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Abstract
The present study explored the relationship between biological motion (BioM) processing, motor skills, and autistic traits 
within a non-clinical sample of 621 adults (18–73 years, 51.8% female). Results indicated that adults with greater autistic 
traits also endorsed difficulties associated with developmental coordination disorder (DCD) in childhood and adulthood. 
Traits associated with autism spectrum disorder and DCD were predictive of BioM processing abilities. The results also 
revealed sex differences in DCD, autistic traits, and BioM processing. Overall, these findings suggest that adults with greater 
autistic traits experience both deficits in motor activities as well as underlying motor perceptual abilities.
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Introduction

Motor impairment is a prominent feature of autism spec-
trum disorder (ASD) in children, with a comorbidity rate 
comparable to that of intellectual impairment (Bhat, 2021; 
Lee & Bo, 2015; Licari et al., 2020; Ming et al., 2007; Odeh 
et al., 2020; Piven & Rabins, 2011). Accordingly, approxi-
mately 87% of children with ASD are at risk for develop-
mental coordination disorder (DCD), a neurodevelopmental 
condition marked by gross and fine motor skill delays and/
or impairment (Bhat, 2020). However, much less is known 
about the prevalence and pervasiveness of motor impair-
ment in autistic adults given that systematic studies of motor 
functioning within ASD have historically focused on the tra-
jectory within early development. Further, more research 
is needed to understand if motor impairments are bound to 
a clinical diagnosis of ASD or exist across a spectrum of 
autistic traits.

A Continuum of Motor Impairment and Autistic 
Traits

In adults, autistic traits as measured by dimensional screen-
ing instruments, have been found to be correlated with DCD, 
delayed motor inhibition, poor interpersonal motor coordi-
nation, poor motor synchrony, and reduced cortico-motor 
facilitation (Amoruso et al., 2018; Cassidy et al., 2016; 
Cheng et al., 2017; Curioni et al., 2017; Granner-Shuman 
et al., 2021; Puzzo et al., 2009). These studies have contrib-
uted to our understanding of how continuously distributed 
autistic traits, in terms of range of deficits, are related to 
motor impairment (Constantino et al., 2004). It is unclear 
if motor impairment exists on a similar continuum as other 
core autistic traits.

Support for quantitative research is also reflected by the 
severity gradient model of ASD, which posits that the clini-
cal manifestation of the disorder is on the extreme end of a 
continuous distribution of autistic traits (Baron-Cohen et al., 
2001; Cholemkery et al., 2016; Constantino & Todd, 2003; 
Ring et al., 2008; Spiker et al., 2002; Syriopoulou-Delli & 
Papaefstathiou, 2020). In addition to severity, Ring et al. 
(2008) discuss how a greater number of autistic traits may 
be significantly related to ASD. This is based on genetic 
research that provides evidence for a relationship between 
a greater number of pathogenic genes and an increase in 
severity of the clinical phenotype. Further, evidence that 
first-degree relatives of autistic individuals demonstrate a 
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greater number of dimensional (subclinical) variants of ASD 
may also provide support for understanding genetic suscep-
tibilities of ASD (Dawson et al., 2002; Ring et al., 2008). A 
dimensional conceptualization of ASD is therefore served 
by quantitative approaches, as it is able to reflect the exist-
ing heterogeneity of individuals who present with varying 
degrees of autistic traits.

Although there are varying levels of support for studying 
distinct subtypes of ASD and the severity gradient model, 
Syriopoulou-Delli and Papaefstathiou’s (2020) review sug-
gests that both approaches are likely not mutually exclu-
sively and uniquely contribute to our understanding of the 
disorder. The present study aims to add to the literature pro-
posing that categorical and dimensional approaches to ASD 
may be complementary in nature (Abu-Akel et al., 2019). A 
review of motor impairment in autistic adults is provided 
below while acknowledging that there are important implica-
tions for understanding motor impairment across the spec-
trum of autistic traits.

Expressive Motor Impairments in ASD

For the purposes of the present study, we refer to motor 
functioning as it relates to gross, fine, and complex coordi-
nated body movements as expressive motor skills. Extant lit-
erature suggests that autistic adults experience impairments 
in expressive motor skills including, but not limited to, poor 
upper- and lower-limb coordination, deficit postural control, 
slowed gait, weak grip strength and slower finger tapping 
speed (Armitano et al., 2020; Bhat et al., 2011; Hillus et al., 
2019; Travers et al., 2017). Autistic adults are also likely to 
present with motor stereotypies (e.g., rocking) and impair-
ments in performance of complex movement sequences 
(e.g., oral imitation) (Bhat et al., 2011). According to a 
recent study, older autistic adults (aged 40–65 years) also 
demonstrate reduced functional connectivity of the senso-
rimotor systems in addition to impaired motor skills (Linke 
et al., 2020). Although no research has mapped the trajectory 
of ASD-related motor functioning across the lifespan, there 
is evidence that children with DCD continue to experience 
motor impairments into, at least, young adulthood (Cousins 
& Smyth, 2003; Kirby et al., 2008).

Expressive motor difficulties associated with DCD can 
significantly interfere with activities of daily living in adult-
hood (Travers et al., 2017). In a longitudinal study exam-
ining the development of motor abilities from childhood 
to mid-adulthood, manual motor performance (i.e., grip 
strength, finger tapping speed) was predictive of future 
adaptive living skills in autistic adults (Travers et al., 2017). 
Importantly, there is also some evidence that the compound-
ing of poor manual motor skills can lead to increased dis-
ability over time (Travers et al., 2017). These findings sug-
gest that difficulties with even subtle motor skills, such as 

moving fingers, can significantly impact daily living beyond 
the developmental period (Travers et al., 2017). For adults, 
poor grip strength can make daily tasks such as opening 
jars, carrying grocery bags, and pouring liquids, more dif-
ficult (Travers et al., 2017). In another study, adults with 
DCD also reported less participation in activities that require 
coordination (e.g., avoid clubs or dancing) in addition to 
expressive motor difficulties (e.g., trouble writing neatly) 
(Kirby et al., 2010). Accordingly, the presence of expressive 
motor impairment can have reaching implications for social 
participation, quality of life, and life satisfaction in adult-
hood (Tal-Saban et al., 2014).

Perceptual Motor Impairments in ASD

In addition to expressive motor impairments, researchers 
have also studied potentially underlying perceptual pro-
cesses related to regulating and organizing sensory input. 
Perceptual motor impairments may include difficulties in 
visual-spatial awareness and organization (Tseng & Chow, 
2000). While typically-developing individuals are capable 
of drawing on perceptual information in order to develop 
competence in motor behaviors, those with and at-risk for 
ASD demonstrate a weaker ability to integrate auditory, 
visual and motor stimuli (Adolph & Joh, 2007; Dawson & 
Watling, 2000). Further, there is evidence to indicate that 
impaired perceptual mechanisms within the motor system 
may also underlie receptive and expressive social deficits 
(Fabbri-Destro et al., 2013).

Tasks of biological motion (BioM) perception, or the 
ability to perceive human movement with minimal visual 
cues, have been utilized to assess for perceptual motor skills 
(Johansson, 1973). BioM is characteristically depicted by 
point-light displays (PLDs) of dots attached to the joints of 
an organic figure. Individuals are typically able to perceive 
the spatial organization of these dots as a biological figure 
producing movement. It has been suggested that the ability 
to interpret BioM is related to proficiency in motor move-
ment (Federici et al., 2020). Of relevance to an understand-
ing of ASD is the theory that perceptual systems involved in 
interpreting BioM are also tied to social abilities (Pavlova, 
2011). A preference for BioM and upright figures compared 
to non-BioM and upside-down figures has been found in as 
early as two-day-old newborns, and this preference extends 
into adulthood for typically-developing individuals (Simion 
et al., 2008). Furthermore, one study demonstrated that 
infants aged 9-months with a preference for viewing BioM 
also had higher scores on the developmental index (e.g. 
physical motor, receptive language, social relationships) 
(Kutsuki et al., 2009).

BioM studies utilizing behavioral measures such as, 
reaction time and accuracy, reveal mixed findings regard-
ing lower-order abilities of autistic adults to discriminate 
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BioM from non-BioM. That is, two studies using compara-
ble stimuli found that an ASD-group performed comparably 
to a non-ASD group while the other study revealed a deficit 
to discriminate BioM in the ASD-group (Blake et al., 2003; 
Hubert et al., 2007). More consistent evidence exists related 
to autistic adults’ ability to extract higher-order information 
(e.g., emotion) from PLDs. Some studies have demonstrated 
that autistic adults demonstrate weakened abilities to extract 
information from PLDs regarding subjective and emotional 
states (e.g., tired, hurt, cold, angry, happy) (Atkinson, 2009; 
Hubert et al., 2007; Nackaerts et al., 2012). In addition to 
less accuracy in extracting emotional information, autistic 
adults have been found to produce more saccades and shorter 
fixation durations for BioM stimuli (Nackaerts et al., 2012). 
In sum, there is evidence that autistic adults demonstrate 
greater difficulty at extracting higher-order information of 
moving figures, suggesting a possible deficit in motor-related 
perceptual skills.

Present Study

The present study is the first to examine the co-occurrence 
of expressive and perceptual motor impairments as it relates 
to autistic traits in adulthood. Based on previous research, 
we hypothesized that adults with greater ASD traits would 
endorse greater symptoms associated with DCD and perform 
worse on tasks of BioM processing. There is also evidence 
for motor-related sex differences in autistic children (Carter 
et al., 2007; Gabis et al., 2020; Matheis et al., 2018). There-
fore, we hypothesized that compared to females, DCD would 
be more prevalent in males compared to females and that 
males would demonstrate more impairment across tasks of 
BioM.

Methods

Participants

The initial sample included 943 participants who volun-
teered to participate through one of two recruitment pools. 
Seven hundred and forty-three participants were recruited 
through Amazon Mechanical Turk (mTurk) and 200 partici-
pants were recruited through an undergraduate psychology 
pool at Texas A&M University (SONA). Inclusion criteria 
for SONA included an age of 18 years or older, and mTurk 
participation was restricted to profile ratings of at least 95%. 
Exclusion criteria included failing one or more attention-
check items (e.g., item prompts participant to select “defi-
nitely agree”), inputting an incorrect survey code, or clear 
evidence of low effort (i.e., selecting all 1’s). These data 
exclusion practices as well as our overall rate of exclusion 
are consistent with published recommendations for assuring 

mTurk data quality (Ahler et al., 2020). The final sample 
consisted of 621 participants (see Table 1).

Participants (320 males, 295 females) ranged from 18 to 
73 years of age (M = 36.66, SD = 12.33) and were primarily 
(65.8%) White/Caucasian (15.4% Black/African-American, 
5.8% Asian, 7.0% Hispanic, 5.3% Mixed Race, 0.5% Ameri-
can Indian/Alaskan Native, 0.2% Other Race). Participants 
also reported on handedness (83.9% usually to always right-
handed), preterm status (33.2% Preterm), paternal educa-
tion (51.2% College Graduate), maternal education (41.8% 
College Graduate), personal history of serious illness/injury 
(70.3% none), and personal/sibling history of developmen-
tal delays or disorders (86.4% personal none, 89.2% sibling 
none). Participants also filled out general information related 
to preterm status, personal report of medical illness/injury, 
personal and sibling report of medical illness/injury and 
developmental delays, parental education, parental age, as 
well as handedness as measured by the Edinburgh Handed-
ness Inventory (Short Form) (Veale, 2013) (See Table 1).

Measures

Autism Spectrum Quotient—Short (AQ‑28)

The original Autism Spectrum Quotient (AQ-50) is a 
50-item self-report questionnaire that measures autistic traits 
in adults (Baron-Cohen et al., 2001). The AQ-50 comprises 
five domains of ASD-related deficits: social skills, attention 
switching, attention to detail, communication, and imagina-
tion. Since the development of the AQ-50, several studies 
have empirically tested alternative models with the purpose 
of enhancing psychometric properties. A recent compre-
hensive analysis of various proposed factor structures found 
the most support for the three-factor structure proposed by 
Russell-Smith et al. (2011) (English et al., 2019). Based on 
findings from this analysis, the present study utilized this 
model which consists of a 28-item version of the AQ com-
prising three domains of ASD-related deficits: social skills, 
details/patterns, and communication/mindreading (Russel-
Smith et al., 2011).

Adult Repetitive Behaviors Questionnaire‑2 (RBQ‑2A)

The Adult Repetitive Behaviors Questionnaire-2 (RBQ-
2A) is a 20-item self-report questionnaire that measures 
restricted and repetitive behaviors and interests (RRBIs). 
The RBQ-2A was developed to address the gap in the lit-
erature examining RRBIs in adults and is based on the RBQ-
2, a parent-report of RRBIs in children. The RBQ-2A has 
been shown to be a reliable and valid self-report measure of 
RRBIs in adults (Barrett et al., 2018; Jia et al., 2019). For 
the purposes of the present study, the RBQ-2A served as a 
measure of expressive motor functioning.
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The Adult DCD/Dyspraxia Checklist (ADC)

The Adult DCD/Dyspraxia Checklist (ADC) is a 30-item 
self-report questionnaire that assesses movement difficulties 

in adulthood. DCD is a developmental disorder that was 
considered a childhood disorder until more recent evidence 
suggesting that persistent difficulties extend into adulthood 
(Kirby et al., 2010). The subscales of the ADC assess both 

Table 1  Descriptive statistics of 
demographic variables

Demographic variable N % of mTurk 
n = 452

% of SONA 
n = 169

M (SD)

Age – – – mTurk
36.72 years
(11.00)
SONA
18.51 years
(1.34)

Handedness – – – mTurk
 More left 100 18.1 10.7 63.89
 More right 523 81.9 89.3 (61.61)

SONA
79.81
(52.94)

Sex
 Female 320 43.8 71.6 –
 Male 295 55.3 26.9 –
 Prefer not to answer 4 .7 .6 –

Ethnicity
 American Indian/Alaskan native 3 .7 0 –
 Asian 36 3.5 11.8 –
 Black/African-American 96 20.9 .6 –
 Hispanic 44 3.5 16.6 –
 White/Caucasian 410 68.7 58 –
 Mixed 33 2.4 13 –
 Other 1 .2 0 –

Preterm status
 Pre-term 179 32.6 18.3 –
 Full-term 360 56.6 60.9 –

Maternal education
 Some high school 39 5.7 7.7 –
 High school graduate 145 30 5.3 –
 Some college 178 35 11.2 –
 College graduate 260 29.3 75.1 –

Paternal education
 Some high school 45 7 7.7 –
 High school graduate 103 20.3 6.5 –
 Some college 156 30 11.8 –
 College graduate 319 42.7 74 –

Serious illnesses/injuries
 Yes 184 33.7 18.3 –
 No 438 66.1 81.7 –

Developmental delays/disorders
 Yes 77 16.1 2.4 –
 No 538 83 95.3 –
 Siblings yes 64 12.1 5.3 –
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childhood history and current report of motor-related daily 
difficulties. The ADC has been shown to have high levels 
of internal validity, construct and concurrent validity, and 
discriminant validity (Kirby et al., 2010). For the purposes 
of the present study, the ADC served as a measure of expres-
sive motor functioning along with the RBQ-2A.

Perceptual‑Motor Assessment: BioM Processing

BioM perception was assessed utilizing two computer-based 
tasks. The BioM stimuli were acquired from Alaerts et al. 
(2011), who created PLDs utilizing motion capturing of 
actors. For a detailed description of these stimuli and vali-
dation of action and emotion recognition, see Alaerts et al. 
(2011). The present stimuli consist of 12 moving PLDs of 
a male actor walking (Fig. 1) and 12 scrambled/non-BioM 
versions of these stimuli (Fig. 2). The presented PLDs con-
tained three exemplars of a male walking in one of four emo-
tional states: neutral, happy, sad, angry. Within each emotion 
category, three perspectives of PLDs were included: front, 
medium, side. In a follow-up study to Alaerts et al. (2011), 

ASD-subjects were found to be less accurate in recognizing 
BioM and emotions utilizing these stimuli (Nackaerts et al., 
2012).

Perceptual Task 1: BioM Recognition

The first paradigm assessed for recognition of BioM and 
is modeled after Nackaerts et al. (2012). Nine randomized 
PLD’s, looped to 10-s each, were presented to all partici-
pants. Characteristics of the PLDs included a male actor, 
neutral emotion, three perspectives (front, medium, side), 
and three actions (walk, jump, kick). Standardized instruc-
tions were provided on the monitor at the start of each test 
before subjects were presented with a series of PLDs that 
either depicted a person’s movements (‘biological motion’) 
or did not depict a person’s movements (‘scrambled’). Par-
ticipants were asked to categorize each clip as “person” or 
“not a person.”

Perceptual Task 2: BioM Emotion Categorization

The third paradigm assessed for categorization of emotion 
PLDs using a forced-choice response task. Similar to the first 
paradigm, the task included 12 PLD’s looped to 10-s each. 
Characteristics of the non-scrambled PLDs included a male 
actor, four emotions (neutral, happy, mad, sad), one perspec-
tive (front), and three actions (walk, jump, kick). Partici-
pants categorized each clip as one of four emotions: neutral, 
happy, mad, sad. The purpose of the categorization task was 
to see how participants extracted higher-order information 
from PLDs when they were presented with given emotion 
words.

Procedure

Participants signed up for the online-based study through 
mTurk or the TAMU Psychology SONA system. Each 
participant tested remotely in one session lasting a maxi-
mum of 60 min. Participants provided informed signed 
consent before completing the five questionnaires and the 
two computer-based tasks. Individuals recruited through 
mTurk received $2.00, and students recruited through SONA 
received credit to apply towards undergraduate course 
requirements.

Results

Predicting BioM Processing

Four sets of three-Step hierarchical multiple regressions 
were run to predict BioM processing. BioM scores were 
calculated as a proportion of correct items over completed 

Fig. 1  Example of BioM PLD—neutral male walk

Fig. 2  Example of non-BioM PLD—scrambled neutral male walk
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items: [(items correct/items completed) × 100]. BioM Rec-
ognition (Task 1 performance) was entered as the depend-
ent variable for the first two regressions, and BioM Emo-
tion Categorization (Task 2 performance) was entered as 
the dependent variable for the third and fourth regressions. 
Several demographic variables were entered at Step one of 
all four regressions including Sex (male, female), PSAI, 
Age, Preterm Status, Sibling with Developmental Disorder/
Delay, Parental Education, and Handedness to control for the 
proportion of variance accounted for by factors relevant to a 
diagnosis of ASD as indicated by previous research. Recruit-
ment Pool (mTurk, SONA) was also entered in Step one 
to control for other extraneous differences between the two 
samples. Step two of all four regressions included Autistic 
traits as measured by the AQ-28 (AQ-SS, AQ-DP, AQ-CM). 
Step three of all four regressions included expressive motor 
behaviors as measured by the ADC and RBQ-2. However, 
given that expressive motor functioning in childhood and 
adulthood as measured by the ADC were highly correlated 
(r(622) = 0.908, p < 0.001), Step three included either ADC-
Childhood or ADC-Adulthood for both BioM Recognition 
and BioM Emotion Categorization regressions. For ease 
of reference, regressions are labeled 1–4 on Tables 2 and 
3. Intercorrelations between the variables were reported in 
Table 4 and the summary of hierarchical regression statistics 
are reported in Tables 2 and 3. Means and standard devia-
tions for all demographic and study variables can be found 
in Tables 1 and 4.

Predicting BioM Recognition (Task 1)

For Task 1, both hierarchical multiple regressions revealed 
that at Step one, demographic factors significantly contrib-
uted to the model, F (8, 492) = 4.704, p < .001 and accounted 
for 7.1% of the variance in the ability of individuals to dis-
criminate between BioM and non-BioM. Two significant 
predictors emerged within step 1. Individuals who reported 
having at least one sibling with a developmental disorder/
delay scored poorer on Task 1 (β = − .126, p < .01). Individu-
als who reported a greater preference to use the left-hand 
more than the right-hand also scored poorer on BioM Rec-
ognition (β = .091, p < .05).

In Step two, it was revealed that adding autistic traits to 
the model did not account for a significant proportion of 
the variance above and beyond demographic variables. Only 
report of siblings with developmental disorder/delay main-
tained as a significant predictor (β = − .123, p < .01).

In Step three of Regression #1, the inclusion of repetitive 
behaviors and movements (RBQ-2A) and motor dysfunc-
tion in childhood (ADC-Childhood) to the model explained 
an additional 4% of the variance and was statistically sig-
nificant, F (13, 487) = 4.886, p < .001. Unlike RBQ-2A, 
ADC-Childhood emerged as an individual significant 

Table 2  Hierarchical regression analysis for variables predicting 
BioM recognition (Task 1)

N = 501
*p < .05, **p < .01, ***p < .001

Variable β t R R2 ∆R2

Step 1 .267 .071 .071***
 Sex − .024 − .437
 PSAI .088 1.633
 Age − .095 − 1.756
 Preterm status − .058 − 1.218
 Sibling with DD − .126 − 2.739**
 Parental education .019 .428
 Handedness .091 2.049*
 Recruitment pool .074 1.301

Step 2 .273 .075 .004
 Sex .− .022 − .404
 PSAI .093 1.695
 Age − .097 − 1.761
 Preterm status − .047 − .958
 Sibling with DD − .123 − 2.646**
 Parental education .030 .641
 Handedness .094 2.120*
 Recruitment pool .081 1.390
 AQ-SS .041 .838
 AQ-DP − .045 − .981
 AQ-CM − .011 − .208

Step 3 (Regression #1) .340 .115 .041***
 Sex − .007 − .129
 PSAI .080 1.495
 Age − .109 − 2.002
 Preterm status .042 .812
 Sibling with DD − .098 − 2.138*
 Parental education .039 .866
 Handedness .067 1.526
 Recruitment pool .043 .751
 AQ-SS .034 .710
 AQ-DP .010 .218
 AQ-CM .081 1.498
 RBQ-2A − .071 − .917
 ADC-childhood − .222 − 2.978**

Step 3 (Regression #2) .324 .105 .030***
 Sex − .010 − .175
 PSAI .077 1.425
 Age − .114 − 2.070*
 Preterm status .028 .537
 Sibling with DD − .104 − 2.266*
 Parental education .038 .835
 Handedness .071 1.609
 Recruitment pool .050 .867
 AQ-SS .044 .902
 AQ-DP .008 .174
 AQ-CM .072 1.315
 RBQ-2A − .123 − 1.542
 ADC-adulthood − .127 − 1.793



3004 Journal of Autism and Developmental Disorders (2023) 53:2998–3011

1 3

predictor, such that individuals who reported greater expres-
sive motor difficulties performed poorer on BioM Recogni-
tion (β = − .222, p < .01). Report of siblings with a develop-
mental disorder/delay once again maintained as a significant 
predictor (β = − .098, p < .01). In Step three of Regression 
#2, the inclusion of repetitive behaviors and movements 
(RBQ-2A) and motor dysfunction in adulthood (ADC-Adult-
hood) to the model explained an additional 3% of the vari-
ance and was statistically significant, F (13, 487) = 4.404, 
p < .001. However, neither RBQ-2A nor ADC-Adulthood 
emerged as individual significant predictors. Report of sib-
lings with a developmental disorder/delay maintained as a 
significant predictor (β = − .104, p < .05). Age emerged as a 
significant predictor, such that older individuals performed 
poorer on BioM Recognition (β = − .114, p < .05).

Predicting BioM Emotion Categorization (Task 2)

For Task 2, both hierarchical multiple regressions revealed 
that at Step one, demographic factors significantly con-
tributed to the model, F (8, 492) = 19.105, p < .001 and 
accounted for 23.7% of the variance in the ability of indi-
viduals to categorize BioM displays of emotion. Four signifi-
cant predictors accounted for the variance above and beyond 
other variables. Gender-stereotyped play behavior as indi-
cated by the PSAI emerged as significant predictor, such that 
individuals who reported more feminine behavior in child-
hood performed poorer on BioM Emotion Categorization 
(β = .120, p < .05). Another significant predictor was age, 
such that younger individuals performed poorer on Task 2 
(β = .154, p < .01). Preterm status was also a significant pre-
dictor, such that individuals born pre-term performed poorer 
on BioM Emotion Categorization (β = − .234, p < .001). 
Recruitment pool was also a significant predictor, such that 
individuals recruited from the mTurk pool performed poorer 
on BioM Emotion Categorization (β = .406, p < .001).

Unlike the BioM Recognition task, the inclusion of autis-
tic traits in Step two significantly predicted an additional 
proportion of the variance (5.2%) in the BioM Emotion 
Categorization task above and beyond demographic vari-
ables, F (11, 489) = 19.098, p < .001. Scores on the PSAI, 
Age, Preterm Status, and Recruitment Pool maintained as 
significant predictors and matched directionality of previ-
ous Steps (β = .097, p < .05; β = .118, p < .05; β = − .161, 
p < .001; β = .395, p < .001). Two subscales of the AQ 
emerged as significant predictors: AQ-CM, AQ-SS. Indi-
viduals who reported more communication/mindreading 
difficulties performed poorer on BioM Emotion Categoriza-
tion (β = − .234, p < .001). Contrary to our hypothesis, indi-
viduals who reported less social skill difficulties performed 
poorer on BioM Emotion Categorization, (β = .130, p < .01).

In Step three of Regression #3, the inclusion of RBQ-
2A and ADC-Childhood scores further accounted for an 

Table 3  Hierarchical regression analysis for variables predicting 
BioM emotion categorization (Task 2)

N = 501
*p < .05, **p < .01, ***p < .001

Variable β t R R2 ∆R2

Step 1 .487 .237 .237***
 Sex − .058 − 1.153
 PSAI .120 2.465*
 Age .154 3.131*
 Preterm status − .234 − 5.434***
 Sibling with DD − .051 − 1.214
 Parental education .052 1.271
 Handedness .057 1.429
 Recruitment pool .406 7.882***

Step 2 .538 .289 .052***
 Sex − .036 − .749
 PSAI .097 2.019*
 Age .118 2.446*
 Preterm status − .161 − 3.700***
 Sibling with DD − .026 − .627
 Parental education .070 1.728
 Handedness .060 1.544
 Recruitment pool .395 7.758***
 AQ-SS .130 3.049**
 AQ-DP − .057 − 1.435
 AQ-CM − .234 − 5.204***

Step 3 (Regression #3) .554 .308 .019**
 Sex − .024 − .503
 PSAI .086 1.813
 Age .105 2.164*
 Preterm status − .100 − 2.164*
 Sibling with DD − .009 − .211
 Parental education .076 1.894
 Handedness .041 1.063
 Recruitment pool .368 7.252***
 AQ-SS .123 2.914**
 AQ-DP − .014 − .321
 AQ-CM − .169 − 3.517***
 RBQ-2A − .087 − 1.280
 ADC-childhood − .119 − 1.808

Step 3 (Regression #4) .558 .311 .022***
 Sex − .028 − .587
 PSAI .085 1.801
 Age .109 2.251*
 Preterm status − .096 − 2.086*
 Sibling with DD − .010 − .254
 Parental education .078 1.956
 Handedness .041 1.053
 Recruitment pool .370 7.305***
 AQ-SS .139 3.228**
 AQ-DP − .020 − .476
 AQ-CM − .167 − 3.485**
 RBQ-2A − .059 − .844
 ADC-adulthood − .155 − 2.309*
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additional statistically significant proportion of the variance 
(1.9%) above and beyond demographic variables and autis-
tic traits, F (13, 487) = 16.694, p < .001. However, neither 
RBQ-2A nor ADC-Childhood emerged as individual sig-
nificant predictors. Age, preterm status, recruitment pool, 
AQ-CM, and AQ-SS maintained as significant predictors 
and matched directionality of previous Steps (β = .105, 
p < .05; β = − .100, p < .05; β = .368, p < .001; β = − .169, 
p < .001; β = .123, p < .01). In Step three of Regression #4, 
the inclusion of RBQ-2A and ADC-Adulthood scores was 
statistically significant, explaining an additional 2.2% of the 
proportion of variance, F (13, 487) = 4.404, p < .001. Unlike 
RBQ-2A, ADC-Adulthood emerged as a significant predic-
tor such that individuals who reported more expressive 
motor difficulties in adulthood performed poorer on BioM 
Emotion Categorization (β = − .155, p < .05). Age, Preterm 
status, Recruitment Pool, AQ-CM, and AQ-SS maintained 
as significant predictors and matched directionality of pre-
vious Steps (β = .109, p < .05; β = − .096, p < .05; β = .370, 
p < .001; β = − .167, p < .01; β = .139, p < .01).

Motor Functioning Within Individuals

A repeated-measures analysis of variance was conducted 
to examine the individual trajectories of motor function-
ing within participants. Utilizing scoring guidelines of the 
ADC, a binary variable was created to indicate if individu-
als endorsed significant past motor difficulties in child-
hood (i.e. score of at least 17). A within-subjects vari-
able included both scores of BioM Recognition and BioM 
Emotion Categorization. The analysis revealed an inter-
action between BioM Task and Childhood Motor Prob-
lems, F (1, 621) = 6.845, p < .01, ηp

2 = .011. Individuals 
with significant childhood motor difficulties performed 
poorer (M = 66.61, SD = 20.17) on BioM Recognition 
than individuals who did not report significant past motor 

difficulties (M = 75.75, SD = 16.04). Individuals with sig-
nificant childhood motor difficulties also performed worse 
on BioM Emotion Categorization (M = 37.47, SD = 14.80) 
than counterparts (M = 51.95, SD = 15.73).

Following scoring guidelines of the ADC, adulthood 
motor difficulties were considered only as a scaled score. 
A bivariate correlation revealed significant negative rela-
tionships between ADC-Adulthood and BioM Recognition 
(r(623) = − .198, p < .001) as well as BioM Emotion Cat-
egorization (r(623) = − .394, p < .001). Overall, individu-
als who reported more adult motor difficulties performed 
poorer on both perceptual tasks.

Sex Differences in Autistic Traits and Motor 
Functioning

A multivariate analysis of covariance (MANCOVA) was 
conducted to examine if autistic traits and motor function-
ing varied as a function of sex when controlling for age. 
The means and standard deviations for the analysis are 
presented in Table 5. The MANCOVA revealed signifi-
cant main effects of Sex for RBQ-2A [F(1, 571) 10.853, 
p = .001 ηp

2 = .019], ADC-Childhood [F(1, 571) 8.471, 
p = .004, ηp

2 = .015], ADC-Adulthood [F(1, 571) 5.822, 
p = .016, ηp

2 = .010], AQ-DP [F(1, 571) 6.664, p = .010, 
ηp

2 = .012], and BioM Emotion Categorization [F(1, 571) 
6.104, p = .014, ηp

2 = .011]. Males reported greater defi-
cits in autistic traits and expressive motor functioning 
across the RBQ-2A, ADC-Childhood, ADC-Adulthood, 
and AQ-DP. Females performed better than males on cat-
egorizing emotion displays of BioM as measured by Task 
2. Main effects of Sex for AQ-SS, AQ-CM, and BioM 
Recognition were not significant. Age was a significant 
covariate in the model for all variables.

Table 4  Descriptive statistics and correlations of study variables

*Correlation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)

Variable (N = 623) M (SD) 1 2 3 4 5 6 7 8 9 10

1. AQ-28 Total 65.15 (10.68) –
2. AQ-SS 30.26 (7.53) .787 ** –
3. AQ-DP 17.67 (4.61) .447* − .084* –
4. AQ-CM 17.23 (3.96) .682** .318** .201** –
5. RBQ-2A 1.86 (.56) .404** .055 .421** .497** –
6. ADC Childhood 8.08 (7.68) .383** .121** .279** .478** .760** –
7. ADC Adulthood 27.10 (21.57) .439** .212* .245** .495** .771** .908** –
8. PSAI 47.85 (15.81) − .007 − .007 .079* − .097* − .036 .005 − .034 –
9. Task 1 (BioM vs Non-BioM) 73.74 (17.43) − .015 0.36 − .059 − .040 − .168** − .239** − .198** .071 –
10. Task 2 (Emotion) 48.76 (16.64) − .198** − .037 − .129** − .313** − .371** − .393** − .394** .010 .229** –
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Discussion

The present study explored the relationship between autis-
tic traits and motor functioning. The results supported our 
hypothesis that individuals with greater autistic traits also 
report greater expressive motor deficits. Expressive motor 
dysfunction in childhood was predictive of individuals’ 
abilities in recognizing BioM from scrambled motion, but 
not in categorizing emotion PLDs. Expressive motor dys-
function in adulthood was only predictive of individuals’ 
abilities in categorizing emotion PLDs. Regarding autistics 
traits, not all domains of the AQ-28 were predictive of BioM 
performance deficits. Neither deficits in social skills, details/
patterns, nor communication/mindreading were predictive of 
BioM recognition. However, impairment in communication/
mindreading predicted poorer performance on BioM emo-
tion categorization. The results also supported our hypothe-
sis that there are sex differences across expressive/perceptual 
motor variables. Notably, males were more likely to endorse 
expressive motor difficulties associated with DCD and per-
formed poorer on BioM tasks of emotion categorization.

Autistic Traits and Perceptual Motor Dysfunction

The finding that autistic traits were not predictive of BioM 
recognition is consistent with studies suggesting a dis-
tinction between higher- and lower-order BioM abilities. 
Unlike Task 2, the stimuli used in Task 1 consisted only of 
neutral walkers. The absence of information pertaining to 
emotional state and action characterize Task 1 stimuli as 
less socially complex (Todorova et al., 2019). The finding 

that individuals’ performance on BioM recognition did 
not vary as a function of autistic traits is consistent with 
evidence that autistic individuals may be more success-
ful in lower-order BioM processing (Hubert et al., 2007; 
Murphy et al., 2009; Parron et al., 2008). Other studies 
have found that group differences in BioM performance 
exist when individuals are required to extract higher order 
information, such as emotional content, from BioM stim-
uli (Nackaerts et al., 2012; Parron et al., 2008). A recent 
meta-analysis of BioM processing abilities in autistic indi-
viduals revealed the strongest processing impairment for 
simple and complex emotional recognition tasks, while 
only small effects were found for simple BioM detection 
(Todorova et al., 2019). Our finding that no group differ-
ences were found in BioM recognition suggests that autis-
tic traits in adulthood are not associated with impairment 
in extracting simple social information from BioM stimuli.

Our finding that individuals with greater autistic traits 
(social skills, details/patterns) showed decreased perfor-
mance in categorizing emotion point-light displays (PLD) 
is consistent with previous studies (Todorova et al., 2019). 
BioM can convey various types of social information even 
in the absence of recognizable features of human faces and 
bodies (Johansson, 1973). If dynamic elements of BioM 
are responsible for conveying critical social information, 
it is conceivable that individuals with ASD, who experi-
ence deficits in social interactions, may also experience 
deficit in underlying motor processing abilities. This find-
ing within a general population sample suggests that autis-
tic traits on a continuum are associated with deficits in 
higher-order BioM processing. The ability to extract social 
information from PLDs may require an underlying profi-
ciency to process motion, which may not be developed in 
individuals with greater autistic traits.

Results also revealed that ASD-related deficits in 
social skills and communication/mindreading predicted 
decreased performance on emotion categorization. Per-
formance on BioM tasks depended on the domain of ASD 
deficit. These results suggest that social competence as it 
relates to interaction, communication, and interpretation 
of others’ thoughts and feelings is related to the abil-
ity to successfully extract social information from BioM. 
This interpretation is consistent with other studies that 
have examined the relationship between social cogni-
tive autistic traits and BioM perception (Pavlova, 2011). 
Interestingly, ASD traits related to attention to details and 
patterns did not predict decreased performance in BioM 
processing. A possible interpretation is that hyper-atten-
tion to details and patterns, which may have real-world 
negative social implications, may be considered an adap-
tive skill when it comes to processing BioM stimuli. This 
finding warrants further exploration into the re-concep-
tualization of autistic traits as impairment or expertise. 

Table 5  Means and standard deviations for variables across sex

MANCOVA (see 3.3)
*p < .05, **p < .01, ***p < .001

Males Females
N = 284
M (SD)

N = 290
M (SD)

Autistic traits
AQ-SS 30.57 (6.73) 30.03 (7.92)
AQ-DP* 18.26 (4.80) 17.33 (4.42)
AQ-CM 17.49 (3.91) 17.10 (3.90)
Motor functioning
RBQ-2A** 1.94 (.58) 1.80 (.55)
ADC-childhood** 9.32 (8.06) 7.38 (7.44)
ADC-adulthood* 30.06 (22.78) 25.48 (20.81)
Task 1 (BioM recognition) 73.77 (17.50) 73.21 (17.70)
Task 2 (BioM emotion)* 46.11 (16.24) 49.85 (16.77)
Other
PSAI*** 57.20 (12.46) 39.31 (12.97)
Handedness 64.81 (61.55) 69.06 (58.48)
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More research is needed to provide a distinction between 
the weight of social and motor proficiency in BioM pro-
cessing abilities.

Whether or not the ability to extract social informa-
tion from BioM influences how individuals develop social 
competence has not yet been studied. Existing and future 
literature on BioM processing in early infancy may serve 
to answer this question. There is evidence that preferential 
attention to BioM changes during the first months of life, 
however the extent to which the development of motor 
competence coincides with that of social competence is 
understudied (Sifre et al., 2018). In order to better under-
stand if underlying motor processing abilities are neces-
sary for the development of social competence, future 
research should expand study of expressive motor defi-
cits in infancy to include how motor perceptual processes 
develop and interact with social development.

Expressive and Perceptual Motor Deficits

Within the ASD literature, no studies have examined the 
co-occurrence of expressive and perceptual motor deficits 
at any age. While there is research to indicate a general 
ASD-related impairment in both domains of motor deficit, 
the present study is the first to indicate that individuals 
with greater expressive motor impairments also demon-
strate greater perceptual motor impairments. Our study 
revealed significant relationships between all expressive 
motor measures and all perceptual motor measures, but 
performance on BioM tasks significantly differed depend-
ing on if motor difficulties occurred in childhood or adult-
hood. That is, DCD in childhood was only predictive of 
lower-order BioM detection, and DCD in adulthood was 
only predictive of higher-order BioM emotion categori-
zation. Our hypothesis that childhood motor difficulties 
would be predictive of both BioM tasks was based on evi-
dence that motor difficulties in childhood have pervasive 
implications for later motor competence (Travers et al., 
2017). However, the finding that childhood motor dif-
ficulties were only predictive of simple BioM detection 
may reflect a discrepancy between the difficulty between 
the tasks, as participants scored higher on simple detec-
tion overall. The finding that adult motor difficulties 
only predicted emotion categorization is consistent with 
our hypothesis that the co-occurrence of expressive and 
perceptual deficits exists in adulthood. More research is 
needed to determine if a diagnosis of ASD moderates the 
relationship between motor difficulties and complex BioM 
processing. It will also be important for future studies to 
examine the co-occurrence of expressive and perceptual 
deficits within a clinical sample as well as within an at-
risk sample.

Sex Differences in Motor Functioning

As diagnostic criteria currently stand, males are four times 
more likely than females to receive a diagnosis of ASD 
(Duvekot et al., 2017). Early ASD research traditionally 
included predominantly male samples, which has raised 
concerns that females with ASD may be under-identified 
and miss opportunities for early diagnosis and intervention 
(Duvekot et al., 2017). Recently, more efforts have been 
made to recruit females in equal proportion to males. The 
present study included a comparable sample of males and 
females in order to identify if true group differences exist in 
motor functioning abilities.

The finding that females performed better than males on 
categorizing emotion displays of BioM is consistent with 
the systemizing-empathizing theory originally proposed by 
Baron-Cohen (2006). Autistic males are more likely to be 
experts at systemizing, or recognizing repeating patterns in 
stimuli (Escovar et al., 2016). It has been suggested that 
excellent attention to detail is related to sensory hypersen-
sitivity in autism (Baron-Cohen et al., 2009). Adult females 
tend to score higher on empathizing, which is the related to 
abilities to perceive the emotional states of others (Esco-
var et al., 2016). Our finding is contrary to a recent meta-
analysis that found no effects of sex on BioM paradigms in 
ASD individuals (Todorova et al., 2019) However, it should 
be noted that the meta-analysis focused on a clinical sample 
while ours assessed for autistic traits across a continuum. 
It is possible that there is more variability in BioM perfor-
mance across males and females when utilizing a quantita-
tive approach, which may have implications for improving 
the under-identification of individuals.

The present study also found that males reported greater 
deficits in all measures of expressive motor functioning. Our 
finding that males reported greater deficits on the RBQ-2A 
is consistent with previous research indicating that restricted 
and repetitive behaviors and interests (RRBIs), which are 
most related to motor stereotypies, occur more frequently in 
males (Knutsen et al., 2018). The ADC, which measures the 
presence of motor difficulties associated with a diagnosis of 
adult DCD, yielded greater scores for males than females in 
our sample. The ADC is the first screening tool designed to 
specifically identify motor difficulties experienced by adults 
(Kirby et al., 2010). Although DCD has historically been 
considered a childhood disorder, there is recent evidence 
to suggest that expressive motor difficulties persist into 
adulthood (Scott-Roberts & Purcell, 2018). Further, there 
is evidence that motor difficulties in adulthood predict qual-
ity of life (Engel-Yeger, 2020). More research is needed to 
examine the extent to which motor difficulties present in 
adulthood for males and females.

These combined findings suggest that an exploration 
beyond core social domains may reveal gender differences 
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that are not included in the current conceptualization of 
ASD. There is continued debate as to whether or not males 
are at a greater susceptibility for the disorder or if the bias in 
prevalence rate reflects issues with the conceptualization and 
assessment of the disorder (Lai et al., 2015). Our findings 
did not reveal motor functioning as an area in which females 
reported more deficit than males or inform a male-biased 
phenotype of ASD. However, further exploration into motor 
functioning and other areas outside core domains will serve 
to help identify where true group differences exist.

Limitations

The present study faced several limitations. First, the sam-
ple was drawn from two recruitment pools which differed 
significantly across performance on several study vari-
ables. It should be noted that a cognitive measure was not 
included, which may have been a primary significant differ-
ence between the college sample (SONA) and the general 
sample (mTurk). Although a recent meta-analysis suggested 
no effect of intelligence scores on BioM performance, future 
research may benefit from investigating how specific cog-
nitive factors apart from general intelligence scores (e.g., 
processing speed) moderate the relationship between autistic 
traits and BioM performance (Todorova et al., 2019).

The present study also utilized a general population 
sample, which limits the generalizability of our findings to 
an exclusively clinical group. However, the present study 
aimed to utilize a dimensional approach in order to explore 
motor functioning in individuals across a severity gradient 
of autistic traits. In doing so, more emphasis is given to 
the degree in which various symptoms manifest in severity 
and frequency across individuals and better represents the 
existing heterogeneity across individuals. Our findings imply 
that BioM processing abilities are relevant to autistic traits 
that exist on a continuum. Furthermore, the identification 
of deficits outside of core domains may contribute to the 
evolving conceptualization of the disorder.

Conclusions

Very little is known about the trajectory of motor function-
ing in adults with autistic traits. The presented data suggest 
that there may be detectable disruptions to sensory-motor 
processes that coincide with expressive motor impairments. 
The presence of expressive and perceptual motor deficits in 
adulthood suggest that associated difficulties persist and may 
have the potential to worsen after the developmental period.

The present study is the first to utilize quantitative autistic 
traits to examine the co-occurrence of expressive and per-
ceptual motor deficits in adults. Our findings provide impor-
tant implications for understanding motor impairment, along 
with other autistic traits, on a continuum. That is, individuals 

across a spectrum of autistic traits may experience disrup-
tions in both expressive and perceptual motor functioning to 
similar or differing degrees. Future research should exam-
ine the extent to which the relationship between continuous 
motor deficits and autistic traits is linear.

The present findings may also have implications for the 
development of evidence-based motor interventions in adults 
with ASD, a group that is often understudied in regards to 
intervention. Although there has been some review of inter-
vention programs targeting expressive motor skills in autis-
tic adults, our findings also suggest a potential utility for 
interventions focused on perceptual skills (Azar et al., 2016; 
Virues-Ortega et al., 2013). Further, adults who endorse 
autistic traits on moderate to lower ends of the severity gra-
dient may also benefit from such interventions. Considering 
the positive relationship between motor and social impair-
ments, this may be especially relevant for adults who report 
social difficulties in daily life.
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