38

J. Indian Assoc. Child Adolesc. Ment. Health 2018; 14(4):38-57
Original article
Do children with autism spectrum disorders exhibit biological motion perception deficits?
Evidence using an action recognition paradigm
SudhinKaruppali
Address for correspondence: Associate Professor, Dept of Audiology & Speech Language
Pathology, Kasturba Medical College, Mangalore, Manipal Academy of Higher Education.
Email:sudhin.karuppali@manipal.edu

Abstract
Background: Biological motion (BM) detection tasks determine the power of bottom-up and
top-down processing. An individual’s performance in the perception of BM displays is highly
influenced by stimuli characteristics and the way the correct responses are operationalized. Such
impairments in the perception of BM displays are observed in individuals with autism spectrum
disorders (ASD). The present study aimed to study the performance of children with ASD and
their age-matched controls in a biological motion perception task using an action recognition
paradigm.
Methods: This study followed a case-control design. Two males and two female participants
with ASD (mean age 5.3, S.D. 0.9 years), and two males and two female control participants
matched for language age and sex (mean language age 5.3, S.D. 0.6 years) were included in the
study. Ten BM displays were video recorded using 15-point light displays mounted on an adult
actor. Participants were instructed to detect the perceived BM display. Descriptive analysis was
done on the type of responses generated.
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Results: A considerable increase in the accuracy of the responses was noted by the age matched
typically developing children when compared to the ASD group. The participants of the ASD
group received a maximum of 30% accuracy scores when compared to the controls receiving
90% scores.
Conclusion: Action recognition based BM display task may help determine deficits in sensory
and perceptual processing of individuals with ASD.
Keywords: autism, biological motion, display, perception, recognition

Introduction
The perception of actions and intentions of the communication partner is one of the most
essential pragmatic skills. The visual system provides particularly a rich source of information in
support of this ability. The detection of naturally valid stimuli such as biological motions follows
the concept of the organizational competency of the human visual system. Gunnar Johansson’s
landmark study on biological motion perception using point-light displays (PLD) has given a
wealth of information on the perceptual organization underlying the visual coherence abilities in
humans [1]. The ability to perceive these biological motions such as the body parts or the entire
body, conveys social meaning, and is therefore crucial to social cognition and social interaction
[2]. Such PLD contain sufficient information to recognize other actions [3], such as the
identification of the agent as an animal or human figure [4], to determine features such as the
gender of a person, age, mental states, actions and intentions to unfamiliar individuals [5],
recognition of familiar persons [6], recognition of emotions[7], and also one’s peculiar walking
pattern [8].
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Individuals with lesions in the anterior parts of the superior temporal sulcus were found to
normally detect coherence and shape from motion tasks, but demonstrated difficulty in
perceiving biological motion, implicating that the perception of coherent motion and of
biological motion may rely on different neural mechanisms [9]. Exploring the sensory
abnormalities in individuals with autism spectrum disorders (ASD) has revealed a systematic
impairment in motion perception. The first report on children with ASD exhibiting an abnormal
response to visual motion was revealed by Gepner and colleagues [10]. Milne et al. [11]
indicated that the research focus towards biological motion perception in autism is emerging and
that its causes and implications are not fully understood. Biological motion processing may be
found affected in people with ASD right from an early age [12]. Nilsson Jobs, Falck-Ytter, and
Bölte [13] does propose a wide range of neuropsychological and cognitive abilities of children
with ASD to differ from typically developing individuals. Children with ASD are genetically
inclined to have a differential development in the first year of life with noticeable impairments
around age 20 months in imitation [14] and joint attention abilities [15].
The biological motion perception impairments can result in deficits in joint attention and
imitation skills, which is strongly linked to later social and language development [16]. Typically
developing children are found to exhibit improved biological motion perception abilities between
5 and 12 years of age, with the 12 year-olds performing significantly better than children with
ASD who reached a plateau [17]. Individuals with ASD never showed a complete absence of
biological motion perception but an increased error rate or a decreased rate of correct answers
[18]. Though children with ASD were able to extract social content from body motions, they
were significantly less efficient than the typically developing control children [19]. It was
observed that the short exposure durations of the biological motions did result in a reduced
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performance of ASD group when compared to the chronological and verbal age matched control
group with learning difficulties [20].Moore and colleagues concluded that the biological motion
perception in individuals with ASD was intact, but there existed impairment in attributing affect
to human gestures. However, Bertone and colleagues [21] speculated that the abnormality in
motion detection by individuals with ASD is only for second-order (contrast and flicker
characteristics) and not first-order motions (spatiotemporal changes in luminance). This secondorder impairment was implicated to a reduced ability to integrate complex perceptual
information rather than a specific form. With little known about exactly how biologically and
psychologically relevant information is encoded in visual motion patterns, studies pertaining to
the processing of biological motions in Indian children with ASD and age-matched controls are
essential to open a new trend of assessment methods to better understand the organization of
their perceptual mechanism. Hence the present study aimed to study the performance of children
with ASD and their age-matched controls in a biological motion perception task using an action
recognition paradigm.

Method
Participants
The present research was a case-control study that followed a convenience sampling design. Two
males and two female participants with ASD (mean age 5.3, S.D. 0.9 years), and two males and
two female control participants matched for language age and sex (mean language age 5.3, S.D.
0.6 years) were included in the study. The participants of the ASD group were patients who had
reported to the Department of Audiology and Speech Language Pathology, Kasturba Medical
Hospital, Mangalore. The control participants were recruited from regular English medium
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schools following a lottery method. The study design was approved by the Institutional Ethics
Committee.
The participants from the ASD group were referred from the Department of Psychiatry, KMC,
Mangalore, and had received a clinical diagnosis of Autism Spectrum Disorder based on the
DSM 5 criteria using the Childhood Autism Rating Scale (CARS). Appropriate standardized
nonverbal cognitive tests were done to estimate the IQ of the four ASD participants. This was
followed by estimating the severity of autism by the speech language pathologist using the
Gilliam Autism Rating Scale (GARS) [22], which is a standardized norm-referenced tool
designed to screen for ASD in individuals between the ages of 3 and 22.Participant E1 (4.1-yearold male) and Participant E2 (6.3-year-old female) were diagnosed to have a high probability of
autism; Participant E3 (5.5-year-old male) had an above average probability; while Participant
E4 (5.3-year-old female) had an average probability of having autism. Participant E1 was a
newly diagnosed patient with no history of any speech and language therapy. Participant E2, E3,
and E4 has been receiving speech and language therapy in English since 14, 5, and 2 months
respectively. The native language of Participant E1, E2, and E4 was Konkani, an Indo-Aryan
language spoken along the South western coast of India. Participant E3 spoke Malayalam, a
Dravidian language spoken in the South Indian state of Kerala. All participants have been
attending regular English medium schools (play and pre-schools), and are therefore exposed to
English language. The participants in the control group were recruited from regular English
medium schools within Mangalore. The typical children were ascertained to not have a history of
any underlying disorder leading to speech, language, or hearing deficits. An informed consent
was obtained from the parents of all participants.
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The participants from both experimental and control groups were assessed for their language age
using the Assessment of Language Development (ALD) [23]. Table 1 shows the demographic
profile and the language age of the participants from both experimental and control groups.
Table 1: The demographic details and language age of each participant (experimental and
control group)

Sex

Partici
pant

M

E1

F

E2

M

E3

F

E4

Experimental group
Chro
Lang age (years)
age
RLA
ELA
(years)
4.1
3.0 – 3.6 2.0 – 2.6
(scatter up
to 3.0)
6.3
5.6 – 6.0 3.0 – 3.6
(scatter up
to 4.6)
5.5
4.0 – 4.6 3.0 – 3.6
5.3

4.6 – 5.0

Partici
pant
C1

Control group
Chro
Lang age (years)
age
RLA
ELA
(years)
3.3
3.0 –
3.0 – 3.6
3.6

C2

5.8

5.6 –
6.0

5.6 – 6.0

C3

4.5

4.0 –
4.6
4.6 –
5.0

4.0 – 4.6

3.0 – 3.6
C4
4.9
(scatter up
to 4.0)
Note: Chro age = Chronological age; Lang age = Language age

4.6 – 5.0

Stimuli
The task planned for the present study consisted of naming the biological motion (BM) display
as indicated by Moore et al. [20]. Each BM display was prepared using an adult actor wearing a
tight-fitting black suit with a set of 15 PLDs powered by 15 standard Lithium 3V battery (CR
2032) placed at different joints across the body. The selected sites were the ankles (2), knees (2),
hips (2), wrists (2), elbow joints (2), clavicles (2) and shoulder joints (2) and at the midline of the
forehead (1). The actor was instructed to perform 12 basic human movement patterns
(actions)‘cycling’, ‘scratching’, ‘clapping’, ‘dancing’, ‘jumping’, ‘walking’, ‘pulling’, ‘rowing’,
‘running’, ‘bending’, ‘pushing’, and ‘hopping’ in the most comfortable manner [24] as possible.
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Studies have found the use of action verbs to be pronounced in 2 year-olds, with a further
advancement in grammatical skills evident with age [25]. Therefore, using visual action
sequences as a stimuli and generating the corresponding action verb for the participants in the
current study can be warranted. These selected action verbs were subjected to content validity
measures by five speech language pathologists to ascertain the appropriateness of it. This was
followed by each action being motorically performed in a series of recurrent gait cycles. One gait
cycle indicated the initiation of the action to its termination. Each gait cycle varied from 500ms
to 2000ms.Table 2 shows the duration of the gait cycles for each of the BMs.
Table-2: Details of the number and duration of the gait cycles for each BM display
Sl. No

BM PLDs

Duration of
each gait
cycle(ms)
1200

Number
of gait
cycles
5

1.

cycling

2.

scratching

450

8

3.

clapping

650

8

4.

dancing

1800

5

5.

jumping

680

5

6.

walking

850

5

7.

pulling

1100

5

8.

rowing

1750

5

9.

running

700

5

10.

bending

1950

5

11.

pushing

1050

5

12.

hopping

1550

5

The final recording consisted of a series of lights moving in a sequence depending on the activity
being performed. For example, Figure 1 depicts a complete gait cycle of the biological motion of
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walking represented in a static form. All 12 biological motions were captured in a 3D space in a
dark room using a Sony DCR 650E DVD Handycam mounted on a stable tripod. Barclay et al.
[26] suggested that a minimum of two complete gait cycles were required to accurately perceive
the biological motion. For the present study, all the 12 videotaped BM displays were presented in
5 - 8 gait cycles. Five typical adults (judges) viewed the recorded stimuli from a standard laptop
(Lenovo L420) screen placed at a distance of 90cm in front of their eyes. The BM displays were
validated by the judges who had to indicate if the viewed BM displays indicated the actual
human motion of it being performed. The judges had to rate the stimuli based on the
transparency of the human motion depicted. All judges rated the BM displays to accurately
convey the desired human motion. Out of the 12 BM PLDs that was ready to be used for the
experiment, two of the BM displays (jumping and running) were used as trials.
In order to ascertain the familiarity of the target 12 movement sequences (as shown in Table 2),
the corresponding real life videos (of the actual BM displays) were collected from online sources
(www.youtube.com). For example, videos consisting of an individual clapping hand (while
watching a game), walking (in a park), jumping (for fun), etc. were identified. All videos
consisted of motoric actions being performed with sufficient contextual support.
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(1a)
0 ms

(1b)

(1c)

850 ms

Figure 1: This figure depicts the gait cycles involved in the biological motion of walking. Fig
(1a) is the beginning of the gait cycle; Fig (1b) is the midpoint of the gait cycle; and Fig (1c) is
the ending of the gait cycle.
Procedure
Initially the participants were seated comfortably on a chair. Each of the participant’s parents
(ASD group) was present beside them during the experiment. A standard laptop (Lenovo L420)
was placed at a distance of 90 cm away from the participant’s eyes. Each of the participants from
the control and experimental groups were shown the real life videos of the 12 target movements,
and were asked to indicate what was happening in the video. All participants from the control
group were able to indicate all 12 corresponding actions being performed. When considering the
ASD participants, all the 4 participants were able to recognize a minimum of 8 actions
(indicating 80% accuracy). This was followed by the presentation of the BM PLDs, with each
stimulus being presented with its corresponding stimulus interval as mentioned in Table 2. The
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participants were exposed to each of the BM display for a longer duration (i.e. repeated gait
cycles), as Barclay et al. [26] suggested shorter exposure times may lead to reduced
performance, especially in children with autism [20]. Successive trials were separated by an
inter-stimulus interval of 3000ms wherein a blank screen appeared. The experiment consisted of
10 BM displays which were presented in a random order. Participants were instructed to look at
the screen during the trials and verbally generate the appropriate gerund (a verb that ends in ‘ing’
functioning as a noun) to the corresponding perceived action. Before the presentation of the 10
displays, the two BM displays that were selected as trials were presented so as to familiarize the
participants. Any issues related to the comprehension or performance of the stimuli was
addressed. This was followed by the presentation of the 10 BM displays, wherein the participants
were required to name the correct action perceived. The participants did not receive any
feedback on their generated responses. Each correct response was scored as one and an incorrect
or no response scored as zero.
Analysis
Each participant (from the experimental and control group) was analyzed for the total number of
correct responses for the identification of the BM displays. The total numbers of correctly
identified BM displays were calculated for each participant. Descriptive analysis was done on the
type of responses generated by the participants.
Results
Descriptive analysis was done on the responses attained by each participant. The below table
(Table 3) illustrates the total number and types of correctly identified BM displays by each
participant from the experimental and control group. When considering the responses generated
by the participants of the experimental group, participant E1 was unable to correctly identify the
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BM displays, resulting in a score of 0%. However, participant E2 and E3 attained a score of
10%; while participant E4 received a score of 20%. Participant E2, E3, and E4 was able to
identify the BM display of the action ‘dancing’, while participant E4 perceived clapping as well.
Except for participant C1, all the other 3 participants were able to effectively label the target BM
display with the prescribed number of gait cycles as shown in Table 2. None of the participants
of the experimental group were able to receive accuracy scores greater than 30%.Theresponses
generated by the participants (experimental group) for the unidentified BM displays were mostly
descriptive in nature. For example, for most of the BM displays - participant E1 mentioned that
he saw moving stars instead of the displayed action. For the participants in the control group,
participant C1 attained a score of 40%; while participant C3 and C4 received a score of 80%.
Participant C2 attained the highest score of 90%, being able to identify most of the BM displays.
There was no significant correlation observed of biological motion perception with autistic traits
of the participants.
Table-3: The number and types of correctly identified BM displays
Total no. of correctly
identified BM
displays/Total BM
displays
Experimental group
Participant E1
0/10
Participant E2
1/10
Participant E3
1/10
Participant E4
2/10

dancing
dancing
dancing, clapping

Control group
Participant C1

4/10

dancing, clapping, cycling, walking

Participant C2

9/10

Participant C3

8/10

Participant C4

8/10

dancing, clapping, cycling, walking,
scratching, rowing, pushing, bending, hopping
dancing, clapping, walking, scratching, rowing,
pulling, bending, hopping
dancing, clapping, walking, scratching, rowing,
pulling, bending, hopping

Correctly identified BM displays by the
participant

49

Discussion
The present study was carried out to explore the visual-perceptual abilities in children with ASD
(experimental group) in comparison with language and age matched typically developing
children (control group). The objective of the study was to present BM displays to participants of
the control and experimental groups, while they were expected to detect the type of action
performed by the moving figure. As observed, none of the ASD participants attained more than
20% scores in identifying the BM displays when compared to their controls, who were able to
attain a maximum score of 90%. All the participants of the control group (C1, C2, C3 and C4)
did attain scores which were higher than the participants of the experimental group. Though
participant C1 did attain a comparatively lower score of 40%, the overall accuracy level of the
control group was 72%. This relatively less score of participant C1 could be attributed to the age
disadvantage and lesser social experience compared to the older controls. The BM displays
which were identified by participant C1 was dancing, clapping, cycling, and walking, which are
known to be actions which the child had a social experience with, compared to actions such as
pulling, rowing, hopping, etc. which were yet to be motorically experienced by the child.
The poor performance of the ASD participants in the BM identification task could possibly
imply a poor organization of their visual perceptual system[27,28]. ABM display task aims to
filter out contextual sources of information, which may influence the recognition of a moving
figure, which was the essence of the present study. Identifying the BM display in the absence of
facilitatory context was challenging in the present study, and hence does demand the recognition
of the intention and mental state of the moving figure [29].The perception of the BM displays in
the present study, such as the movement of whole body (for the actions of walking, jumping,
pushing, rowing, dancing, pulling, running and hopping), and body parts (cycling, scratching,
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clapping, bending) were found to be crucial for social interaction and cognition [2,30]. Similar
findings have emerged in adults with autism wherein a poor performance was noted when asked
to attribute mental states to moving figures [31,32]. When considering the 10 BM displays that
were presented to the ASD participants, the ‘dancing’ BM display was the most easily identified.
The BM display of dancing included a visual display of moving dots without a consistent pattern,
compared to all other BM displays which had a more sequential manner of movement. However,
unlike conventional discrimination tasks, wherein walkers walked ‘on the spot’ while facing left
or right, Murphy and colleagues [33] studied adults (ASD and typically developing adults) using
a task wherein they added translatory motion to the stimulus so that the walkers physically
moved across the screen (which was in line with the current study). However, there were no
significant differences observed between both the groups. Murphy and colleagues did suggest
that this difference may not effectively explain the differences in younger individuals (ASD and
normal), as the responses tend to become better with age.
The participants (E2, E3, and E4) who did attain a better performance than E1 (newly diagnosed
patient), could have had an age (language) advantage, along with the benefit of speech and
language therapy (in the English language) which they have been getting on a regular basis. The
therapy strategies which were focused for these individuals included activities to improve their
intentional communication, functional communication, joint attention, imitation, and all
pragmatic behaviors, all of which targeted to improve the social interaction and social cognition
[2]of the participants. Such strategies have the potential to improve the social communication
skills of children with ASD [34,35], which may indirectly influence their visual-perceptual
appreciation of the BM display. To add on, the language age of participant E1 was 2.0 – 2.6,
with a scatter seen up till 3.0 years, while the other participants (E2, E3, and E4) received a mean
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language age of 3.3 years with a scatter up to 4 years and above. This may indicate a receptive
and expressive language age advantage that could have indirectly played a role in getting better
BM recognition responses by the participants (E2, E3, and E4). However, when considering the
native language used by the ASD participants, none of them were native speakers of the English
language, with all having being exposed to English only from the time of joining school (play
school and beyond). The participants of the control group were also non-native speakers of
English, with all participants having Tulu and Konkani as their native tongues.
The participants in the control group effectively recognized (labeled) the BM displays, even
before the completion of the stimulated number of gait cycles. For example, the cycling BM
display which contained 5 gait cycles was identified within 3 gait cycles. Whereas, the ASD
children could not generate any response even after the completion of all gait cycles for each BM
display. When shown the BM displays, participants mentioned seeing stars moving around,
while others indicated that it was night and there was light moving around. The present study
contained pre-specified gait cycles for the presentation of each BM display, demanding each
participant to label the action perceived [18], and not the speed of response. With the scores
suggesting an increased threshold to perceive biological motions by individuals with ASD, the
participants of the experimental group might have responded even better if considered to provide
the stimuli with recurrent gait cycles, thereby targeting their reaction time. Such increased
reaction times in individuals with ASD to identify BM displays have been observed [33,36].
The problems in social interaction and mental state attribution encountered by children with
ASD have been attributed to theory of mind hypothesis [37], implying problems in imitation and
joint attention skills. When considering the scores received in GARS, all participants in the
experimental group received varying probabilities of having autism (from average - above
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average – high probability of autism). This did indicate serious deficits in the social interaction
and communication domains of GARS. Imitation and joint attention skills that are strongly
linked to social and language development, may be attributed to difficulties in biological motion
perception [16]. Such social skills which showcase the parallel understanding of a second
person’s actions and intentions can be observed when considering the perception of the
participants to BM displays. The ease of matching the BM display to the individual’s own motor
representations [38] have been explained using the common coding theory [39], and motor
simulation theory[40]. The participants with ASD in the present study exhibiting difficulties in
BM display recognition, does gets support from Frith’s [41] ‘Weak Central Coherence theory’
which advocates individuals with ASD to have difficulty assimilating visual, spatial and/or
temporal information, which is the basis of performing a BM recognition task.
Researchers have proclaimed that the core and causal deficits found in children with ASD may
be attributed to the lower-level [42] and high-level [43] differences in sensory and perceptual
information processing. The ASD participants in the present study did exhibit difficulties in
stereotyped behaviors such as – avoiding eye contact, rocking back and forth while seating, and
flapping hands or fingers in front of face or at sides. Studies have advocated that these sensory
representations used during action perception does overlap with the motor representations used
during action planning, implying that an observers own activities can influence that observer’s
perception of the activities of other people [38]. Mapping the perceived BM display onto the
individual’s own motor system does enable the observer to understand the goals underlying the
action, facilitating in the prediction of actions. Studies have shown that children with ASD tend
to have difficulties in comprehending these sensory representations, implicating deficits in action
perception [44]. Though BM display tasks may include emotion recognition along with actions,
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the present study focused only on the identification of an action. None of the participants with
ASD showed a complete lack of biological motion recognition except for participant E1. When
considering the severity of autism and the degree of impairment in perceiving biological
motions, a positive correlation between the two were not evident, unlike the study done by Blake
et al. [45].
To conclude, the present study was planned to study the visual-perceptual abilities of children
with ASD using a BM perception action recognition paradigm task. Comparing the individuals
with ASD and their language age matched typically developing children, the former group
exhibited difficulties in the perception of the BM displays in spite of performing fairly good in
the recognition of real life videos of the corresponding target actions. This does imply children
with ASD to have serious deficits in the sensory and perceptual processing abilities implying
poor visual-perceptual skills. With researchers appreciating and advocating newer perceptual
assessment methods in individuals with ASD, such methods will also pave way for the early
identification of visual-perceptual deficits, directing clinicians to frame early therapeutic goals to
strengthen the ASD’s low and high level information pathways. Such behavioral methods used in
the current study, may be promoted considering the low level resources that were used to
develop such a sensitive task, especially in a country like India wherein clinical resources are
difficult to obtain. Other research pertaining to the similar field may be directed to control a
variety of possible influencing variables such as the native language, cognitive age, gender,
comorbid conditions, and severity of autism.
Acknowledgements: None
Conflict of interest: None
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