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Purpose: Although children with autism spectrum disorder (ASD) often display motor deficits, the nature of
these motor deficits remains unspecified. The purpose of this study was to establish a robust motor profile in
children with ASD across a wider range of motor skills by using two professionally administered standardized
motor assessments alongside a parent report measure to capture a comprehensive view of motor perform-
ance compared to a group of neurotypical peers.

Methods: Complex motor skills, balance and global motor performance were compared in twenty-four
children, between the ages of 5-12years, split into two groups: ASD and typically developing. The
Bruininks-Oseretsky Test of Motor Proficiency, Second Edition (BOT-2) and the Movement Assessment
Battery for Children, Second Edition (MABC-2) were used to examine skill performance. Motor proficiency
was also collected using the parent/caregiver form of the Vineland Adaptive Behavior Scales, 3" edition
(Vineland-3).

Results: Children with ASD presented with significant differences in complex motor skills, balance skills, and
global motor performance when compared to their neurotypical peers across all three measures.
Conclusion: This preliminary study indicated that the children with ASD had greater difficulty with global
motor performance, including more difficulty performing complex motor tasks and balance tasks compared
to their neurotypical peers. The parents of the children with ASD reported decreased proficiency of motor
skills. Overall, the children with ASD demonstrated deficits performing tasks that targeted strength, speed,
agility, coordination and both static and dynamic balance. While manifestations of motor skill deficits specific
to the ASD population are variable, physical therapists should be included in the ongoing assessment and
implementation of comprehensive therapeutic plans for children with ASD.
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Introduction

Although it’s widely accepted that motor deficits are a
pervasive feature among children with autism spectrum
disorder (ASD; Fournier et al. 2010), impacting as
many as 79% of children with ASD (Green et al.
2009), and potentially serving as an early diagnostic
indicator (May et al. 2016), a clear understanding of
the underlying motor profile of children with ASD
remains elusive. In children, motor impairments are
related to physical activity levels, social play, social
responsiveness, cognitive development and academic
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success (Gladfelter et al. 2020, Hannant et al. 2018,
Lang et al. 2010, Memari et al. 2013, Kenny et al.
2016, Pan 2009, Holloway et al. 2018). In children
with ASD, reduced social play and difficulties attending
to their environment and peers can also limit future
opportunities to develop higher level motor skills
(Kenny et al. 2016, Pan 2009, Holloway et al. 2018).
This intertwining influence of motor skills across nearly
all aspects of a child with ASD’s life points to a dire
need to better understand the motor characteristics of
ASD. To facilitate increasing opportunities for interac-
tions with their environment and with their peers and to
enhance their overall quality of life, a more complete
picture of the motor impairments in children with ASD
must be identified and addressed.
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One of the challenges of identifying specific motor
deficits in ASD is that they manifest differently as chil-
dren grow. In early development, acquisition of gross
motor skills requires both strength and sensory feed-
back to learn how to move against gravity and active
practice. As infants begin to crawl, walk, run, and
jump, the physical demands of motor skills change. For
clinicians working with children with ASD, recognizing
these early changing motor behaviors in ASD is critical
for early diagnosis and intervention. A recent narrative
review by May et al. (2016), concluded that motor
impairment may be an early diagnostic sign or behav-
ioral marker in ASD. Poor postural control in infants,
as evidenced by head lag, has been associated with a
subsequent diagnosis of ASD (Flanagan et al. 2012). In
fact, poor postural control and gross motor delays in
children with ASD could indicate possible neurodeve-
lopmental disruption in these children (e.g. Downey
et al. 2012, Ozonoff et al. 2008). Postural control
requires an infant or toddler to be able to produce a
motor response to stay upright (e.g. sitting, standing, or
walking) prior to something that would cause them to
lose their balance (anticipatory motor responses)
(Hadder-Algra 2018). Developmentally, postural control
deficits lead to delays in mobility, including crawling
and walking. Once children are upright and walking,
the effects of gravity and reduced postural stability will
present as balance deficits.

Balance (or postural stability) is the ability to main-
tain your center of mass over your base of support
(Kloos et al. 2018). The ability to maintain postural con-
trol is a component of balance. Balance control involves
the processing of sensory information, timing and
sequencing of muscle movements and motor planning
(Kloos et al. 2018). Because children with ASD show
poor postural control as infants (Flanagan et al. 2012), it
is perhaps unsurprising that they continue to show
reduced postural stability as they grow, especially when
somatosensory input is disrupted (Minshew et al. 2004).
Impaired body awareness and perception impact postural
righting and equilibrium for dynamic balance control in
children with ASD (Wang ef al. 2016). Even in children
with ASD between the ages of 7 and 18 impairments in
both static and dynamic stance are evident on force plat-
form measures of postural orientation and sway (Wang
et al. 2016). In fact, the presence of static balance defi-
cits in children with ASD is well-supported in the litera-
ture (Minshew et al. 2004, Whyatt et al. 2012, Ament
et al. 2015), but dynamic balance deficit findings are
mixed. For example, Whyatt ef al. (2012) compared the
performance of 7- to 10-year old children with ASD and
non-verbal 1Q matched peers on individual items of the
Movement Assessment Battery for Children-2"" edition
(MABC-2; Henderson et al. 2015), a standardized test of
motor performance in children. They uncovered deficits
with catching a ball and static balance (e.g. single leg
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stance) in children with ASD, but not with dynamic bal-
ance (e.g. jumping or hopping) tasks. However, Pan
(2014), reported a wider range of motor skill deficits,
including dynamic balance, in adolescents (ages 10-17)
with ASD as measured by Bruininks-Oseretsky Test of
Motor Proficiency, 2" edition (BOT-2; Bruininks ef al.
2005). The convergent validity of the MABC-2 and
BOT-2 has been challenged in the 7-10-year-old age
group (Lane ef al. 2015), and the conflicting reports in
dynamic balance skills may be due to the variability in
the assessment tools. However, there are no studies to
date that directly compare performance of motor skills of
children with ASD and neurotypical peers across both
the MABC-2 and BOT-2.

Balance difficulties are not the only motor factor that
have been identified in ASD. In some reports, children
with ASD show particular deficits on complex motor
tasks (Whyatt et al. 2012, Paquet et al. 2019). Deficits in
complex motor skills, such as skipping or dribbling a
ball, are more specifically defined as intricate body
actions with finer control and coordination of multiple
body parts (Whyatt et al. 2012, Kraft et al. 2015).
Furthermore, more global motor deficits have been
implicated by others (Green et al. 2009, Pan 2009, Pan
2014). A global motor deficit refers to a more wide-
spread delay in multiple motor areas (Ttikel ef al. 2015).
For example, children would demonstrate widespread
issues with both fine and gross motor skills. This wide
variety of motor deficit findings in the ASD literature is
likely because most studies look at motor skills in isola-
tion; less research has taken a comprehensive look at the
full motor profile of children with ASD. Without a com-
prehensive motor profile of ASD, it’s difficult for clini-
cians to know which motor features could be used to
promote earlier identification and awareness in parents.

Parent perceptions of their child’s social communica-
tion tendencies are often the primary concern when
seeking a diagnosis for ASD (Yimyang et al. 2017).
However, motor concerns can be raised possibly two
years prior to social cues. This could lead to earlier
diagnosis and interventions of ASD. Leonard et al
(2015), suggested that infant gross motor delays pre-
dicted expressive language delays in toddlers later diag-
nosed with ASD. Other studies have reported head lag
in infants as young as 6 months old (Flanagan et al.
2012) and disrupted or delayed gestures are evident as
early as nine months of age (Gordon et al 2015,
Veness et al. 2012). But parents who report motor skills
as their earliest concern only make up approximately
23% of cases (Guinchat et al. 2012). Even though par-
ent perceptions of social skills have been linked to their
child’s motor performance (e.g. Gladfelter et al. 2020,
Hirata et al. 2015), the motor deficits associated with
ASD are not leading as many parents to seek treatment
or a diagnosis. Parent report measures of motor skills
are widely available and have been considered reliable
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Table 1 Participant demographic characteristics

Demographic data ASD Mean (SD) Range TD Mean (SD) Range
Age? (years) 8.71 (1.69) 5-12 8.74 (2.42) 5-11
CARS, raw score 27.62 (3.97) 20.5-34.5 15.30 (0.48) 15-16
SRS-2, T-score 74.92 (10.28) 61-90 45.75 (5.48) 36-55
ADOSP, symptom severity 8.03 (1.49) 7-12 n/a n/a
TONI3®, standard score 105.17 (18.12) 78-125 109.38 (14.98) 78-137
Vineland-3 Communication 78.80 (8.74) 61-91 101.00 (14.94) 74-117
Vineland-3 Socialization 70.70 (5.08) 44-96 100.55 (13.28) 78-120
Vineland- Daily living skills 76.70 (12.00) 48-96 98.09 (16.10) 74-127

Note: ASD = Autism spectrum disorders; TD =typical development; SD =standard deviation; CARS = Childhood
Autism Rating Scale; SRS = Social Responsiveness Scale; ADOS = Autism Diagnostic Observation Scale, 2™ edi-
tion; TONI3 =Test of Non-verbal Intelligence, 3 edition; n/a = not applicable.

&N =12 for each group;
BN =12 for ASD group only;
°N =12 for ASD group, N =8 for TD group.

and valid measures for children with ASD (Balboni
et al. 2016). For example, the Vineland Adaptive
Behavior Scales, 3rd edition parent/caregiver form
(Vineland-3; Sparrow et al. 2016) is commonly used to
support the diagnosis of intellectual or developmental
disabilities. The Vineland-3 is one of the most widely
used tools that can assess these daily living skills, or
adaptive behavior, and verify possible correlations
between development and adaptive abilities (La Malfa
et al. 2009). The Vineland-3 included four domains:
communication, daily living skills, socialization, and
motor skills. Because of its use in conceptualizing
developmental delays, reliability, and validity measure-
ments of adaptive behavior (Farmer et al. 2020), includ-
ing global motor skills, the Vineland-3 could
appropriately be used to help elucidate the motor defi-
cits observed directly by parents of children with ASD.

In summary, although a growing body of evidence
indicates that motor deficits are a common characteris-
tic of children with ASD, and that these differences
emerge early in development, there is conflicting evi-
dence on which aspects of motor performance (static
balance, dynamic balance, complex or global) are
impaired as compared to neurotypical peers. Past chal-
lenges of assessing motor behaviors in isolation, relying
on a single motor performance tool, and an absence of
included parent observations of motor behavior beyond
the laboratory setting have all been obstacles to identi-
fying a more comprehensive motor profile in children
with ASD. As such, the purpose of this preliminary
study was to establish a robust motor profile in children
with ASD across a wider range of motor skills by using
two full-scale, standardized motor assessments
(MABC-2 and BOT-2) alongside a parent questionnaire
(Vineland-3) to capture a comprehensive view of motor
performance, and then compare the performances to
their neurotypical peers.

Materials and methods

Participants

Twenty-four children participated in this study. Twelve
participants with ASD (M =8.71years, range
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5—12years, 11 male) and twelve typically developing
(TD) peers (M =38.74, range 511 years, 10 male) were
assessed for motor performance. According to a power
analysis using G*Power statistical software (Buchner
et al. 2017, Faul et al. 2007), a total sample size of 18
participants would be sufficient with an alpha level of
.05, power of .80, and a moderate effect size of .25 for
a planned 2 group between factors (ASD vs. TD) and
10 factor within (MABC-2, Vineland-3 and BOT-2 total
and subscale scores) multivariate analysis of variance
(MANOVA) as the set parameters for a conducting a
between group comparison. In accordance with the
recruitment and implementation procedures pre-
approved by the university’s Institutional Review
Board, all participants were recruited through flyers to
local schools, an ASD caregiver group, a local NPR
advertisement, and by word of mouth. Written parental
consent was obtained from a parent or legal guardian
while assent from the child was obtained verbally prior
to beginning data collection.

To be included in the group with ASD, the children
must have obtained a prior medical diagnosis of ASD
by a physician. All ASD diagnoses were confirmed by
the Autism Diagnostic Observation Schedule, Second
Edition (ADOS-2; Lord et al. 2012) and the Childhood
Autism Rating Scale, Second FEdition (CARS-2;
Schopler et al. 2010), as administered by a trained
graduate speech-language pathology research assistant.

A neurotypical control group was included to more
strictly control for variation in motor performance that
could be attributed to local geographic or demographic
factors that may not be as well reflected in the norming
sample of the selected standardized tests. The CARS-2
was administered to rule out a possible ASD diagnosis
in the children with TD.

All children were English-speaking and were able to
complete the motor assessments without need for modi-
fication of the instructions. Once included in the study,
the parents completed the Social Responsiveness Scale,
Second Edition (SRS-2), a parent questionnaire with
excellent correspondence to the ADOS-2 (Duvekot et
al., 2015). Higher scores on the SRS-2 reflect more
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Table 2 Bruininks-Oseretsky test of motor proficiency, 2™ edition categorization of subtests and motor composites

Motor-area composite
(standard scores yielded)

Subtest (scale scores yielded)

Motor composite
(standard scores yielded)

. Fine motor precision

. Fine motor integration

. Manual dexterity (5 items)

. Upper-limb coordination (7 items)

. Bilateral coordination (7 items)

. Balance (9 items)

. Running speed and agility (5 items)
. Strength (5 items)

OO0~ NWN =

Fine manual control (not completed)

Body coordination (completed)

Fine motor composite

Manual coordination (completed)

Gross motor composite

Strength and agility (completed)

Note: Shaded subtests were completed to yield composite scores.

impaired ability to respond to social needs. The Test of
Nonverbal Intelligence, Third Edition (TONI-3; Brown
et al. 1997) was completed for all ASD participants and
eight of the twelve TD participants, due to participant
time constraints and prioritized completion of motor
assessments. None of the parents reported a history of
or concerns for intellectual disabilities for any of the
participants who were not given the TONI-3. Both
groups yielded similar nonverbal intelligence scores
(Meanasp = 105.170; Meantp = 109.380; p = 0.440).
A summary of participant characteristics is listed in
Table 1.

Instrumentation and data

collection procedures

To comprehensively assess the static and dynamic bal-
ance, complex motor skills, and global motor perform-
ance of children with ASD and their peers, the principal
investigator, a physical therapist with board certified
pediatric specialty, and two trained graduate research
assistants, administered two standardized assessments
of motor skills for children, the MABC-2 (Henderson
et al. 2015) and the BOT-2 (Bruininks et al. 2005), as
instructed in the administration manuals. Additionally,
the Vineland Adaptive Behavioral Scales, third edition
(Vineland-3; Sparrow et al. 2016) was given to the
parents of the participants as a measure of global motor
performance. To accommodate the needs of the fami-
lies, five of the children in the ASD group and seven in
the TD group completed both motor assessments within
the same day. The remaining children in each group
completed both motor assessments across two sessions,
which occurred on average 12 days apart (range 1day
to 1 month). To be consistent across all participants, the
MABC-2 was always administered first, followed by
the BOT-2. The entirety of each assessment tool was
always completed within one session.

Movement assessment battery for children, 2nd
edition (MABC-2)

The MABC-2 consists of a total of 24 motor tasks, div-
ided into 3 age bands, namely Band 1 (ages 3-6), Band
2 (ages 7-10) and Band 3 (ages 11-16). Each age band
consists of a total of 8 subtest items that progressively
are more difficult in the subsequent age bands. The
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subtest items are divided into three components:
Manual Dexterity, Aiming and Catching, and Balance.
The MABC-2 combines the scores in the three compo-
nent categories (manual dexterity, aiming/catching and
balance) into one total MABC-2 standard score. The
investigators converted the raw and component scores
for each item and subtest to standard scores using age-
matched normative data to analyze the MABC-2 data in
accordance with the instructions in the administration
manual (Henderson et al. 2015). For MABC-2, the
mean standard score is 10 with a standard deviation of
3. According to the manual, a motor performance with
a standard score of 5 or less is indicative of significant
movement difficulty (Henderson et al. 2015).

Bruininks-Oseretsky test of motor proficiency, 2nd
edition (BOT-2)

The investigators then completed the following subtests
on the BOT-2 (see Table 2): Manual Dexterity, Upper
Limb Coordination, Balance, Bilateral Coordination,
Strength, and Speed and Agility. Raw scores were con-
verted to scaled scores based on age and gender
matched normative data (Bruininks et al. 2005). The
BOT-2 combines subtest scale scores into composite
standard scores (see Table 2). The balance and bilateral
coordination scaled subtest scores combined to convert
to the body coordination composite standard score,
while the speed and agility and strength subtests com-
bined to form the strength and agility composite stand-
ard score. The sum of the balance, bilateral
coordination, speed and agility, and strength scaled
scores was used to calculate the gross motor composite
standard score. The manual dexterity and upper limb
coordination subtests were also completed on the BOT-
2 in order to be comparable to the manual dexterity and
aiming/catching completed in the MABC-2, respect-
ively. For the BOT-2, the mean for a subtest scale score
is 15 with a standard deviation of 5; the mean for a
composite standard score is 50 with a standard devi-
ation of 10.

Vineland adaptive behavioral scales, third edition
(Vineland-3)

Parents completed the Vineland Adaptive Behavioral
Scales, Third edition (Vineland-3; Sparrow et al. 2016)
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Global Motor Performance

Movement

Assessment Battery
for Children (MABC-2)
« Total standard score

MABC-2
* Manual Dexterity
Peg (MD1), Assembly (MD2),
and Tracing (MD3)
* Manual Dexterity
Catching (AC1) and
Throwing (AC2)

Complex

BOT-2
* Manual Dexterity

e Upper Limb Coordination
* Bilateral Coordination

* Speed and Agility
Strength

Figure 1

Motor subtests and items categorized for analysis

Parent/Caregiver form. If the children were 10 or older,
the Vineland-3 is unable to yield a standard score for
the motor domain. Therefore, ASD and TD group n=9
for the Vineland-3 motor domain. All other portions of
the Vineland-3 were completed by twelve parents in the
TD group and nine parents in the ASD group.
Investigators utilized the adaptive behavior composite
(total score for all domains) as well as the motor skills
domain score (sum of gross motor and fine motor subt-
ests) for a global motor score from the parent’s
perspective.

Balance, complex motor, and global motor
performance

To better understand which areas of motor skills are
implicated in children with ASD, specific subtests and
individual test items were designated as reflecting either
balance skills, complex motor skills, or global motor
performance. To capture the balance skills of partici-
pants the BOT-2 and MABC-2 subtests were compared,
and the MABC-2 items compared static and dynamic
balance tasks. For complex motor skills, the following
BOT-2 subtests were compared: manual dexterity,
upper limb coordination, bilateral coordination, speed
and agility and strength. On the MABC-2, the following
subtests and their scaled item scores were compared:
manual dexterity and aiming and catching. Finally, the
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Bruininks-Oseretsky
Test of Motor
Proficiency (BOT-2)
* Gross Motor Quotient

Vineland-3
* Adaptive Behavior
Composite

 Gross Motor standard
score
* Fine Motor standard
score

Balance MABC-2
* Balance standard score
Static: Single Leg
Stance (B1)
Dynamic: Walking line (B2),
and jumping/hopping (B3)

BOT-2
* Balance standard score

MABC-2 total test score, BOT-2 gross motor quotient
(GMQ) and Vineland-3 were used to reflect global
motor performance in the children with ASD and TD.
Figure 1 depicts each motor category and its test
item components.

Inter-rater reliability procedures
Inter-rater reliability procedures were completed in
three stages: 1) watching a BOT-2 (Bruininks et al.
2005) training DVD and reviewing the examiner books
with live instructional training by the lead investigator
for both the MABC-2 (Henderson et al. 2015) and the
BOT-2 (Bruininks et al. 2005) assessments, 2) the
graduate-level researchers studying physical therapy
observed the lead investigator, a board certified special-
ist in pediatric physical therapy, and concurrently
assessed and scored motor assessments of ten children
who agreed to participate but were not eligible for this
study, and 3) the investigators used consensus building
until 100% agreement was achieved on all items. In
addition, all motor assessments were videotaped and
used for reliability checks and subsequent consensus
building. While training, the investigators obtained con-
sensus for all item performance scores and subsequent
calculation of the standard and composite scores.
During data collection for this study, the lead inves-
tigator completed live (concurrent) assessments with a
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ASD group (n=12)

Typical group (n=12)

Partial
Test: subtest, task SS SD SS SD F p-value Eta squared
BOT-2: overall balance 9.090 2.700 14.000 3.411 14.457 0.001* 0.408
MABC-2: overall balance 5.640** 1.859 9.830** 2.758 20.106 0.000* 0.478
MABC-2: Balance, static B1 5.417 2.109 9.333 2.708 15.626 0.001* 0.415
MABC-2: Balance, dynamic B2 8.083 4.055 10.417 2.875 2.644 0.118 0.107
MABC-2: Balance, dynamic B3 6.083 3.117 10.000 2.558 11.318 0.003* 0.340

Note: ASD =Autism spectrum disorders; TD =typical development; SS=mean scaled score, SD=mean standard deviation,
SEM =standard error of the mean; BOT-2=Bruininks-Oseretsky Test of Motor Proficiency, 2" edition; MABC-2 =Movement
Assessment Battery for Children, 2™ edition; B1 = single leg stance; B2 = walking line; B3 = jumping/hopping.

*significant at < 0.05;
**Standard score.

graduate student investigator as well as reliability
checks on 16 of the 24 participants’ motor assessments.
The graduate student investigators completed the
remaining eight assessments. The lead investigator
completed additional reliability checks using video
recordings in four of those remaining eight participants’
assessments. In this study, two-way mixed effects, con-
sistency, single rater/measurement intraclass coefficient
correlation (ICC) was adequate, as a clinical measure,
for the subtests of the MABC-2 (ICC (3, 1) =
0.988-0.994) and BOT-2 (ICC (3, 1) = 0.970-0.996).

Statistical analysis

The raw scores for both the MABC-2 and the BOT-2
were converted to scaled or standard scores using age-
specific norms, according to their age at the time of
each evaluation. Investigators only utilized the scaled or
standard scores for data analysis. SPSS v.25 (IBM
Corp., Armonk, New York) was used to complete the
statistical analyses. The data met Levene’s test for
homogeneity of variance. The ASD/TD groups were
entered into a MANOVA to compare the mean motor
performance as follows: 1) the MABC-2 and Vineland-
3 total test scores and BOT-2 gross motor quotient
were compared for global motor performance, 2) BOT-
2 manual dexterity, upper limb coordination, and speed
and agility, and MABC-2 manual dexterity and aiming
and catching were compared to address complex motor
actions, and 3) BOT-2 and MABC-2 subtest balance
scores were compared to address global balance, and
the MABC-2 individual task standard scores were used
to compare static and dynamic balance performance
separately. Even though total test scores on the MABC-
2 are considered to have stronger psychometric proper-
ties (Griffiths et al. 2018, Henderson et al. 2015), to
more closely relate these results to those previously
reported by Whyatt et al. (2012), MABC-2 individual
item standard scores were also explored. An alpha level
was set to 0.050 for all statistical analyses.

Results

Between the ASD and TD groups, a significant inter-
action effect was found for motor performance on the
MABC-2, F (1, 22) = 9988, p < .001; Wilk’s

A =0.322, partial n* = .678, and BOT-2, F (1, 22) =
4712, p = .007; Wilk’s A=0.203, partial * = .797.
However, noted in each section below, the ranges of
standard scores for ASD and TD participants over-
lapped. It is important to not some participants with
ASD outperformed participants in the TD group.
Specific results based on dependent variables, balance,
complex motor performance, and global motor perform-
ance, are summarized below.

Static and dynamic balance

There was a statistically significant difference between
the ASD and TD groups in overall balance performance
on both the MABC-2 and the BOT-2. On the MABC-2,
the ASD group standard scores ranged from 2 to 9, and
the TD group ranged from 5 to 15. On the BOT-2, the
balance subtest scaled scores ranged from 5 to 13
(ASD) and 8 to 19 (TD). While we continue to see an
overlap in skill performance, the overall balance skill
performance for the ASD group was significantly lower
than the TD group on the MABC-2, F (1, 22) =
20.106, p < .001, partial #* = .478, and BOT-2, F (1,
22) = 14.457, p = .001, partial n* = .408. In addition,
there were mixed results for both static and dynamic
balance tasks when comparing MABC-2 item analysis
of the ASD and TD groups. All balance results, includ-
ing means and standard deviations, are summarized in
Table 3.

MABC-2 subtest item analysis: MANOVA

The mean standard scores and univariate F tests (see
Table 3) revealed the TD group performance was better
than the ASD group with respect to static Balance
Skills, B1 (single leg stance), F' (1, 22) = 15.626, p =
.001, partial 172 = .415. However, there were mixed
results in relation to dynamic Balance Skills.
Performance in walking on a line (B3) revealed the TD
group outperformed the ASD group significantly, F (1,
22) = 11.318, p = .003, partial #* = .340, but jumping/
hopping (B2) performance was not significantly differ-
ent. Accordingly, one item in each of the MABC-2
subtests was not significantly different between the
ASD and TD group performance.
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Table 4 Comparison of complex motor task performance
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ASD group (n=12)

Typical group (n=12)

Test: subtest SS SD SS SD F p-value Partial Eta squared
BOT-2: Manual dexterity 8.730 3.636 14.830 4.345 13.222  0.002* 0.386
BOT-2: Upper limb coordination 8.910 2.737 15.920 4.660 18.859  0.000* 0.473
BOT-2: Bilateral coordination 10.180 2.5623 15.250 4.827 9.687  0.005* 0.315
BOT-2: Speed/agility 11.180 3.763 16.330 4.010 11.089  0.003* 0.345
BOT-2: Strength 8.640 1.690 16.730 4.599 27.335  0.000* 0.566
Test: subtest (task) Std score SD Std score SD F p-value Partial Eta squared
MABC-2: Manual dexterity 5.000 2.730 7.508 2.429 5996  0.023* 0.214
MABC-2: MD1 6.583** 2.644 9.250%* 2.667 6.046 0.022* 0.216
MABC-2: MD2 6.000** 3.384 8.917** 2.746 5375  0.030* 0.196
MABC-2: MD3 3.750%* 3.571 5.667** 3.846 1.601 0.219 0.068
MABC-2: Aiming & catching 6.250 2.734 8.750 3.571 3.708  0.067 0.144
Mabc-2: Actl 7.000%* 2174 10.083** 3.147 7.799 0.011%* 0.262
MABC-2: AC2 6.583** 3.118 6.583** 2.610 0.000 1.000 0.000

Note: ASD = Autism spectrum disorders; TD =typical development; SS=mean scaled score, Std Score=mean standard score,
SD =standard deviation, SEM =standard error of the mean; BOT-2 = Bruininks-Oseretsky Test of Motor Proficiency, 2" edition;
MABC-2 = Movement Assessment Battery for Children, 2" edition; MD1 = pegboard item; MD2 =assembly item; MD3 = tracing item;

AC1= catching; AC2 =throwing.
*significant at < 0.05;
**Scaled score.

Complex motor skills

The ASD participant standard scores for MABC-2 man-
ual dexterity ranged from 2 to 10, while TD participant
scores ranged from 3 to 12. The MABC-2 standard
scores for the ASD group were significantly lower than
the TD group, in manual dexterity performance on both
the MABC-2, F' (1, 22) = 5.996, p = .023, partial 2 =
214, and BOT-2, F (1, 22) = 13.222, p = .002, partial
0 = .386.

On the BOT-2, the bilateral coordination, upper limb
coordination, strength, and speed and agility scaled
scores for the ASD group were significantly lower than
the TD group. ASD BOT-2 scaled scores ranged from 6
to 12 in bilateral coordination, while the TD range was
9 to 24, F (1, 22) = 9.678, p = .005, partial 7> = .31,
and upper limb coordination scaled scores ranged from
6 to 15 in the ASD group and 9 to 24 in the TD group,
F (1, 22) = 18.859, p < .001, partial > = .473. ASD
group BOT-2 scaled scores ranged from 6 to 12 in
strength, while the TD group range was 8 to 24, F (1,
22) = 27.335, p < .000, partial * = .566, and from 5
to 18 (ASD) and 9 to 23 (TD) in speed and agility, F
(1, 22) = 11.039, p = .003, partial 5> = .345.
However, there was not a statistically significant differ-
ence between the ASD and TD groups in aiming and
catching performance on the MABC-2, F (1, 22) =
3.708, p = .067, partial /> = .144. A summary of all
complex motor task results, including means and stand-
ard deviations, are presented in Table 4.

MABC-2 subtest item analysis: MANOVA

The multivariate result was significant for ASD/TD
group, Pillai’s Trace = .624, F (1, 22) = 3.116, p =
.028, indicating a significant main effect for the com-
bined MABC-2 dependent variables (Manual Dexterity
(MD) subtest items 1, 2, 3; Ball Skills (AC) subtest
items 1, 2; Balance (B) subtest items 1, 2, 3) and group
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(ASD and TD). When the subtest items were analyzed
separately, the univariate F tests revealed the item mean
standard scores (see Table 4) of the ASD group were
significantly lower than TD group performance with
respect to Manual Dexterity skills for both MD1 (peg-
board), F (1, 22) = 6.049, p = .022, partial > = 216,
and MD2 (assembly), F (1, 22) = 5.375, p = .030, par-
tial #* = .196, as well as Ball Skills for AC1 (catching),
F (1, 22) = 7.799, p = .0110, partial n* = .262.
However, the ASD and TD groups performed similarly
for MD3 (tracing) and AC2 (throwing) items.
Accordingly, one item in each of the subtests was not
significantly different in performance on the MABC-2.

Global motor performance

MABC-2 component scores were combined for an
overall or total test standard score. The ASD participant
total test standard scores ranged from 1 to 8, while TD
participant scores ranged from 4 to 13. The ASD total
MABC-2 scores were significantly lower than the TD
group, F (1,22) = 11.203, p =0.003, partial > = .337.
BOT-2 subtests are combined for composite scores and
a gross motor quotient was calculated for each child.
The range of BOT-2 gross motor quotients for the TD
group was 36—67, while the range for the ASD group
was 31-42. The comparison of the BOT-2 three com-
posite scores and gross motor quotient also yielded sig-
nificant results: manual coordination, F (1, 22) =
23.303, p = .000, partial > = .526, body coordination,
F (1, 22) = 28.012, p = .000, partial n* = .572,
strength and agility, F (1, 22) = 21.830, p < .001, par-
tial #° = .510, and gross motor quotient, F' (1, 22) =
25.059, p < .001, partial 5> = .544.

Similar to that of the MABC-2 and BOT-2 motor
performance, there was a statistically significant differ-
ence in the multivariate result on the Vineland-3. The
ASD mean scores were significantly lower than the TD



Table 5 Comparison of global motor performance
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ASD group (n=12)

Typical group (n=12)

Partial
Test: subtest Std Score SD Std Score SD F p-value Eta squared
MABC-2: Total test score 4.670 2.108 8.170 2.949 11.208 0.003* 0.337
BOT-2: Gross motor quotient 36.909 4.085 51.500 8.827 25.059 0.000* 0.544
Vineland-3: Motor domain score® 82.220 7.823 105.880 10.763 27.331 0.000* 0.646
Vineland-3: ABC? 76.560 7.367 93.250 10.389 14.882 0.002* 0.498

Note: ASD = Autism spectrum disorders; TD =typical development; Std Score =mean standard score, SD =mean standard deviation,
SEM = standard error of the mean; MABC-2 =Movement Assessment Battery for Children, 2" edition; BOT-2 = Bruininks-Oseretsky

Test of Motor Proficiency, 2" edition;

Behavior Composite.
*significant at < 0.05.
en =9 for ASD group and n=9 for TD group.

group for motor skill proficiency and overall adaptive
behavior on the Vineland-3 (F (1, 15) = 5.796, p =
.008; Wilk’s A = .341, partial n* = .659). Mean scores
for gross motor, fine motor, overall motor and overall
adaptive behavior are listed in Table 5. There was a
statistically significant difference in each area: gross
motor (F (1, 15) = 17.599, p = .001, partial #* =
.540), fine motor (F (1, 15) = 18.109, p = .001, partial
n? = .547), overall motor score (F (1, 15) = 27.331, p
= .001, partial #* = .646), and overall adaptive behav-
ior score (F (1, 15) = 14.882, p = .001, partial 7
= .498).

Discussion

The purpose of this preliminary study was to establish a
comprehensive motor profile in children with ASD
across a wide range of motor skills, particularly com-
plex motor tasks, balance, and global motor perform-
ance, by using two full-scale, standardized motor
assessments alongside a parent questionnaire to capture
a comprehensive view of motor performance, and then
compare performances to their neurotypical peers. It is
important to note that not all children with ASD pre-
sented with motor deficits and some of the participants
with ASD outperformed participants in the TD group.
This is a critical reminder that even in children with
known motor impairments there is significant variability
in motor performance, and the potential motor impact
on daily living skills should be evaluated by a health-
care professional.

As other researchers have reported previously
(Green et al. 2009, Pan 2009, Pan 2014), the results of
this study indicated that children with ASD demon-
strated deficits in global motor skill performance. When
performance was assessed at the component or subtest
level, motor deficits were revealed in children with
ASD as compared to children with TD, not only for
balance, but also for manual dexterity, strength, agility,
and coordination, including bilateral and upper limb
coordination. These results support and expand previous
studies indicating more global challenges with motor
tasks with both coordination and balance deficits in the
ASD population, which may be due to underlying
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Vineland-3 =Vineland Adaptive Behavior

Scales, 3 edition; ABC=Adaptive

deficits with strength, postural control, and stability
(Green et al. 2009, May et al. 2016, Lane et al. 2015,
Hannant et al. 2018).

On the balance tasks, the children with ASD demon-
strated the most significant discrepancy in both static
balance (single leg stance) and one of the two dynamic
(jumping/hopping) items. There was no difference in
performance of the tandem walking dynamic balance
item between the two groups. As was found in the
study by Whyatt et al. (2012) comparing performance
of children with ASD to a nonverbal 1Q control group,
the children in our study performed differently on the
pegboard (MD1), catching a ball (AC1), and static bal-
ance (B1) tasks compared to their typical peers.
Contrary to the Whyatt and Craig results, despite partic-
ipants with similar age and non-verbal IQ scores, the
children in the current study also demonstrated diffi-
culty with the jumping/hopping task as compared to
their peers. The divergence in findings is likely demon-
strative of the variability in ASD motor impairment
seen clinically and supports the need for individualized
assessments of global motor skills to determine if direct
physical therapy services would complement the devel-
opment and functioning of children with ASD.
Importantly, both studies revealed motor weaknesses
across a range of tasks that were not exclusive to the
area of balance.

When complex motor performance was considered
in the subtest item level on the MABC-2 (Tables 3 and
4), children with ASD demonstrated difficulty with
both peg-board and assembly items in the manual dex-
terity component but performed similarly to the chil-
dren in the TD group on the tracing item. This may be
indicative of more difficulty with precision and timing.
The tracing was a task of precision that was untimed.
This may suggest that when given adequate amount of
time (and no pressure of completion within a certain
amount of time), the children with ASD may perform
comparably to that of their peers. Similarly, in the aim-
ing and catching component, children with ASD had
difficulty with catching but not throwing. Throwing cer-
tainly requires less anticipatory responses than catching.
Perhaps, the deficits are related to feedforward loops
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and anticipatory responses (Foster et al 2020,
Ganglmayer et al. 2019, Schmitz et al. 2003), which is
consistent with theory of mind (Devaine et al. 2014).
This could help explain children with ASD demonstrat-
ing less desire to participate in unstructured motor
activities or during recreational activities when peer
actions and ball play can be unpredictable (Solish et al.
2010, Marquis et al. 2015, McCoy et al. 2016).

In clinical practice, it is important to determine
which tool you will use during motor assessment of a
child. Although significant differences were noted
between the ASD and TD groups on all listed subtests,
differences were also observed between MABC-2 and
BOT-2 scores for the same subtest. For example, no
statistical significance was found in the aiming and
catching subtest of the MABC-2. With the MABC-2
mean standard score of 10 and standard deviation of 3,
both groups scored below average (greater than 1 stand-
ard deviation from the mean) for throwing. When this
score was combined with catching, the Aiming and
Catching score for the children with ASD was still
below average but the TD group performance moved
into the average range. However, scores on the BOT-2
upper limb coordination subtest, which also assessed
throwing and catching as well as bouncing a ball, did
reach statistical significance between the two groups
with the ASD group. The BOT-2 mean for scaled
scores is 15 with a standard deviation of 5; ASD group
performance for upper limb coordination was below
average (greater than 1 standard deviation below the
mean) while the TD group performance was average.
The question remains if both tests are standardized,
valid and reliable, why would you select one over the
other in children with ASD?

There are key differences between the tools and the
administration. The MABC-2 has fewer subcomponents
and items, which may limit its internal consistency,
however it is also noted to have good reliability and
predictive validity (Griffiths et al. 2018). In contrast to
the MABC-2, the sheer number of items needed to
complete the BOT-2 may be a limiting factor with
regard to compliance, attention and ability to follow the
standardized instructions. While the MABC-2 is simpler
and takes less time to complete, the BOT-2 allows dem-
onstration, provides visual supports (photos of required
tasks), and structured instructions, which may make the
BOT-2 a better option than the MABC-2 for children
with ASD, if time permits to complete it during an
evaluation (Case et al. 2019, Odeh et al. in prepar-
ation). The BOT-2 and MABC-2 both have timed com-
ponents. The MABC-2 requires timing to completion of
tasks while the BOT-2 requires counting number of rep-
etitions completed in 15s. Determining which tool to
use clinically is challenging and should depend on the
strengths and needs of the child as well as availability
of the tool. The variability in performance on two
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different tools assessing similar components of motor
skill is interesting though and should be investi-
gated further.

Clinical evaluations must also focus on overall func-
tion and impact on daily living skills in addition to any
motor skill assessments. Using parent-report tools or
questionnaires is a way of getting additional informa-
tion that does not require the attention and compliance
of the child during the evaluation. It is also a valid and
reliable way to get information on home and commu-
nity functioning. Using the Vineland-3, the parents of
the children with ASD in this study also reported
decreased motor skills consistent with standardized
tests. This shows that parents are capable of identifying
motor skills that are known to impact daily living skills
in children with ASD (Chatham et al. 2018, La Malfa
et al. 2009).

Future research should also examine the cause of
these motor deficits and their possible link with other
diagnostic criteria for ASD. The growing body of evi-
dence that individuals with ASD have an underlying
motor component is becoming irrefutable. Because of
the growing body of literature revealing motor impair-
ments in children with ASD, physical therapists should
be included as part of the interdisciplinary team to
assist in the ongoing assessment and implementation of
comprehensive therapeutic plans for children with
ASD. Improved motor skills and confidence with bal-
ance and coordination tasks may facilitate increased
participation in recreational activities and lead to a
more active and healthier lifestyle.

Limitations

When considering the findings of this preliminary
study, certain methodological limitations should be
born in mind. First, the BOT-2 was always performed
after the MABC-2 in an attempt to standardize the test-
ing procedures. However, completion of the BOT-2
after the MABC-2 could contribute to fatigue, which
may have contributed to the difference in findings
between the two measures. In addition, children may
have difficulty maintaining attention for a one- or two-
hour session and may tire of the test. This is one of the
reasons researchers allowed participants to complete the
motor testing over two sessions. Reducing the variables
of fatigue, attention and declining behavior was import-
ant. However, administering the tests over two sessions
may also affect performance due to uncontrollable fac-
tors impacting the child’s mood, sleep, and willingness
to participate day to day. Additionally, the motor
assessments, when delivered in two separate sessions,
were not necessarily performed at the same time of day.
This was also accounted for by allowing the parent to
schedule at a time convenient for them and at what they
perceived to be an optimal time for their child. They
were also provided the flexibility to reschedule, as
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needed. Although it is impossible to control for all vari-
ables, it was important to divide these sessions, as
needed, to make sure each child was performing at his
best level rather than invalidate scores due to poor test
performance. Future studies should control for the pres-
entation order to confirm that the order of administra-
tion does not alter the findings.

Second, this study only included a small sample of
participants who would traditionally be described as
higher functioning with average non-verbal 1Q’s. Future
studies should expand to investigate the motor profi-
ciency of children with more significant cognitive and/
or language impairment (Hirata et al. 2014). Because
tasks that are timed and require specific directions may
not be understood by children with ASD if their cogni-
tion or receptive language is impaired, it is imperative
that the motor assessment allow for modifications,
accommodations, or provide visual supports to get a
more accurate performance of motor capabilities across
the autism spectrum.

Conclusion

This preliminary study indicated that children with
ASD between the ages of 5 and 12 have greater diffi-
culty with global motor tasks when compared to their
neurotypical peers across all motor assessment tools.
While, overall, the children with ASD demonstrated
deficits in tasks that targeted strength, speed, agility,
coordination and both static and dynamic balance, it is
critical to note that the range of skills in all domains
demonstrated that not all children with ASD have diffi-
culty with motor skills or daily living skills. This is a
key argument for the continuation of individualized
plans for intervention and the use of clinical evaluative
tools as only one piece of evidence for clinical deci-
sion-making. Although manifestations of motor skill
deficits specific to the ASD population are variable,
physical therapists should be included in the ongoing
assessment and implementation of comprehensive thera-
peutic plans for children with ASD to provide individu-
ally tailored care for each child’s motor profile.
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