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Pennsylvania State University
The ability to recognize an individual face is essential to human social interaction. Even subtle errors in
this process can have huge implications for the way we relate to social partners. Because autism spectrum
disorder (ASD) is characterized by deficits in social interaction, researchers have theorized about the
potential role of atypical face identity processing to the symptom profile of ASD for more than 40 years.
We conducted an empirical meta-analysis of this large literature to determine whether and to what extent
face identity processing is atypical in ASD compared to typically developing (TD) individuals. We also
tested the hypotheses that the deficit is selective to face identity recognition, not perception, and that
methodological variation across studies moderates the magnitude of the estimated deficit. We identified
112 studies (5,390 participants) that generated 172 effect sizes from both recognition (k ⫽ 119) and
discrimination (k ⫽ 53) paradigms. We used state-of-the-art approaches for assessing the validity and
robustness of the analyses. We found comparable and large deficits in ASD for both face identity
recognition (Hedge’s g ⫽ ⫺0.86) and discrimination (Hedge’s g ⫽ ⫺0.82). This means that the score
of an average ASD individual is nearly 1 SD below the average TD individual on tasks assessing both
aspects of face identity processing. These deficits generalize across age groups, sex, IQ scores, and task
paradigms. These findings suggest that deficits in face identity processing may represent a core deficit
in ASD.

Public Significance Statement
We present a data-driven analysis of the face recognition research in autism from the last 40 years.
Our findings indicate that people with ASD struggle to process information about the identity of a
face. This deficit is large, such that on average 80.5% of ASD individuals perform worse than typical
individuals on tests of face identity processing. This impairment likely contributes to ASD-specific
difficulties with social interaction, which require the ability to identify social partners as unique
individuals.
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responses to them (e.g., I will listen respectfully). This recognition
process is complex and requires an integrated network of brain
regions that extend into all four lobes of the brain (Elbich &
Scherf, 2017). Although there are vast individual differences in
face recognition ability (e.g., Elbich & Scherf, 2017), typically
developing (TD) adults can recognize upward of 5,000 individual
faces (Jenkins, Dowsett, & Burton, 2018), across impressive variations in visual information (e.g., lighting, viewpoint) and context
(e.g., emotional expressions, age, occlusion by paraphernalia).
Although there are multiple important cues that facilitate person
identification (e.g., voice, body, contextual information); under
many conditions, information from the face is disproportionately
weighted in this process (see Burton, Wilson, Cowan, & Bruce,
1999; O’Toole et al., 2011; Rice, Phillips, Natu, An, & O’Toole,
2013).
Errors in face recognition, even when subtle, can have huge
implications for social interaction. A person who fails to recognize
their boss in the above example may lose out on the opportunity to

Faces are a primary source of information for identifying people
as unique individuals, particularly from a distance. The need to
recognize individuals is critical for social interaction. The ability to
recognize people enables us to determine whether they are personally familiar to us (e.g., this is my boss), predict their behavior
(e.g., she will ask me not to be late), and shape our own behavioral
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learn from the situation (e.g., that their work behavior needs to
change), which is likely to have important consequences for the
relationship. Similarly, a person who mistakes the identity of their
boss for that of their friend may chose a very different behavioral
response that is only appropriate for a social interaction with the
friend (e.g., “I was only 5 minutes late!”) and that could damage
the relationship. Appropriate and adaptive social interaction is
contingent upon the ability to identify our social partners as unique
individuals. Face recognition provides one of the fastest ways of
doing so because it relies on vision, which is a distant sense. When
this process is erroneous or inconsistent, there are consequences
for social interactions. Therefore, studying potential disruptions in
face recognition abilities has important implications for understanding difficulties in many aspects of human social interaction.
Autism spectrum disorder (ASD) is a lifelong neurodevelopmental disorder that is characterized by difficulties in human social
interaction. It is diagnosed on the basis of behavioral symptoms in
two domains: social communication and restricted, repetitive patterns of behaviors, interests, or activities (American Psychiatric
Association, 2013). Importantly, all of the impaired behaviors
identified in the social communication domain are directly or
indirectly reliant on face processing skills. For example, individuals with ASD often exhibit abnormal social approach and sometimes a complete inability to initiate social interactions, both of
which likely contribute to difficulties developing and maintaining
friendships and adjusting behavior to social contexts. These behaviors could stem, in part, from an inability to recognize people,
particularly by their face. Although face identity recognition has
never been a criterion used to diagnose ASD, researchers have
theorized about the potential importance of atypical face recognition abilities to the behavioral symptom profile of ASD for more
than 40 years. This has generated hundreds of empirical articles
investigating face recognition abilities in ASD. However, this
literature is rife with inconsistent findings, which was noted in two
prior summary reviews (Tang et al., 2015; Weigelt, Koldewyn, &
Kanwisher, 2012). To date, there are no quantitative meta-analyses
of this research to determine whether it indicates deficits in face
recognition in ASD and if so, how large is the effect. Here, we
present the results from a quantitative meta-analysis of the face
identity processing literature comparing ASD and TD individuals.
The paper is organized as follows. First, we provide a general
overview of the literature investigating face identity processing
deficits in ASD and describe some of the issues that have likely
contributed to inconsistent findings. Then we describe the conclusions from the existing summary reviews of this literature. Finally,
we present the methodology and findings of our quantitative
meta-analysis of this literature.

Reviewing the Existing Literature
Although deficits in face identity processing are not a diagnostic
feature of ASD, atypical face identity processing is one of the most
researched behaviors in ASD. The first study of face identity
processing in ASD empirically evaluated the face recognition
abilities of children with ASD in 1978 (Langdell, 1978). In this
study, participants viewed photographs of peer faces and face
identity recognition was tested on the basis of isolated face features (i.e., nose, eyes) in lower and upper face halves. Langdell
reported that children with ASD were generally worse at recog-

nizing faces compared to age-matched TD children except when
using the lower half, compared to the upper half, of the face
(1978). Since this early study, hundreds of studies have been
reported, making face identity processing one of the most studied
topics in ASD. As we reviewed this literature, it became clear that
there were several methodological factors that varied across studies, which may have contributed to heterogeneity in findings.
These include the sample size, empirical strategies for verifying an
ASD diagnosis, age range of participants, distribution of participant sex, and the range of paradigms used to measure face identity
processing. Next, we provide a brief overview of these different
methodological factors.
Inconsistent findings about face identity processing deficits in
ASD may be related to variability in sample size. Before there was
much public awareness about ASD and it became a priority for
federal funding in the United States, there were limited resources
for recruiting large samples of participants with ASD into research
studies. For example, some early studies only included seven
participants with ASD (see Gepner, de Gelder, & de Schonen,
1996), whereas more recent studies have as many as 140 participants with ASD (see Oerlemans et al., 2013). This variability in
sample size is important because small sample sizes are less
representative of the population, generate more biased effect sizes,
and are more prone to making inferences in the wrong direction
(Gelman & Carlin, 2014).
There is also considerable variability in how studies have empirically confirmed ASD diagnoses. For example, clinicians typically diagnose ASD using the Diagnostic and Statistical Manual of
Mental Disorders (DSM; American Psychiatric Association, 2013)
or International and Statistical Classification of Diseases and
Related Health Problems (ICD-10; World Health Organization,
2004). In contrast, the gold standard for assessing and confirming
an ASD diagnosis in research studies is through the use of empirically validated diagnostic interviews, such as the Autism Diagnostic Observation Schedule (ADOS; Lord et al., 2000) and/or the
revised Autism Diagnostic Interview (ADI–R; Lord, Rutter, & Le
Couteur, 1994). The training to conduct these interviews is expensive and not offered very frequently. As a result, many of the
existing studies rely on community diagnoses and/or use surveys
of autism behaviors such as the Autism-Spectrum Quotient (AQ;
Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001) or
Social Communication Questionnaire (SCQ; Rutter, Bailey, &
Lord, 2003). These measures have empirically validated cut-off
scores that are associated with an ASD diagnosis but are not
diagnostic tools in and of themselves. As a result, variability in the
assessment of ASD diagnoses across studies could contribute to
heterogeneity in findings if (a) the assessments are differentially
sensitive to symptom severity and (b) symptom severity and face
identity processing are related. Indeed, there is evidence that both
adolescents with ASD (Scherf, Elbich, Minshew, & Behrmann,
2015) and adults with more autism-like personality traits (Halliday, MacDonald, Scherf, & Tanaka, 2014) exhibit worse face
identity performance as a function of the magnitude of their
symptom severity or traits.
Studies also vary considerably in the age range of the participants. For example, some studies include individuals across a wide
age range like 16 –53 years (Williams, Goldstein, & Minshew,
2005) or 15– 42 years (McPartland, Dawson, Webb, Panagiotides,
& Carver, 2004), whereas other studies include individuals from a
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narrower age range like 6 –10 years (Robel et al., 2004) or 13–17
years (O’Hearn et al., 2014). This is important to consider because
of age-related changes in face identity processing among TD
individuals (e.g., Germine, Duchaine, & Nakayama, 2011) and
evidence that there may be a plateau in the development of face
processing skills in adolescents with ASD (see Picci & Scherf,
2015). Therefore, variability in participant age may also contribute
to the inconsistency in findings across studies because differences
between ASD and TD groups may be influenced by the age of the
sample. For example, studies with younger samples might find
small or no group differences in face identity processing abilities,
whereas those with adolescent and/or adult samples might find the
largest group differences.
The make-up of participant groups varies by study as well.
There is a strong male bias in the current status of ASD diagnoses
(4:1 male to female). As a consequence, most studies include
samples that reflect this asymmetrical sex distribution. However,
there is a growing awareness that the ASD phenotype may manifest differently in males and females (e.g., M.-C Lai, Lombardo,
et al., 2017), particularly in terms of face processing behavior (see
Whyte & Scherf, 2018). As a result, studies have begun recruiting
a more equal number of male and female participants with ASD.
There are several studies in the face identity processing literature
that reflect this approach (e.g., Arkush, Smith-Collins, Fiorentini,
& Skuse, 2013; Ewing et al., 2018; Philip et al., 2010; Reinvall,
Voutilainen, Kujala, & Korkman, 2013; White, Hill, Winston, &
Frith, 2006). If face identity processing is differentially impaired in
males and females with ASD, then variations in the distribution of
participant sex could explain inconsistencies in findings of group
differences across studies as well.
Finally, researchers have used many paradigms to investigate
face identity processing. Paradigms generally measure either face
identity recognition or face identity discrimination. Recognition
paradigms require participants to invoke a mental representation of
face identity in the absence of the percept (i.e., as in over a delay
period). They include “old/new” recognition, “n-back”, and standardized neuropsychological tests such as the Cambridge Face
Memory Task (CFMT; Duchaine & Nakayama, 2006), Wechsler
Memory Scale (WMS; Wechsler, 1997), and the Developmental
NEuroPSYchological Assessment (NEPSY; Korkman, Kirk, &
Kemp, 2007). Discrimination paradigms require participants to
perceptually discriminate between multiple faces on the basis of
identity using available percepts (i.e., simultaneous presentation).
These paradigms include matching-to-sample, “same/different”
judgments, sorting based on identity, and the Benton Face Recognition Test (BFRT; Benton, Sivan, Hamsher, Varney, & Spreen,
1983). There are some reports indicating that these two face
identity behaviors are correlated (e.g., Bruce, Bindemann, &
Lander, 2018; Fysh, 2018; Verhallen et al., 2017). However,
variability in findings across studies could reflect the degree to
which any particular paradigm primarily tests face identity recognition or discrimination abilities.
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icant findings in which individuals with ASD performed worse
than TD individuals on measures of face identity processing.
Interestingly, perhaps because of the size, breadth, and extent of
variation in findings/paradigms across studies, the two reviews
provided different conclusions about face identity processing in
ASD.
The initial review by Weigelt et al. (2012) summarized a total of
90 experiments across 33 years of research. This included 28
studies investigating markers of face expertise (e.g., face inversion
effect), 14 studies of face identity recognition, and 24 studies of
face identity discrimination among individuals with ASD. The
researchers concluded that individuals with ASD exhibit all the
same behavioral markers of expert visuoperceptual processing of
faces (i.e., face inversion effect) as do TD individuals. They
interpreted this finding to mean that there are no qualitative
differences in face identity processing in ASD. In contrast, they
reported that studies of face identity recognition, as defined by
those requiring participants to maintain a mental representation of
the face for more than 30 s, largely reported a deficit in ASD. They
reported that studies using face identity discrimination tasks do not
consistently report ASD deficits. As a result, Weigelt et al. (2012)
proposed that as memory demands increase, face recognition behavior is increasingly impaired, but that face identity perception is
intact, in ASD.
Subsequently, Tang et al. (2015) conducted a summary review
of 25 studies that were either published following the Weigelt et al.
(2012) review or that were not included in this earlier review.
These studies included both visuoperceptual expertise and face
identity recognition studies. In contrast to Weigelt et al. (2012);
Tang et al. (2015) reported consistent deficits in the qualitative
components of face identity processing in ASD (e.g., face inversion effect). They also found that the majority of studies (71%)
they reviewed reported ASD deficits in face identity recognition
behavior. However, they also noted that nearly 1/3 of the studies
failed to support this finding and suggested that methodological
heterogeneity likely contributed to inconsistent findings.
Our goal was to build upon these two prior reviews of face
identity processing in ASD by including all relevant effect sizes
reported that meet our inclusion criteria (see Method). This allowed us to include both sets of data reviewed separately in
previous studies together with the newest research. We used a
quantitative strategy to assess the presence, magnitude, and external validity of face identity processing deficits in ASD. We also
tested both the predictions that were identified in these earlier
studies. First, we evaluated the potential contribution of each of the
methodological factors we discussed above to determine whether
they influence the pattern of group differences in face identity
recognition and discrimination behavior, which is a test of the
hypothesis proposed in the Tang et al. (2015) review. Second, we
evaluated whether there is a selective or disproportionate deficit in
ASD for face identity recognition compared to face identity discrimination. This is a direct test of the hypothesis proposed in the
Weigelt et al. (2012) review.

Is There Consensus About Whether There Are There
Face Identity Processing Deficits in ASD?

The Present Study

To date, there are two summary review articles of this large
literature (Tang et al., 2015; Weigelt et al., 2012). Both reviews
computed a frequency score of the number of studies with signif-

Although there have been quantitative meta-analyses investigating the effect size of multiple deficit behaviors in ASD, including
social visual attention (Chita-Tegmark, 2016; Frazier et al., 2017),
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social cognition (Velikonja, Fett, & Velthorst, 2019), facial emotion recognition (Uljarevic & Hamilton, 2013), working memory
(Wang et al., 2017), and executive functioning (C. Lai, Lau, et al.,
2017), there is no such meta-analysis of face identity processing
deficits in ASD. Therefore, the existing literature requires a comprehensive quantitative review of the findings from the last four
decades of empirical research on face identity recognition and
discrimination behavior in ASD.
Empirical meta-analyses pool findings across and within multiple studies using a principled approach for estimating a summary
effect size. Meta-analyses also provide the opportunity to systematically investigate the extent to which such an effect is externally
valid as well as the impact of potential moderating variables on
this effect. Here, in this meta-analysis of the ASD face identity
processing literature, we had five primary goals: (a) determine if
there are reliable deficits in face identity recognition behavior in
ASD compared to TD individuals; (b) if so, precisely estimate the
magnitude of these deficits in a summary effect size across studies;
(c) test the hypothesis that potential moderating variables such as
participant age, sex, and IQ, as well as task paradigm, and study
design and reporting quality influence the estimated magnitude of
these deficits; (d) test the hypothesis that face identity processing
deficits in ASD are specific to face identity recognition not face
identity discrimination; and (e) if deficits exist in identity discrimination as well, evaluate the magnitude of the deficit and whether
methodological factors influence it.

Method
We followed all PRISMA guidelines (see the online supplemental materials) and include a detailed flow diagram (see Figure 1) of
our study screening and identification process (Moher, Liberati,
Tetzlaff, & Altman, 2009).

Study Search and Identification
The diagnostic criteria, and thus nomenclature, of autism
changed considerably over the last 40 years when this literature
was published. Therefore, we included study search terms that
would capture the full range of terminology used to classify
individuals on the autism spectrum (particularly by the multiple
versions of the DSM) across this time period time.
We used three sources for initially identifying relevant articles.
First, on February 11, 2019, we conducted a literature search in the
PubMed database with the following search parameters: (autisⴱ
OR asperger) AND (face OR facial) AND (recall OR memory OR
recognition OR identity). Second, we added the references from
Weigelt et al. (2012) and Tang et al. (2015), the reviews of face
identity processing in ASD, to our initial search results. We limited
the search to experimental studies that used tasks of behavioral
face identity processing, including both recognition and discrimination tasks comparing ASD and TD participants. Neuroimaging,
eye tracking, and electroencephalographic studies were also reviewed in case they also collected behavioral outcome measures
using face identity recognition and/or discrimination tasks in the
context of the neuroimaging protocol or in addition to the protocol.
We searched for studies that reported a measure of behavioral
accuracy, which includes either number correct, percent correct,
number of errors, or percentage of errors. Third, we conducted a

“manual reference search” by screening the reference lists of each
study that met full inclusion criteria from the original search
results (i.e., PubMed search).

Inclusion and Exclusion Criteria
We used the following inclusion criteria: Articles must (a)
report using a task of unfamiliar face identity processing in either
a recognition or discrimination paradigm; (b) include an ASD
group; (c) include a TD control group; (d) include behavioral
accuracy scores for both ASD and TD groups; and (e) report a
between groups effect size (e.g., Cohen’s d) or information to
compute one (e.g., t, M, SD, N, SE). Studies were included as long
as ASD groups were characterized as having a diagnosis of autism,
ASD, Asperger syndrome, autistic disorder, or pervasive developmental disorder—not otherwise specified (PDD-NOS).
Studies were excluded if they were not (a) published in English
or (b) peer-reviewed. If articles met inclusion criteria but did not
report enough information in the published article to compute an
effect size, we emailed corresponding authors to request the relevant data.

Power Analysis
Statistical power is rarely considered when planning a metaanalysis, likely because software to compute statistical power for
meta-analyses is not readily available (but see Griffin, 2020).
However, Valentine, Pigott, and Rothstein (2010) provided the set
of formulas for computing statistical power for meta-analyses,
which only require four anticipated input parameters: (a) total
number of effect sizes; (b) average sample size per group; (c)
between-study heterogeneity (variance); and (d) summary effect
size. Power is computed with the following formula:
p ⫽ 1 ⫺ ⌽(c␣ ⫺ *)

(1)

where c␣ represents the critical value (e.g., ␣ ⫽ .05) and *
represents the mean of a normal Z distribution when the overall
effect is statistically different from 0. To obtain *, one needs to
compute the anticipated sampling variance of a typical study (see
Equation 4) and sampling variance of the random effects. The
random effects variance is computed by adding the typical sampling variance and the heterogeneity estimate (2). Because metaanalysis is a weighted technique, the random effects variance is
then weighted by the number of studies. With the weighted variance computed, we can compute * with the following:

* ⫽ d ⫺ 0
兹v

(2)

Based on the two previous review papers, we anticipated that 50
studies would meet inclusion criteria with an average participant
group size of 20 and large heterogeneity between studies (.33 ⫽
small, 1 ⫽ moderate, 3 ⫽ large). Overall, we anticipated either a
small (d ⫽ .25) or medium effect size (d ⫽ 0.5). The calculated
power estimate was 79.5% to detect a small effect size and 99.8%
to detect a medium effect size. Regardless, we planned to incorporate as many studies as possible to comprehensively represent
the current state of the literature.
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Figure 1. PRISMA flow diagram illustrating the study identification, screening, and selection processes.
ASD ⫽ autism spectrum disorder; TD ⫽ typically developing.
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Study Selection
The full study search, identification, and selection process is
shown in Figure 1. We applied our inclusion criteria in two steps.
First, we screened the titles and abstracts of all articles returned
from the initial PubMed search. Because this was the first level of
screening, we emphasized overinclusion to maximize yield. For
example, abstracts were only rejected on the basis of exclusion
criteria (i.e., not published in English, not an empirical paper, no
ASD vs. TD group comparison). After this first set of articles was
pared down, we assessed the remaining articles for inclusion by
evaluating each full text article for group characteristics (i.e., ASD,
TD), task paradigm (e.g., CFMT), and effect sizes (M, SD, N, t, d).
Researchers frequently conduct a “manual reference search” by
screening the reference lists of all included studies from the initial
search. However, the written description of this approach is minimal at best. We find this norm in meta-analytic reviews to be
incredibly difficult to replicate as there is no systematic procedure
for how articles are “manually screened”. This is not a trivial task.
For example, our database search yielded 105 articles that contained 5,143 references to be “manually screened.” This manual
reference approach typically generates numerous duplicates and
irrelevant studies to the meta-analysis.
To address these issues, we developed a novel and systematic
procedure for extracting reference list titles that is transparent and
reproducible. First, we copied the reference lists from each article
into a text editor. Next, we used RegEx, a pattern recognition
language that detects patterns in strings of text, that is available in
all text editing software to extract the article titles (see Supplemental Figure S1 in the online supplemental material). Using this
approach, we generated a database of reference titles, removed
duplicates, and proceeded with the general strategy for screening
articles (see above). We extracted another seven studies from this
approach to include in the analysis.
JG and RB independently reviewed all studies for inclusion.
After title and abstract screening, all the studies identified from
this initial review from both authors were evaluated for inclusion
and exclusion criteria in a full text review. Any criterion discrepancies were discussed by JG and RB until consensus was reached.
If there was no consensus, KSS helped resolve the disagreement
about study inclusion. The process of selection is illustrated in
Figure 1 and the full set of studies included in the analysis is
reported in Table 1 and 2.

Data Extraction
Standardizing effect sizes. We extracted information to compute the standardized mean difference, Cohen’s d, including
means, standard deviations, standard errors, sample sizes, and test
statistics from each study. When raw data were provided, we
calculated the means, standard deviations, and sample size manually. Many studies reported multiple effect sizes (e.g., from multiple face identity tasks or condition comparisons). As a result, the
data were inherently hierarchical, such that accuracy scores were
nested within study. Each study and unique effect size were coded
to account for this multilevel structure. Cohen’s d is known to
overestimate the population effect size, especially when degrees of
freedom are low (df ⬍ 50), which is characteristic of many of the
studies in this sample. Therefore, we converted Cohen’s d scores

to the bias-corrected Hedge’s g for meta-analytic synthesis (Cumming, 2012; Hedges, 1981; Viechtbauer, 2010).
For means, standard deviations, and sample sizes, we used the
‘metafor’ package in R (Viechtbauer, 2010) to compute Cohen’s d.
For t statistics, we used the following set of formulas for conversion to Cohen’s d (Viechtbauer, 2010; Cumming, 2012):
d⫽t⫻

冑N1 ⫹ N1
1

(3)

2

where N1 and N2 are the sample sizes of ASD and TD groups.
Sampling variance was defined and computed with:
Vi ⫽

N1i ⫹ N2i
di2
⫹
N1iN2i
2(N1i ⫹ N2i)

(4)

where N1i, N2i, and di are the study specific sample sizes and effect
sizes. Finally, we converted Cohen’s d scores to Hedge’s g with
the following:

共

Hedge’s g ⫽ 1 ⫺

兲

3
⫻d
4 df ⫺ 1

(5)

Moderator variables. To investigate the potential effects of
methodological variation on the summary effect sizes, we extracted data on participant age in years (M, SD), sex (% male), and
full scale IQ (M, SD) for both ASD and TD groups when available.
We also obtained information regarding the strategy or diagnostic
system researchers used to confirm the diagnosis of autism (e.g.,
ADOS, ICD-10, DSM–IV), and measures of symptom severity in
the ASD group. Finally, we extracted information about the specific type of face processing task (e.g., old-new recognition task,
CFMT, match-to-sample) that was used to test either face identity
recognition or discrimination abilities.
Design and reporting quality index. Consistent with previous meta-analytic approaches (e.g., Frazier et al., 2017; Tang et al.,
2015), we developed a metric to quantify the quality of the study
design and methodological reporting of each study. To do so, we
created a Data Reporting Quality Index (DRQI) that we adapted
from the literature (see Frazier et al., 2017; Kmet, Lee, & Cook,
2004) and used to score each study. The index ranged from 0 –15
points with higher scores indicating better design and reporting
quality. The DRQI includes components that evaluate the quality
of reporting (e.g., participant demographics) and of study design
(e.g., group matching features). For example, studies that matched
participant groups (ASD and TD) on demographic variables such
as age, IQ, and sex, were coded with a “1” if the group means were
matched and a “2” if participants were matched at the individual
level. The studies were coded with a “0” if there was no matching
on these variables. Regarding the use of a strategy to confirm the
autism diagnosis, the scale ranged from 0 to 3. Studies that did not
confirm the diagnosis were scored with a 0; studies that used a
measure of autism-like symptomology (e.g., SCQ) were scored a
1; studies using the DSM or ICD-10 to evaluate the diagnosis were
scored a 2; and, studies using the ADOS or ADI were scored the
maximum value of 3. Supplementary Table S3 in the online
supplemental material illustrates the DRQI component and total
scores for each study.

Statistical Analysis
We used the ‘metafor’ package for the statistical software program R (R Core Team, 2018; Viechtbauer, 2010) to analyze the

de Gelder, Vroomen, and van der Heide (1991)[1]
de Gelder et al. (1991)[2]
Boucher et al. (1992)[1]
Gepner, de Gelder, and de Schonen (1996)[1]
Gepner et al. (1996)[3]
Hauck, Fein, Maltby, Waterhouse, and Feinstein
(1998)[1]
Celani, Battacchi, and Arcidiacono (1999)[1]
Howard et al. (2000)[1]
Blair, Frith, Smith, Abell, and Cipolotti (2002)[1]
Trepagnier, Sebrechts, and Peterson (2002)[1]a
Joseph et al. (2003)[1]
Joseph et al. (2003)[2]
Serra et al. (2003)[1]
López et al. (2004)[1]
López et al. (2004)[2]
López et al. (2004)[3]
McPartland, Dawson, Webb, Panagiotides, and
Carver (2004)[1]
Lajiness-O’Neill et al. (2005)[1]
Williams, Goldstein, and Minshew (2005)[1]
Williams et al. (2005)[2]
Campbell et al. (2006)[1]
Hooper, Poon, Marcus, and Fine (2006)[1]
Kylliäinen et al. (2006)[1]a
Dalton, Nacewicz, Alexander, and Davidson
(2007)[1]a
Rose et al. (2007)[1]
R. Wilson, Pascalis, and Blades (2007)[1]
Joseph, Ehrman, McNally, and Keehn (2008)[1]
Joseph et al. (2008)[2]
Koshino et al. (2008)[1]a
Koshino et al. (2008)[2]a
Koshino et al. (2008)[3]a
López et al. (2008)[1]
Pierce et al. (2008)[1]a
Scherf, Behrmann, Minshew, and Luna (2008)[1]
Scherf et al. (2008)[2]
Sterling et al. (2008)[1]a
Wolf et al. (2008)[1]
Faja, Webb, Merkle, Aylward, and Dawson
(2009)[1]
Faja et al. (2009)[2]
Faja et al. (2009)[3]
Faja et al. (2009)[4]
Kleinhans et al. (2009)[1]a
Kleinhans et al. (2009)[2]a
O’Hearn, Schroer, Minshew, and Luna (2010)[1]
Webb et al. (2010)[1]

Study

WMS
WMS
Old-new
Old-new
n-Back
n-Back
CFMT
WMS

Old-new
n-Back
Old-new
Old-new
Old-new
n-Back
n-Back
n-Back
Old-new
n-Back
Old-new
Old-new
Old-new
Old-new

WMS
TOMAL
WMS
WMS
Warrington
NEPSY
n-Back

Old-new
Old-new
Old-new
Warrington
Old-new
Old-new
Old-new
Old-new
Old-new
Old-new
Old-new

Old-new
Old-new
Old-new
Old-new
Old-new

Task name

Faces I

Faces I
Faces II
PW-Eyes
PW-Mouth
Run 1
Run 2

Children
Adults

PW-Mouth
PW-Condition
0-back
1-back
2-back

Faces I
Face II

WMS-Faces I

PW-Eyes
PW-Nose
PW-Mouth

PW-Eyes
PW-Mouth

VM-Control
NVM-Control

Kaufman test
FACE task

ES description

39
39
39
39
19
19
14
29

12
16
17
20
20
11
11
11
15
11
15
15
17
66

9
11
29
29
13
23
10

24
10
10
12
5
22
22
26
17
17
17

17
17
10
7
7

N

24 (7.4)
24 (7.4)
24 (7.4)
24 (7.4)
21.9 (5.9)
21.9 (5.9)
23.1 (4.5)
22.4 (6.1)

14.4 (4.8)
10.3 (1.6)
8.6 (NA)
12.5 (2.0)
12.5 (2.0)
24.5 (10.2)
24.5 (10.2)
24.5 (10.2)
13.8 (2.3)
9.9 (NA)
11.0 (1.1)
32.0 (13.0)
23.5 (7.2)
11.9 (4.0)

21.2 (8.3)
8.6 (2.5)
28.7 (10.4)
28.7 (10.4)
13.2 (1.8)
9.6 (2.3)
9.8 (1.4)

9.6 (1.7)
12.6 (3.7)
NA (NA)
29.9 (7.6)
18.4 (NA)
10.9 (2.1)
10.9 (2.1)
8.8 (1.1)
13 (1.1)
13 (1.1)
13 (1.1)

10.9 (2.3)
10.9 (2.3)
13.2 (1.8)
11.2 (4.7)
11.2 (4.7)

Age

0.9
0.9
0.9
0.9
NA
NA
NA
0.9

0.7
0.8
0.9
0.9
0.9
1.0
1.0
1.0
NA
0.8
1.0
0.9
0.9
0.8

0.9
0.9
0.9
0.9
0.8
0.8
NA

1.0
0.8
1.0
1.0
0.8
1.0
1.0
0.8
NA
NA
NA

0.9
0.9
1.0
0.6
0.6

Sex

ASD

111.0 (15.0)
111.0 (15.0)
111.0 (15.0)
111.0 (15.0)
107.0 (13.8)
107.0 (13.8)
107.4 (12.5)
110.2 (14.0)

110.0 (15.7)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
104.5 (13.1)
104.5 (13.1)
104.5 (13.1)
87.1 (24.9)
91.0 (NA)
102.0 (15.0)
103.0 (16.0)
107.1 (13.3)
106.8 (20.9)

NA (NA)
90.0 (7.1)
105.9 (14.2)
105.9 (14.2)
NA (NA)
97.4 (15.5)
91.0 (17.0)

NA (NA)
63.2 (19.4)
NA (NA)
89.6 (12.2)
NA (NA)
91.0 (22.0)
91.0 (22.0)
NA (NA)
87.2 (23.3)
87.2 (23.3)
87.2 (23.3)

NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)

IQ

33
33
33
33
20
20
14
28

12
17
17
20
20
11
11
11
16
11
15
15
18
67

14
14
34
34
13
23
10

34
10
10
12
6
20
20
65
17
17
17

17
17
10
7
7

N

Table 1
Study Demographics, Characteristics, and Effect Sizes Listed Chronologically for Face Identity Recognition Tasks (k ⫽ 119)

24.6 (7.1)
24.6 (7.1)
24.6 (7.1)
24.6 (7.1)
24.7 (7.9)
24.7 (7.9)
22.7 (4.5)
24.0 (7.0)

14.2 (3.6)
10.0 (1.9)
8.3 (NA)
11.9 (1.8)
11.9 (1.8)
28.7 (10.9)
28.7 (10.9)
28.7 (10.9)
14.3 (0.8)
9.8 (NA)
12.0 (1.0)
22.0 (5.0)
24.2 (6.9)
11.9 (3.0)

24.6 (6.3)
12.9 (3.5)
26.5 (10.2)
26.5 (10.2)
13.3 (2.1)
9.7 (2.3)
9.1 (1.2)

4.7 (0.8)
6.2 (1.5)
NA (NA)
31.1 (6.8)
19.5 (NA)
10.8 (1.9)
10.8 (1.9)
8.7 (1.1)
13.1 (0.1)
13.1 (0.1)
13.1 (0.1)

8.5 (1.3)
8.5 (1.3)
13.2 (1.7)
5.6 (2.4)
5.9 (1.8)

Age
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0.9
0.9
0.9
0.9
NA
NA
NA
0.9

0.8
0.9
1.0
0.6
0.6
0.9
0.9
0.9
NA
0.8
0.8
0.9
0.9
0.6

0.9
0.4
0.9
0.9
0.8
0.8
NA

0.5
0.8
NA
0.8
0.7
0.7
0.7
0.7
NA
NA
NA

0.9
0.9
1.0
0.6
0.6

Sex

TD

110 (13.0)
110 (13.0)
110.0 (13.0)
110.0 (13.0)
110.5 (13.9)
110.5 (13.9)
105.4 (10.6)
111.7 (12.5)

115.8 (8.3)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
108.6 (9.1)
108.6 (9.1)
108.6 (9.1)
98.8 (16.2)
108.5 (NA)
104 (7.0)
111 (10.0)
109.9 (13.2)
106.8 (8.0)

NA (NA)
89.2 (5.2)
109.7 (11.4)
109.7 (11.4)
NA (NA)
104.7 (10.4)
103.0 (6.0)

NA (NA)
101.6 (6.6)
NA (NA)
80.8 (13.9)
NA (NA)
91.0 (14.0)
91.0 (14.0)
NA (NA)
96.5 (15.3)
96.5 (15.3)
96.5 (15.3)

NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)

IQ

0.4
0.4
0.5
3.8
3.5
0.3
0.5
0.5
0.4
0.6
0.3
0.3
0.2
0.3
0.4
0.4
0.5
0.5
0.3
0.3
0.4
0.3
0.9
0.4
0.4
0.4
0.3
0.3
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.3
0.2
0.3
0.2
0.2
0.2
0.3
0.3
0.4
0.3

⫺0.7
⫺0.8
⫺1.7
⫺20.1
⫺18.5
⫺0.7
0.4
⫺1.5
⫺0.7
⫺1.0
⫺0.6
0.4
0.2
⫺0.2
⫺0.6
⫺1.1
⫺1.2
⫺1.9
⫺0.7
⫺1.0
⫺1.1
⫺1.0
⫺5.1
⫺1.1
⫺0.4
⫺0.8
⫺0.3
⫺0.6
0.1
0.0
0.3
⫺0.5
⫺0.4
⫺1.1
⫺1.4
⫺0.1
⫺1.0
⫺1.0
⫺0.8
⫺0.5
⫺0.7
⫺0.4
⫺0.5
⫺1.8
⫺1.0
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WMS
Old-new
Old-new
CFMT
CFMT
NEPSY
NEPSY
CMS
Old-new
TOMAL
Old-new
Old-new
Old-new
NEPSY

Webb et al. (2010)[2]
E. C. Wilson, Brock, et al. (2010)[1]
C. Wilson, Palermo, et al. (2010)[2]
Hedley, Brewer, and Young (2011)[1]
Kirchner, Hatri, Heekeren, and Dziobek (2011)[1]
Kuusikko-Gauffin et al. (2011)[1]
Kuusikko-Gauffin et al. (2011)[2]
McPartland, Webb, et al. (2011)[1]
Snow et al. (2011)[1]a
Southwick et al. (2011)[1]
E. C. Wilson, Palermo, Burton, and Brock (2011)[1]
Hedley, Young, and Brewer (2012)[1]a
Hedley et al. (2012)[2]a
Planche et al. (2012)[1]
Tehrani-Doost, Salmanian, Ghanbari-Motlagh, and
Shahrivar (2012)[2]
Webb et al. (2012)[2]
Webb et al. (2012)[3]
Arkush, Smith-Collins, Fiorentini, and Skuse
(2013)[1]
Ewing, Pellicano, and Rhodes (2013a)[1]
Ewing, Pellicano, and Rhodes (2013b)[1]
Ewing, Pellicano, and Rhodes (2013c)[1]
Jones, Blades, Coleman, and Pascalis (2013)[1]
Narzisi, Muratori, Calderoni, Fabbro, and Urgesi
(2013)[1]
Oerlemans et al. (2013)[1]
Reinvall, Voutilainen, Kujala, and Korkman
(2013)[1]
Trontel et al. (2013)[1]
Trontel et al. (2013)[2]
Weigelt, Koldewyn, and Kanwisher (2013)[1]
Weigelt et al. (2013)[2]
Yi et al. (2013)[1]a
Yi et al. (2013)[2]a
Zaki et al. (2013)[1]
Zaki et al. (2013)[2]
Barron-Linnankoski et al. (2015)[1]
Chien, Wang, Chen, Chen, and Chen (2014)[1]
Chien et al. (2014)[2]
Corbett, Newsom, Key, Qualls, and Edmiston
(2014)[1]
Corbett et al. (2014)[2]
Greimel et al. (2014)[1]
Key et al. (2014)[1]
Key et al. (2014)[2]
O’Hearn et al. (2014)[1]
O’Hearn et al. (2014)[2]
O’Hearn et al. (2014)[3]
Rhodes, Ewing, Jeffery, Avard, and Taylor (2014)[1]
Schelinski, Riedel, and von Kriegstein (2014)[1]
NEPSY
NEPSY
ANT
NEPSY
NEPSY
Old-new
Old-new
Old-new
CFMT
CFMT
Immediate
Delayed
Children
Adolescents
Adults

Immediate
Delayed

Asian Faces
African Faces

AM-Control
IM-Control
Direct Gaze
Averted Gaze

34
34
38
13
13
24
25
19
12
14

30
56
56
50
50
20
20
31
31
30
13
13

NEPSY
TOMAL
TOMAL
Old-new
Matching
Old-new
Old-new
Old-new
Old-new
NEPSY
Old-new
Old-new
Immediate
Delayed

22
140

NEPSY
Old-new

15
32
32

29
13
21
34
20
28
17
15
22
50
27
24
24
15

N

18
29
40
19
20

Delayed Benton
Faces I
Faces II

Same viewpoint
Viewpoint change

Younger Group
Older Group

Faces II

ES description

Old-new
CFMT
Old-new
CFMT
Old-new

Old-new
WMS
WMS

Task name

Study

Table 1 (continued)

10.0(NA)
10.0 (NA)
21.1 (9.5)
10.8 (1.5)
10.8 (1.5)
11.4 (1.6)
15.3 (1.5)
24.4 (4.7)
12.2 (1.7)
28.9 (7.7)

13.5 (1.2)
12.0 (4.4)
12.0 (4.4)
9.2 (1.8)
9.2 (1.8)
7.8 (1.6)
7.8 (1.6)
13.1 (2.8)
13.1 (2.8)
9.1 (1.3)
7.6 (1.4)
7.6 (1.4)

9.8 (3.6)
12.4 (3.0)

18.3 (1.4)
11.8 (2.2)
11.5 (2.2)
11.4 (2.2)
9.1 (0.9)

12.8 (3.2)
23.1 (6.9)
23.1 (6.9)

22.4 (6.1)
10.1 (1.9)
10.2 (2.3)
29.9 (11.6)
31.9 (7.6)
10.3 (1.1)
13.6 (1.6)
14.5 (1.7)
16.0 (2.4)
11.6 (4.3)
10.1 (2.2)
NA (NA)
NA (NA)
8.5 (NA)

Age

1.0
1.0
1.0
0.8
0.8
0.9
0.8
1.0
0.9
0.7

0.7
1.0
1.0
0.9
0.9
0.8
0.8
0.9
0.9
0.9
0.8
0.8

1.0
0.8

0.6
0.8
0.8
0.9
1.0

NA
0.9
0.9

0.9
0.7
0.8
0.7
0.8
0.7
0.9
0.9
1.0
1.0
0.8
NA
NA
0.9

Sex

ASD

100.6 (18.6)
100.6 (18.6)
107.7 (13.2)
103.2 (13.7)
103.2 (13.7)
111.5 (10.8)
106.8 (13.3)
110.6 (14.8)
NA (NA)
110.1 (12.2)

103.2 (10.7)
98.3 (16.6)
98.3 (16.6)
NA (NA)
NA (NA)
77.2 (19.6)
77.2 (19.6)
111.7 (13.7)
111.7 (13.7)
107.2 (17.3)
NA (NA)
NA (NA)

99.1 (14.2)
102 (13.8)

98.0 (12.0)
NA (NA)
NA (NA)
NA (NA)
NA (NA)

99.0 (11.9)
111.3 (13.9)
111.3 (13.9)

110.2 (14.0)
NA (NA)
NA (NA)
105.6 (14.9)
112.6 (11.6)
107.1 (15.7)
107.2 (9.4)
NA (NA)
111.5 (17.6)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
98.1 (26.2)

IQ

32
32
37
11
11
25
26
31
12
14

30
31
31
50
50
21
20
31
31
60
13
13

44
127

20
29
40
19
15

15
32
32

28
13
21
42
21
27
43
17
21
36
47
40
40
15

N

9.6 (NA)
9.6 (NA)
20.6 (7.0)
10.4 (1.7)
10.4 (1.7)
11.3 (1.4)
15.1 (1.4)
24.0 (5.1)
12.4 (1.8)
29.4 (7.1)

13.7 (1.0)
12.0 (4.0)
12.0 (4.0)
9.1 (1.9)
9.1 (1.9)
7.7 (1.5)
5.7 (0.8)
13.1 (2.4)
13.1 (2.4)
9.1 (1.4)
7.6 (1.4)
7.6 (1.4)

NA (NA)
11.0 (3.6)

18.3 (1.7)
11.8 (2.7)
11.6 (2.7)
11.4 (2.7)
9.9 (0.8)

10.5 (3.0)
23.7 (6.7)
23.7 (6.7)

24.0 (7.0)
10.7 (2.1)
7.3 (1.7)
24.6 (7.4)
31.8 (7.4)
9.9 (1.1)
14 (1.2)
14.5 (1.3)
16.8 (1.9)
12.3 (4.2)
8.5 (2.9)
NA (NA)
NA (NA)
9.0 (NA)

Age
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1.0
1.0
1.0
0.8
0.8
0.8
0.8
0.8
0.9
0.7

0.7
1.0
1.0
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.7
0.7

NA
0.4

0.6
0.8
0.8
0.9
0.6

NA
0.9
0.9

0.9
0.5
NA
0.3
0.7
0.5
0.4
0.8
0.8
1.0
0.5
NA
NA
0.8

Sex

TD

118.1 (13.8)
118.1 (13.8)
113 (10.2)
123.5 (9.8)
123.5 (9.8)
109.2 (11.7)
107.7 (9.5)
111.5 (10.4)
NA (NA)
105.1 (13.0)

NA (NA)
115.2 (15.6)
115.2 (15.6)
NA (NA)
NA (NA)
89.4 (11.2)
98.1 (7.0)
111.8 (12.2)
111.8 (12.2)
NA (NA)
NA (NA)
NA (NA)

NA (NA)
107.4 (12.4)

118.0 (8.0)
NA (NA)
NA (NA)
NA (NA)
NA (NA)

113.5 (8.3)
110 (12.8)
110 (12.8)

111.7 (12.5)
NA (NA)
NA (NA)
109.6 (9.1)
110.1 (8.7)
NA (NA)
NA (NA)
NA (NA)
110.3 (10.1)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
106 (8.3)

IQ

0.3
0.4
0.4
0.2
0.3
0.3
0.3
0.4
0.3
0.2
0.2
0.3
0.3
0.4
0.4
0.3
0.3
0.3
0.3
0.2
0.3
0.4
0.3
0.1
0.3
0.2
0.2
0.2
0.2
0.4
0.3
0.3
0.3
0.2
0.4
0.4
0.3
0.3
0.2
0.4
0.4
0.3
0.3
0.3
0.4
0.4

⫺0.7
⫺1.6
⫺1.7
⫺0.8
⫺1.0
⫺0.8
0.4
⫺0.6
⫺1.0
⫺1.1
⫺0.7
⫺1.0
⫺0.4
⫺0.2
⫺0.2
⫺1.0
⫺0.6
⫺0.9
⫺0.8
⫺0.8
⫺0.7
⫺0.8
⫺0.9
⫺0.1
⫺0.7
⫺1.3
⫺0.9
⫺0.9
⫺0.3
⫺1.9
⫺1.0
⫺0.6
0.2
⫺0.5
⫺1.0
0.1
⫺0.9
⫺1.0
⫺1.1
⫺1.2
⫺1.2
⫺1.2
⫺0.7
⫺1.2
⫺0.6
⫺0.6
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CFMT
CFMT
CFMT
CFMT
CFMT
CFMT
CFMT
CFMT
CFMT

Old-new
Old-new
Old-new
CFMT
Old-new

CFMT
Old-new

Children
Children
Adolescents
Adolescents
Adults
Adults
Adults

AM-Control/Own race
AM-Control/Other
race
IM-Control/Own race
IM-Control/Other race

15
8
24
24
23
23
19
19
13

29
29
29
15
16

14
29

13
13
24
24
20
8
23

Old-new
Old-new
Old-new
Old-new
Old-new
n-Back
Old-new

N
19
26
20
9
20

Immediate
Delayed
Own race
Other race

ES description

Old-new
Old-new
Old-new
CFMT
CFMT

Task name

33.7 (10.4)
10.6 (1.2)
11.2 (1.7)
11.2 (1.7)
15.3 (1.5)
15.3 (1.5)
24.2 (4.9)
24.2 (4.9)
24.9 (4.9)

7.9 (1.4)
7.9 (1.4)
7.9 (1.4)
31.8 (9.2)
6.0 (0.7)

15.0 (2.0)
7.9 (1.4)

10.2 (2.1)
10.2 (2.1)
20.7 (3.9)
20.7 (3.9)
43.2 (12.3)
15.6 (9.6)
30.8 (8.5)

20.8 (3.3)
28.9 (9.5)
11.4 (2.5)
11.1 (2.0)
14.1 (NA)

Age

0.9
0.6
0.9
0.9
0.8
0.8
1.0
1.0
NA

0.9
0.9
0.9
0.7
0.9

0.9
0.9

1.0
1.0
0.7
0.7
0.8
1.0
0.8

0.7
0.6
0.9
1.0
1.0

Sex

ASD

110.5 (14.2)
NA (NA)
112.8 (12.9)
112.8 (12.9)
107.7 (13.3)
107.7 (13.3)
111.3 (14.6)
111.3 (14.6)
115.3 (13.6)

NA (NA)
NA (NA)
NA (NA)
126.0 (11.8)
NA (NA)

112.0 (11.0)
NA (NA)

105.2 (19.8)
105.2 (19.8)
NA (NA)
NA (NA)
108.7 (15.2)
95.9 (14.9)
97.4 (11.0)

NA (NA)
106.6 (15.1)
NA (NA)
NA (NA)
108.5 (NA)

IQ

15
8
29
29
23
23
28
28
14

29
29
29
15
20

14
29

13
13
28
28
20
12
23

28
33
20
9
12

N

33.8 (9.7)
8.9 (0.8)
11.4 (1.4)
11.4 (1.4)
15.4 (1.5)
15.4 (1.5)
24 (5.3)
24 (5.3)
24.1 (5.5)

7.9 (1.4)
5.7 (1.0)
5.7 (1.0)
28.1 (7.5)
5.8 (0.5)

15.0 (2.0)
7.9 (1.4)

10.2 (2.0)
10.2 (2.0)
20.6 (3.3)
20.6 (3.3)
44 (13.9)
14.5 (10.8)
28.4 (9.3)

20.6 (2.9)
25.0 (10.0)
11.5 (2.3)
11.3 (2.8)
13.8 (NA)

Age

0.9
0.4
0.8
0.8
0.8
0.8
0.8
0.8
NA

0.9
0.9
0.9
0.6
1.0

0.9
0.9

1.0
1.0
0.8
0.8
0.7
1.0
0.8

0.8
0.6
0.8
0.4
1.0

Sex

TD

110 (11.4)
NA (NA)
107.5 (12.6)
107.5 (12.6)
108.6 (8.5)
108.6 (8.5)
112.1 (11.7)
112.1 (11.7)
114.9 (11.0)

NA (NA)
NA (NA)
NA (NA)
128.2 (10.5)
NA (NA)

110 (12)
NA (NA)

116.5 (10.3)
116.5 (10.3)
NA (NA)
NA (NA)
110.8 (13.9)
112.2 (12.4)
97.4 (13.1)

NA (NA)
112.1 (9.3)
NA (NA)
NA (NA)
117.6 (NA)

IQ

SE
0.5
0.3
0.3
0.5
0.4
0.4
0.4
0.5
0.6
0.3
0.5
0.3
0.4
0.3
0.3
0.3
0.3
0.4
0.3
0.4
0.5
0.3
0.3
0.3
0.3
0.3
0.3
0.4

g
⫺3.6
⫺0.7
0.0
⫺0.6
⫺1.1
⫺0.7
⫺0.5
⫺3.6
⫺4.9
⫺1.2
⫺0.8
⫺0.5
⫺0.2
⫺1.9
⫺1.8
⫺1.0
⫺1.3
⫺1.3
⫺0.1
⫺1.2
⫺0.8
⫺0.6
⫺0.8
⫺0.4
⫺0.5
⫺1.2
⫺1.2
⫺1.4

Note. Study authors are denoted by the first author, year, and unique effect size identifier in brackets. For studies with multiple effect sizes (ESs), the ES description column differentiates multiple
effect sizes. For descriptive statistics, NA indicate data was not available in the article. VM-Control ⫽ verbal-matched control group; NVM-Control ⫽ nonverbal-matched control group; AM-Control ⫽
age-matched control group; IM-Control ⫽ IQ-matched control group; PW-Eyes ⫽ parts/whole task identity change of eyes; PW-Mouth ⫽ parts/whole task identity change of mouth; ASD ⫽ autism
spectrum disorder; TD ⫽ typically developing; CFMT ⫽ Cambridge Face Memory Test; NEPSY ⫽ Developmental NEuroPSYchological Assessment; TOMAL ⫽ Test of Memory and Learning;
WMS ⫽ Weschler Memory Scale; Sex ⫽ % male; g ⫽ standardized effect size (Hedge’s g); SE ⫽ standard error.
a
The outcome measure was collected either in the MRI scanner or during eye-tracking.

Yi et al. (2016)[2]a
Yi et al. (2016)[3]a
Yi et al. (2016)[4]a
Ewbank et al. (2017)[1]
Li et al. (2017)[1]
Schelinski, Roswandowitz, and von Kriegstein
(2017)[1]
Ewing et al. (2018)[1]
Fedor et al. (2018)[1]a
Fedor et al. (2018)[2]a
Fedor et al. (2018)[3]a
Fedor et al. (2018)[4]a
Fedor et al. (2018)[5]a
Fedor et al. (2018)[6]a
Lynn et al. (2018)[1]a

Yi et al. (2014)[1]
Hedley, Brewer, and Young (2015)[1]a
Jiang, Palm, DeBolt, and Goh (2015)[1]
Rhodes, Neumann, Ewing, and Palermo (2015)[1]
Scherf, Elbich, Minshew, and Behrmann (2015)[1]
Tessier, Lambert, Scherzer, Jemel, and Godbout
(2015)[1]
Tessier et al. (2015)[2]
Yi et al. (2015)[1]a
Yi et al. (2015)[2]a
Ipser, Ring, Murphy, Gaigg, and Cook (2016)[1]
Jung, Strother, Feil-Seifer, and Hutsler (2016)[1]a
Walsh, Creighton, and Rutherford (2016)[1]
Whyte, Behrmann, Minshew, Garcia, and Scherf
(2016)[1]
Yi et al. (2016)[1]a

a

Table 1 (continued)
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Ozonoff, Pennington, and Rogers (1990)[1]
Ozonoff et al. (1990)[2]
Ozonoff et al. (1990)[3]
Ozonoff et al. (1990)[4]
Davies, Bishop, Manstead, and Tantam
(1994)[1]
Davies et al. (1994)[2]
Davies et al. (1994)[3]
Gepner et al. (1996)[2]
Gepner et al. (1996)[4]
Hauck et al. (1998)[2]
Schultz et al. (2000)[1]a
Rondan, Gepner, and Deruelle (2003)[1]
Deruelle, Rondan, Gepner, and Tardif
(2004)[1]
Robel et al. (2004)[1]
Robel et al. (2004)[2]
White, Hill, Winston, and Frith (2006)[1]
Humphreys, Minshew, Leonard, and
Behrmann (2007)[1]
Bookheimer, Wang, Scott, Sigman, and
Dapretto (2008)[1]a
Conturo et al. (2008)[1]
Riby, Doherty-Sneddon, and Bruce
(2008)[1]
Riby et al. (2008)[2]
Riby et al. (2008)[3]
Riby et al. (2008)[4]
Wallace, Coleman, and Bailey (2008)[1]
Wolf et al. (2008)[2]
Wolf et al. (2008)[3]
Wolf et al. (2008)[4]
Annaz et al. (2009)[1]
Krysko et al. (2009)[1]
Riby, Doherty-Sneddon, and Bruce
(2009)[1]
Riby et al. (2009)[2]
Riby et al. (2009)[3]
Riby et al. (2009)[4]
Riby et al. (2009)[5]
Riby et al. (2009)[6]
Philip et al. (2010)[1]
Rosset et al. (2010)[1]
C. Wilson, Palermo, et al. (2010)[1]
Leonard et al. (2011)[1]
McPartland, Wu, et al. (2011)[1]

Study
1
1
2
2

Matching
Matching
Matching
Matching
Matching
Matching
Benton
Same-different
Matching
Benton
Benton

Upper face
Lower face
Featural change
Configural change
PW-Eyes
PW-Mouth

PW-Eyes
PW-Mouth

20
20
20
20
20
20
23
17
21
17
36

20
20
20
20
26
66
66
66
16
19

Matching
Matching
Matching
Matching
Benton
Matching
Matching
Matching
Benton
Same-different

VM-Control
VMA-Control/Inner face
NVM-Control
NVM-Control/Inner face

12
17

Matching
Benton

11
14
14
16

10
9
9
7
7
24
14
14

14
14
13
13

N

18

Viewpoint change
Expression change

Viewpoint change
Expression change
VM-Control
NVM-Control

Exp.
Exp.
Exp.
Exp.

Effect size description

Benton

Matching
Same-different
Same-different
Benton

Matching
Sorting
Sorting
Sorting
Sorting
Matching
Same-different
Matching

Sorting
Matching
Sorting
Matching

Task

14.8 (2.4)
14.8 (2.4)
14.8 (2.4)
14.8 (2.4)
14.8 (2.4)
14.8 (2.4)
32.5 (10.9)
10.5 (2.8)
10.2 (2.3)
10.3 (2.4)
11.2 (3.4)

12.0 (2.8)
12.0 (2.8)
12.0 (2.8)
12.0 (2.8)
32.0 (9.0)
11.7 (3.8)
11.9 (4.0)
11.9 (4.0)
8.4 (1.8)
29.3 (9.4)

11.3 (4.0)
26.5 (11.3)

24.7 (9.0)

9.2 (2.2)
8.2 (1.7)
8.2 (1.7)
32.3 (14.2)

14.9 (1.9)
14.3 (1.5)
14.3 (1.5)
11.2 (4.7)
11.2 (4.7)
9.6 (1.7)
23.8 (12.4)
10.1 (2.5)

6.4 (2.0)
6.4 (2.0)
6.2 (2.1)
6.2 (2.1)

Age

0.8
0.8
0.8
0.8
0.8
0.8
0.7
0.8
0.8
0.9
0.9

0.8
0.8
0.8
0.8
0.9
0.8
0.8
0.8
0.8
1.0

1.0
0.8

0.9

0.6
0.9
0.9
0.6

NA
NA
NA
0.6
0.6
1.0
1.0
0.6

0.7
0.7
0.7
0.7

Sex

ASD

NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
101.5 (18.5)
93.0 (16.0)
NA (NA)
NA (NA)
105.2 (17.3)

NA (NA)
NA (NA)
NA (NA)
NA (NA)
101.0 (18.0)
107.0 (20.5)
106.8 (20.9)
106.8 (20.9)
NA (NA)
94.8 (12.7)

NA (NA)
104.4 (8.6)

103.9 (16.1)

NA (NA)
NA (NA)
NA (NA)
111.8 (15.6)

NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
109.1 (19.5)
NA (NA)

NA (NA)
NA (NA)
76.0 (20.0)
76.0 (20.0)

IQ

20
20
20
20
20
20
23
17
21
36
17

20
20
20
20
26
66
68
68
25
19

12
17

7

11
20
20
24

10
11
11
7
7
34
14
14

14
14
13
13

N

Table 2
Study Demographics, Characteristics, and Effect Sizes Listed Chronologically for Face Identity Discrimination Tasks (k ⫽ 53)

14.9 (2.2)
14.9 (2.2)
14.9 (2.2)
14.9 (2.2)
14.9 (2.2)
14.9 (2.2)
32.4 (11.1)
10.5 (2.7)
7.3 (1.7)
11.4 (2.6)
12.6 (2.4)

7.5 (1.0)
7.5 (1.0)
8.8 (2.5)
8.8 (2.5)
31.0 (9.0)
11.7 (3.0)
11.9 (3.1)
11.9 (3.1)
7.2 (2.8)
28.6 (6.9)

11.9 (2.4)
26.1 (11.1)

24.4 (6.5)

9.4 (2.3)
7.9 (1.3)
7.9 (1.3)
37.8 (12.4)

14.7 (2.1)
13.9 (1.4)
13.9 (1.4)
5.6 (2.4)
5.9 (1.8)
4.7 (0.8)
21.7 (7.2)
10.1 (2.3)

3.0 (0.3)
3.0 (0.3)
4.1 (1.5)
4.1 (1.5)

Age
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0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.8
NA
0.5
0.9

0.6
0.6
0.7
0.7
0.9
0.6
0.6
0.6
0.5
1.0

1.0
0.8

1.0

0.6
0.8
0.8
0.5

NA
NA
NA
0.6
0.6
0.5
1.0
0.6

0.7
0.7
0.7
0.7

Sex

TD

NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
112.2 (8.5)
NA (NA)
NA (NA)
NA (NA)
112.9 (13.4)

NA (NA)
NA (NA)
NA (NA)
NA (NA)
98.0 (12.0)
107.0 (8.0)
106.8 (7.8)
106.8 (7.8)
NA (NA)
NA (NA)

NA (NA)
105.2 (9.7)

110.6 (9.0)

NA (NA)
NA (NA)
NA (NA)
115.2 (11.3)

NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
110.4 (17.2)
NA (NA)

NA (NA)
NA (NA)
114.0 (20.0)
114.0 (20.0)

IQ

0.5
0.5
0.5
2.1
2.8
0.3
0.4
0.4
0.4
0.4
0.4
0.4
0.5
0.4
0.3
0.3
0.3
0.3
0.3
0.3
0.2
0.2
0.2
0.3
0.3

⫺0.9
⫺1.1
⫺0.7
⫺10.8
⫺14.4
⫺0.1
⫺0.5
⫺0.5
⫺0.8
⫺0.6
⫺0.9
⫺1.3
⫺0.8
⫺1.1
⫺0.3
⫺0.4
0.3
⫺0.4
0.1
⫺1.0
⫺1.0
⫺0.8
⫺0.3
⫺0.3
⫺0.6

⫺3.2
0.5
⫺1.8
0.4
⫺2.1
0.4
⫺3.2
0.5
⫺3.3
0.5
⫺0.9
0.3
⫺0.7
0.3
⫺0.1
0.3
⫺0.3
0.3
⫺1.2
0.3
⫺1.0
0.3
(table continues)

0.4
0.4
0.4
0.4

SE

0.1
⫺0.2
⫺0.8
⫺1.2

g
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14
22
16
12
81
32
16
33
22

Benton
Benton
Benton
Benton
Same-different
Sorting
Same-different
Benton
Benton

N
28
15
32
43

Effect size description

Benton
Benton
Benton
Benton

Task

11.1 (2.6)
27.8 (7.8)
14.9 (1.7)
14.4 (2.2)

12.5 (2.6)

13.4 (4.2)

8.4 (1.8)

33.9 (NA)
20.9 (5.6)

17.6 (5.2)
12.8 (3.2)
23.1 (6.9)
NA (NA)

Age

0.8
0.7
1.0
0.9

0.8

NA

0.8

0.8
0.8

0.8
NA
0.9
NA

Sex

ASD

98.6 (14.8)
106.3 (10.8)
94.0 (20.0)
104.2 (15.6)

101.0 (23.0)

108.8 (14.8)

NA (NA)

NA (NA)
100.1 (13.3)

103.3 (13.1)
99.0 (11.9)
111.3 (13.9)
NA (NA)

IQ

32
16
25
22

67

19

25

14
20

28
15
32
33

N

10.6 (2.2)
27.3 (7.5)
14.9 (1.7)
14.3 (1.8)

12.5 (2.7)

13.4(3.5)

7.2 (2.8)

31.1 (NA)
20.1 (3.8)

18.0 (4.0)
10.5 (3.0)
23.7 (6.7)
NA (NA)

Age

0.6
0.7
1.0
0.7

0.7

NA

0.5

0.5
0.8

0.9
NA
0.9
NA

Sex

TD

101.5 (11.4)
113.4 (8.7)
123.0 (18.0)
106.7 (12.9)

115 (16.1)

114.8 (10.8)

NA (NA)

NA (NA)
105.4 (10.5)

NA (NA)
113.5 (8.3)
110 (12.8)
NA (NA)

IQ

0.4
0.3
0.3
0.4
0.2

⫺0.4
⫺1.3
⫺0.3
⫺1.1
⫺0.8

0.3
0.6
0.3
0.3

0.3
0.4
0.3
0.2

⫺0.8
⫺0.4
⫺0.8
⫺0.7

0.0
⫺3.5
⫺0.4
⫺0.9

SE

g

Note. Study authors are denoted by the first author, year, and unique effect size identifier in brackets. For studies with multiple effect sizes (ESs), the ES description column differentiates multiple
effect sizes. For descriptive statistics, NA indicate data was not available in the article. VM-Control ⫽ verbal-matched control group; NVM-Control ⫽ nonverbal -matched control group; PW-Eyes ⫽
parts/whole task identity change of eyes; PW-Mouth ⫽ parts/whole task identity change of mouth; ASD ⫽ autism spectrum disorder; TD ⫽ typically developing; Benton ⫽ Benton Face Recognition
Test; Sex ⫽ % male; g ⫽ standardized effect size (Hedge’s g); SE ⫽ standard error.
a
The outcome measure was collected either in the magnetic resonance imaging scanner, or during eye-tracking.

Uono, Sato, and Toichi (2011)[1]
Tehrani-Doost et al. (2012)[1]
Webb et al. (2012)[1]
Fein et al. (2013)[1]
O’Brien, Spencer, Girges, Johnston, and
Hill (2014)[1]
Sachse et al. (2014)[1]
Dimitriou, Leonard, Karmiloff-Smith,
Johnson, and Thomas (2015)[1]
Herrington, Riley, Grupe, and Schultz
(2015)[1]
Herrington, Miller, Pandey, and Schultz
(2016)[1]a
Neil, Cappagli, Karaminis, Jenkins, and
Pellicano (2016)[1]
Rigby, Stoesz, and Jakobson (2018)[1]
Yerys et al. (2018)[1]
Yeung, Lee, and Chan (2019)[1]

Study

Table 2 (continued)
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data. To address our first and second goals, we estimated a summary effect size for deficits in face identity recognition behavior in
ASD using multilevel random-effects modeling. This approach
accounts for hierarchical structure and dependencies in observations (i.e., multiple effect sizes from one study) and in so doing,
achieves higher statistical power by maximizing the total number
of effect sizes (Assink & Wibbelink, 2016; Cheung, 2014, 2019).
To do so, we fit a three-level meta-analytic model to partition the
following sources of variance: sampling variance of the observed
effect sizes (Level 1), between study variability (Level 2), and
between study variation within effect sizes (Level 3; Assink &
Wibbelink, 2016). This approach also allowed us to evaluate
whether variation in the summary effect size could be accounted
for by methodological variations across studies (i.e., design or
sample characteristics).
Finally, to test the hypothesis offered by Weigelt et al. (2012),
that face identity recognition, not face identity discrimination,
predicts the magnitude of face identity processing deficits in ASD,
we compared the summary effect sizes for face identity recognition (k ⫽ 119) and face identity discrimination (k ⫽ 53) behaviors.
To compare these sets of studies using meta-analysis, we incorporated both face identity recognition and face identity discrimination effect sizes into a multivariate multilevel model to account
for the potential correlation between these two tasks. Because this
model evaluates two potentially distinct, but related, outcomes
(recognition and discrimination on the basis of identity), one must
specify a correlation between these outcomes in the model (Viechtbauer, 2010). Among TD individuals, the correlation between
these kinds of face identity processing tasks is approximately
0.3– 0.5 (Bruce et al., 2018; Fysh, 2018; Verhallen et al., 2017).
Among individuals with ASD, this correlation is rarely reported.
Therefore, we modeled this correlation with multiple imputations
(r ⫽ .3, r ⫽ .6, r ⫽ .9) to determine whether it impacted the
findings.
Sensitivity to small-study effects. The validity of metaanalysis estimates can be compromised by small-study effects,
which is the phenomenon that smaller studies can show exaggerated estimates compared to large studies. One of the most wellknown causes of small-study effects is publication bias, which
reflects the fact that studies are generally published based on the
prominent factor of statistical significance instead of multiple
factors like statistical power, magnitude of the effect, and overall
quality of the study. Funnel plots, which quantify symmetry, are a
standard method for identifying the presence and impact of smallstudy effects on traditional, univariate meta-analyses. They display
the effect size estimates from individual studies as a function of
precision, which is defined as either the study-specific sample size,
variance, standard error, inverse variance, or inverse standard
error. In so doing, small-study effects can be identified as those
that have magnified effect sizes that are relatively distant in an
asymmetrical way from the summary effect. Quantitative techniques such as Egger’s regression test have been developed to test
for funnel plot asymmetry; however, these methods are not appropriate for hierarchical data (Egger, Smith, Schneider, & Minder,
1997).
To evaluate the robustness of our multilevel, meta-analyses to
small-study effects, we assessed funnel plot asymmetry based on
the recommendations of Nakagawa and Santos (2012). Specifically, we included a measure of precision (i.e., standard error) as

a predictor in our multilevel model, which manages statistical
dependency of multiple within-study effect sizes and is conceptually identical to the Egger’s Regression test (i.e., a standard
method to quantify the funnel plot asymmetry). After determining
the “small-study” influential effect sizes, we computed the summary effect size without those influential cases. Separately, we
evaluated the sensitivity of the summary effect sizes from recognition and discrimination studies to small study effects.
Evaluation of methodological factors. After estimating the
summary effect size without the influence of small-study effects,
we extended the three-level meta-analytic model to include the
continuous moderator variables of age, sex (percentage male), full
scale IQ, and DRQI scores and the categorical moderator of task
paradigm. As recommended, we started by evaluating each moderator as a predictor of the effect size one at a time to evaluate the
unique influence on the summary effect independent of the other
variables (Assink & Wibbelink, 2016; Cheung, 2014; Viechtbauer,
2010). In addition, because not all studies reported information on
all moderator variables, this strategy achieves maximum statistical
power for each variable. To investigate the effect of task paradigm,
we only included paradigms for which there was a substantive
cluster (k ⱖ 5). We evaluated the potential influence of these
moderating variables on the summary effect sizes from the recognition and discrimination studies separately.

Results
Study Selection
In total, we included 172 effect sizes from 112 unique empirical
articles in the analysis (indicated by an asterisk in References). The
final dataset included 5,390 individual participants (ASD ⫽ 2,612,
TD ⫽ 2,778) whose average age ranged from 4- to 44-years-old.
Specifically, we included 119 face identity recognition and 53 face
identity discrimination effect sizes in the analyses. The full process
of study identification, screening, and selection is documented in
Figure 1. The sample sizes, study characteristics, participant
demographics, and face recognition/discrimination paradigm
and the contributing effect size for each study are reported in
Tables 1 and 2.

Is There a Deficit in Face Identity Recognition
Behavior in ASD?
The first analysis evaluated whether there is a deficit in face
identity recognition behavior in ASD, and if so, provided an
estimate of the magnitude of the deficit. To do this analysis, we
submitted the 119 effect sizes from the recognition tests to the
multilevel model with group (ASD, TD) as a fixed factor. This
analysis revealed a large summary effect size (Hedge’s g ⫽ ⫺0.86,
95% CI [⫺1.00, ⫺0.72], p ⬍ .0001), indicating prominent face
identity recognition deficits in ASD compared to TD individuals
(see Figure 2).
Sensitivity to small-study effects. We evaluated the influence
of small-study effects on the overall summary effect size by using
a modified Egger’s Regression test to quantify funnel plot asymmetry (Nakagawa & Santos, 2012). There was significant funnel
plot asymmetry (b ⫽ ⫺4.50, SE ⫽ 0.53, 95% CI [⫺5.53, ⫺3.47],
p ⬍ .0001; see Figure 3a), indicating the potential presence of
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small-study effects. After the removal of extreme effect sizes, we
no longer observed funnel plot asymmetry (b ⫽ ⫺1.24, SE ⫽ 0.64,
95% CI [⫺2.49, 0.00], p ⬎ .05; see Figure 3b). After removal of
these extreme effect sizes (n ⫽ 7), there was still a large summary
effect size estimate (Hedge’s g ⫽ ⫺0.76, SE ⫽ 0.05, 95% CI
[⫺0.86, ⫺0.67], p ⬍ .0001) indicating deficits in face recognition
in ASD. This finding suggests that our summary effect size was
robust to different sources of bias related to funnel plot asymmetry.
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Do Methodological Factors Influence the Magnitude of
This Face Recognition Deficit?
Consistent with our choice in using a random-effects model, we
observed considerable heterogeneity among the included effect
sizes (Q ⫽ 473.04, p ⬍ .0001, I2 ⫽ 77.8%). Specifically, the
model revealed that 22.2% of the total variance was attributed to
sampling variability (Level 1), 70.3% of the total variance was
attributed to between-study variability (Level 2), and 7.5% of the
total variance was attributed to between study variation within
effect sizes (Level 3). This observed degree of between-study
heterogeneity exceeds recommendations for proceeding with subsequent moderator analyses to evaluate the potential sources of this
heterogeneity (i.e., I2 ⬎ 75%; Hunter & Schmidt, 1990).
In contrast to predictions from Tang et al. (2015), the summary
effect size for face identity recognition was not significantly moderated by differences in participant age, F(1, 113) ⫽ 1.65,
b ⫽ ⫺0.01, SE ⫽ 0.01, 95% CI [⫺0.03, 0.01], p ⫽ .20; full scale
IQ, F(1, 70) ⫽ 1.17, b ⫽ ⫺0.01, SE ⫽ 0.01, 95% CI [⫺0.03,
0.01], p ⫽ .28; sex, F(1, 102) ⫽ 0.65, b ⫽ 0.50, SE ⫽ 0.62, 95%
CI [⫺0.73, 1.73], p ⫽ .42; DRQI score, F(1, 117) ⫽ 0.72, b ⫽
0.03, SE ⫽ 0.04, 95% CI [⫺0.04, 0.10], p ⫽ .40; or recognition
paradigm, F(4, 104) ⫽ 1.77, p ⫽ .78. These findings indicate that
variation in these methodological factors did not consistently influence the magnitude of face identity recognition deficits in ASD
in the studies reviewed here.
Given the limitations of behavioral paradigms evaluating face
identity processing used as participants undergo neuroimaging or
eye-tracking, we reevaluated the summary effect size characterizing face identity recognition deficits in ASD after excluding these
effect sizes (k ⫽ 31; see Table 1). Without these effect sizes, the
summary effect size remained large and statistically significant
(Hedge’s g ⫽ ⫺0.74, SE ⫽ 0.05, 95% CI [⫺0.84, ⫺0.65], p ⬍
.0001).

Is the Deficit Specific to Face Identity Recognition
Behavior?
Finally, we tested the hypothesis that face identity processing
deficits are fundamentally related to memory, and not perceptual,
processes (see Weigelt et al., 2012). To do this analysis, we

submitted all 172 effect sizes to a multivariate multilevel model
with group (ASD, TD) as a fixed factor and process (recognition,
discrimination) as a moderating factor. We found no moderating
effect of the face identity process (b ⫽ ⫺0.13, SE ⫽ 0.11, 95% CI
[⫺0.35, 0.10], p ⫽ .27). Specifically, there were comparable
deficits in performance on face identity recognition and face
identity discrimination tasks among the ASD participants. Sensitivity analyses indicated that this was true for each correlation
imputation (r ⫽ .6, b ⫽ ⫺0.13, SE ⫽ 0.11, 95% CI [⫺0.35, 0.09],
p ⫽ .26; r ⫽ .9, b ⫽ ⫺0.13, SE ⫽ 0.11, 95% CI [⫺0.35, 0.08], p ⫽
.23). To follow up, we estimated the unique summary effect size
indicating deficits in face identity discrimination behavior (k ⫽
53), which also revealed a large summary effect size, (Hedge’s
g ⫽ ⫺0.82, SE ⫽ 0.12, 95% CI [⫺1.04, ⫺0.59], p ⬍ .0001; see
Figure 4).
We also evaluated bias from potential small-study effects on the
magnitude of this summary effect. There was significant funnel
plot asymmetry for face identity discrimination effect sizes
(b ⫽ ⫺5.45, SE ⫽ 0.68, 95% CI [⫺6.79, ⫺4.10], p ⬍ .0001; see
Figure 3c), indicating the potential presence of small-study effects.
After the removal of extreme effect sizes (n ⫽ 6), we no longer
observed funnel plot asymmetry (b ⫽ ⫺0.95, SE ⫽ 0.92, 95% CI
[⫺2.75, 0.85], p ⫽ .30) and we still observed a large summary
effect size estimate (Hedge’s g ⫽ ⫺0.65, SE ⫽ 0.07, 95% CI
[⫺0.78, ⫺0.52], p ⬍ .0001; see Figure 3d). These findings
indicate that the summary effect size describing deficits in face
identity discrimination behavior was also robust to different
sources of bias related to funnel plot asymmetry.

Do Methodological Factors Influence the Magnitude of
the Face Identity Discrimination Deficit?
Given the finding that there are consistent deficits in face
identity discrimination in ASD across studies, we also investigated
the influence of methodological variation on the summary effect
size characterizing the magnitude of this deficit. The summary
effect size was not significantly moderated by differences in participant age, F(1, 50) ⫽ 1.54, b ⫽ ⫺0.02, SE ⫽ 0.01, 95% CI
[⫺0.05, 0.01], p ⫽ .22; full scale IQ, F(1, 19) ⫽ 0.92, b ⫽ ⫺0.02,
SE ⫽ 0.02, 95% CI [⫺0.07, 0.03], p ⫽ .35; sex, F(1, 44) ⫽ 1.38,
b ⫽ 1.39, SE ⫽ 1.19, 95% CI [⫺1.00, 3.80], p ⫽ .25; DRQI score,
F(1, 51) ⫽ 0.04, b ⫽ 0.01, SE ⫽ 0.04, 95% CI [⫺0.08, 0.09], p ⫽
.85; or discrimination task, F(3, 49) ⫽ 0.31, p ⫽ .95. Finally, we
also excluded effect sizes obtained while participants were undergoing neuroimaging or eye-tracking (k ⫽ 3; see Table 2) and the
summary effect size was unaffected (Hedge’s g ⫽ ⫺0.82, SE ⫽
0.13, 95% CI [⫺1.07, ⫺0.57], p ⬍ .0001). These findings indicate
that in spite of the methodological variation across studies, the
magnitude of the deficit in face identity discrimination behavior is
not impacted.

Figure 2 (opposite). Illustration of individual study and summary effect sizes for face identity recognition tasks. Forest plot containing the standardized
effect size estimate (square) and 95% confidence intervals (black bar) for each effect size in the meta-analysis plotted as a function of study year and
alphabetically within study year. Nested effect sizes within a study are numbered in brackets. The summary effect size is presented at the bottom in black
and the gray bar extending across all studies reflects the full 95% confidence interval around the summary effect size. Black arrows refer to study specific
intervals that continue behind the plot area. For effect sizes less than ⫺5, numerical values reflect the respective Hedge’s g and 95% CI values. See the
online article for the color version of this figure.
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Figure 3. Graphic illustration of small-study effects on meta-analysis. Funnel plots displaying the standardized
effect size estimates (circles) as a function of precision (e.g., standard error). The funnel plot is centered on the
standardized summary effect size for face identity recognition (Hedge’s g ⫽ ⫺0.86) and discrimination tasks
(Hedge’s g ⫽ ⫺0.82) indicated by a vertical black line. (A) All face identity recognition effect sizes (k ⫽ 119)
and (C) face identity discrimination effect sizes (k ⫽ 53) are plotted. As shown, there was significant funnel plot
asymmetry for recognition and discrimination tasks with 7 and 6 effect sizes contributing to small-study effects,
respectively. Upon removal, both face identity recognition (B) and face identity discrimination (D) effect sizes
show symmetrical funnel plots (which indicates no presence of small-study effects). These results indicate that
even after removing these studies, the summary effect size is only mildly attenuated for face recognition
(Hedge’s g ⫽ ⫺0.76) and face discrimination (Hedge’s g ⫽ ⫺0.65) tasks.
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Figure 4 (opposite)
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Discussion
ASD is characterized by deficits in human social interaction and
researchers are trying to understand the underlying mechanisms
contributing to these deficits. Researchers have theorized about the
contribution of atypical face identity processing to the behavioral
symptom profile of ASD for more than 40 years. This is because
so many of the social communicative difficulties in ASD are
directly or indirectly reliant on face processing skills, like face
recognition. For example, face recognition is essential for determining whether a social partner is personally familiar to us, how to
predict their behavior, and how to select our own behavioral
responses to them. It is possible that even subtle deficits in this
fundamental social– cognitive skill will have downstream consequences for multiple aspects of social communication.
Here, we present a quantitative meta-analysis of this body of
work to evaluate the consistency and magnitude of differences in
face identity processing between ASD and TD individuals. We
used rigorous approaches for identifying effect sizes to be included
in the meta-analysis and for performing the analyses. First, we
established clear definitions of face identity processes. We operationalized face identity recognition as the ability to recognize a
face by invoking a mental representation of face identity in the
absence of the percept (i.e., as in over a delay period). We
operationalized face identity discrimination as the ability to perceptually discriminate between multiple faces on the basis of
identity using available percepts (i.e., simultaneous presentation).
Operationalizing these two kinds of face identity processing tasks
allowed us to test a hypothesis from an existing review article
(Weigelt et al., 2012), that proposed the face identity processing
deficits in ASD are selective for recognition, and do not extend to
discrimination. Our approach identified 172 effect sizes (119 from
recognition and 53 discrimination paradigms) that represented
5,390 unique participants. In our analysis, the studies were
weighted as a function of sample size and we used multilevel
modeling to estimate the summary effect size, which accounts for
hierarchical structure and dependencies in effect sizes (i.e., multiple effect sizes from one study). This approach maximized both
the statistical power and robustness of our results. Finally, we
evaluated how vulnerable the results were to small-study effects
arising from publication bias, poor study quality, or chance.

Consistency in Face Recognition Deficits in ASD
Across Studies
This meta-analysis revealed large face identity recognition deficits in ASD compared to TD groups (Hedge’s g ⫽ ⫺0.86).
Essentially, this means that the score of an average ASD individual
is almost 1 SD below the average TD individual on face identity
recognition tasks. Put another way, an average ASD person will
score below ⬃81% of TD individuals on face recognition tasks. In
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addition, we found that this effect persists across a wide array of
task paradigms, age groups, IQ scores, sex distributions, and
design and reporting quality of the studies. Because of the large
number of effect sizes and participants in this analysis, the finding
of consistent deficits in face recognition is likely to generalize to
the broader ASD population.
This finding is robust. We investigated the validity of the
meta-analysis and its robustness to exaggerated effects from small
studies that can have biased effects because of small sample sizes
and biased sampling. This can be reflected in publication bias, the
bias to publish studies on the basis of a single factor like statistical
significance instead of multiple factors that influence effect size
estimates, like statistical power, sample size, and overall quality of
the study. Our analysis revealed that the full set of studies contained a small number of studies that were biased in this way.
Importantly, even when we removed them from the analyses, the
summary effects remained large, indicating that deficits in face
recognition in ASD are robust across studies.

Does Methodological Variation Across Studies
Influence Findings of Face Recognition Deficits in
ASD?
In previous reviews of this literature, researchers hypothesized
that variation in study findings may be due to heterogeneity in
methodological approaches (Tang et al., 2015; Weigelt et al.,
2012). Some of the proposed variations that likely affect the
consistency of results across studies include the age, sex distribution, IQ, and sample sizes of the participant groups; the diagnostic
criteria for the ASD group; the vast range of task paradigms; and
overall design and reporting quality of the studies. We empirically
investigated these hypotheses by evaluating the impact of these
factors on the face identity recognition summary effect size.
Participant age. The majority of studies in this meta-analysis
constrained the age range of the participants (e.g., children, adolescents, or adults), which allowed us to test whether differences in
age group contributed to between-study heterogeneity and moderated the summary effect size. Importantly, there are only a small
number of cross-sectional studies specifically evaluating agerelated differences in face recognition abilities between ASD and
TD individuals (Fedor et al., 2018; O’Hearn et al., 2014; Scherf,
Behrmann, Minshew, & Luna, 2008), and critically, no longitudinal studies, in this analysis. We identified 30 effect sizes representing contrasts between ASD and TD children (⬍10 years), 47
effect sizes between ASD and TD adolescents (ages 10 –18 years),
and 38 effect sizes between ASD and TD adults (⬎18 years). The
meta-analysis revealed that face identity recognition deficits were
not systematically impacted by the average age of the participants.
Simply put, the magnitude of these deficits was similar across all
age groups included in this meta-analysis. Although cross-

Figure 4 (opposite). Illustration of individual study and summary effect sizes for face identity discrimination tasks. Forest plot containing the standardized
effect size estimate (square) and 95% confidence intervals (black bar) for each effect size in the meta-analysis plotted as a function of study year and
alphabetically within study year. Nested effect sizes within a study are numbered in brackets. The summary effect size is presented at the bottom in black
and the gray bar extending across all studies reflects the full 95% confidence interval around the summary effect size. For effect sizes less than ⫺5,
numerical values reflect the respective Hedge’s g and 95% CI values. See the online article for the color version of this figure.
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sectional in nature, this suggests that the magnitude of face identity
recognition deficits is persistent and consistent from childhood to
middle adulthood.
Distribution of sample sex. There is a growing notion that
autistic symptomology may be manifest differently in men and
women (e.g., M.-C Lai, Lombardo, et al., 2017), particularly in
terms of face processing (e.g., Whyte & Scherf, 2018). We tested
this hypothesis by evaluating the extent to which face recognition
deficits are impacted by the distribution of sex in the study samples
(i.e., percentage of males in each study). The studies in this
meta-analysis contained samples that ranged from 50% to 100%
male; however, only two effect sizes were generated from samples
that were 50% male. Given the strong male bias in the diagnosis of
ASD (4:1), it is unsurprising that the majority of studies contained
samples that have a majority percentage of males. The analyses
revealed no systematic relation between the proportion of male
participants in the study sample and the magnitude of face identity
recognition deficits between ASD and TD groups. In other words,
samples that contained a lower and higher proportion of males
exhibited similar magnitude deficits in face identity recognition.
However, it is important to keep in mind that the overwhelming
majority of these studies included in the meta-analysis have a
disproportionate number of males compared to females. Therefore,
further research in which the distribution of males and females is
consistently balanced is required to truly evaluate the possibility
that the magnitude of face identity recognition deficits is modulated by sex.
Participant IQ. In TD populations, IQ is uncorrelated with
face identity recognition (Wilmer, Germine, & Nakayama, 2014;
Zhu et al., 2010). There is no clear theoretical reason why that
association would be different in ASD. Therefore, we would
expect that participant IQ does not impact the magnitude of face
identity recognition deficits between ASD and TD individuals. The
current meta-analysis supported this notion. Specifically, we found
that face identity recognition deficits in ASD were of similar
magnitude regardless of the average IQ of the sample. Of note,
although mean IQ scores ranged from 82 to 127, the majority of
the samples reported average IQ scores between 100 and 110.
Therefore, the summary effect size estimates we report is characteristic of individuals with IQ scores in the normal range and may
not generalize to those with IQ scores outside that range.
Task paradigm. Face identity recognition was tested using a
multitude of paradigms. For face recognition, these include tasks
like “old-new,” CFMT, and WMS. As part of the paradigm differences, studies also varied across task parameters such as the
number of trials, distractors, time delay between study and response periods, and response time. In addition, the types of stimuli
varied dramatically. For example, researchers used photographs
that were either black/white or color, printed or digital images,
spatially filtered (high and low pass), inverted, or partially occluded. Finally, it is likely that studies differ in a number of ways
that are inaccessible to readers directly including, where and when
the task was administered, the set of instructions prior to the start
of the task, whether the task was administered in isolation or in the
context of other tasks.
We coded the studies in this analysis on the basis of the type of
task paradigm that was employed, which only captures some of
this variability. The analysis revealed no evidence for an influence
of task paradigm moderating the summary effect size of face

identity recognition deficits between ASD and TD groups. This
indicates that the magnitude of face identity recognition deficits in
ASD persists regardless of the task used to assess face identity
recognition behaviors. Importantly, this finding may be a function
of the fact that we defined face identity recognition in a clear,
operational way to determine the inclusion criteria for the studies
in this meta-analysis. This lends confidence to the external validity
of these studies even though it has not been tested explicitly.
Design and reporting quality index. We tested the possibility that variations in the design and reporting quality across studies
might influence the magnitude of the summary effect size on face
identity recognition deficits in ASD. To do so, we derived an index
of that included metrics of study design, reporting of participant
demographics, and ASD diagnostic confirmation, such that higher
scores indicated better design and reporting quality. In contrast to
findings reported in a previous review (Tang et al., 2015), we did
not observe an association between the extent of the design and
reporting quality of the study the magnitude of the deficit in face
identity recognition in ASD.
This lack of an association between DRQI scores and deficits
may be related to the limited range in the scores across studies (see
the online supplemental materials). Also, the use of these kinds of
quality indices to weight studies in meta-analysis has actually been
discouraged (Ahn & Becker, 2011; Herbison, Hay-Smith, & Gillespie, 2006) because they only provide low dimensional information about study quality, which is determined by many dimensions.
Unexplained heterogeneity between studies. Although we
did find large, generalizable face identity recognition deficits in
ASD, we also observed considerable heterogeneity among the
reviewed studies. The difficult problem is trying to understand
whether there is organized and meaningful variance in this heterogeneity that influences the magnitude of the summary effect size.
One possibility is variance in task paradigms that were not evaluated here. For example, in unstandardized tasks like the “old/
new” paradigm, studies routinely vary on the instructions for the
task, number of trials, number of distractors, delay between study
and test phases, and difficulty of the task. All of these (and other)
subtle differences likely contribute to the between-study heterogeneity observed here. Moving forward, we recommend that the
research community agree to using similar task paradigms and
stimuli to minimize this between-study heterogeneity and compare
results. As an example of this approach, we analyzed all the studies
(k ⫽ 20) that used the CFMT paradigm, which is a highly regarded
task of unfamiliar face identity recognition. Among this set of
studies, the summary effect was large (Hedge’s g ⫽ ⫺0.84, SE ⫽
.09, 95% CI [⫺1.02, ⫺0.67], p ⬍ .0001) and there was no
significant heterogeneity among the observed effect sizes (Q ⫽
20.29, p ⫽ .38; I2 ⫽ 18.55%).

Are Face Identity Processing Deficits in ASD Specific
to Recognition?
Understanding the specific set of task demands that make processing face identity information especially difficult for individuals with ASD is important. Weigelt et al. (2012) reported that face
identity recognition is deficient in ASD, but that perception of face
identity information is intact. Furthermore, the researchers predicted that tasks with longer face memory demands will generate
worse performance in ASD. If this is the case, there are important
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implications for developing targeted intervention programs aimed
at improving face identity recognition abilities in ASD.
We empirically evaluated this hypothesis by computing and
comparing the summary effect sizes from studies comparing face
identity recognition (k ⫽ 119) and face identity discrimination
(k ⫽ 53) abilities between ASD and TD individuals. In contrast to
predictions, our meta-analyses indicated that there are comparable
deficits in both face identity recognition and discrimination abilities in ASD. As with face identity recognition deficits, the magnitude of the ASD deficit in face identity discrimination is nearly
1 SD below TD individuals. These findings suggest that the difficulty for ASD individuals has to do with processing information
about individual face identity at both the perceptual and representational levels.
Finally, given the prominent deficits in face identity discrimination abilities in ASD, we evaluated whether methodological
variation (as described above) influenced the estimated magnitude
of this deficit. Comparable to our findings of the robustness of the
estimated magnitude of deficits in face identity recognition, we did
not observe any moderation of the summary effect size characterizing ASD deficits in face identity discrimination. This finding
supports the notion that these perceptual and representational
deficits in face identity processing are large and evident even in the
face of so much methodological variation across studies.

Limitations
The meta-analytic approach is inherently limited by the available data from the existing literature. As a result, meta-analysis is
influenced by the file-drawer problem (Rosenthal, 1979) and the
statistical significance filter. The file-drawer problem refers to
the bias introduced into the scientific literature resulting from the
lower likelihood of nonsignificant and null findings to be published and available to the scientific community (i.e., “left in the
file-drawer”). Recall that the goal of meta-analysis is to pool all
data regardless of statistical significance to best represent the true
population estimate. Without access to data “left in the filedrawer”, meta-analytic estimates can be biased.
Relatedly, the statistical significance filter also introduces a bias
into the scientific literature. It reflects the phenomenon that statistically significant findings tend to overestimate the magnitude of
an effect (Type M Errors; Gelman & Carlin, 2014). This is because
statistically significant (i.e., p ⬍ .05) findings are much more
likely to be published. Such results are also likely to be large
(⫾1.96 SDs) to reach the significance threshold (p ⬍ .05). As a
result, it is possible that only large effects get published, leading to
Type M errors. This is especially critical when studies are underpowered because the effects have to be substantially large in order
to reach statistical significance with a small sample size. This is
why it is important to evaluate publication bias, which is a general
term reflecting the tendency of publishers to only publish “positive” or “novel” findings. This is also why investigation of funnel
plots has become a standard method for evaluating potential sensitivity to small-study effects. For example, it is almost always the
case that wildly large effects (e.g., Cohen’s d ⬎ 5) are estimated
from small samples with a large sampling error, but these studies
get published because they report statistically significant results
(i.e., pass the statistical significance filter).
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This problem is further complicated by the fact that there are
limited statistical methods for evaluating publication bias with
multilevel data (Nakagawa & Santos, 2012). Nevertheless, we
used a solution to evaluate funnel plot asymmetry and found only
a small number of effect sizes that were prone to small-study
effects, like publication bias, and were likely influencing the
results in an extreme way. Importantly, upon removal, the summary effect sizes for face identity recognition and discrimination
were still large, and only minimally reduced, indicating that the
findings from this meta-analysis are robust to these potential
sources of bias.
Finally, these findings are limited by the research questions that
have been addressed and experimental paradigms that have been
used in the current literature. For example, all of the studies we
included in the meta-analysis investigated face identity recognition
or discrimination of unfamiliar faces. Therefore, the findings from
this work only generalize to characterize unfamiliar face identity
processing deficits in ASD. The literature evaluating the face
identity recognition and discrimination of familiar faces in ASD is
miniscule in comparison but does indicate similar deficits (e.g.,
Boucher, Lewis, & Collis, 1998; Pierce & Redcay, 2008; Sterling
et al., 2008; R. Wilson, Pascalis, & Blades, 2007). Future work
using the meta-analytic approach to the findings of these studies
will be important given existing work suggesting that the processes
and neural systems supporting familiar face identity processing
may be overlapping, but different, from those for unfamiliar face
identity processing (Ramon & Gobbini, 2018; but see also Abudarham, Shkiller, & Yovel, 2019).

Implications of Deficient Face Identity Processing
for Autism
These findings indicate that individuals with ASD have difficulties processing information about face identity. These deficits
are large and evident in tests of both face identity recognition and
discrimination. Face identity processing deficits in ASD are present in males and females, across a wide range of ages and IQ
(within normal range). Although these deficits appear to affect
most people with ASD, they are not considered core clinical
symptoms of ASD. In other words, difficulties perceiving and
recognizing individual faces are not part of the clinical criteria for
diagnosing ASD. However, deficient face identity processing may
underlie many of the atypical behaviors that represent core ASD
symptoms in the social communication domain. For example,
difficulty keeping track of face identity might contribute to abnormal social approach behavior and inappropriate social interactions.
In turn, these atypical social behaviors likely make it more difficult
for individuals with ASD to develop and maintain social relationships and to adjust their behavior in socially appropriate ways.
Consistent with this notion, there is some evidence that the
magnitude of deficits in face identity recognition abilities is related
to social-communicative difficulties in ASD. For example, the
severity of face recognition deficits in ASD has been associated
with reduced social engagement and cooperative play (Corbett,
Newsom, Key, Qualls, & Edmiston, 2014) and lower social functioning (Neuhaus, Kresse, Faja, Bernier, & Webb, 2016; Schultz,
2005; Webb, Neuhaus, & Faja, 2017); these deficits are also
associated with increased social withdrawal (Anderson, Maye, &
Lord, 2011). Perhaps most convincingly, a 7-year longitudinal
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study of 87 children (6- to 12-year-olds) found that face recognition behavior in childhood predicted the severity of ADOS scores
later in adolescence (12- to 19-year-olds; Eussen et al., 2015).
These findings indicate that face recognition deficits have clinical
relevance for ASD, particularly in terms of social communicative
behavior.
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Conclusion
By aggregating data from 40 years of research, this quantitative
meta-analysis estimates that face identity processing deficits in
autism are consistent and large. Specifically, individuals with ASD
perform approximately 1 SD worse than their typically developing
peers in tasks of face identity recognition and discrimination. We
also report that the magnitude of these effect sizes is consistent
across variation in age, sex, IQ, task paradigm, and design and
reporting quality. Although atypical face identity processing is not
currently part of the diagnostic criteria for autism, this work
indicates that these deficits are pervasive and large. This information will be useful for those developing targeted interventions for
individuals with ASD and those investigating underlying mechanisms that contribute to this difficulty in processing face identity
information at both the perceptual and representational levels in
ASD.
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