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Abstract

If neurotypical people rely on specialized perceptual mechanisms when perceiving biological motion, then one would not
expect an association between task performance and 1Q. However, if those with ASD recruit higher order cognitive skills
when solving biological motion tasks, performance may be predicted by IQ. In a meta-analysis that included 19 articles, we
found an association between biological motion perception and IQ among observers with ASD but no significant relation-
ship among typical observers. If the task required emotion perception, then there was an even stronger association with 1Q

in the ASD group.
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Introduction

Atypical social-emotional development is part of the diag-
nostic criteria of autism spectrum disorder (ASD) (American
Psychiatric Association, 2013), and it has long been under-
stood that social perceptual anomalies are characteristic of
ASD. A recent meta-analysis of 30 studies in which a group
with ASD was compared to a neurotypical (NT) group view-
ing point-light-walker displays confirmed a reliable moder-
ate deficit in biological motion perception, but with a great
deal of heterogeneity (Federici et al., 2020). However, rela-
tive performance by itself does not reveal whether the two
groups are using the same perceptual strategy in perceiv-
ing biological motion. It is possible that observers with and
without ASD who are successful at solving the perceptual
task are doing so using different strategies. If typically devel-
oping observers rely on specialized perceptual mechanisms
to complete the task, then one would not expect an associa-
tion with 1Q. However, if those with ASD do not have such
specialized social perceptual processes, or if these processes
are underdeveloped, they may recruit higher order cognitive
skills and heuristics when solving biological motion tasks. If
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this were the case, performance would be predicted by 1Q,
but only in the ASD group.

Biological Motion Perception

In vision science, biological motion is often portrayed with
a point-light walker displays. Such displays consist of a set
of points of light, each of which represents major landmarks
on an actor’s body such as knees, elbows, wrists, ankles,
and head (Johansson, 1973). The individual dots are per-
ceived as biological motion if displayed altogether, rather
than individually or in a scrambled formation (Johansson,
1973). Point-light displays can portray gender and actions
and can include information about intent and emotional state
(Brownlow et al., 1997; Cutting & Kozlowski, 1977). Per-
ception of point-light walkers is quantified as reaction time,
accuracy or detection thresholds, and tasks may require the
detection of the point-light walker, the perception of the
direction of the walker, or the perception of an emotion
or activity of the walker (Atkinson, 2009; Todorova et al.,
2019).

The perception of biological motion appears to be a
specialized skill of the human perceptual system (Blake &
Shiffrar, 2007; Pavlova, 2012; Rutherford, 2013). Newborns
as young as 2 days old demonstrate a preference for bio-
logical motion over non-biological motion (Simion et al.,
2008). The perception of point-light walkers is subject to
the inversion effect (Troje & Westhoff, 2006), which is taken
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as evidence of specialized processing in the perception of
faces (Farah et al., 1995). In addition, there is evidence of a
dedicated brain region that is involved in the perception of
point-light-walker displays (Grossman et al., 2000; Whea-
ton et al., 2001). Brain damage following stroke can result
in impairment that is specific to biological motion percep-
tion (Vaina & Giese, 2002) while in another case, biological
motion perception can be preserved while motion perception
is impaired (Vaina et al., 1990).

Biological Motion Perception Among Individuals
with ASD

There has been much interest in the relative ability of those
with ASD to perceive point-light walkers, and the results
are mixed. When compared to NT controls, children with
ASD have shown to be less accurate at discerning biologi-
cal motion from non-biological motion (Blake et al., 2003).
Some have reported that those with ASD are capable of
identifying the action portrayed by point-light walkers but
have difficulties in perceiving emotional content (Koldewyn
et al., 2010). Annaz and colleagues (2012) and Nackaerts
and colleagues (2012) reported that children with ASD
show diminished biological motion processing and exhibit
atypical emotion recognition compared to controls, meas-
ured both in terms of accuracy and reaction time. Similarly,
Wang and colleagues (2015) reported that children with
ASD lack a preference for upright point-light walkers com-
pared to scrambled point-light walkers and show less profi-
ciency in identifying the action of point-light walkers than
their NT counterparts. In contrast, Murphy and colleagues
(2009) report that if observers only had to detect a point-
light walker moving left or right, response times and error
rates were comparable across ASD and NT groups, suggest-
ing no deficits in biological motion processing. Saygin and
colleagues (2010) reported that impairments in biological
motion for individuals with ASD depended on whether emo-
tion perception was required: emotional perception but not
motion perception tasks were difficult for the ASD group.
Similarly, Hubert and colleagues (2007a, 2007b) did not find
differences between groups in terms of action recognition
but found differences in emotion recognition, suggesting that
deficits in biological motion perception could be specific to
emotion perception.

Does IQ Predict Performance on Biological Motion
Perception Tasks for Those with ASD?

There is evidence that the human visual system has special-
ized mechanisms designed for the perception of biological
motion (Rutherford, 2013). If participants perform bio-
logical motion perception tasks by relying on specialized
processes in the visual system that are dedicated to such
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perception, then one would no more expect an association
with IQ than one would expect an association between 1Q
and color perception, motion perception, or size constancy.

In contrast, observers with ASD are thought to have defi-
cits in social perception. If observers with ASD complete
biological motion perception tasks by relying, in part or in
whole, on higher order cognition and heuristics, then one
would predict an association between task performance and
1Q. This association might be evident even in studies that
do not report a group difference in motion perception. Kol-
dewyn and colleagues (2010) reported a positive correla-
tion between IQ and behavioural performance on biological
motion perception tasks within the ASD group. Rutherford
and Troje (2012) reported a relationship between 1Q and
performance on a biological motion task in individuals with
ASD, but not in the control group. Jones and colleagues
(2011) reported that observers with ASD who have low IQ
(but not high IQ) have poor biological motion processing.
These findings are consistent with the idea that typical bio-
logical motion perception in NT individuals relies on spe-
cialized mechanisms for social perception, while individuals
with ASD may employ other strategies when completing
biological motion perception tasks.

Current Study

The current meta-analysis will compare correlations between
these outcome measures and IQ within each group and will
compare accuracy and reaction time (RT) measured dur-
ing biological motion tasks across groups with and without
ASD. In addition, we will compare performance on tasks
involving emotional processing to tasks which require only
classification of actions and movements. We will also inves-
tigate the contribution of age and gender to differences in
biological motion task performance between ASD and NT
individuals.

Methods
Literature Search and Inclusion Criteria

This meta-analysis was designed to (1) test whether the
relationship between IQ and biological motion percep-
tion was different in individuals with ASD versus NT
controls and (2) estimate a pooled effect size for the dif-
ference in biological motion perception task performance
between these groups. Secondarily, we tested whether the
presence of emotion perception in the task, participant
age and participant gender were moderating variables.
There was not enough data regarding race or socio-eco-
nomic status to include in these analyses. The biological
motion paradigms of interest were paradigms including
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point-light-displays/walkers. With this objective in mind
a computerized search was conducted with the key words:
[(autis* OR ASD OR asperger*) and (chas* OR animate
motion OR biological motion OR PLD OR point-light dis-
plays OR PLW OR point-light walker)]. The asterisks were
used to allow the search to find items containing different
endings of the terms to which it was applied. Disserta-
tions and theses were excluded. The search was limited
to papers published in English. The databases in which
the searches were conducted were selected by the authors
prior to the search. The databases selected to be searched
were: Psychlnfo (via proquest), PubMed, and Web of Sci-
ence (via the Core Collection).

The literature search was conducted on the week of Octo-
ber 12th, 2020, by two authors separately to ensure accu-
racy and consistency. Search results were identical for both
authors, yielding 323 hits on Psychlnfo, 334 hits on Pub-
Med and 482 hits on Web of Science, resulting in a total
of 1139 items in the initial long list. The effectiveness of
the keywords and results gathered was assessed by a third
author who compared results with a Google Scholar search
conducted on the week of October 27th, 2020. The first 50
Google Scholar results for the keywords “ASD and Biologi-
cal motion” were found among the results of our literature
search on PsychlInfo, PubMed, and Web of Science. Fur-
thermore, the search results were compared with the short
list obtained by Todorova et al. (2019) who previously con-
ducted a meta-analysis on biological motion performance
and ASD individuals. All relevant articles from their short
list were present in our list.

Coding

We excluded dissertations, theses, conference proceed-
ings, or papers not published in English. These criteria
were set and discussed prior to shortening the long list, and
then authors worked independently to arrive at a short list.
All relevant articles were imported to Zotero, a reference
manager software. We used a duplicate detecting feature in
Zotero, and 329 papers were flagged as duplicates between
the three databases revealing 810 unique papers in our long
list.

After an article passed this first evaluation, each article
was examined to ensure the rest of the following inclusion
criteria were met. These criteria were agreed upon before
two authors completed this check independently, to avoid
any bias in included articles.

1. Study must be conducted on humans.

2. Experiment must include an ASD group and a NT con-
trol group, and they must have performed biological
motion perception task with a point-light display.

3. ASD group received a formal diagnosis through ADOS
or clinician and this diagnosis is reported within the
study.

4. Study must report IQ scores.

5. Studies including only hand motion only were excluded.

After all articles were examined and tagged, a bibli-
ography of the included items was then exported by each
reviewer and sent to the first author to check for any dis-
crepancies and reliability. The first author calculated the
prevalence and bias-adjusted kappa (PABAK) to compute
the interrater reliability between the 2 authors who had final-
ized the article list. The obtained PABAK was 96%. After
the interrater reliability was calculated all discrepancies
between the 2 authors were then evaluated by the first author.
The first author identified 20 discrepancies. These 20 papers
were sent to an outside collaborator who had no previous
access to the short list. The outside collaborator then made
an independent decision to either keep or remove the articles
based on the same criteria the first two reviewers used. The
outside collaborator kept 9 of the 20 papers on the list, and
so these were included in the short list. This left a short list
of 31 articles. One additional article (Murphy et al., 2009)
was added to be included in the correlational analyses, and
one was removed during a data validation process by the last
author, resulting in a final short list of 32 papers. See Fig. 1
to see the breakdown of the article selections moving from
the long list to the short list.

Data Extraction

All studies had the relevant data extracted independently by
four of the current study’s authors to avoid bias and maxi-
mize accuracy. The third and fourth authors extracted data
on group differences which was independently validated by
the last author. The second and last authors independently
extracted data that correlated IQ with performance. The
coded variables in each article were determined prior to the
data extraction. The selected 32 articles were coded for the
following variables:

1. Age: Mean and standard deviation for both the ASD and
NT groups.

2. Gender ratio for both participant groups.

3. Mean IQ and standard deviation for both participant
groups.

4. Type of IQ measure associated with IQ score (e.g., ver-
bal, nonverbal, full-scale, etc.)

5. Type of Paradigm: emotional vs. non emotional.

6. Performance: Mean and standard deviation for both
groups.

7. Dependent Variable: Whether the paper was measuring
reaction time or accuracy or threshold.
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Papers identified in initial search
n=1139

Total long list with duplicated
excluded

n=810

Papers added for correlation

Excluded based on criteria .
meta-analysis

n="179 =1

Total short list
n=32

Excluded articles based on
unavailable data

n=13

Articles included in correlation Articles included in performance
meta-analysis differences meta-analysis

n =18 n=18
96 effect sizes 52 effect sizes

Fig. 1 Outlining sample size of papers from initial search to data
extraction

8. Effect size (standardized mean difference and/or correla-
tion) as reported by the study.

Where accuracy and RT performance were both available,
they were included as two separate entries in the analysis.
There were 13 papers that did not report enough data to
calculate an effect size estimate and were excluded from
the final analysis. This reduced the sample size of studies
included in this meta-analysis to 18 for measuring correla-
tion between task performance and IQ and 18 papers for
measuring group differences. However, multiple studies
included more than one effect size, so there were 96 avail-
able effect sizes included in the analysis on the associa-
tion between IQ and task performance (n=60 for the ASD
group). There were 52 available effect sizes included in the
data analysis for group differences. See Table 1 for all papers
included in the following analyses.
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Results

Two separate meta-analyses were conducted. The first meta-
analysis investigated the correlation between 1Q and task
performance within ASD and NT samples. The second
meta-analysis estimated a standardized mean difference
(Hedges’ g) for differences in biological motion task perfor-
mance between ASD and NT groups. For the meta-analysis
on mean differences, two pooled effect sizes were calculated,
one for studies that measured accuracy and one for studies
that measured reaction time.

Correlations Between IQ and Biological Motion
Perception

Analytic Strategy

We estimated a pooled effect size for the correlation between
1Q and performance on biological motion tasks for ASD
and NT groups separately. The ASD group included 60
total effect sizes from 18 different studies. The NT included
36 effect sizes from 13 different studies. Effect sizes were
weighted using the inverse variance method (Hartung et al.,
2011). All correlations were adjusted such that positive r
values were associated with better performance. In the case
of reaction time where negative r values meant performance
increasing with IQ, the sign of the r values were inverted.
All analyses were conducted in R version 4.0.0. To cal-
culate the pooled effect size, we used the metacor command
in the package meta. Funnel plots and publication bias were
assessed using the funnelplot and eggers.test command in
the dmetar package. Subgroup analyses were conducted
using the update.meta command in the dmetar package.

Effect Size Estimate

Using a random-effects model, we found a significant rela-
tionship between IQ and biological motion task performance
in the ASD performance [r=0.16, 95% CI (0.06, 0.26)
p=0.003]." There was significant heterogeneity in the data
[0(59)=240.13, p<0.001, P= 75.3%], which justified the
use of a random-effects model. Due to the significant het-
erogeneity, we assessed for the effect of outliers. Outliers
were removed from the meta-analysis using the find.outli-
ers command in the demetar package. An effect size was
deemed an outlier if the 95% CI of the effect size did not

1 We also conducted a fixed effects model to estimate the effect size,
and while it was stronger, it was not significantly different as the two
confidence intervals overlapped [r=0.20, 95% CI (0.16, 0.25)]. Due
to the heterogeneity in the data, we will henceforth only report results
using the random effects model.



4847

Journal of Autism and Developmental Disorders (2022) 52:4843-4860

3
[euon mo
[606L°0 006%°0—1 SOST0 Koemooy -OWR-UON nm..
[euony  yuerjuadrad yuer jusorad #102) 4l
[¥£8L°0 ‘¥e6v 01 OLY1°0 Koemooy -OwR-uUoON (uoney]) OI 9'LL 0/L1 6’11 LI (uoney]) OI 1'6S 0/1¢ €911 1T “Te 30 10501y
[euon
x[960T°1 *L181°0] %L569°0 Kormooy -Owe-uUoON
[euon
[L€80'0— 6201 T—] €£650— Koemooy -OWR-UON
[euon (1102) Te
[€8L€°0:6819°'0—]1 €0TI'0— own uonoeay -Ow-UoON OISd  8°L01 [%4! 'Sl 91 OIsd €121 [%4! 9¢l 91 ukmopioy
[euon (1100
x[0€¥9°0 *8%70°0—] *166C°0 Koenooy -OwR-UoN OISd ¢'¢8 8/18 SCl 68 OISd 7'88 c/6v S¢S ‘Te 39 sauof
+[080€'1- '86T6'C—] «6811°C— Kormooy [euonowy
[euon
[6981°0- 81CS'T—] xE¥S80— Koemooy -OuR-uoN (9002
[euon “®L007)
%[89€0'1- ‘TOLST—] +xS€08'1 — Koemooy -OuwR-uoN 1'86 /8! (SN KA ) | SIVM '96 /8! €YC 61  “TBI91qNH
[euon
[6018°0 “¥129°0—] L¥60°0 Kormodoy -OwR-UoN
[euon
[S0z0°T ‘10201 200€°0 Koemooy -OuR-uoN
[euon
[S026°0 *ST6E0 -] 0v9T’0 Koemaoy -OuwR-uoN
[euon
[2v0T'T #0ST0 -] 69L7°0 Koemooy -OwR-uUoN
[euon
[S015°0:€ST6'0—1  #LOTO— Koemooy -OwR-uoN
[euon
[19L£0:8L£6'0—] 608C0— Koenooy -OwR-UoN (S102)
[F1S¥'0—6cL0C—] +T9C1— Koemaoy [euonowy OSIM  v1°€01 0/81 6091 8I OSIM  6L%01 0/81 ¥S'SI 81 ‘Te 30 oesn)
[euon (6002)
[81%1°0:€09¢'T—] T609°0— Koemooy -OwR-uoN OISd 7901 /21 60c €¢I OISd 9901 vl L9T 91 uosurly
[euon (L102)
[6L€8°0 *¥S6S°0—1 01¢1o Koemooy -OwR-uoN OISd  6°L0T o/1 L'1c  S1 OISd 811 0/S1 £ee Sl Te 30 SRl
[euon
-OWR-UON (ST0T) Te 30
[LL8€°0:6ST6L0—]  #00T0— Koemooy 29 [euonowy OISd 76811 /91 8CC 0T - - ¥/1¢C €CC ST  0SSOID-SHOY
@M @M
oney oney
amseaw O 01 opuan A8V UBQIN N amseaw O 01 Iopuan) 98y UBOIN N
S.ID %56 =3 QINSEBIN w3rpereq ordures qSv odures N Ieok (s)Ioyiny

(5Kq pa)BIIPUI SIAI[INO) SIZIS 109ye pue uonewrioyur juedonied | 3jqel



Journal of Autism and Developmental Disorders (2022) 52:4843-4860

4848

[euon
[80%L0 ‘80%L°0—] 00000 Koemnooy -OwR-UON
[euon
[866€°0 :L¥60'T—] SLYE0— Koemooy -OwR-uoON
[euon
[8,€1°T :009¢°0—1 688¢€°0 Aoemaoy -Owe-uoN
[euon
[66L0°T 9€T¥'0—] Teee0 Koemooy -OwR-UON
[euon
[9080°'T ‘0€1#°0—1 8¢€E0 Koemooy -Ow-uUoON (T102)
[euon olo1y, pue
[Lov1°T 815€°0—] YL6€°0 Kormooy -OwR-UoN OIS 90°LTT 0/l 6C V1 (o) 2 LT1 0/l e vl projreyiny
[euon 9102)
[1509°0 '810L°0—]1 €8%0°0— Koemooy -OwR-UON OI TeqIoA 01 €/S1 199 81 OI TeqIdA  TT'SOT €/S1 1’9 81 e 9 WS
[euon 159) 189}
[1801°0CETIET—] ST090— KoeInooy -OWR-UON  fre[nqeooa AIe[nqeooA
[euon  oot0yo-9[dn oo1oyd-o1dn (9107) Te 10
[289L°0 :2819°0—1 0SL0°0 Koemooy -OWo-UON  -[nw UeWId) 8891 Y/T1 9¢' Iy 91 -[Muuewon J¢¢Cl] 9/01 61°9¢ 91  SynTIop uoa
[euon (9107) 'Te %
«[€8T8T T#¥€°0] %C180°'1 Koemooy -OuR-uoN OISd  S'101 1ZA4! 0¥l 91 OISd 1TTII 4! el Ll [91X0g ueA
[euon
[0¥60°0 928 T—1  €¥¥90— Koemooy -Ow-uoN
[euon
[0L90°0—:889S'T—] 6L180— Aoemooy -OuwR-uoN
[euon (T100)
[c9sc0— 1816'T—] TLETT— Koemooy -OuwR-uoN OITeqIdA #1709 ol iyl vl OITeqIoA  18°LS 0/91 80'v1I 91 ‘Te 10 2dLd
[euon
[0S12°0:82¥€0—1  6£90°0— Koemaoy -OuR-uoN $91008 $2109S
[euon sooLeW sooLIeW (6002)
A[uo sisA[eue [euONe[21100 10§ papn[ouf -ow-uoN  (uoAey) OIS €L'€Y e/el 96'6z 91 (uoaey) OISA  1T9S e/el 0v'9C 91  Te3e Aydmpy
(6102)
[122€°0—'6L68°0—]1 STI90— Koemooy [euonowry OISd  6'801 11/26 8T €01 OISd 8T9T1 L1/¥8 LI'¥YC S6 'Te 39 UOSLLION
[euon
[12€1°0—6206'T—] SLIOT— Aoemaoy -OwR-UoN OIsd l6 ¥/9 96’8 01 OISd 69111 9/L w6 ¢l
[euon (6100)
[888S°T -L0€T°0—] 16L9°0 Koemooy -OwR-UON OISd  STIT €/S 1701 8 OISd 69111 9/L we ¢l ‘Te 39 I0pur]
(d/m) @M
oney oney
amseaw O O1 Iopuon) 93y UBAIN N amseaw O O1 Iopuon) 93y UBAN N
S.ID %56 =3 QINSEBAN w3ipered ordures qSv orduwres IN Ieok (s)Ioyny

(ponunuoo) | sjqey

pringer

Qs



4849

Journal of Autism and Developmental Disorders (2022) 52:4843-4860

[euon  yuerjuoorad (¥100)
[8718°0 *8991'0—1 OPL1'0 QWL uonsesy -OwR-uUoN (uAey) 01  9'LL 0/L1 6’11 LI 1'6S 0/1¢ €911 IT e 10801y
[euon
[2608°0 ‘zS91'0 -1 0CLT0 Koemooy -OwR-uoN
[euon (0202) B 10
[2L9L°0 *1905°0 -] SOET0 Koemooy -OwL-UoON OIS €101 9/€1 SI'vl 6l 867601 11/8 €6l o6l Sturureresy
[euon
#[SS0T'T—:8889C—] «TLV6'T— Koemooy -Owe-uoN
#[TLES0— V658 T—] +T86T'T— Koemooy [euonowy
«[T9€5°0— 7868 T—] +TLOT'T— Koemooy [euonowry
[euon
6vC1'0—:69%CT—]1 6589°0— Koemooy -OwR-uoN
[€L10°0—"T6CT'T—] €€LS°0— Koemooy [euonowry
[9czr0—"vr¥c1-1 S€89°0— Koemooy [euonowry OIAN 91°011 vy 886 ST OIAN 001 el 188 LT
[e1LTT0LY1°0] 160L°0 wn uonseay [euonowry
[SL8L°T:C9L10 ] 0CEL'[  Qun uonoesy [euonowry
[£019°T *152€°0] 6L96°0 Swn uonseay [euonowry
[+061°T *S€L00] 61€9°0 own uonseay [euonowry
[¥8ST'T “1¥¥0°0] C109°0 own uonsesay [euonowry (0202
[LEEST “28ST 0] 0968°0 Quwn uonoesy [euonowry OIAN L8P 7! eeer Ll OIAN (181 el I8'8 LT ‘[B191UOZZEN
[euon
«[06VT Y *€P20T]  %99€1°C SWILY, UONIRIY -Ouwe-uoN OI1Sd  T'101 a/el 981 &I OI1Sd  1°CI1 /el 9'81 ST (8007) Seirery
@m) A@m
oney oney
amseaw O O1 Iopuon) 93y UBAIN N amseaw O O1 Iopuon) 93y UBAN N
S.ID %56 =3 QINSEBAN w3ipered ordures qSv orduwres IN Ieok (s)Ioyny

(ponunuoo) | sjqey

pringer

a's



4850

Journal of Autism and Developmental Disorders (2022) 52:4843-4860

overlap with the 95% CI of the pooled effect size. Using this
method, 15 outliers were identified and removed. The new
pooled effect size was stronger than the original effect size
[r=0.27,95% CI (0.21, 0.33), p <0.001]. The heterogene-
ity in the data was no longer significant once outliers were
removed [Q(44)=48.62, p=0.29, ’=7.5%).

A separate random-effects model was conducted to assess
the relationship between IQ and biological motion task per-
formance in the NT group. A significant pooled correla-
tion was found [r=0.14, 95% CI (0.04, 0.24), p =0.009].2
Similar to the ASD data, there was significant heterogene-
ity in our sample of effect sizes [Q(35)=85.27, p <0.001,
I?=59.0%). Again, we assessed the effect of outliers using
the same method as with the ASD data. Only one outlier
was identified and removed from the data. Similar to the
ASD data, the new effect size was stronger than the original
[r=0.17,95% CI (0.08, 0.25), p < 0.001]. There was still sig-
nificant heterogeneity in the data, but it was reduced once the
outlier was removed [Q(34)=51.23, p=0.03, >=33.6%].
See Fig. 2a and b for a forest plot of all correlations between
1Q and effect size in the ASD and NT group, respectively.
Forest plots were created using the forest command in the
metafor package in R 4.0.0.

Publication Bias

To gauge the presence of a publication bias we created a
funnel plot for the effect sizes in the ASD group (Fig. 3). We
conducted an Egger's test (Egger et al., 1997) to determine
the presence of asymmetry in the funnel plot. In the presence
of publication bias, the plot would show a higher concentra-
tion of studies on one side of the mean, indicating the cur-
rent study includes studies with an imbalanced distribution
of effect sizes. Egger’s test revealed no significant asymme-
try in the funnel plot (intercept=— 0.92, p=0.16). Nonethe-
less, when looking at the funnel plot, there did appear to be
some asymmetry, with more effect sizes on the bottom left
corner outside of the funnel. To ensure that publication bias
was not explaining our results, we implemented Duval and
Tweedie’s (2000) trim-and-fill method. However, the trim-
and-fill method suggested no additions, indicating that the
effect size of r=0.27 is likely accurate even when consider-
ing publication bias.

We created a second funnel plot for the NT group
(Fig. 4a). We conducted an Egger’s test, and again, the Egg-
er’s test revealed no significant asymmetry in the funnel plot
(intercept=1.51, p=0.14). However, again, the funnel plot

2 Again, we conducted a fixed-effects model to compare [r=0.12,
95% CI (0.05, 0.18)]. Just like with the model using ASD data, there
was no significant difference between the random- and fixed-effects
models. Due to the heterogeneity of the data, we only report results
using the random effects model.
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did appear asymmetric, in this case on the outside the right
side of the funnel. We implemented Duval and Tweedie’s
(2000) trim-and-fill method. This time, the trim-and-fill
method suggested 6 additional effect sizes. Once accounting
for these additional effect sizes, the new pooled effect size
was much weaker, and no longer significant [r=0.06, 95%
CI (- 0.04, 0.17), p=0.25]. A new funnel plot was created
with the new effect sizes (see Fig. 4b).

Effect of Emotions

A secondary question of this first meta-analysis was whether
the relationship between IQ and biological motion percep-
tion would be stronger for ASD participants in biological
motion tasks that required emotion perception compared to
non-emotional biological motion tasks, including detection
of the walker, perceiving direction and perceiving an action.
Prior to analysis, all effect sizes were coded as either: emo-
tional (n=17), non-emotional (n=42), or mixed (n=1). The
1 study labeled “mixed” was not included in this analysis,
leaving 59 effect sizes. Emotionality had no significant mod-
erating effect on the relationship between IQ and biological
motion task performance [Q(1)=0.51, p=0.47]. However,
when assessing the effect size within emotion subgroups,
only the emotional subgroup pooled effect size was signifi-
cant [r=0.21, 95% CI (0.10, 0.32)*] despite it including
fewer studies. The pooled effect size in the non-emotional
tasks had a confidence interval that crossed zero, indicating
non-significance [r=0.15, 95% CI (— 0.004, 0.29)].

Difference in Performance Between Observers With
and Without ASD

Analytic Strategy

We estimated a pooled effect size for the differences in
biological motion task performance between ASD and NT
groups. We estimated two pooled effect sizes, one for studies
measuring accuracy and one for studies measuring reaction
time. For accuracy, 39 effect sizes were included from 17
different studies in the final meta-analysis. For reaction time,
9 effect sizes were included from 5 studies. All analyses
were conducted using random-effects models.

All analyses were conducted in R version 4.0.0. To cal-
culate the pooled effect sizes, we used the metacont com-
mand in the package meta. Funnel plots and publication bias
were assessed using the funnelplot and eggers.test command

3 Unfortunately, the update.meta function does not provide p values
for the effect sizes within each subgroup so a confidence interval has
been used instead to indicate significance.
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Fig.2 (continued)
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in the dmetar package. Subgroup analyses were conducted
using the update.meta command in the dmetar package.

Effect Size Estimates

For accuracy data, we estimated a significant pooled effect
size of [g=— 0.30, 95% CI (- 0.50, — 0.011), p=0.0025]
comparing ASD groups to NT groups on accuracy-based
biological motion perception tasks. There was significant
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heterogeneity in the model [Q(42)=177.48, p <0.001,
= 76.3%]. As such, we assessed for the effect of outliers.
Outliers were removed from the meta-analysis using the
find.outliers command in the demetar package. An effect
size was deemed an outlier if the 95% CI of the effect size
did not overlap with the 95% CI of the pooled effect size.
Using this method, 8 outliers were identified and removed.
The new recalculated pooled effect size was still significant
[¢=-10.22,95% CI (- 0.37, — 0.06), p=0.0061]. There was
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Fig. 3 Funnel plot displays the
effect sizes in relation to their
standard error for the relation-
ship between IQ and BM task
performance in the ASD group.
The pooled effect size from the
random effect analysis is indi-
cated by the vertical line. The
X-axis represents Pearson’s r
values, and the y-axis represents
the standard error of the effect =
sizes .

0.00
|

0.0
|

Standard Eror

025 0.20
| |

030
|

still significant heterogeneity in the model although it was
markedly reduced [Q(34)=70.16, p=0.0003, P=51.5%].

For RT data, we estimated a significant pooled effect size
of [g=0.80, 95% CI (0.37, 1.23), p=0.003] comparing ASD
groups to NT groups. There was significant heterogeneity
in the model [Q(8)=34.14, p <0.001, P= 76.6%]. As such,
we assessed for the effect of outliers. Outliers were removed
from the meta-analysis using the find.outliers command in
the demetar package. An effect size was deemed an outlier
if the 95% CI of the effect size did not overlap with the 95%
CI of the pooled effect size. Using this method, 1 outlier
was identified and removed. The new recalculated pooled
effect size was still significant [g =0.60, 95% CI (0.30, 0.90),
p <0.001]. There was still significant heterogeneity in the
model although it was markedly reduced [Q(7)=14.42,
p=0.044, =51.5%]. See Fig. 5a and b for a forest plot
of all calculated effect sizes measuring group differences.
Forest plots were created using the forest command in the
metafor package in R 4.0.0.

T T
0.0 0.5

Pearson'sr

Moderating Variables
Accuracy

Task stimuli, age, and gender were examined as potential
moderating variables on BM accuracy. There was not enough
data regarding race or socio-economic status to include in
these analyses. Prior to the analysis, all effect sizes were
coded as either: emotional (n=7) or non-emotional (n=35)
for task stimuli. One other effect size was identified as both
and was not included in the analyses. Using a random effects
model, testing for subgroup differences between emotional
and non-emotional task type performance on group differ-
ences revealed a significant moderating effect [Q(2)=16.82,
p=0.002]. Group differences were larger on emotional tasks
[g=- 1.01, 95% CI (- 1.37; — 0.65)] compared to non-
emotional tasks [g=— 0.15, 95% CI (- 0.35, 0.06)]. There
was no significant moderating effect of age on accuracy
(b=0.0047, SE=0.012, p=0.69) nor the gender ratio in the
ASD group on accuracy performance for the ASD group
(b=-0.08, SE=0.80, p=0.92).
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Fig.4 a Funnel plot displays
the effect sizes in relation to
their standard error for the
relationship between 1Q and
BM task performance in the NT
group. The pooled effect size
from the random effect analysis
is indicated by the vertical line.
The x-axis represents Pear-
son’s r values, and the y-axis
represents the standard error

of the effect sizes. b Funnel

plot displays the effect sizes in
relation to their standard error
for the relationship between 1Q
and BM task performance in the
NT group after the addition of 6
effect sizes by the trim-and-fill
method. Added effect sizes are
circled in red. The pooled effect
size from the random effect
analysis is indicated by the
vertical line. The x-axis repre-
sents Pearson’s r values, and the
y-axis represents the standard
error of the effect sizes
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Fig.5 a Forest plot showing
effect sizes distribution for BM
accuracy. b Forest plot showing
effect sizes distribution for BM
RT

a Forest plot showing effect sizes distribution for BM accuracy
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Reaction Time

The same moderating variables were assessed with respect
to reaction time. Prior to the analysis, all effect sizes were
coded as either emotional (n=6) or non-emotional (n=3).
There was no significant moderating effect of the emotion
on differences in RT performance [Q(1)=0.05, p=0.82].
There was a significant moderating effect of the gender ratio
in the ASD group on accuracy performance for the ASD
group (b=8.69, SE=4.03, p=0.03), as the female propor-
tion increased, performance was slower. There was no sig-
nificant moderating effect of age on the RT of biological
motion tasks (b=0.16, SE=0.09, p=0.08).

Publication Bias
Accuracy

To evaluate the possibility of publication bias for the effect
of accuracy on biological motion tasks, we created a fun-
nel plot and performed an Egger’s test (Egger et al., 1997),
using a random effects model. From the visual distribution
it is evident that the effect sizes are fairly evenly distributed.
The Egger’s test of the intercept did not indicate the pres-
ence of funnel plot asymmetry (intercept=— 0.76, p =0.46)
(see Fig. 6).

Reaction Time

While evaluating publication bias for the effect of RT on
biological motion tasks, a funnel plot was created, and
an Egger’s test was conducted. RT effect sizes were com-
pared against standard error (see Fig. 7a). The Egger’s test
of the intercept again indicated the presence of funnel plot
asymmetry (intercept=9.62, p <0.001) (See Fig. 7a). We
implemented Duval and Tweedie’s (2000) trim-and-fill
method. This time, the trim-and-fill method suggested two
additional effect sizes. Once accounting for these additional
effect sizes, the new pooled effect size remained significant
[0(10)=61.03, p<0.001, I*=83.6%]. A new funnel plot
was created with the new effect sizes (see Fig. 7b).

Discussion

Autism spectrum disorder (ASD) is diagnosed when evi-
dence of deficits in social communication and restricted
repetitive behavior are evident in a standardized diagnos-
tic instrument (American Psychiatric Association, 2013;
Lord et al., 2012). Since social cognitive deficits in ASD
may be rooted in social perception, many studies have been
designed to test for group differences in performance on
tasks that require social perception, including point-light
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walker displays of biological motion. The assumption is that
differences in accuracy or reaction time are a good test of
underlying psychological differences. This assumption may
be problematic, since group differences in reaction time are
evident in a wide variety of laboratory tasks, and group dif-
ferences could, theoretically, be explained in a number of
ways, including differences in attention, motivation, or an
understanding of the task. Control conditions are sometimes
included and are helpful in selecting among hypotheses.

A more effective approach to testing whether people with
and without ASD engage in biological motion tasks differ-
ently is to measure the association between task performance
and IQ and compare these associations across groups. In
neurotypical groups, there is evidence suggesting that the
perception of biological motion automatically engages spe-
cialized perceptual mechanisms (Grossman et al., 2000;
Rutherford, 2013; Troje & Westhoff, 2006; Wheaton et al.,
2001). One would not expect IQ to predict performance on a
task that primarily relies on a specialized mechanism in the
visual system, and we did not find a reliable association in
the neurotypical group, once publication bias was corrected
for. In contrast, if such a social perceptual mechanism is
underdeveloped or underperforms in the ASD group, these
observers might recruit other cognitive or perceptual strate-
gies when performing the task. This would predict an asso-
ciation with IQ, even in the absence of group differences
in accuracy or reaction time. Our meta-analysis revealed a
reliable association between IQ and performance on biologi-
cal motion tasks, suggesting a difference in how people with
and without ASD solve such tasks.

The relationship between 1Q and BM perception was sig-
nificant in studies that required emotion perception, but not
when only studies that did not require emotion perception
were considered, despite the latter group of studies including
more effect sizes. Individuals with ASD may rely on heuris-
tics and higher-order strategies especially when required to
perceive emotional content in a point-light walker display.
This is not the first indication that emotionally based biologi-
cal motion tasks are more difficult than non-emotional tasks
among observers with ASD (Federici et al., 2020; Hubert
et al., 2007a, 2007b; Saygin et al., 2010; Walsh et al., 2016).
Emotion perception may be especially difficult for observers
with ASD.

Across the studies we reviewed, we also found group
differences in performance. We found a small but statisti-
cally significant effect size for the differences in accuracy
between ASD and NT participants on biological motion
tasks. Those with ASD were less accurate on biological
motion perception tasks than NT controls. There was also
a significant medium effect size for reaction time between
the two groups, where individuals with ASD had longer
RT on biological motion perception tasks than NT con-
trols. These findings suggest that individuals with ASD
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Fig.6 Funnel plot evaluating
the possibility of a publication
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may have more difficulty with biological motion process-
ing than NT individuals. Our pooled effect sizes are simi-
lar to a previous meta-analysis which also indicated that
individuals with ASD struggle with biological motion

perception (Van der Hallen et al., 2019), and another recent
meta-analysis reported an even larger overall effect size in
differences between individuals with ASD and NT controls
on biological motion tasks (Todorova et al., 2019). The
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a Funnel plot evaluating the possibility of a publication bias for the effect of RT on BM.

Standard Error

Hedges g

b Funnel plot for the effect of RT on BM after trim and fill method applied.

o
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Fig.7 a Funnel plot evaluating the possibility of a publication bias
for the effect of RT on BM. b Funnel plot for the effect of RT on BM
after trim and fill method applied
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current results also concur with both Annaz and colleagues
(2010) and Nackaerts and colleagues (2012) who report
that NT observers have higher accuracy and faster reac-
tion times when engaged in biological motion perception.

Observers with ASD often show poorer performance
compared to NT individuals on behavioral tasks that
require emotion perception (Hubert et al., 2007a, 2007b;
Kriiger et al., 2018; Saygin et al., 2010). Because the per-
ception of emotional states based on point-light walker
displays may be a particular challenge to observers with
ASD, we tested for whether the task included an emo-
tional component predicted a contrast in performance.
We found that stimuli type (i.e., emotion vs. non-emo-
tion) moderated the effect size for group differences in
accuracy. Individuals with ASD performed on par with
NT individuals on non-emotional tasks, but significantly
worse on emotional biological motion tasks. These results
further suggest that the deficits in biological motion per-
ception in the ASD group may be dependent on whether
emotion perception is required. This result is concurrent
with previous research that report differences between
ASD and NT groups in biological motion emotion percep-
tion rather than biological motion action perception tasks
(Federici et al., 2020; Huber et al., 2007a, 2007b; Saygin
etal., 2010, Walsh et al., 2016). Similarly, Saygin and col-
leagues (2010) reported that deficits in biological motion
perception are dependent on task type, and individuals
with ASD have impaired emotion perception rather than
other forms of biological motion perceptual processing.
Todorova and colleagues (2019) also reported that groups
with ASD exhibit poorer performance when emotional
stimuli are used in biological motion processing tasks.

Our meta-analysis revealed no moderating relationship
between gender ratio and age of the ASD group and effect
size differences in accuracy. We also found no moderating
effect of age on effect size differences in reaction time but
did find a significant moderating effect of gender. The recent
meta-analysis reported by Todorova and colleagues (2019)
similarly did not find gender to be a moderating variable
when accuracy was the dependent variable, but the current
study did find a moderating effect for gender when reaction
time was the dependent variable. Due to the small number of
studies used to calculate the effect sizes, it is difficult to draw
strong conclusions from this finding. For age, Todorova and
colleagues (2019) previously reported that differences in
ASD and NT performance on biological motion tasks sig-
nificantly decreases with age of the ASD group: the effect is
strongest among children, diminishes into adolescence, and
is not robust in adults. The inconsistency between our meta-
analysis and Todorova et al. (2019) may be due differences
in age ranges obtained and warrants future study from other
meta-analyses or experimental papers.
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Conclusion

This meta-analysis reveals significant differences between
biological perception in individuals with and without ASD,
and strongly suggests psychological differences in how
these tasks are performed. IQ is not a robust predictor of
performance on biological motion tasks among neurotypi-
cal observers but is a significant predictor of performance
in samples with ASD. Our findings revealed that the ASD
group had a lower accuracy on biological motion perception
tasks than the NT group as well as slower RT. It may be that
those with ASD rely less on specialized visual processing
when perceiving biological motion and need to use other
perceptual and cognitive strategies.

Acknowledgments We thank Vinicius Koehler for his assistance with
resolving discrepancies in data collection.

Author Contributions MDR formulated the research question and pre-
dictions. ZK and SL performed the systemic review and acquired data
from published studies under the supervision of VF, and using screen-
ing criteria crafted by VF. HS conducted data analyses. MDR drafted
the manuscript, and VF and HS edited the manuscript.

Declarations

Conflict of interest We hereby confirm that we have no potential con-
flict of interest to report.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Actis-Grosso, R., Bossi, F., & Ricciardelli, P. (2015). Emotion rec-
ognition through static faces and moving bodies: A comparison
between typically developed adults and individuals with high level
of autistic traits. Frontiers in Psychology. https://doi.org/10.3389/
fpsyg.2015.01570

Alaerts, K., Swinnen, S. P., & Wenderoth, N. (2017). Neural processing
of biological motion in autism: An investigation of brain activity
and effective connectivity. Scientific Reports, 7(1), 5612. https://
doi.org/10.1038/541598-017-05786-z

Alaerts, K., Woolley, D. G., Steyaert, J., Di Martino, A., Swinnen, S.
P., & Wenderoth, N. (2014). Underconnectivity of the superior
temporal sulcus predicts emotion recognition deficits in autism.
Social Cognitive and Affective Neuroscience, 9(10), 1589-1600.

American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (DSM-5®). American Psychiatric
Pub.

Annaz, D., Campbell, R., Coleman, M., Milne, E., & Swettenham,
J. (2012). Young children with autism spectrum disorder do not
preferentially attend to biological motion. Journal of Autism and
Developmental Disorders, 42(3), 401-408.

Annaz, D., Remington, A., Milne, E., Coleman, M., Campbell, R.,
Thomas, M. S. C., & Swettenham, J. (2010). Development of
motion processing in children with autism. Developmental Sci-
ence, 13(6), 826—838. https://doi.org/10.1111/j.1467-7687.2009.
00939.x

Atkinson, A. P. (2009). Impaired recognition of emotions from
body movements is associated with elevated motion coherence
thresholds in autism spectrum disorders. Neuropsychologia,
47(13), 3023-3029. https://doi.org/10.1016/j.neuropsycholo-
£1a.2009.05.019

Blake, R., & Shiffrar, M. (2007). Perception of human motion.
Annual Review of Psychology, 58(1), 47-73. https://doi.org/
10.1146/annurev.psych.57.102904.190152

Blake, R., Turner, L. M., Smoski, M. J., Pozdol, S. L., & Stone, W.
L. (2003). Visual recognition of biological motion is impaired
in children with autism. Psychological Science, 14(2), 151-157.
https://doi.org/10.1111/1467-9280.01434

Brownlow, S., Dixon, A. R., Egbert, C. A., & Radcliffe, R. D. (1997).
Perception of movement and dancer characteristics from point-
light displays of dance. The Psychological Record, 47(3), 411-
422. https://doi.org/10.1007/BF03395235

Cusack, J. P., Williams, J. H., & Neri, P. (2015). Action perception
is intact in autism spectrum disorder. Journal of Neuroscience,
35(5), 1849-1857.

Cutting, J. E., & Kozlowski, L. T. (1977). Recognizing friends by their
walk: Gait perception without familiarity cues. Bulletin of the
Psychonomic Society, 9(5), 353-356. https://doi.org/10.3758/
BF03337021

Duval, S., & Tweedie, R. (2000). Trim and fill: A simple funnel-plot—
based method of testing and adjusting for publication bias in meta-
analysis. Biometrics, 56(2), 455-463.

Egger, M., Smith, G. D., Schneider, M., & Minder, C. (1997). Bias
in meta-analysis detected by a simple, graphical test. BMJ,
315(7109), 629-634. https://doi.org/10.1136/bm;j.315.7109.629

Farah, M. J., Tanaka, J. W., & Drain, H. M. (1995). What causes the
face inversion eftect? Journal of Experimental Psychology, 21(3),
628.

Federici, A., Parma, V., Vicovaro, M., Radassao, L., Casartelli, L., &
Ronconi, L. (2020). Anomalous perception of biological motion in
autism: A conceptual review and meta-analysis. Scientific Reports,
10(1), 4576. https://doi.org/10.1038/s41598-020-61252-3

Freitag, C. M., Konrad, C., Hiberlen, M., Kleser, C., von Gontard, A.,
Reith, W., Troje, N. F., & Krick, C. (2008). Perception of bio-
logical motion in autism spectrum disorders. Neuropsychologia,
46(5), 1480-1494. https://doi.org/10.1016/j.neuropsychologia.
2007.12.025

Grossman, E., Donnelly, M., Price, R., Pickens, D., Morgan, V.,
Neighbor, G., & Blake, R. (2000). Brain areas involved in per-
ception of biological motion. Journal of Cognitive Neurosci-
ence, 12(5), 711-720.

Hartung, J., Knapp, G., & Sinha, B. K. (2011). Statistical meta-
analysis with applications (Vol. 738). New York: Wiley.

Hubert, B., Wicker, B., Moore, D. G., Monfardini, E., Duverger,
H., Da Fonséca, D., & Deruelle, C. (2007a). Brief report: Rec-
ognition of emotional and non-emotional biological motion in
individuals with autistic spectrum disorders. Journal of Autism
and Developmental Disorders, 37(7), 1386—1392. https://doi.
org/10.1007/s10803-006-0275-y

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fpsyg.2015.01570
https://doi.org/10.3389/fpsyg.2015.01570
https://doi.org/10.1038/s41598-017-05786-z
https://doi.org/10.1038/s41598-017-05786-z
https://doi.org/10.1111/j.1467-7687.2009.00939.x
https://doi.org/10.1111/j.1467-7687.2009.00939.x
https://doi.org/10.1016/j.neuropsychologia.2009.05.019
https://doi.org/10.1016/j.neuropsychologia.2009.05.019
https://doi.org/10.1146/annurev.psych.57.102904.190152
https://doi.org/10.1146/annurev.psych.57.102904.190152
https://doi.org/10.1111/1467-9280.01434
https://doi.org/10.1007/BF03395235
https://doi.org/10.3758/BF03337021
https://doi.org/10.3758/BF03337021
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1038/s41598-020-61252-3
https://doi.org/10.1016/j.neuropsychologia.2007.12.025
https://doi.org/10.1016/j.neuropsychologia.2007.12.025
https://doi.org/10.1007/s10803-006-0275-y
https://doi.org/10.1007/s10803-006-0275-y

4860

Journal of Autism and Developmental Disorders (2022) 52:4843-4860

Hubert, B., Wicker, B., Moore, D. G., Monfardini, E., Duverger,
H., Da Fonseca, D., & Deruelle, C. (2007b). Brief report: Rec-
ognition of emotional and non-emotional biological motion in
individuals with autistic spectrum disorders. Journal of Autism
and Developmental Disorders, 37(7), 1386—1392.

Johansson, G. (1973). Visual perception of biological motion and
a model for its analysis. Perception & Psychophysics, 14(2),
201-211. https://doi.org/10.3758/BF03212378

Jones, C. R. G., Swettenham, J., Charman, T., Marsden, A. J. S.,
Tregay, J., Baird, G., Simonoff, E., & Happé, F. (2011). No
evidence for a fundamental visual motion processing deficit in
adolescents with autism spectrum disorders. Autism Research,
4(5), 347-357. https://doi.org/10.1002/aur.209

Karaminis, T., Arrighi, R., Forth, G., Burr, D., & Pellicano, E.
(2020). Adaptation to the speed of biological motion in autism.
Journal of Autism and Developmental Disorders, 50(2), 373—
385. https://doi.org/10.1007/s10803-019-04241-4

Koldewyn, K., Whitney, D., & Rivera, S. M. (2010). The psycho-
physics of visual motion and global form processing in autism.
Brain, 133(Pt 2), 599-610. https://doi.org/10.1093/brain/
awp272

Koldewyn, K., Whitney, D., & Rivera, S. M. (2011). Neural correlates
of coherent and biological motion perception in autism. Develop-
mental Science, 14(5), 1075-1088.

Kroger, A., Bletsch, A., Krick, C., Siniatchkin, M., Jarczok, T. A., Fre-
itag, C. M., & Bender, S. (2014). Visual event-related potentials
to biological motion stimuli in autism spectrum disorders. Social
Cognitive and Affective Neuroscience, 9(8), 1214-1222. https://
doi.org/10.1093/scan/nst103

Kriiger, B., Kaletsch, M., Pilgramm, S., Schwippert, S.-S., Hennig,
J., Stark, R., Lis, S., Gallhofer, B., Sammer, G., Zentgraf, K., &
Munzert, J. (2018). Perceived intensity of emotional point-light
displays is reduced in subjects with ASD. Journal of Autism and
Developmental Disorders, 48(1), 1-11. https://doi.org/10.1007/
$10803-017-3286-y

Lindor, E. R., van Boxtel, J. J. A, Rinehart, N. J., & Fielding, J. (2019).
Motor difficulties are associated with impaired perception of inter-
active human movement in autism spectrum disorder: A pilot
study. Journal of Clinical and Experimental Neuropsychology,
41(8), 856-874. https://doi.org/10.1080/13803395.2019.1634181

Lord, C., Rutter, M., DiLavore, P., Risi, S., Gotham, K., & Bishop,
S. (2012). Autism diagnostic observation schedule—2nd edition
(ADOS-2) (p. 284). Western Psychological Corporation.

Mazzoni, N., Landi, I., Ricciardelli, P., Actis-Grosso, R., & Venuti,
P. (2020). Motion or emotion? Recognition of emotional bodily
expressions in children with autism spectrum disorder with and
without intellectual disability. Frontiers in Psychology, 11, 478.

Morrison, K. E., Pinkham, A. E., Kelsven, S., Ludwig, K., Penn, D.
L., & Sasson, N.J. (2019). Psychometric evaluation of social cog-
nitive measures for adults with autism. Autism Research, 12(5),
766-778. https://doi.org/10.1002/aur.2084

Murphy, P., Brady, N., Fitzgerald, M., & Troje, N. F. (2009). No evi-
dence for impaired perception of biological motion in adults with
autistic spectrum disorders. Neuropsychologia, 47(14), 3225—
3235. https://doi.org/10.1016/j.neuropsychologia.2009.07.026

Nackaerts, E., Wagemans, J., Helsen, W., Swinnen, S. P., Wenderoth,
N., & Alaerts, K. (2012). Recognizing Biological motion and
emotions from point-light displays in autism spectrum disorders.
PLoS ONE, 7(9), e44473. https://doi.org/10.1371/journal.pone.
0044473

Pavlova, M. A. (2012). Biological motion processing as a hallmark of
social cognition. Cerebral Cortex, 22(5), 981-995. https://doi.org/
10.1093/cercor/bhr156

Price, K. J., Shiffrar, M., & Kerns, K. A. (2012). Movement percep-
tion and movement production in Asperger’s Syndrome. Research

@ Springer

in Autism Spectrum Disorders, 6(1), 391-398. https://doi.org/10.
1016/j.rasd.2011.06.013

Rutherford, M. D. (2013). Evidence for specialized perception of ani-
mate motion. Social Perception, 2013, 115-138.

Rutherford, M. D., & Troje, N. F. (2012). IQ predicts biological motion
perception in autism spectrum disorders. Journal of Autism and
Developmental Disorders, 42(4), 557-565. https://doi.org/10.
1007/s10803-011-1267-0

Saygin, A. P., Cook, J., & Blakemore, S.-J. (2010). Unaffected per-
ceptual thresholds for biological and non-biological form-from-
motion perception in autism spectrum conditions. PLoS ONE,
5(10), e13491. https://doi.org/10.1371/journal.pone.0013491

Simion, F., Regolin, L., & Bulf, H. (2008). A predisposition for bio-
logical motion in the newborn baby. Proceedings of the National
Academy of Sciences, 105(2), 809-813. https://doi.org/10.1073/
pnas.0707021105

Todorova, G. K., Hatton, R. E. M., & Pollick, F. E. (2019). Biologi-
cal motion perception in autism spectrum disorder: A meta-
analysis. Molecular Autism, 10, 49. https://doi.org/10.1186/
$13229-019-0299-8

Troje, N. F., & Westhoff, C. (2006). The inversion effect in biological
motion perception: Evidence for a “life detector”? Current Biol-
ogy, 16(8), 821-824.

Vaina, L. M., & Giese, M. A. (2002). Biological motion: Why some
motion impaired stroke patients “can” while others “can’t” rec-
ognize it? A computational explanation. Journal of Vision, 2(7),
332-332.

Vaina, L. M., Lemay, M., Bienfang, D. C., Choi, A. Y., & Nakayama,
K. (1990). Intact “biological motion” and “structure from motion”
perception in a patient with impaired motion mechanisms: A case
study. Visual Neuroscience, 5(4), 353-369.

van Boxtel, J. J. A, Dapretto, M., & Lu, H. (2016). Intact recognition,
but attenuated adaptation, for biological motion in youth with
autism spectrum disorder. Autism Research, 9(10), 1103-1113.

Van der Hallen, R., Manning, C., Evers, K., & Wagemans, J. (2019).
Global motion perception in autism spectrum disorder: A meta-
analysis. Journal of Autism and Developmental Disorders, 49(12),
4901-4918. https://doi.org/10.1007/s10803-019-04194-8

von der Liihe, T., Manera, V., Barisic, 1., Becchio, C., Vogeley, K., &
Schilbach, L. (2016). Interpersonal predictive coding, not action
perception, is impaired in autism. Philosophical Transactions of
the Royal Society of London. https://doi.org/10.1098/rstb.2015.
0373

Walsh, J. A., Creighton, S. E., & Rutherford, M. D. (2016). Emotion
perception or social cognitive complexity: What drives face pro-
cessing deficits in autism spectrum disorder? Journal of Autism
and Developmental Disorders, 46(2), 615-623. https://doi.org/10.
1007/510803-015-2606-3

Wang, L.-H., Chien, S.H.-L., Hu, S.-F., Chen, T.-Y., & Chen, H.-S.
(2015). Children with autism spectrum disorders are less profi-
cient in action identification and lacking a preference for upright
point-light biological motion displays. Research in Autism Spec-
trum Disorders, 11, 63-76. https://doi.org/10.1016/j.rasd.2014.
12.004

Wheaton, K. J., Pipingas, A., Silberstein, R. B., & Puce, A. (2001).
Human neural responses elicited to observing the actions of oth-
ers. Visual Neuroscience, 18(3), 401.

Wright, K., Kelley, E., & Poulin-Dubois, D. (2016). Biological motion
and the animate—inanimate distinction in children with high-func-
tioning autism spectrum disorder. Research in Autism Spectrum
Disorders, 25, 1-11. https://doi.org/10.1016/j.rasd.2016.01.005

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.3758/BF03212378
https://doi.org/10.1002/aur.209
https://doi.org/10.1007/s10803-019-04241-4
https://doi.org/10.1093/brain/awp272
https://doi.org/10.1093/brain/awp272
https://doi.org/10.1093/scan/nst103
https://doi.org/10.1093/scan/nst103
https://doi.org/10.1007/s10803-017-3286-y
https://doi.org/10.1007/s10803-017-3286-y
https://doi.org/10.1080/13803395.2019.1634181
https://doi.org/10.1002/aur.2084
https://doi.org/10.1016/j.neuropsychologia.2009.07.026
https://doi.org/10.1371/journal.pone.0044473
https://doi.org/10.1371/journal.pone.0044473
https://doi.org/10.1093/cercor/bhr156
https://doi.org/10.1093/cercor/bhr156
https://doi.org/10.1016/j.rasd.2011.06.013
https://doi.org/10.1016/j.rasd.2011.06.013
https://doi.org/10.1007/s10803-011-1267-0
https://doi.org/10.1007/s10803-011-1267-0
https://doi.org/10.1371/journal.pone.0013491
https://doi.org/10.1073/pnas.0707021105
https://doi.org/10.1073/pnas.0707021105
https://doi.org/10.1186/s13229-019-0299-8
https://doi.org/10.1186/s13229-019-0299-8
https://doi.org/10.1007/s10803-019-04194-8
https://doi.org/10.1098/rstb.2015.0373
https://doi.org/10.1098/rstb.2015.0373
https://doi.org/10.1007/s10803-015-2606-3
https://doi.org/10.1007/s10803-015-2606-3
https://doi.org/10.1016/j.rasd.2014.12.004
https://doi.org/10.1016/j.rasd.2014.12.004
https://doi.org/10.1016/j.rasd.2016.01.005

	Distinct Biological Motion Perception in Autism Spectrum Disorder: A Meta-Analysis
	Abstract
	Introduction
	Biological Motion Perception
	Biological Motion Perception Among Individuals with ASD
	Does IQ Predict Performance on Biological Motion Perception Tasks for Those with ASD?
	Current Study

	Methods
	Literature Search and Inclusion Criteria
	Coding
	Data Extraction

	Results
	Correlations Between IQ and Biological Motion Perception
	Analytic Strategy
	Effect Size Estimate
	Publication Bias
	Effect of Emotions

	Difference in Performance Between Observers With and Without ASD
	Analytic Strategy
	Effect Size Estimates

	Moderating Variables
	Accuracy
	Reaction Time

	Publication Bias
	Accuracy
	Reaction Time


	Discussion
	Conclusion
	Acknowledgments 
	References




