended guideline.

Comparison of the Motor Performance 
of Both Groups
The Shapiro–Wilk test suggested that the aiming and catch-
ing was not normally distributed. Manual dexterity and bal-
ance scores were found to be normally distributed. Most 
children with ASD (76.0%) experienced overall motor diffi-
culties. Participants showed motor difficulties in aiming and 
catching (72.0%), manual dexterity (60.0%), and balance 
(56.0%). The mean of the total score and subtest standard 
scores on the MABC-2 for children with ASD was 53.6, 5.8, 
5.4, and 6.7, respectively. Contrary to the ASD group, only 
one child (3.6%) in the TD group had overall motor difficul-
ties. Children with TD showed motor difficulties in manual 
dexterity (10.7%) and in aiming and catching (10.7%), but 

none had balance problems. The mean for the total score and 
subtest standard scores on the MABC-2 for children with TD 
was 85.0, 10.4, 10.1, and 13.6, respectively. Significant dif-
ferences in manual dexterity (t(51) = −5.206, p < 0.001), 
aiming and catching (t(51) = −6.811, p < 0.001), and balance 
(t(51) = −9.77, p < 0.001) were observed between the two 
groups. Children with ASD showed greater motor difficulties 
than children with TD (t(51) = −8.104, p < 0.001). The effect 
sizes of all motor performance difference between children 
with ASD and children with TD were large.

Concerned about the sex distribution for the ASD 
group, we generated a linear model using sex as 
a controlled covariant, and the differences in physical 
activity and motor performance still remained significant 
between the two groups. Additionally, the significance of 
differences in physical activity and motor performance 
between groups persisted after controlling for age.

Comparing the Participation Between 
Both Groups Using the APCP-C
Scores on skill development activities, physical recrea-
tion activities, and social activities were found to be 
normally distributed. Children with ASD participated in 
an average of 29.4 (SD = 5.6) of the 45 APCP-C activ-
ities (65.3%), with individual children performing 
between 21 (46.7%) and 39 (86.7%) activities. On aver-
age, the children participated in these activities once 

Table 2 Comparison of Physical Activity Level and Motor Performance Between ASD and TD Groups

Variables ASD (n = 25) M ± SD TD (n = 28) M ± SD t p d

Physical activity level

% MVPA 8.2 ± 5.7 17.6 ± 6.1 −5.805 < 0.001 1.59

% VPA 0 1.6 ± 3.7 – – 0.59
% MPA 8.2 ± 5.7 16.0 ± 5.9 −4.906 < 0.001 1.35

% LPA 13.7 ± 6.3 21.0 ± 4.5 −4.871 < 0.001 1.34

% SPA 78.1 ± 11.5 61.4 ± 9.1 5.909 < 0.001 1.63
MABC-2 (standard score)

Total score 53.6 ± 16.6 85.0 ± 10.6 −8.104 < 0.001 2.23

Manual dexterity 5.8 ± 2.7 10.4 ± 3.0 −5.206 < 0.001 1.43
Aiming & catching 5.4 ± 3.4 10.1 ± 3.2 −6.811 < 0.001 1.87

Balance 6.7 ± 2.4 13.6 ± 2.7 −9.770 < 0.001 2.68

APCP-C
Play 71.1 ± 17.9 90.5 ± 9.4 −4.852 < 0.001 1.33

Skill development 73.3 ± 15.5 81.0 ± 11.9 −2.021 0.049 0.57

Physical activity 61.2 ± 13.6 72.5 ± 16.0 −2.748 0.008 0.76
Social 53.5 ± 17.7 69.2 ± 22.9 −2.773 0.008 0.76

Abbreviations: ASD, autism spectrum disorder; TD, typical development; MVPA, moderate to vigorous physical activity; MPA, moderate physical activity; LPA, light physical 
activity; SPA, sedentary physical activity; MABC-2, Movement Assessment Battery of Children, second edition; APCP-C, Assessment of Preschool Children’s Participation- 
Chinese version.
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a week. The children had an average participation diver-
sity of 65.3 (SD = 12.5), with the highest score for the 
skill development activities (73.3 ± 15.5), followed by 
the play activities (71.1 ± 18.9), and the physical recrea-
tion activities (61.2 ± 13.6). The lowest score was in the 
social activities (53.4 ± 17.6). Children with ASD 
engaged frequently in play and skill development activ-
ities. However, they had significantly lower scores on 
participation diversity for all four APCP areas compared 
with those in TD children (Table 2). The effect sizes for 
participation diversity in all APCP area were ranged from 
moderate to large scale.

Correlation Analysis
A Spearman correlation coefficient was used to examine the 
relationship between physical activity, motor performance, 
and participation diversity among all participants. As shown 
in Table 3, motor performance was significantly correlated 
with a higher MVPA and LPA, and a lower SPA level in all 
children. This indicates that children with better motor per-
formance participated more frequently in light to vigorous 
physical activities. However, no significant correlations 
between physical activity and motor performance were 
observed in either group. Regarding participation diversity, 
MVPA and SPA were correlated with all four areas of parti-
cipation diversity, indicating that greater participation diver-
sity was associated with higher MVPA and lower SPA levels 
when the correlation ran in TD group separately. However, 
there was no significant correlation between physical activity 
levels and participation diversity in children with ASD. For 

children with ASD, the ASD severity was significantly cor-
related with manual dexterity (ρ= −0.466, p = 0.025) and 
total scores (ρ= −0.408, p = 0.043) of the MABC-2 as well as 
the total activity participation (ρ= −0.402, p = 0.047); how-
ever, no significant correlation between the ASD severity and 
physical activity levels was observed.

Discussion
This study was the first to explore physical activity in 
young children with ASD in Taiwan using an objective 
measurement. Our study yielded four main findings: (1) 
young children with ASD spent less time in moderate and 
vigorous physical activity and light physical activity, and 
sedentary physical activity than did children with TD, (2) 
children with ASD had greater motor difficulties compared 
to their peers with TD, (3) children with ASD engaged less 
frequently in activities than did children with TD, and (4) 
all young children who engaged more frequently in mod-
erate and vigorous physical activity had better motor per-
formance and greater participation diversity.

When compared to the results of previous studies 
involving young children with ASD, our results are con-
sistent with those of Bandini et al,13 who reported that 
children with ASD engaged in less MPA on weekdays 
compared with children with TD, after adjusting for sex 
and age. However, our findings differ from those of 
Ketcheson et al,15 who reported that young children with 
ASD spent more time on MVPA and LPA and less time on 
SPA behaviors when compared to their peers with TD. It 
may be attributed to the age difference of the participants. 

Table 3 Correlations Between Physical Activity, Motor Performance, and Activity Diversity

Physical Activity

MVPA% LPA% SPA%

Variables Total Participants ASD TD Total Participants ASD TD Total Participants ASD TD

MABC-2

Total score 0.432** −0.143 −0.095 0.497*** 0.132 0.038 −0.502*** 0.035 0.001

Manual dexterity 0.353** 0.005 −0.202 0.495*** 0.313 0.033 −0.471*** −0.160 0.047

Aiming & catching 0.272* −0.305 0.047 0.242 −0.211 −0.075 −0.276* 0.297 −0.003

Balance 0.527*** −0.052 0.153 0.523*** 0.162 0.088 −0.554*** −0.044 −0.108

APCP-C

Play 0.688*** 0.059 0.722*** 0.430** −0.044 0.297 −0.607*** −0.032 −0.562**

Skill development 0.394** 0.011 0.474* 0.273* 0.133 0.253 −0.357** −0.089 −0.409*

Physical activity 0.395** −0.243 0.483** 0.164 −0.311 0.153 −0.318* 0.261 −0.359

Social 0.353* −0.138 0.231 0.231 −0.001 0.060 −0.319* 0.013 −0.144

Notes: *p < 0.05; **p < 0.01; *** p < 0.001. 
Abbreviations: ASD, autism spectrum disorder; TD, typical development; MVPA, moderate to vigorous physical activity; LPA, light physical activity; SPA, sedentary physical 
activity; MABC-2, Movement Assessment Battery of Children, second edition; APCP-C, Assessment of Preschool Children’s Participation-Chinese version.
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Participants in the study of Ketcheson et al15 were between 
2 and 5 years of age, significantly younger than the parti-
cipants in our study (4–6 years). Ketcheson et al15 inferred 
that this finding attributed to the contribution of comorbid-
ities such as ADHD and anxiety. However, little research 
has established a link between comorbidities and levels of 
physical activity in this population. The impact of comor-
bidities on levels of physical activity in children with ASD 
should be studied further in future research. Moreover, 
Thomas et al14 and Bandini et al13 reported similar time 
spent on MVPA with no significant differences between 
children with ASD and those with TD, even after adjusting 
for age and sex. It appears that there were contrary results 
in our study, indicating that young children with ASD 
spent less time on MVPA when compared to children 
with TD after controlling for age and sex. According to 
the WHO guidelines,10 young children should spend at 
least three hours daily engaging in physical activity, with 
at least 60 min of MVPA per day. However, young chil-
dren with ASD in our study did not engage in VPA. 
Although some of the children with ASD engaged in 
sufficient physical activity according to WHO guidelines, 
they were not sufficiently active based on APAC-C. On the 
contrary, children with TD in our study engaged in suffi-
cient physical activity, only one participant in this group 
did not meet the recommended amount. Regarding the 
ASD severity, our study was in line with the study of 
Bandini et al13 that there was no significant relationship 
between autism status and reported time spent on physical 
activities. This highlights those other potential variables 
which might be related to levels of physical activity that 
can be investigated in the future. Notably, in this study, we 
found significant group differences for all types of physi-
cal activities, indicating that young children with ASD 
spent less time engaging in physical activities than did 
children with TD. The findings of this study extend the 
results of earlier studies which showed lower levels of 
physical activity from school-aged children and adoles-
cents to young children with ASD.4,6,32

The results are consistent with those of other studies in 
which young children with ASD exhibited significantly 
greater motor difficulties in comparison to their peers 
with TD.17,18,20,33–35 Further, the motor performance of 
children between 3 and 16 years of age differed signifi-
cantly between both groups, which is consistent with the 
findings in previous studies that used the MABC-2.17,18,35 

Our study showed that children with ASD had a significant 
lower score not only in total performance, but also in 

manual dexterity, aiming and catching, and balance sub-
scales. A possible explanation for this might be that these 
motor tasks, especially aiming and catching, involve the 
child’s ability to coordinate visual information and imitate 
others’ actions.17,36 Deficits in visual motor integration 
and imitation in children with ASD are a common 
occurrence.36,37 Both Forti et al33 and Roley et al38 

reported that a limited motor planning capacity could 
impact the performance of motor integration in children 
with ASD.

Consistent with Bandini et al,13 children with ASD 
participated in fewer types of activities than children 
with TD did. Must et al39 observed that children with 
ASD between 3 and 11 years old spent more time on 
sedentary activities (such as screen-based activities) than 
children with TD did. Specifically, children with ASD 
engaged more frequently in play and skill development 
activities categorized as LPA or SPA. Such activities 
include playing with toys, watching TV or videos, creating 
a craft project, drawing or coloring, listening to stories, 
doing puzzles, and taking music lessons. Furthermore, the 
study indicated that children with ASD who spent more 
hours per day on screen-based activities excluded other 
recreational activities, such as physical activities or 
exercise.39 In our study, children with ASD participated 
in fewer physical recreation activities and had poor motor 
performance. Poor motor performance deters children with 
ASD from participating in MVPA. Thus, designing motor 
skills interventions to increase MVPA levels may be ben-
eficial for young children with ASD.

No significant correlations between physical activity 
and motor performance were observed in either children 
with ASD or children with TD. This finding supports the 
results from a previous study where no association was 
observed because the participants with ASD were very 
young and at a transitional stage in their physical 
development.15 Another possible explanation for the lack 
of association may be attributed to highly skewed data in 
each group. If all participants are considered, the results 
reinforce the theory that motor performance in young 
children is related to higher levels of physical activity. 
Williams et al23 and Wrotniak et al24 found an association 
between motor proficiency and MVPA in young children, 
and the results of the current study lend support for this 
association. However, because of its potential to provide 
valuable information for early interventions, future 
research is warranted to confirm this relationship in 
young children with ASD.
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Limitations of this study included only using acceler-
ometers for a weekday. Future study should measure phy-
sical activity for longer time span. Other limitations of this 
study included a small sample size and a skewed sex ratio 
in the ASD group, which could limit the generalizability of 
these results. Future research should aim to recruit parti-
cipants with a balanced sex ratio from a wider community 
sample. In addition, since no accelerometer cut-offs have 
been established for children with ASD, we used the cut- 
offs based on young children with TD to analyze the 
physical activity levels. Furthermore, we did not consider 
the effects of cognitive ability or other developmental 
concerns on motor performance and participation diver-
sity. A description of ASD functioning profile was lacking 
as well. Cognitive and language abilities were estimated 
for all participants. Future research will be warranted to 
obtain related characteristics for both children with ASD 
and TD. Nevertheless, despite these limitations, the use of 
accelerometers to measure young children’s physical activ-
ity levels was a strength of this study.

Conclusion
This study is, to our knowledge, the first to use objective 
measurements to examine physical activity among young 
children with ASD in Taiwan. Findings showed that young 
children with ASD spent less time engaging in all levels of 
physical activity when compared to children with TD. This 
study highlights the specificity of motor difficulty and 
activity participation diversity in children with ASD by 
comparing their performance with that of children with 
TD. This suggests the need for occupational therapy inter-
ventions that target the motor skills of young children with 
ASD. To link the findings to training and interventions on 
motor difficulties among young children with ASD, further 
evidence-based research will be necessary. Future studies 
should examine the associated factors of physical activity, 
such as sex, age, developmental abilities, and activity 
participation patterns in young children with ASD.
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