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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 IQ. 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 IQ 
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 IQ. 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 

this were the case, performance would be predicted by IQ, 
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 

perception, then one would no more expect an association 
with IQ than one would expect an association between IQ 
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 
IQ. 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 IQ 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: PsychInfo (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 PsychInfo, 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 PsychInfo, 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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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.

Results

Two separate meta-analyses were conducted. The first meta-
analysis investigated the correlation between IQ 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 
IQ 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].1 There was significant heterogeneity in the data 
[Q(59) = 240.13, p < 0.001, I2 = 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 

Papers identified in initial search 
n=1139

Excluded based on criteria 
n = 779

Papers added for correlation 
meta-analysis

n = 1

Total short list
n= 32

Excluded articles based on 
unavailable data

n = 13

Articles included in correlation 
meta-analysis

n = 18
96 effect sizes

Articles included in performance 
differences meta-analysis

n = 18
52 effect sizes

Total long list with duplicated 
excluded
n= 810

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

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.
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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, I2 = 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, 
I2 = 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, I2 = 33.6%]. 
See Fig. 2a and b for a forest plot of all correlations between 
IQ 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 

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)3] 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 

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.

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  a Forest plot showing 
effect size distribution for cor-
relations between IQ and BM 
task performance in the ASD 
group (n = 60). b Forest plot 
showing effect size distribution 
for correlations between IQ and 
BM task performance in the NT 
group (n = 36)



4852 Journal of Autism and Developmental Disorders (2022) 52:4843–4860

1 3

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 

heterogeneity in the model [Q(42) = 177.48, p < 0.001, 
I2 = 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 
[g = − 0.22, 95% CI (− 0.37, − 0.06), p = 0.0061]. There was 

Fig. 2  (continued)
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still significant heterogeneity in the model although it was 
markedly reduced [Q(34) = 70.16, p = 0.0003, I2 = 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, I2 = 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, I2 = 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.

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).

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
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Fig. 4  a Funnel plot displays 
the effect sizes in relation to 
their standard error for the 
relationship between IQ 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 IQ 
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
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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 
[Q(10) = 61.03, p < 0.001, I2 = 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 

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 IQ 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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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 

Fig. 6  Funnel plot evaluating 
the possibility of a publication 
bias for the effect of accuracy 
on BM, no asymmetry in the 
data was observed
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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; 
Krüger 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 
et al., 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.

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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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.
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