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Highlights

We examined emotion recognition in ASD across visual and auditory domains.

ASD is associated with general emotion recognition deficits for human faces.
Emotion-specific deficits were observed for music and speech prosody in ASD.
Autistic adults showed more pronounced deficits in emotion recognition than children.

Deficits were consistently observed for verbal but not nonverbal tasks in ASD.



Abstract

An expanding literature has investigated emotion recognition across visual and auditory
modalities in autism spectrum disorder (ASD). Findings, however, have been highly variable.
The present work systematically reviewed and quantitatively synthesised a large body of
literature, in order to determine whether autistic individuals differ from their neurotypical
counterparts in emotion recognition across human face, nonhuman face, speech, and music
domains. To identify eligible studies, the literature was searched using Embase, Medline,
PubMed, Web of Science, and Google Scholar. Synthesising data from 72 papers, results
showed a general difficulty with emotion recognition accuracy in ASD, while autistic
individuals also showed longer response times than their neurotypical (NT) counterparts for a
subset of emotions (i.e., anger, fear, sadness, and the six-emotion composite). These
impairments were shown to be robust as they were not driven by differences in stimulus
presentation time restriction and IQ matching, though the severity of impairments was less
pronounced for a subset of emotions when full-scale 1Q matching (i.e., anger, fear, happiness,
sadness, and disgust) and verbal IQ matching (i.e., anger, fear, sadness, and disgust) had been
undertaken. The heterogeneity among studies arose from a combination of sample
characteristics (i.e., age but not 1Q) and experimental design (i.e., stimulus domain and task
demand) parameters. Specifically, we show that (i) impairments were more pronounced in
autistic adults; (ii) full-scale, verbal, and nonverbal 1Q did not moderate impairments; (iii)
emotion-general impairments were found for human faces but emotion-specific impairments
were observed for speech prosody (i.e., anger, happiness, and disgust) and music (i.e., fear and
sadness), while no impairment was observed for nonhuman faces; (iv) impairments were found
across emotions for verbal but not nonverbal tasks. Importantly, further research on the
recognition of prosodic, musical, and nonhuman facial emotions is warranted, as the current
findings are disproportionately influenced by studies on human faces. Future studies should
also continue to explore the different emotion processing strategies employed by autistic
individuals, which could be fundamental to promoting fulfilling emotional experiences in real
life.

Keywords: Autism; Emotion recognition; Faces; Speech prosody; Music; Systematic review;

Meta-analysis



1. Introduction

Autism spectrum disorder (ASD) is a complex, pervasive neurodevelopmental disorder
with a prevalence of approximately 1 in 100 individuals globally (Alshaban et al., 2019; Baron-
Cohen, 2009; Kim et al., 2011; Sun et al., 2019). According to DSM-5 and ICD-11, impairment
in social communication and interaction is a core diagnostic feature of ASD (American
Psychiatric Association, 2013; World Health Organisation, 2018); this lack of sophisticated
understanding of nonverbal communicative functions has been reported as particularly central
and persistent across developmental levels in ASD (Seltzer, Shattuck, Abbeduto, & Greenberg,
2004; Shattuck et al., 2007). Yet, empirical studies of emotion recognition in ASD have
produced mixed results. Using meta-analyses, previous reviews suggest emotion recognition
impairments in ASD in the visual modality, including human faces and body gestures (Lozier,
Vanmeter, & Marsh, 2014; Uljarevic & Hamilton, 2013). However, there is a lack of consensus
about the general emotion recognition ability in ASD in other communication domains, such
as nonhuman faces (e.g., Brosnan, Johnson, Grawmeyer, Chapman, & Benton, 2015; Isomura,
Ogawa, Yamada, Shibasaki, & Masataka, 2014b), speech prosody (e.g., Heikkinen et al., 2010;
Schelinski & von Kriegstein, 2019), and music (e.g., Jirvinen et al., 2016; Quintin, Bhatara,
Poissant, Fombonne, & Levitin, 2011). In addition, questions about whether impairments vary
by age, 1Q, stimulus domain, task demand, and emotion have also been raised previously
(Harms, Martin & Wallace, 2010; Nuske, Vivanti, & Dissanayake, 2013). Thus, in this review,
we sought to provide comprehensive answers to (i) whether the ability to recognise emotions
differs between autistic individuals and neurotypical (NT) individuals across different
domains, and (ii) whether age, IQ, stimulus domain, and task demand moderate any identified
impairments. Given that “autistic” and “neurotypical” are the preferred terms of the autistic
community (Kenny et al., 2016), we will use these terms rather than “with ASD” or “typically

developing” throughout the text.



1.1.  Past findings of emotion processing in ASD
1.1.1. Stimulus domain

Research on emotion has predominantly focused on six basic emotions, including
anger, fear, happiness, sadness, disgust, and surprise (Ekman & Friesen, 1976; Ekman, Friesen,
& Ellsworth, 1972; Prinz, 2004). Emotions can be communicated nonverbally through different
channels, such as human faces (Etcoff & Magee, 1992; Palermo & Rhodes, 2007; Russell,
2003), nonhuman faces (Donath, 2001; Rosset et al., 2008), speech prosody (Juslin & Laukka,
2003; Koolagudi & Rao, 2012), and music (Argstatter, 2016; Mohn, Argstatter, & Wilker,
2011). Within the visual modality, difficulty in identifying and understanding emotions
through facial expressions is the most common social-cognitive impairment in ASD (Eack,
Mazefsky, & Minshew, 2015; Griffiths et al., 2019; Pelphrey et al., 2002; see Harms et al.,
2010 for a discussion), despite contradictory evidence suggesting otherwise (Jones et al., 2011;
Tracy, Robins, Schriber, & Solomon, 2011). In contrast, the ability to recognise emotions from
nonhuman facial stimuli such as cartoons, caricatures, and schematic faces appears intact in
ASD (Brosnan, Johnson, Grawmeyer, Chapman, & Benton, 2015; Isomura et al., 2014b;
Miyahara, Bray, Tsujii, Fujita, & Sugiyama, 2007; Rosset et al., 2008), possibly because of
autistic individuals’ greater or restricted interest in these stimuli (Anthony et al., 2013; Grelotti
et al., 2005; Kuo, Orsmond, Coster, & Cohn, 2014; Rosset et al., 2008; Spiker, Lin, Van Dyke,
& Wood, 2012).

Within the auditory modality, studies investigating emotional prosody in ASD have
yielded mixed findings, with some reporting clear impairments (e.g., Doi et al., 2013;
Schelinski & von Kriegstein, 2019; Taylor, Maybery, Grayndler, & Whitehouse, 2015) and
others reporting no impairments (e.g., Baker, Montgomery, & Abramson, 2010; Heikkinen et
al., 2010). These discrepancies may in part be explained by variations in the methodologies

used across studies, such as presenting prosodic stimuli that elicit emotions (in)congruent to its



verbal content or in neutral semantics (Wang & Tsao, 2015), implementing low-pass filtering
methods that eliminate verbal content (Grossman, Bemis, Plesa Skwerer, & Tager-Flusberg,
2010), and presenting emotional prosody in the presence of contextual cues (Le Sourn-
Bissaoui, Aguert, Girard, Chevreuil, & Laval, 2013). Although emotions in music and speech
prosody are expressed using similar acoustic cues (Coutinho & Dibben, 2013; Juslin & Laukka,
2003), recognition of musical emotions (such as recognising happy or sad emotions from
instrumental musical excerpts) seems unimpaired in ASD (Gebauer, Skewes, Westphael,
Heaton, & Vuust, 2014; Heaton, Hermelin, Pring, 1999), especially when verbal IQ was
statistically controlled for (Quintin et al., 2011). This is not surprising since music has been
widely documented as a domain of preserved abilities in autistic individuals (Heaton, 2009;
Mottron, Peretz, & Ménard, 2000; Quintin, Bhatara, Poissant, Fombonne, & Levitin, 2013).
Taken together, the findings from different domains suggest that the emotion recognition
ability of autistic individuals may be moderated by communication domain, a potential
contributing factor to the mixed results in the literature.
1.1.2. Specific emotions

Alongside studies showing general impairments across all emotions in ASD (Lindner
& Rosén, 2006; Sawyer, Williamson, & Young, 2012; Song, Zhong, Jia, & Liang, 2020), other
research suggests that emotion recognition impairments in ASD may be specific to certain
emotions. In the face domain, specific impairments are reported in the recognition of negative
emotions, particularly for fearful (Ashwin, Chapman, Colle, & Baron-Cohen, 2006; Pelphrey
et al., 2002; Tell, Davidson, & Camras, 2014; Uono, Sato, & Toichi, 2011, 2013; Wallace,
Coleman, & Bailey, 2008) and sad expressions (Ashwin et al., 2006; Boraston, Blakemore,
Chilvers, & Skuse, 2007). According to the amygdala theory of autism, the poor recognition
of fear and other negative emotions is a result of amygdala dysfunction in ASD (Ashwin et al.,

2006; Baron-Cohen et al., 2000; Howard et al., 2000). However, in the speech prosody domain,



emotion-specific impairments have been noted in the recognition of happiness, a positive
emotion (Hubbard, Faso, Assmann, & Sasson, 2017; Wang & Tsao, 2015). Moreover, no
general or specific impairments have been reported with nonhuman faces (Brosnan et al., 2015;
Rosset et al., 2008) nor music (Jarvinen et al., 2016; Quintin et al., 2011). Thus, the specific
impairments for negative emotions in the face domain do not seem to generalise to the
nonhuman face, speech prosody, and music domains, which might be attributed to the varying
difficulty levels associated with the encoding and decoding of different expressions across
domains. Indeed, certain emotions are more robustly expressed in one domain compared to the
other in NT (Keltner, Tracy, Sauter, Cordaro, & McNeil, 2016). For instance, happiness is the
most accurately recognised emotion from human faces, followed by anger and sadness, with
fear being the least accurately recognised (Elfenbein & Ambady, 2002). Conversely, across the
speech and music domains, anger and sadness are better recognised than fear and happiness
(Chronaki, Wigelsworth, Pell, & Kotz, 2018; Elfenbein & Ambady, 2002; Juslin & Laukka,
2003). Thus, if emotion-specific difficulties were indeed present in ASD, it is plausible that
they would manifest differently across domains. The current review will examine this
possibility by analysing each emotion type separately across and within domains.
1.1.3. Age

The ability to explicitly label emotional expressions emerges during early childhood
and develops through adolescence to adulthood (De Sonneville et al., 2002; Herba & Phillips,
2004). Several cross-sectional studies on human faces and speech prosody provide some
evidence that emotion recognition improves less over time in ASD than in NT (Gepner,
Deruelle, & Grynfeltt, 2001; Kuusikko et al., 2009; Van Lancker, Cornelius, & Krieman,
1989). Specifically, children in both ASD and NT groups show similar improvement and
perform comparably on emotion recognition (Rump et al., 2009; Van Lancker et al., 1989).

However, autistic adolescents do not seem to develop proficiency beyond those present by late



childhood, while NT adolescents continue to refine emotion recognition skills (Greimel et al.,
2014; Rump et al., 2009; Van Lancker et al., 1989). Consequently, autistic adults do not reach
the level of proficiency demonstrated by NT adults (Rump et al., 2009). The different
developmental trajectories between ASD and NT groups may, therefore, have contributed to
the inconsistent group differences observed in the literature on human faces and speech
prosody. However, studies investigating emotion recognition of nonhuman faces have
indicated intact performance in both autistic children and adolescents (Brosnan et al., 2015;
Miyahara et al., 2007; Rosset et al., 2008), and the same for music across autistic children,
adolescents, and adults (Heaton et al., 1999; Jarvinen et al., 2016; Quintin et al., 2011). These
findings thus suggest that age does not moderate emotion recognition ability of autistic
individuals in the nonhuman face and music domains. Given the contradictory findings across
domains, this review will evaluate whether age is a moderating factor for the heterogeneity in
the literature across different domains.
1.1.4. 1Q

Emotion recognition encompasses both verbal and nonverbal intellectual functioning:
while nonverbal ability enables the perception and integration of nonverbal characteristics that
differentiate emotion expressions, verbal ability allows the interpretation and assignment of an
appropriate emotional label to their meaning (Davitz & Beldoch, 1964). Indeed, intellectual
ability has not only been identified as a significant correlate of emotion recognition ability but
has also shown significant predictive power in NT (Khawar, Malik, Maqgsood, Yasmin, &
Habib, 2013). Previous studies have indicated that the correlation between IQ and emotion
recognition also extends to ASD, with IQ being an important predictor of emotion recognition
ability regardless of diagnosis (full-scale 1Q: Jones et al., 2011; nonverbal 1Q: Salomone,
Bulgrelli, Thommen, Rossini, & Molina, 2019). However, it has also been shown that the

association between 1Q and emotion recognition is significantly more prominent in the ASD



group compared to the NT group (verbal IQ: Dyck, Piek, Hay, Smith, & Hallmayer, 2006), or
that this association is uniquely present in the ASD group only but not in the NT group (full-
scale 1Q: Tanaka et al., 2012; verbal 1Q: Atkinson, 2009; Quintin et al., 2011; Wallace et al.,
2008). These findings suggest that emotion recognition may involve higher-level analytical
processes that autistic individuals could employ to aid performance, whereas NT individuals
may opt for intuitive rather than analytical strategies (Grossman, Klin, Carter, & Volkman,
2000). In particular, verbal IQ may contribute to the intact performance of the ASD group in
studies requiring explicit knowledge about emotional labels (see Trevisan & Birmingham,
2016 for a review). IQ may, therefore, constitute a compensatory mechanism for emotion
recognition especially in autistic individuals with higher cognitive functioning (Harms et al.,
2010), which may explain individual differences in emotion recognition within ASD (see
Nuske et al., 2013 for a review). In this sense, autistic individuals with higher IQ may be
relatively less impaired in emotion recognition when compared against their NT counterparts,
i.e., higher IQ of the ASD group may be associated with smaller/no group differences.
Nonetheless, contradictory findings have also been reported in previous studies.
Rommelse et al. (2015) examined three groups of ASD and NT participants with below
average, average, or above average 1Q, and found that in absolute terms, autistic individuals
with below average 1Q indeed performed worse than those with higher IQ on facial and
prosodic emotion recognition tasks. However, in relative terms, a larger group difference in
performance on these tasks was found between the ASD and NT groups with above average
1Q than the groups with lower IQ (Rommelse et al., 2015). These findings, thus, suggest that
autistic individuals with higher IQ may be more severely impaired in emotion recognition when
compared against their NT counterparts, i.e., higher 1Q of the ASD group may be associated
with larger group differences. Furthermore, in other studies, IQ has been shown to be unrelated

to autistic individuals’ ability to recognise emotions (full-scale 1Q: Heaton, 2012; Parron et al.,



2008), discounting the potential moderating role of IQ on group differences in emotion
recognition. Given the disparate findings regarding the role of IQ in moderating performance
by autistic individuals relative to their NT counterparts, the present review sought to examine
whether the different measures of IQ (namely full-scale 1Q, verbal I1Q, and nonverbal 1Q) could
account for the heterogeneity among results across studies.
1.1.5. Task demand

The majority of emotion recognition studies in ASD implemented a verbal task,
involving identifying, labelling, discriminating, matching, or detecting different emotions
using verbal cues. Such tasks are cognitively demanding as they place great reliance on emotion
vocabulary necessary for labelling emotions following perception (Palermo, O’Connor, Davis,
Irons, & McKone, 2013). Findings from studies employing a verbal task have been
inconsistent. Implementing a forced-choice task that involves participants selecting their
response to the target emotion from pre-generated options, some studies reported significant
group differences (e.g., Griffiths et al., 2019; Philip et al., 2010), while others did not (e.g.,
Baker et al., 2010; Rhodes et al., 2018). Studies using an open-ended labelling task, where
participants spontaneously generate an emotional label that describes the target emotion, have
similarly reported inconsistent findings (Boucher, Lewis, & Collis, 2000; Castelli, 2005;
Hobson Ouston, & Lee, 1989). Verbal discrimination tasks, requiring participants to judge
whether a stimulus displays the same or different emotion than the given label, have
consistently reported group differences (e.g., Oerlemans et al., 2014; Waddington et al., 2018).
Verbal matching tasks involving participants selecting a stimulus among a set that matches the
given label have also reported significant group differences (e.g., Loth et al., 2018). However,
verbal detection tasks which require participants to detect the stimulus displaying the target
emotion among other distractors, have found no group differences (e.g., Shafritz, Bregman,

Ikuta, & Szeszko, 2015).
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In contrast to verbal tasks, nonverbal emotion recognition tasks tap only into the
perceptual stage where emotions are discriminated based on perceptual properties alone
(Adolphs, 2002; Palermo et al., 2013). Despite the seemingly reduced task demands, findings
have also been inconsistent. Nonverbal discrimination tasks, requiring participants to indicate
whether the stimuli within a pair display the same or different emotions, have reported group
differences with human faces (e.g., Greimel et al., 2014; Sasson, Shasteen, & Pinkham, 2016b;
Vannetzel, Chaby, Cautru, Cohen, & Plaza, 2011), but not with speech prosody (e.g.,
Lindstrom et al., 2018). Nonverbal matching tasks, where participants are shown an emotional
stimulus and then choose a stimulus from a set that displays the same expression, have found
group differences (e.g., Philip et al., 2010; Tanaka et al., 2012). By contrast, nonverbal
detection tasks, which involve participants detecting the odd emotion expression among other
distractors, have found no group differences (e.g., Isomura et al., 2014b; Kujala, Lepisto,
Nieminen-Von Wendt, Niditdnen, & Néiétinen, 2005). Upon these mixed results, the
moderating role of task demands in accounting for heterogeneity in the literature is yet to be
elucidated.

1.2. Prior reviews of emotion perception in ASD

To date, three systematic reviews have investigated emotion recognition in ASD
(Harms et al., 2010; Lozier et al., 2014; Uljarevic & Hamilton, 2013). The two meta-analyses,
bringing together 48 papers on facial and body expressions (Uljarevic & Hamilton, 2013) and
43 papers on facial expressions (Lozier et al., 2014), revealed general emotion recognition
deficits in ASD with varying severity across emotions. Age did not moderate emotion
recognition in Uljarevic & Hamilton (2013) but moderated recognition of fear, sadness, and
disgust in Lozier et al. (2014). The magnitude of deficits could not be accounted for by either
full-scale 1Q (Lozier et al., 2014; Uljarevic &Hamilton, 2013) or verbal IQ (Lozier et al., 2014).

The effect of task on emotion recognition was examined in Uljarevic and Hamilton (2013) and
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was not found to be a significant moderator; that is, there appeared no overall differences in
performance between emotion matching (i.e., requiring perceptual demands) and emotion
labelling (i.e., requiring verbal and perceptual demands) tasks. To our knowledge, no reviews
have yet evaluated emotion recognition in ASD across domains (human faces, nonhuman faces,
speech prosody, and music) and modalities (visual and auditory). In addition, the effects of
domain within modalities have not been systematically examined, especially when
impairments in the human face and speech prosody domains do not seem to generalise to the
nonhuman face nor to the music domain. Reviewing the growing body of literature, particularly
with the increased attention to emotion recognition in the auditory domain during the past
decade (Jarvinen et al., 2016; Schelinski & von Kriegstein, 2019; Taylor et al., 2015;
Waddington et al., 2018; Wang & Taso, 2015), may therefore further our understanding of the
general emotion recognition ability in ASD as a whole.
1.3. Aims and purpose

This systematic review and meta-analysis aimed to investigate whether the ability to
accurately recognise basic emotions in the different domains across visual (i.e., human and
nonhuman face) and auditory modalities (i.e., speech prosody and music) in autistic individuals
differs from that in NT individuals (see Supplementary Table S1 for a detailed summary of the
similarities and differences between prior reviews and the present study). We also examined
the possible influence of study quality factors on these observed group differences. One
specific focus was on the influence of IQ matching, given that group differences in emotion
recognition could be confounded by differences in IQ rather than diagnosis per se (see Harms
et al., 2010 for a detailed discussion). Another specific focus was on the influence of stimulus
presentation time, given that tasks implementing restriction on stimulus presentation may
prevent the use of compensatory strategies by autistic individuals and hence have higher

sensitivity in detecting group differences. This postulation is supported by studies with no
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restriction failing to reveal group differences (e.g., Akechi et al., 2009; Grossman et al., 2000;
Fink, de Rosnay, Wierda, Koot, & Begeer, 2014; Lacroix, Guidetti, Rogé, & Reilly, 2014), as
opposed to studies with restriction tending to find group differences (e.g., Clark et al., 2008;
Ciaramidaro et al., 2018 Otsuka et al., 2017; Griffiths et al., 2019). To identify factors
contributing to the mixed results, the present work investigated a number of potential
moderators, including age, full-scale IQ, verbal IQ, nonverbal 1Q, stimulus domain, and task
demand. In addition to recognition accuracy, response times (where available) were also
examined separately in the main meta-analyses to address the discrepancies in the literature
that show either slower (Greimel et al., 2014; Ketelaars, In’T Velt, Mol, Swaab, & Van Rijn
2016; Lindstrom et al., 2018; Sawyer et al., 2012) or comparable (Akechi et al., 2010; Fink et
al., 2014; Grossman et al., 2000) speed of emotion recognition in ASD relative to NT.
2. Methods

This study was carried out in accordance with the recommended procedures for
conducting systematic reviews and meta-analyses (i.e., the Preferred Reporting Items for
Systematic reviews and Meta-Analyses [PRISMA] guidelines; Moher et al., 2009). The
protocol for this systematic review was registered on PROSPERO at

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42018091703.

2.1. Search strategy

To identify all eligible studies, a comprehensive search was conducted using Embase,
Medline, PubMed, Web of Science and Google Scholar, from the earliest record to August
2019. Our search strategy was designed to combine ASD and emotion recognition relating to
the domains of interest using three blocks of search terms: (a) synonyms and terms used to
describe ASD; (b) emotion recognition; and (c) human face, nonhuman face, speech prosody,
and music (see Supplementary Table S2 for full details). The initial search was completed on

27" April 2018; additional studies were included until 1%t August 2019 via an update search.
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2.2. Study selection and eligibility criteria
The inclusion criteria of the review required studies that:

1. included an ASD group with mean IQ > 70 and a sample size > 2. The ASD diagnosis
encompassed terms including ASD, autism, Asperger’s syndrome, and pervasive
developmental disorder-not otherwise specified (PDD-NOS), depending on the
diagnostic tools/scales used in the studies. In the autism literature, it is often difficult to
match ASD and NT groups on pre-existing variables such as age, language level, or IQ
(Bang et al., 2020; Jarrold & Brock, 2004). Given the significant influence of IQ on
emotion recognition (Lawrence et al., 2015) and to ensure that the group differences
observed were not due to differences in intellectual ability between groups, we used
mean [Q > 70 as the inclusion criterion for the ASD group, as IQ < 70 would lie two or
more standard deviations below the general population (Boat & Wu, 2015).

2. included an NT control group for comparison.

3. implemented an emotion recognition paradigm.

4. used stimuli that conveyed emotions through human faces, nonhuman faces, speech
prosody, or music.

5. included an objective measure of unimodal emotion recognition accuracy or response
time.

6. provided summary statistics (i.e., means and standard deviations) of each group or
inferential statistics (i.e., ¢, F, or z statistics) of group difference for at least one of the
six basic emotions (anger, fear, happiness, sadness, disgust, and surprise), or for an
overall composite with all six emotions combined. In cases where data were not present
in eligible studies (e.g., due to reporting styles), first and/or corresponding authors were

contacted in an attempt to obtain sufficient information to calculate effect sizes. If this
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information was not obtained upon two request attempts, studies were excluded from

our review and analysis.

7. published in English and in peer-reviewed journals. This criterion was set because (a)
professional translators are needed for review teams to include non-English-language
studies (Neimann Rasmussen & Montgomery, 2018), which requires extra costs and
resources, given that translation software such as Google Translate produces uneven
accuracy across different languages (Aiken, 2019); (b) there is no evidence of a
language bias regarding effect estimates or conclusions in meta-analyses relying
exclusively on English-language studies (Dobrescu et al., 2021; Morrison et al., 2012);
and (c) there is currently no “gold standard” for systematic search of grey literature
(Adams et al., 2016; Paez, 2017). However, despite our comprehensive search in
multiple databases, we cannot exclude the possibility of missing non-English studies
and grey literature, which is a limitation of the present study.

All citations retrieved from the searches were imported into EndNote X8 (Clarivate
Analytics, 2016). The resulting set was screened for eligibility against inclusion criteria using
a three-stage process of reviewing the titles, followed by abstracts, and full-texts. Each stage
involved two review authors (FYNL and CD/AV/JO) independently screening the retrieved
items. To ensure rigour, a random 25% of the total sample of all titles, abstracts and full texts
were doubly and independently screened by two review authors. Any disagreement over the
eligibility of particular studies was resolved through discussion by all review authors.

2.3. Data extraction

The data of full texts were extracted independently by four review authors (FYNL, CD,
JO, and CZ). A random 10% of studies were doubly extracted by FYNL and CD to ensure
accuracy of the data extracted. The predefined data extraction form included items of study

setting, study characteristics, intellectual level of participants, diagnostic instruments, group
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matching procedures, type of task, stimulus type and domain, emotions assessed, and the study
results. With regards to studies that included stimuli with more than one intensity level, the
most prototypical and well-validated stimuli presented at the highest intensity were extracted.
One study included stimuli with two different presentation durations (2000ms vs. 50ms; Otsuka
et al., 2017), and only the data with the 2000ms presentation time were extracted. This was to
ensure greater homogeneity of the data extracted across studies, since most studies used a
presentation time greater than 50ms. The accuracy and response time results were extracted
based on summary statistics (i.e., means and standard deviations) of each group or inferential
statistics (i.e., t, F, or z statistics) of group difference in terms of performance on each
individual emotion assessed (i.e., anger, fear, happiness, sadness, disgust, and/or surprise)
and/or performance across all six emotions (i.e., the composite). Studies with multiple tasks,
domains, and emotions were extracted as individual datasets (e.g., 1. verbal, face, angry; 2.
verbal, face, fearful; 3. verbal, speech, angry; 4. verbal, speech, fearful) for separate analyses,
as outlined in Section 2.5.
2.4. Quality assessment

The Critical Appraisal Skills Programme (CASP, 2017) case control study appraisal
checklist was used to assess the methodological quality and the overall risk of bias of all
included studies. The task was performed by four review authors (FYNL, CD, JO, and CZ),
with a random 10% of studies doubly assessed by FYNL and CD. Discrepancies were discussed
and resolved among the team.
2.5. Analysis plan

The main meta-analyses were conducted on the fourteen sets of effect sizes for accuracy
and response time (seven each) separately, in order to examine group differences in emotion
recognition for anger, fear, happiness, sadness, disgust, surprise, and the composite. All

analyses were performed in R (RStudio Team, 2018). The standardised mean difference (SMD)
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was computed as the overall pooled effect for each dataset using the compute.es package
(Deeks, Altman, & Bradburn, 2001; Del Re, 2013). SMDs (given as Hedges’ g) and their
corresponding sampling variances for each dataset were calculated from summary statistics
(Hedges, 1981). In cases where non-positive sampling variances (i.e., 0) were reported, datasets
were omitted from the meta-analysis (Deeks, Higgins, & Altman, 2019; Vesterinen et al.,
2014).

Random-effects models were run to analyse the SMDs from individual datasets and to
compute the estimated pooled SMD together with its 95% confidence interval (CI) using the
metafor package in R (Viechtbauer, 2010). The greater the magnitude of the pooled SMD, the
larger the difference in effect between the ASD and NT groups. We interpreted an SMD < 0.40
as a small effect size, 0.40 — 0.70 as moderate, and > 0.70 as large (Schiinemann et al., 2019).
Statistical heterogeneity was quantified using the I? statistic (Higgins, Thompson, Deeks, &
Altman, 2003) and the 95% prediction interval (PI; or “plausible value interval”) of the
estimated pooled SMD (IntHout, loannidis, Rovers, & Goeman, 2016; Spineli & Pandis, 2020).
Values of 1> were classified as < 50% (low; possibly unimportant) and > 50% (high;
considerable concern). Since I? is not an absolute indicator of heterogeneity (Borenstein,
Higgins, Hedges, & Rothstein, 2017), we also included prediction intervals, which estimate
heterogeneity by providing the expected ranges of true effects in future similar studies (IntHout
et al., 2016; Spineli & Pandis, 2020).

As there were often multiple datasets per study, we referred to the count of studies as &
and the count of datasets as N. For multiple datasets in each study, we employed the following
prioritisation criteria in our main meta-analyses so that effect sizes would not be computed
multiple times based on data from the same sample: (a) where the same group of participants
were tested on multiple domains, human faces were prioritised, followed by speech prosody,

nonhuman faces and music; (b) in cases where multiple tasks were reported, priority was given
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to verbal over nonverbal tasks, and labelling over discrimination, matching and detection tasks;
and (c) where multiple NT groups were present, priority was given to the NT group matched
with the ASD group on chronological age (and full-scale 1Q, if available), followed by verbal
mental age and performance mental age (and verbal IQ and nonverbal IQ, if available). These
prioritisation criteria were chosen in order to reduce heterogeneity of the data analysed in our
main meta-analyses, since the majority of the included studies matched groups on
chronological age (and full-scale 1Q, if available) and examined facial emotion recognition
using verbal labelling tasks.

To establish the significance of plausible moderating factors in emotion recognition,
we conducted a series of planned subgroup analyses and meta-regressions as guided by
previous literature. Planned subgroup analyses for each emotion were conducted based on
domain (human faces vs. nonhuman faces vs. speech prosody vs. music) and task demand
(verbal vs. nonverbal). Following the computation of the pooled SMDs for each subgroup,
effect sizes were compared to determine differences between subgroups using the Cochran’s
O test (Borenstein & Higgins, 2013; Cogaltay & Karadag, 2015). To examine the moderating
effects of age, full-scale IQ, verbal I1Q, and nonverbal IQ on group differences for each emotion,
univariate meta-regressions were conducted to assess whether there were significant
associations between each of these moderators and performance accuracy (Thompson &
Higgins, 2002) when sufficient data were available (=10 studies; Deeks et al., 2019).

We performed sensitivity analyses to test the robustness of the main meta-analysis
results on accuracy, by including only studies meeting specific quality standards, i.e., those that
had undertaken full-scale, verbal, and nonverbal IQ matching and/or stimulus presentation time
restriction. Specifically, sensitivity analyses were first performed to assess the impact of 1Q
matching following the removal of datasets that did not undertake full-scale, nonverbal, and

verbal IQ matching (on verbal tasks only, given that verbal IQ has been proposed to be an
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important contributor to performance on tasks requiring explicit verbal knowledge in ASD as
discussed earlier). Likewise, sensitivity analyses were conducted to examine the impact of
stimulus presentation time restriction following the exclusion of datasets without restricting
stimulus presentation times. Results obtained from the sensitivity analyses were subsequently
compared against the results of the main meta-analyses in order to assess the sustainability of
the results after focusing on datasets with more controlled study designs. Moreover, through
informal comparisons between the results of the main meta-analyses and sensitivity analyses,
we evaluated whether pooled SMDs and heterogeneity were strengthened or weakened
following exclusion of datasets aforementioned. In addition, to test the impact of IQ matching
on the robustness of the results from the moderator analyses on full-scale, verbal, and nonverbal
1Q, further sensitivity analyses were performed following the removal of datasets that did not
undertake full-scale/verbal/nonverbal 1Q matching, respectively.

Publication bias (Easterbrook, Gopalan, Berlin, & Matthews, 1991) was assessed with
funnel plots and the Egger’s test of funnel plot asymmetry (Egger, Smith, Schneider, & Minder,
1997; Page, Higgins, & Sterne, 2019). Trim-and-fill analyses using the Ry estimator were
conducted to establish how each respective mean effect size would change if any identified
bias were to be removed (Duval & Tweedie, 2000), in addition to test of the null hypothesis
that the number of missing studies is zero (Duval, 2005).

3. Results
3.1. Study characteristics

Figure 1 shows the PRISMA flowchart of the study selection process. A total of 72
papers with 1868 ASD and 2232 NT participants were included (see Supplementary Table S3
for a summary of study/participant characteristics and Supplementary Figure S1 for geographic
distribution of the papers). Table 1 provides a detailed summary of the included studies. One

paper (Fridenson-Hayo et al., 2016) reported results from three separate international sites that
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all met our inclusion criteria and were therefore considered to be three independent samples in
the meta-analysis. This resulted in a total of 74 studies and 332 unique datasets: 73 studies
contributed 259 unique accuracy datasets and 27 studies contributed 73 unique response time
datasets for the main meta-analyses.
[Insert Figure 1 about here]
[Insert Table 1 about here]

3.2. Quality assessment

The results of the critical appraisal process are summarised in Figure 2. The overall
quality of the included studies was high, with total scores ranging from 28 to 35 out of the
maximum score of 36 on the CASP case control study quality assessment (CASP, 2017). The
strengths of the literature included the formulation of a clearly focused research question and
the implementation of the appropriate methods to address the research aims. Selection bias was
determined by the recruitment criteria of autistic participants and NT controls. The use of
standard diagnostic instruments during the selection of autistic participants was of particular
importance to reflect the representativeness of the clinical group. Among the 11 papers with
moderate to high risk of bias, eight did not specify how the clinical group was diagnosed and
three had very small samples. The lack of consistent matching procedures across studies might
have compromised the generalisability of the findings. Thirty-nine papers did not match the
ASD and NT groups on all three of the essential background measures, namely age, gender,
and 1Q, while two papers did not match groups on any of these measures. Measurement bias
was observed in eight papers which could be characterised by unvalidated emotional stimuli,
unstandardized experimental methods implemented across participants or conditions, and
inappropriate measurement methods. Inappropriate reporting styles lowered the quality of a
substantial proportion of the included studies. These related to the reporting of effect sizes

which were missing in 31 papers as well as the reporting of imprecise p-values of inferential
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statistical tests in 23 papers. The reliability of results was also of concern for nine papers.
Among those, five papers concluded their findings that were not justified by the inferential
statistical tests conducted. Two papers did not conduct follow-up post-hoc tests to determine
group differences within an interaction. One paper included contradictory information, e.g.,
groups described as matched by verbal 1Q yet with a statistically significant group difference
in verbal IQ. The remaining paper drew results based on a limited number of trials. The
generalisability of the study findings to clinical populations was driven by the coverage of the
range of participant demographics in terms of age and gender. While the sample in two papers
covered both genders from different age groups, 61 papers covered both genders from only one
age group (e.g., both female and male children) and six papers covered only one gender from
the same age group (e.g., male adults only).
[Insert Figure 2 about here]

3.3. Main meta-analyses
3.3.1. Group differences in emotion recognition accuracy

Results from the main meta-analyses on accuracy were summarised in Supplementary
Table S4. The pooled SMDs for group differences in recognition accuracy were significant
across all six basic emotions: anger (N = 52, SMD = -0.42, 95% CI [-0.59, -0.24], 95% PI [-
1.54, 0.70], p < 0.001, 12 = 81.40%), fear (N = 46, SMD = -0.47, 95% CI [-0.66, -0.28], 95%
PI [-1.60, 0.66], p < 0.001, I? = 82.07%), happiness (N = 52, SMD = -0.45, 95% CI [-0.61, -
0.28], 95% PI [-1.51, 0.61], p < 0.001, I? = 79.03%), sadness (N = 48, SMD = -0.47, 95% CI
[-0.65, -0.28], 95% PI [-1.57, 0.64], p < 0.001, I> = 80.87%), disgust (N = 20, SMD = -0.41,
95% CI [-0.58, -0.24], 95% PI [-0.89, 0.07], p < 0.001, I* = 38.89%), and surprise (N = 19,
SMD = -0.23, 95% CI [-0.36, -0.10], 95% PI[-0.36, -0.10], p = 0.001, I> = 0.00%). Significant
group differences in recognition accuracy were also observed for the six-emotion composite

score (N = 22, SMD = -0.77, 95% CI [-1.03, -0.50], 95% PI [-1.87, 0.33], p < 0.001, I2 =
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77.56%), as shown in Figure 3. Depending on the emotion type, the pooled SMDs represented
small (i.e., surprise), moderate (i.e., anger, fear, happiness, sadness, disgust), and large effects
(i.e., composite), as can be seen in Figure 4. While heterogeneity was not observed for surprise,
it was low for disgust but considerably high for anger, fear, happiness, sadness, and the
composite. These results indicate that overall, the ASD group showed lower accuracy than the
NT group in emotion recognition across all emotion types, and the size of these group
differences varied by emotion type. Importantly, there was substantial heterogeneity across
studies for most emotion types. Exploration for potential contributors to the observed high
heterogeneity is reported in Section 3.4 via moderator analyses.

[Insert Figure 3 about here]

[Insert Figure 4 about here]
The influence of 1Q matching on meta-analysis results

To examine the impact of IQ matching on the robustness of the results in the main meta-
analyses on accuracy, sensitivity analyses were performed on datasets that had implemented
full-scale 1Q matching (on all tasks), nonverbal IQ matching (on all tasks), and verbal 1Q
matching (on verbal tasks only) for each emotion category (see Supplementary Table S5 for
full results).

In the sensitivity analyses including datasets that employed full-scale IQ matching, the
pooled SMDs remained significant for all emotions: anger (N = 30, SMD = -0.28, 95% CI [-
0.44, -0.12], 95% PI1 [-0.93, 0.37], p < 0.001, I?> = 55.43%), fear (N = 26, SMD = -0.25, 95%
CI [-0.42, 0.08], 95% PI [-0.91, 0.40], p = 0.003, 1> = 55.73%), happiness (N = 27, SMD = -
0.38, 95% CI [-0.57, -0.19], 95% PI [-1.18, 0.41], p < 0.001, I> = 64.04%), sadness (N = 23,
SMD =-0.27, 95% CI [-0.46, -0.07], 95% PI [-1.00, 0.47], p = 0.007, I? = 61.87%), disgust (N
= 13, SMD = -0.31, 95% CI [-0.52, 0.11], 95% PI [-0.80, 0.17], p = 0.002, I* = 38.42%),

surprise (N = 13, SMD = -0.28, 95% CI [-0.44, -0.13], 95% PI [-0.44, -0.13], p < 0.001, I =
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0.00%), and the composite (N =9, SMD = -0.79, 95% CI [-1.31, -0.26], 95% PI [-2.34, 0.77],
p = 0.003, 1> = 88.24%). In comparison with the main meta-analysis results, the size of the
pooled SMDs decreased from moderate to small for anger, fear, happiness, sadness, and disgust
after removing datasets without implementing full-scale IQ matching. The small effect for
surprise and the large effect for the composite remained unchanged. Heterogeneity, although
reduced, remained considerably high for anger, fear, happiness, and sadness, while the low
heterogeneity for disgust and nil heterogeneity for surprise remained unchanged. Heterogeneity
for the composite remained considerably high. These results indicate that, in comparison to the
main meta-analysis results based on the full datasets, the sizes of the group differences were
weakened when only including studies that matched groups on full-scale 1Q. In addition, the
reduced, yet high, heterogeneity observed here suggests that full-scale 1Q matching may
explain some of the variability across studies, but only to a certain extent.

In the sensitivity analyses including datasets that employed nonverbal IQ matching, the
pooled SMDs remained significant for all emotions: anger (N = 13, SMD = -0.35, 95% CI [-
0.53, -0.17], 95% PI [-0.67, -0.03], p < 0.001, I? = 17.73%), fear (N = 17, SMD = -0.41, 95%
CI [-0.62, -0.21], 95% PI [-1.02, 0.19], p < 0.001, I? = 48.22%), happiness (N = 15, SMD = -
0.47, 95% CI [-0.64, -0.30], 95% PI [-0.81, -0.13], p < 0.001, I> = 20.21%), sadness (N = 11,
SMD = -0.44, 95% CI [-0.70, -0.18], 95% PI [-1.11, 0.24], p = 0.001, I? = 55.21%)), disgust (N
=9, SMD =-0.44, 95% CI [-0.73,-0.14],95% PI [-1.17, 0.29], p = 0.004, 1> = 59.22%), surprise
(N=7,SMD =-0.28, 95% CI [-0.47, -0.08], 95% PI [-0.47, -0.08], p = 0.005, I* = 0.00%), and
the composite (N = 12, SMD = -0.86, 95% CI [-1.23, -0.49], 95% PI [-2.05, 0.33], p < 0.001,
I? = 80.70%). In comparison with the main meta-analysis results, the size of the pooled SMDs
decreased from moderate to small for anger upon removing datasets without implementing
nonverbal IQ matching. The small effect for surprise, moderate effects for fear, happiness,

sadness, and disgust, and the large effect for the composite remained unchanged. Heterogeneity
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substantially reduced from high to low for anger, fear, and happiness but increased from low
to high for disgust. The nil heterogeneity for surprise and the high heterogeneity for sadness
and the composite remained unchanged. These results indicate that nonverbal IQ matching may
explain some of the variability across studies, but only for certain emotions.

Given that verbal ability is required to label emotions in verbal tasks, we conducted
sensitivity analyses examining the influence of verbal IQ matching on datasets of verbal tasks.
The analyses showed that the pooled SMDs from VIQ-matched datasets involving verbal tasks
remained significant for all emotions: anger (N =17, SMD =-0.35, 95% CI [-0.51, -0.18], 95%
PI [-0.75, 0.05], p < 0.001, I? = 28.58%), fear (N = 18, SMD = -0.39, 95% CI [-0.58, -0.20],
95% PI1[-0.93,0.15], p <0.001, I* = 41.49%), happiness (N = 18, SMD =-0.42, 95% CI [-0.57,
-0.28], 95% PI [-0.65, -0.20], p < 0.001, I? = 7.85%), sadness (N = 13, SMD = -0.35, 95% CI
[-0.55,-0.15],95% PI1[-0.82,0.12], p = 0.001, I* = 35.71%), disgust (N = 8, SMD = -0.39, 95%
CI[-0.69, -0.08], 95% PI [-1.11, 0.34], p = 0.014, I?> = 59.30%), surprise (N =9, SMD = -0.27,
95% CI [-0.45, -0.091], 95% PI [-0.45, 0.09], p = 0.004, I? = 0.00%), and the composite (N =
11, SMD = -0.95, 95% CI [-1.39, -0.51], 95% PI [-2.33, 0.43], p < 0.001, 1> = 83.74%). In
comparison with the main meta-analysis results, the sizes of the pooled SMDs for anger, fear,
sadness, and disgust decreased from moderate to small upon removing datasets without
implementing verbal 1Q matching. The effect for the composite was particularly strengthened
and remained large, while the small effect for surprise and moderate effect for happiness
remained unchanged. Heterogeneity substantially reduced from high to low for anger, fear,
happiness, and sadness but increased from low to high for disgust. The nil heterogeneity for
surprise and high heterogeneity for the composite remained unchanged. These results indicate
that verbal 1Q matching for verbal tasks may explain the variability across studies for most

emotions.
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Overall, these three sets of sensitivity analyses confirmed the robustness of the results
of the main meta-analyses on accuracy: the pooled SMDs for group differences in recognition
accuracy remained significant across all six basic emotions and the composite after the removal
of datasets without IQ matching. The magnitude of group differences in emotion recognition
was, nevertheless, weakened for most emotions when groups were matched on full-scale 1Q
(anger, fear, happiness, sadness, and disgust) and verbal IQ (anger, fear, sadness, and disgust),
but remained relatively unchanged with nonverbal IQ matching (except for anger). Notably,
group differences were particularly strengthened for the composite upon verbal 1Q matching.
Moreover, whether groups were matched on IQ appears to be important sources of variability
across studies for anger, fear, happiness, and sadness, with verbal IQ matching showing a
greater contribution above and beyond that by nonverbal and full-scale IQ matching.

The influence of stimulus presentation time restriction on meta-analysis results

Given the potential influence of stimulus presentation time restriction on emotion
recognition performance, we conducted sensitivity analyses to investigate if the main meta-
analysis results remained after excluding datasets with unrestricted presentation times (see
Supplementary Table S6 for full results). Using only datasets with restricted presentation times,
sensitivity analyses revealed that the pooled SMDs for group differences remained significant
for all emotions: anger (N =21, SMD =-0.41, 95% CI [-0.66, -0.16], 95% PI [-1.38, 0.57], p
=0.001, I> = 71.45%), fear (N =23, SMD = -0.45, 95% CI [-0.72, -0.18], 95% PI [-1.60, 0.69],
p = 0.001, I> = 76.74%), happiness (N = 25, SMD = -0.36, 95% CI [-0.51, -0.20], 95% PI [-
0.87, 0.16], p < 0.0001, I* = 39.80%), sadness (N = 20, SMD = -0.41, 95% CI [-0.68, -0.14],
95% PI [-1.45, 0.64], p = 0.003, I> = 72.79%), disgust (N =11, SMD = -0.45, 95% CI [-0.72, -
0.18], 95% PI [-1.12, 0.23], p = 0.001, I> = 50.98%), surprise (N = 12, SMD = -0.26, 95% CI
[-0.43, -0.08], 95% PI [-0.43, -0.08], p = 0.004, I> = 0.00%), and the composite (N =11, SMD

= -0.83, 95% CI [-1.32, -0.33], 95% PI [-2.40, 0.75], p = 0.001, I = 86.63%). Compared to the
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results from the main meta-analyses, the sizes of the pooled SMDs reduced from moderate to
small for happiness, while the moderate effects for anger, fear, sadness, and disgust and the
large effect for the composite remained unchanged. Heterogeneity was reduced from high to
low for happiness but increased from low to high for disgust. The low heterogeneity for surprise
and the high heterogeneity for anger, fear, sadness, and the composite remained unchanged.
These results suggest that stimulus presentation time restriction may not be an important
contributor to the mixed findings across studies.
3.3.2. Group differences in emotion recognition response time

The pooled SMDs for group differences in recognition response time were significant
and represented moderate effects for anger (N = 18, SMD = 0.45, 95% CI1[0.02, 0.88], 95% PI
[-1.34,2.24], p = 0.041, I> = 93.08%), fear (N= 17, SMD = 0.57, 95% CI1[0.07, 1.07], 95% PI
[-1.48,2.62], p=0.026, I> = 94.46%), sadness (N = 12, SMD = 0.70, 95% CI [0.08, 1.32], 95%
PI[-1.37,2.88],p=0.027, 1 = 95.57%), and the composite (N =3, SMD = 0.45, 95% CI [0.09,
0.81], 95% PI [0.07, 0.85], p = 0.014, 1> = 0.00%). Heterogeneity was not observed for the
composite but was substantially high for anger, fear, and sadness. The group differences in
recognition response time, however, did not reach significance for happiness, disgust, and
surprise (see Supplementary Table S7 for full results). These results indicate that the ASD
group was generally slower than the NT group at recognising anger, fear, sadness, and the
composite emotions, with substantial amount of heterogeneity across studies. The two groups,
nevertheless, showed comparable response time when recognising emotions of happiness,
disgust, and surprise.
3.4. Moderator analyses

The following moderator analyses were only performed on recognition accuracy, but

not on response time (due to limited data available).
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34.1. Age

Meta-regressions revealed that age (i.e., mean age of the ASD groups) was a significant
predictor of the magnitude of the pooled SMD for the composite (N =22, Ou (1) =16.22, p <
0.001), accounting for 57.43% of the variability in the difference in SMDs among studies. As
seen in Figure 5, age was negatively associated with the SMDs for the composite (f = -0.05,
SE = 0.01): the older the autistic participants, the greater difference in recognition accuracy of
the composite emotions between ASD and NT groups. Age was, however, not a significant
predictor for the recognition of other emotions (see Supplementary Table S8 for full results).
These results suggest that the group difference increases with age for the composite measure,
but not for the individual emotions.

[Insert Figure 5 about here]

34.2. 10

Separate meta-regressions across all the available datasets revealed that full-scale 1Q,
verbal 1Q, and nonverbal 1Q (i.e., mean standard scores of the ASD groups) were not significant
moderators of the magnitude of the pooled SMDs for any of the seven emotion types (see
Supplementary Table S9 for full results). These results indicate that group differences in
emotion recognition accuracy were not moderated by full-scale IQ, verbal IQ, or nonverbal 1Q.
The influence of 1Q matching on meta-regression results

To examine the impact of IQ matching on the robustness of the meta-regression results
regarding IQ as shown above, sensitivity analyses were carried out on datasets that had
implemented full-scale, verbal, or nonverbal IQ matching for each emotion category (see
Supplementary Table S10 for full results).

In the sensitivity analyses including datasets that employed full-scale IQ matching and
nonverbal 1Q matching, full-scale IQ and nonverbal IQ remained as nonsignificant predictors

of the magnitude of the pooled SMDs for all emotions.
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In the sensitivity analyses including datasets that employed verbal 1Q matching, verbal
1Q was a significant predictor of the magnitude of the pooled SMDs for happiness (N =15, Ou
(1)=5.68, p=0.017), but not for other emotions. The negative association between verbal 1Q
and the SMDs for happiness (f = -0.03, SE = 0.01) indicated that the higher the verbal 1Q of
the autistic participants, the lower the SMDs (i.e., poorer recognition accuracy of happiness in
the ASD group relative to the NT group) (see Supplementary Figure S3 for a scatter plot).
3.4.3. Stimulus domain

Subgroup analyses were performed on human face, nonhuman face, speech prosody,
and music domains separately for each emotion type (see Supplementary Table S11 for full
results).

For studies on emotion recognition in human faces, subgroup analyses revealed that the
ASD groups were significantly worse than NT controls across all emotions: anger (N = 43,
SMD = -0.47, 95% CI [-0.68, -0.27], 95% PI [1.68, 0.73], p < 0.001, I? = 84.26%), fear (N =
41, SMD = -0.47, 95% CI [-0.68, -0.26], 95% PI [-1.69, 0.74], p < 0.001, I? = 84.26%),
happiness (N =41, SMD = -0.47, 95% CI [-0.66, -0.27], 95% PI [-1.57, 0.64], p < 0.001, I* =
81.36%), sadness (N =37, SMD =-0.48, 95% CI [-0.71, -0.26], 95% PI1 [-1.72, 0.75], p < 0.001,
> = 85.19%), disgust (N = 19, SMD = -0.40, 95% CI [-0.57, -0.23], 95% PI [-0.89, 0.10], p <
0.001, I? = 40.73%), surprise (N = 19, SMD = -0.23, 95% CI [-0.36, -0.10], 95% PI [-0.36, -
0.10], p = 0.001, I = 0.00%), and the composite (N =20, SMD = -0.72, 95% CI [-0.95, -0.49],
95% PI [-1.57, 0.13], p < 0.001, 1> = 67.76%). The pooled SMDs represented small (i.e.,
surprise), moderate (i.e., anger, fear, happiness, sadness, disgust), to large effects (i.e.,
composite). The results for disgust and surprise were associated with low heterogeneity,
whereas the results for the other emotions were associated with high heterogeneity. These
results suggest that, for studies investigating human faces alone, group differences were

statistically significant across all emotions: (a) the ASD group showed lower recognition
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accuracy compared to the NT group across all seven emotion types; (b) the size of these group
differences varied by emotion type; and (c) substantial heterogeneity across studies remained
for most emotions.

In contrast to the above results on human faces, no significant group differences were
found in the nonhuman face subgroup analyses for emotions with sufficient datasets, including
anger (N =3, SMD =-0.11, 95% CI [-0.49, 0.28], 95% PI1[-0.53, 0.31], p = 0.591, I? = 6.09%)
and happiness (N =3, SMD = 0.34, 95% CI [-0.74, 1.43], 95% PI1 [-1.71, 2.40], p = 0.535, 1> =
86.85%). These results indicate that group differences were not evident in studies investigating
nonhuman faces alone, where the ASD and NT groups showed comparable accuracy in the
recognition of anger and happiness, specifically.

Within the auditory modality, mixed results were obtained from the speech prosody
subgroup analyses. The ASD groups were significantly worse than NT controls at recognition
of anger (N = 12, SMD = -0.34, 95% CI [-0.64, -0.03], 95% PI [-1.26, 0.59], p = 0.030, I =
74.48%), happiness (N = 12, SMD = -0.52, 95% CI [-0.76, -0.28], 95% PI [-1.16, 0.13], p <
0.001, I> = 57.90%), and disgust (N =2, SMD = -0.93, 95% CI [-1.40, -0.46], 95% PI [-1.40, -
0.46], p < 0.001, I? = 0.00%) in speech prosody. These significant pooled SMDs represented
small (i.e., anger), moderate (i.e., happiness), and large effects (i.e., disgust). While no
heterogeneity was observed for disgust, results for anger and happiness were associated with
high heterogeneity. The pooled SMDs for fear, sadness, and the composite, however, did not
reach significance, while no datasets on surprise were available precluding analysis. These
results indicate that, for studies investigating speech prosody alone, lower accuracy by the ASD
group compared to the NT group was consistently found in the recognition of anger, happiness,
and disgust, with the size of these group differences and amount of heterogeneity varying by
emotion type. By contrast, the ASD and NT groups showed comparable accuracy in the

recognition of fear, sadness, and the composite.
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Similar to the speech domain, mixed results were obtained from the music subgroup
analyses. The ASD groups were significantly worse than NT controls at recognising fear (N =
2, SMD = -0.50, 95% CI [-0.92, -0.08], 95% PI [-0.92, -0.08], p = 0.021, 1> = 0.00%) and
sadness (N = 2, SMD = -0.63, 95% CI [-1.06, -0.21], 95% PI [-1.06, -0.21], p = 0.004, I* =
0.00%) in music. The pooled SMD for happiness was, however, not significant, while there
were no available datasets for anger, disgust, surprise, nor the composite. These results indicate
that, for studies investigating music alone, lower accuracy by the ASD group compared to the
NT group was consistently found in the recognition of fear and sadness, both with a moderate
effect size and no heterogeneity across studies. By contrast, the ASD and NT groups showed
comparable accuracy in the recognition of happiness in music.

The test for subgroup differences revealed that the pooled SMDs did not differ
significantly across human faces, speech prosody, nonhuman faces, and music for any of the
emotions (see Supplementary Table S11 for full results). It should, however, be noted that
subgroup comparison was not available for surprise due to a lack of datasets on domains other
than human faces. Subgroup comparison incorporating all four domains was only feasible for
happiness, with significant group differences observed for human faces and speech prosody,
but not for nonhuman faces or music (see Supplementary Figure S2 for forest plots).

3.4.4. Task demand

Subgroup analyses were done on verbal and nonverbal tasks separately for each
emotion type (see Supplementary Table S12 for full results).

For verbal tasks, the pooled SMDs for group differences in recognition accuracy were
significant across all emotions: anger (N =47, SMD = -0.44, 95% CI [-0.62, -0.27], 95% PI [-
1.49, 0.61], p < 0.001, I2 = 79.75%), fear (N = 45, SMD = -0.50, 95% CI [-0.68, -0.32], 95%
PI [-1.54, 0.55], p < 0.001, I? = 79.56%), happiness (N = 47, SMD = -0.49, 95% CI [-0.66, -

0.32], 95% PI [-1.50, 0.52], p < 0.001, I? = 77.85%), sadness (N = 45, SMD = -0.48, 95% CI
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[-0.66, -0.31], 95% PI [-1.52, 0.55], p < 0.001, 1> = 78.88%), disgust (N = 20, SMD = -0.41,
95% CI [-0.58, -0.24], 95% PI1[-0.89, 0.07], p < 0.001, I?> = 38.89%), surprise (N =19, SMD =
-0.23, 95% CI [-0.36, -0.10], 95% PI [-0.36, -0.10], p = 0.001, I> = 0.00%), and the composite
(N =22, SMD = -0.77, 95% CI [-1.03, -0.50], 95% PI [-1.87, 0.33], p < 0.001, I> = 77.56%).
These results were associated with small (i.e., surprise), moderate (i.e., anger, fear, happiness,
sadness, disgust), and large effects (i.e., composite). While heterogeneity was not observed for
surprise, it was low for disgust and high for anger, fear, happiness, sadness, and the composite.
Thus, focusing on studies employing a verbal task, subgroup analyses suggested significant
group differences across all emotion types: (a) the ASD group showed lower accuracy than the
NT group; (b) the sizes of these group differences varied by emotion type; and (c) substantial
heterogeneity remained for most emotions.

For nonverbal tasks, the pooled SMDs for group differences in recognition accuracy
were only significant for disgust, with a moderate effect and no heterogeneity (N =2, SMD =
-0.53, 95% CI [-0.83, -0.23], 95% PI [-0.83, -0.23], p = 0.001, I> = 0.00%). No significant
group differences were found for anger, fear, happiness, or sadness, while no datasets were
available for surprise or the composite precluding analysis. These results indicate that, for
nonverbal tasks, the ASD group performed worse than the NT group only for recognition of
disgust, but not for recognition of anger, fear, happiness, or sadness.

The tests for subgroup differences revealed that the pooled SMDs differed between
verbal and nonverbal tasks only for fear (Q(1) =25.38, p <0.001), but not for anger, happiness,
or sadness. Due to the limited datasets available for nonverbal tasks relating to surprise and the
composite and prioritisation of multiple datasets from the same sample for disgust, subgroup

comparisons were precluded for these emotions.
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3.5. Publication bias

The Egger’s test identified significant potential bias in the studies contributing to the
pooled SMDs for fear (z =-4.10, p < 0.0001) and the composite (z = -2.60, p = 0.009), but not
for anger (z=-1.26, p =0.207), happiness (z=-0.47, p = 0.635), sadness (z=-1.67, p = 0.095),
disgust (z =-0.75, p = 0.453), or surprise (z =-0.47, p = 0.637). For fear, an estimated number
of one study was missing on the right side of the funnel plot. A trim-and-fill procedure
corrected the observed pooled SMD in the meta-analysis to -0.44 (95% CI [-0.65, -0.22], 95%
PI [-1.77, 0.90], p < 0.001), which remained significant albeit with non-significant results in
the test of null hypothesis that the number of missing studies is zero (p = 0.250). For the
composite, the test of null hypothesis that the number of missing studies is zero was significant
(p = 0.016). An estimated number of five studies were missing on the right side of the funnel
plot (Figure 6). The trim-and-fill imputed mean effect for the composite remained significant
with the observed pooled SMD corrected to -0.53 (95% CI [-0.84, -0.22], 95% PI [-2.02, 0.96],
p=0.001).

[Insert Figure 6 about here]

4. Discussion

The current systematic review and meta-analysis evaluated the recognition of six basic
emotions and their composite in ASD relative to NT, across domains of human and nonhuman
faces, speech prosody, and music, while identifying a number of potential moderating factors
(age, IQ, domain, and task demand) that might have contributed to the mixed findings in the
literature.

Combining non-overlapping datasets across the four domains, our main meta-analyses
suggested emotion recognition impairments across all emotions in the ASD group, who also
showed longer response times than NT controls for anger, fear, sadness, and the composite.

Sensitivity analyses confirmed the robustness of the observed impairments in emotion
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recognition accuracy, as significant group differences remained for all emotions after removing
datasets without implementing IQ matching or restricting stimulus presentation time.
Nevertheless, the magnitude of these group differences was weakened for a subset of emotions
across datasets with full-scale IQ matching (i.e., anger, fear, happiness, sadness, and disgust)
and verbal IQ matching (i.e., anger, fear, sadness, and disgust), but less so for nonverbal 1Q
matching (i.e., anger). This indicates that while group differences in emotion recognition
accuracy are not due to an absence of 1Q matching, the magnitude of these differences could
have been inflated due to the lack of IQ matching.

Moderator analyses indicated that age predicted the magnitude of group differences for
the composite (but not for the individual emotions): the older the participants, the more
pronounced the group differences. Domain was another significant moderator, as autistic
individuals showed impaired recognition accuracy compared to controls across all emotions
with human faces, but only for particular emotions with speech prosody (i.e., anger, happiness,
and disgust) and music (i.e., fear and sadness), while no impairment was observed with
nonhuman faces. Task demand also modulated group differences, with verbal tasks revealing
group differences across all emotions and nonverbal tasks suggesting impairment of the ASD
group for the recognition of disgust only. Finally, moderator analyses suggested no significant
moderating effect of full-scale 1Q, verbal IQ, and nonverbal 1Q on group differences for any of
the emotions. The nil effect of these IQ measures remained for datasets that had undertaken 1Q
matching, with one exception for verbal IQ, which significantly predicted the magnitude of
group differences for happiness. Specifically, the higher the verbal IQ of the autistic group, the
more prominent the group differences when recognising happiness. These findings will be

further discussed in the subsections below.
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4.1. Age-related factors

The current finding of more pronounced deficits in adults for the composite has been
described in Harms et al. (2010). Indeed, cross-sectional literature shows a lack of
improvement in emotion recognition skills in ASD beyond late childhood, whereas maturation
of skills continues through adulthood in NT (Rump et al., 2009; Uono, Sato, & Toichi, 2011).
In the present work, the age effect was only seen in the composite measure, which reflects
greater task complexity as sophisticated categorical skills are required to distinguish all six
basic emotions. Our focus on the composite score also explains the discrepancy in the age effect
between the current and prior reviews. In prior reviews, the overall measure comprised any
numbers of combinations of emotions examined in the individual studies (Lozier et al., 2014;
Uljarevic & Hamilton, 2013), which may reflect a reduced task complexity as fewer emotions
were involved. As a result, no effect of age was observed on the overall measures in prior
reviews (Lozier et al., 2014; Uljarevic & Hamilton, 2013). Nevertheless, effects of age were
found for individual emotions such as fear, sadness, and disgust in Lozier et al. (2014), where
the data came from studies that examined all six emotions. Thus, it is plausible that studies
involving more emotions are more sensitive in detecting group differences among adult
participants.

In addition, research on the development of emotion recognition skills suggests that
children generally achieve adult-level performance with prototypical expressions around 10 —
11 years of age across domains (Bruce et al., 2000; Chronaki, Hadwin, Garner, Maurage, &
Sonuga-Barke, 2015; Mondloch, Geldart, Maurer, & Le Grand, 2003; Tonks, Williams,
Frampton, Yates, & Slater, 2007; Van Lancker et al., 1989; Vidas, Dingle, & Nelson, 2018).
However, the recognition of more subtle expressions requires considerable improvement in
proficiency beyond this age (Chronaki et al., 2015; Rump et al., 2009). Given autistic children’s

preference for non-social over social stimuli (Gale et al., 2019) and musical over speech stimuli
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(Blackstock, 1978), as well as their lack of social motivation (Chevallier, Kohls, Troiani,
Brodkin, & Schultz, 2012), it might be the case that they are not exposed to enough
opportunities to develop and harness sophisticated emotional understanding like NT children
do throughout adolescence and adulthood. Future longitudinal studies are needed to track the
emotional development in autistic individuals, so that effective interventions can be employed
to increase emotional skills in ASD (Vogan et al., 2018).
4.2. 1Q-related factors

To investigate the influence of the study quality issue of IQ matching between groups
on the general emotion recognition impairments in ASD, sensitivity analyses were conducted
on datasets with full-scale/verbal/nonverbal 1Q matching. The results confirmed the robustness
of the main meta-analysis results on the whole datasets (with or without IQ matching), as the
group differences for all emotions remained significant on the restricted datasets (with 1Q
matching). However, weakened magnitudes of group differences were observed for the
majority of emotions among datasets with full-scale IQ matching (i.e., anger, fear, happiness,
sadness, and disgust) and verbal IQ matching (i.e., anger, fear, sadness, and disgust), but less
so for datasets with nonverbal IQ matching (i.e., anger). This indicates that matching groups
on IQ could lower the magnitude of the observed group differences, as well as reduce
heterogeneity across studies. Thus, it is important for future studies to incorporate IQ matching
procedures in the design, in order to provide more precise estimates of group effects on emotion
recognition performance that are not influenced by differences in 1Q between the ASD and NT
groups.

In the moderator analysis regarding 1Q, our meta-regressions on all available datasets
corroborated previous meta-analytic works in failing to detect significant effects of full-scale
IQ and verbal 1Q on group differences for any emotions (Lozier et al., 2014; Uljarevic &

Hamilton, 2013). Additionally, our current results also suggested no significant effects of
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nonverbal IQ on group differences across studies. Focusing on datasets that matched groups on
full-scale/verbal/nonverbal IQ, sensitivity analyses still suggested non-significant effects of IQ
on group differences across all emotions with only one exception — the higher verbal IQ of the
autistic participants, the larger group differences in the recognition of happiness. These
findings indicate that the magnitude of group differences in emotion recognition is largely
unrelated to the intellectual level of autistic individuals. It should, however, be noted that this
lack of 1Q effect does not imply that there is no relationship between 1Q and emotion
recognition in absolute terms; in other words, it does not mean that autistic individuals with
lower 1Q perform similarly to autistic individuals with higher 1Q. Rather, these results indicate
that the difference in performance between autistic individuals and their NT counterparts is
largely unaffected by 1Q differences in relative terms.

In fact, the effects of IQ on emotion recognition have predominantly been studied in
absolute terms but have rarely been studied in relative terms in the autism literature. Among
the limited studies investigating the relative effects of IQ on emotion recognition, Rommelse
et al. (2015) found that group differences in performance on social cognition tasks
(encompassing face recognition, facial and prosodic emotion recognition) were larger for
autistic individuals with higher full-scale IQ in comparison to autistic individuals with lower
full-scale 1Q. The present finding of a lack of 1Q effects across studies thus stands in contrast
to the findings of Rommelse et al. (2015) — except for the observation of more prominent
impairments for the recognition of happiness in autistic individuals with higher verbal 1Q when
the groups are matched on this measure. It is particularly curious as to why such effects were
only observed for happiness but not for other emotions across studies. Notably, in Rommelse
et al. (2015), the ASD and NT groups were carefully matched on full-scale 1Q, verbal 1Q,
nonverbal 1Q, as well as verbal-nonverbal 1Q discrepancy. The lack of IQ effects in previous

reviews (Lozier et al., 2014; Uljarevic & Hamilton, 2013) and the present study may be
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explained by the potential confounds of verbal-nonverbal 1Q discrepancy between ASD and
NT groups, since 1Q matching did not (mostly) influence the moderating role of 1Q in the
present findings. Given the substantial variability in cognitive profiles in ASD (Nowell,
Schanding, Kanne, & Goin-Kochel, 2015; Tager-Flusberg & Joseph, 2003), it is plausible that
different cognitive profiles influence performance in different ways such that individuals with
discrepantly higher verbal IQ may make use of verbal abilities to succeed on labelling tasks,
while performance may be hindered in individuals with discrepantly lower verbal 1Q. For
example, within the same pair of autistic and NT participants, despite having a similar full-
scale 1Q score, if the autistic participant had a verbal > nonverbal 1Q profile and the NT
participant had a nonverbal > verbal IQ profile, the autistic participant may be able to use their
verbal ability to compensate for their emotion recognition difficulties and perform comparably
to their NT counterpart. By contrast, if the autistic participant had a nonverbal > verbal 1Q
profile while the NT participant had a verbal > nonverbal 1Q profile, the autistic participant
may not be as readily able to make use of their verbal ability as a compensatory strategy and
thus perform worse than their NT counterpart. The separate effects of full-scale IQ, verbal 1Q,
and nonverbal IQ on group differences may not fully account for the potential effects of verbal-
nonverbal IQ discrepancy. Given that research investigating the effects of IQ on group
differences in relative terms is limited, more research is warranted. In addition, future research
should consider the intertwining relationship between verbal-nonverbal IQ discrepancy and 1Q
characteristics on emotion recognition in autistic individuals relative to NT individuals. This
area of research has important implications for clinical practice. If autistic individuals with
higher 1Q indeed had more severe emotion impairments in relative terms, but their emotion
recognition capacities were overestimated by their social environment because of their high
cognitive abilities, this can contribute to the development of behavioural problems (Howlin,

1998).
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4.3. Domain- and emotion-related factors

The present work revealed general emotion recognition deficits for human faces in
ASD, similar to the findings of previous meta-analyses (Lozier et al., 2014; Uljarevic &
Hamilton, 2013). However, we observed no consistent group differences for nonhuman faces.
The different results for human faces versus nonhuman faces may be related to the specific
perceptual processing strategies used to process these stimuli in autistic versus NT individuals.
Configuration information has been found to play a particularly prominent role in typical
emotion recognition for both human faces (Bombari et al., 2013; Calder, Keane, Young, &
Dean, 2000; Derntl, Seidel, Kainz, & Carbon, 2009; McKelvie, 1995; Prkachin, 2003; Rosset
et al., 2008) and nonhuman faces (Rosset et al., 2008). In particular, the visual scan paths for
emotional faces are strategic and controlled for NT individuals, who generally trace a triangle
subtending the eyes, nose, and mouth (Pelphrey et al., 2002). Conversely, autistic individuals
use atypical featural processing for human faces (Deruelle, Rondan, Gepner, & Tardif, 2004;
Hernandez et al., 2009), and show disorganised visual scan paths (Pelphrey et al., 2002) and
avoidance of the eyes (Frazier et al., 2017; Tanaka & Sung, 2016). However, for nonhuman
faces, autistic individuals have shown both the use of typical configural processing with human
cartoon faces (Rosset et al., 2008) and atypical featural processing with schematic faces
(Isomura et al., 2014b). Interestingly, regardless of the processing strategies, autistic
individuals performed comparably to their NT counterparts on recognition (Rosset et al., 2008)
and detection (Isomura et al., 2014b) of emotions in nonhuman faces.

Taken together, these findings suggest that impairments in emotion processing of
human faces in ASD are likely due to atypical featural processing strategies employed by
autistic individuals. However, the relationship between processing strategy and emotion
processing of nonhuman faces is less clear. Critically, two questions are yet to be scrutinised

in future research. First, given the disparity in the use of different processing strategies for
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nonhuman faces reported (Rosset et al., 2008; Isomura et al., 2014b), how emotional
expressions are decoded from nonhuman facial stimuli and whether they differ as a function of
different types of nonhuman faces in autistic individuals need to be further examined,
particularly through eye tracking techniques for more precise comparisons with that for human
faces. Secondly, since intact emotion processing of nonhuman faces was observed regardless
of the processing strategy employed by autistic individuals (Rosset et al., 2008; Isomura et al.,
2014b), it raises the question as to whether the advantage of configural processing is less critical
for nonhuman faces (which do not share the same special status in perception as human faces;
e.g., Akdeniz, 2020; Rosset et al., 2010), and thus the use of either processing strategy may
result in comparable performance. All in all, the literature on emotion processing of nonhuman
faces in ASD is yet to be expanded, while further investigation should be directed to uncovering
the processing strategies across the two visual domains and how they relate to emotion
processing specifically.

Compared to the visual modality, less is known about how auditory emotions are
processed in ASD. The current findings outline the preserved skills to decode some but not all
basic emotions from prosody and music in ASD. Acoustic cues, such as pitch, are used
similarly to infer emotions from prosody and music (Juslin & Laukka, 2003). Vocal emotion
recognition has been associated with non-vocal pitch processing (Globerson, Amir, Kishon-
Rabin, & Golan, 2015), but not with vocal pitch processing in ASD (Schelinski & von
Kriegstein, 2019). Therefore, it is yet to be elucidated how pitch is integrated in informing
prosodic emotion recognition in ASD. In addition, autistic individuals tended to rely on
contextual cues (Le Sourn-Bissaoui et al., 2013) or verbal content (Lindner & Rosén, 2006;
Stewart, McAdam, Ota, Peppé, & Cleland, 2013) to infer the speaker’s emotions rather than
using the emotional prosody. Given their intact ability to recognise emotions solely cued by

prosody (Brennand et al., 2011; Le Sourn-Bissaoui et al., 2013), it is plausible that autistic

-39



individuals are able to extract basic sensory features of emotional prosody but fail to orient
consistently to such vocal pitch cues. The way in which musical emotions are processed and
whether such processing strategies are shared across these auditory domains are even less
understood, and therefore more research is warranted in this area (Molnar-Szakacs & Heaton,
2012).

Examining data from four different domains, we reached different conclusions
regarding whether emotion recognition deficits (if any) in ASD are specific to certain emotions.
In the domain of human faces, deficits were observed across all emotions. For nonhuman faces,
however, no deficits were observed for any emotions. Whereas recognition of anger, happiness,
and disgust was impaired for speech prosody, fear and sadness were the most difficult for
autistic individuals to recognise when it came to music. Thus, in the visual modality, autistic
individuals seem to have a general ability (in cases of nonhuman faces) or disability (in cases
of human faces) to recognise different emotions. In the auditory modality (in cases of speech
and music), however, this (dis)ability is specific to certain emotions. These findings have
implications for the debates over domain- and emotion-specificity vs. generality of emotion
processing in ASD and NT (Baron-Cohen et al., 2000; Kanwisher, 2000; Nuske et al., 2013;
Weigelt et al., 2013). Given the limited data available in domains other than human faces in
the current literature, further comparative studies examining emotion recognition across
different domains in the same sample of participants are needed to inform these debates.

4.4. Experimental factors

Contrary to Uljarevic and Hamilton’s (2013) findings of a lack of differences between
labelling and matching paradigms, our results revealed consistent deficits for verbal tasks but
not for nonverbal tasks when detection and discrimination paradigms were also included. In
addition, the moderating effect of task demand was particularly evident for the recognition of

fear, with group differences being significantly more pronounced for verbal tasks compared to
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nonverbal tasks. Notably, although verbal and nonverbal tasks are thought to involve the same
core emotion recognition systems (Herba & Phillips, 2004; Phan, Wager, Taylor, & Liberzon,
2002), these two types of tasks also have substantial differences in their demands. Specifically,
nonverbal tasks could be completed by discriminating perceptual characteristics between
emotional expressions without necessarily understanding the emotional meaning of these
expressions (Adolphs, 2002; Palermo et al., 2013). Thus, nonverbal tasks may not tap into
group differences in the emotion understanding of different expressions. By contrast, verbal
tasks not only involve decoding emotion expressions based on perceptual properties as do
nonverbal tasks, but also require access to emotion vocabulary for assigning emotional labels
to the expressions (Palermo et al., 2013). The present findings therefore highlight that the
particular difficulties autistic individuals have may be due to the linguistic demands for
labelling of emotion expressions. It is however worth noting that the inconsistent findings for
nonverbal tasks may also be due to a lack of sufficient data. More research is needed to establish
whether and how different tasks moderate group differences.

Studies of emotion recognition in ASD have employed different stimulus presentation
times, ranging from brief (< 50 ms; Clark et al., 2008; Otsuka et al., 2017) to restricted (ranging
from 300 — 3000 ms; Brewer et al., 2016; Ciaramidaro et al., 2018; Corden et al., 2008; Greimel
et al., 2014; Griffiths et al., 2019) to unlimited periods (Akechi et al., 2009; Doi et al., 2013;
Evers, Kerkhof, Steyaert, Noens, & Wagemans, 2014; Fink et al., 2014; Grossman et al., 2000;
Lacroix et al.,, 2014). For our sensitivity analyses on stimulus presentation time, we
hypothesised that extended stimulus presentation time might make it possible for autistic
individuals to use compensatory strategies to process emotions, thus reducing the sensitivity of
studies to detect any subtle group differences. However, our results showed that significant

group differences were present even prior to the removal of datasets without restriction. Thus,
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the restriction of stimulus presentation time may not be an important contributor to the
heterogeneous findings in the literature.

One possible explanation for the lack of influence of stimulus presentation restriction
on group differences may relate to the fact that, even with restricted stimulus presentation times
in some studies (e.g., 300 — 3000 ms), the durations of stimulus presentation already exceed
those required for typical emotion recognition. Indeed, it has been shown that the recognition
of discrete emotions first requires the analysis of the perceptual features of emotional
expressions (occurring within 200 ms from stimulus onset; Ashley, Vuilleumier, & Swick,
2004; Eimer & Holmes, 2003; Paulmann & Pell, 2009), followed by early semantic analysis in
distinguishing between emotional vs. non-emotional input (occurring between 220-300 ms;
Bostanov & Kotchoubey, 2004; Paulmann & Pell, 2009). Thus, the time course for recognising
emotions has been reported to fall somewhere within the 500-600-ms window for faces
(Palermo & Coltheart, 2004; Tracy & Robins, 2008), though it may vary considerably
depending on the emotion category (e.g., ranging from 634 ms for happy faces to 2389 ms for
fearful faces; Palermo & Coltheart, 2004). In contrast, prosodic and musical emotions can be
recognised at above chance level following very brief exposures to the stimuli (e.g., within 100
ms; Nordstrom & Laukka, 2019). The time course for recognition accuracy rates of prosodic
emotions to stabilise has been found to fall within the 500-600 ms window, with varying
lengths across emotions (e.g., ranging from 517 ms for fearful prosody to 1486 for disgust
prosody; Pell & Kotz, 2011). For music, recognition accuracy rates generally take longer to
stabilise (e.g., ranging from 1281 ms for happiness to 1656 for sadness; Nordstrom & Laukka,
2019). Considering the time courses for accurate emotion recognition across different domains,
the presentation times in a great proportion of the datasets with restricted presentation times
analysed in the present study (e.g., 300 — 3000 ms) were much beyond the required timeframes

for emotion recognition regardless of domain. Thus, it cannot be ruled out that autistic
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individuals might have used compensatory strategies in processing emotions in these studies,
leading to a high amount of heterogeneity retained in the results.

Another explanation for the lack of effect of stimulus presentation time on group
differences in our sensitivity analyses may relate to the presentation nature of different stimulus
types. For instance, static visual stimuli provide constant emotional cues throughout
presentation; thus, longer presentation times would allow for more focused attention to specific
features. Dynamic visual stimuli, however, present instantaneous emotional information with
varying speeds and intensities from multiple sources, resembling expression of emotions in
real life. It has been suggested that in addition to static properties, temporal information such
as the temporal order in which a facial expression unfolds (e.g., perhaps the mouth moves first,
then eyebrows; Delis et al., 2016; Jack, Garrod, & Schyns, 2014; Jack & Schyns, 2015) and
the speed at which the features move (Kamachi et al., 2013; Sato & Yoshikawa, 2004; Sowden,
Schuster, Keating, Fraser, & Cook, 2021) also add to emotional judgments of dynamic facial
stimuli. Similarly, auditory stimuli, which are inherently dynamic, require listeners to track and
integrate acoustic information that develops over time (Schirmer & Adolphs, 2017). Despite
that emotions can be identified during brief exposure to the input, recognition accuracy
improves with increased durations for both speech prosody (Nordstrom & Laukka, 2019;
Rigoulot, Wassiliwizky, & Pell, 2013) and music (Nordstrdom & Laukka, 2019; Peretz, Gagnon,
& Bouchard, 1998). In particular, acoustic cues that develop over time play a larger role for
music than for speech, as recognition rates for emotional music take longer to stabilise than for
emotional speech under a gating paradigm (Nordstrom & Laukka, 2019). Thus, different
stimulus subtypes, such as words vs. sentences vs. excerpts in speech, or musical chords vs.
segments vs. excerpts in music, may bring possible heterogeneity to the findings, obscuring the
effects of stimulus presentation time restriction. Taken together, the variability in presentation

times and stimulus types across studies may combine to produce mixed results in the literature.
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Unfortunately, among the included studies in the current review, only a handful used
presentation times within the time windows reported for typical emotion recognition, and there
were insufficient data for each stimulus subtype. Thus, it was not possible to partition the
datasets with restricted presentation times further for sensitivity analyses. Future studies are
required to investigate the interrelationship between presentation time and stimulus type on
emotion recognition across domains and modalities.

Finally, a related note on emotion recognition skills in ASD is about response time. Our
main meta-analyses on the full datasets suggested that autistic individuals showed significantly
longer response times than NT controls when recognising anger, fear, sadness, and the
composite emotions. The slower recognition speed could be attributed to a more cautious and
time-consuming cognitive approach to the task by autistic individuals, as opposed to the more
intuitive strategies that NT individuals use in effortless recognition of emotions (Grossman et
la., 2000; Livingston & Happé, 2017; Rutherford & MclIntosh, 2007). For instance, autistic
individuals may extract facial information from local features, rather than using a higher-level
configural processing strategy (Behrmann, Thomas, & Humphreys, 2006; Pelphrey et al.,
2002). Another plausible explanation for the slower recognition speed in autistic individuals
may reflect the amount of cognitive resources needed for the processing of emotional stimuli
in ASD. In relation to this, atypical orientation towards face-like objects (Akechi et al., 2014;
Guillon et al., 2016; Pavlova et al., 2017; Ryan, Stafford, & King, 2016) and speech sounds
(Ceponiené et al., 2003; Lepisto et al., 2005), as well as reduced sensitivity towards prosodic
and musical expressivity (Bhatara et al., 2010; Brown, 2017; Gebauer, Skewes, Horlyck, &
Vuust, 2014) may contribute to such delays. Alternatively, the slower recognition speed across
domains might be the result of overall slower processing speed in ASD. In line with this, prior
studies have reported a fundamental impairment in the speed at which autistic individuals can

process information (Haigh, Walsh, Mazefsky, Minshew, & Eack, 2018; Mayes et al., 2007;
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Velikonja, Fett, & Velthorst, 2019). Furthermore, the relationship between slower processing
speed and measures of social cognition have also been illustrated (Haigh et al., 2018; Hedvall
et al.,, 2013; Oliveras-Rentas, Kenworthy, Roberson, Martin, & Wallace, 2012; Russo-
Ponsaran et al., 2015). These possibilities, however, require further investigations into whether
and how processing strategy, cue sensitivity, and processing speed contribute to the accuracy
and speed of emotion recognition in ASD.

4.5. Limitations and future research directions

Insufficient reporting of study data (k = 138) has resulted in limitation of our analyses.
In an era of open science, it is recommended that authors make their data accessible, in order
to optimise data usage in the field. A considerable number of papers did not (consistently)
report exact p-values, undermining accurate interpretation of results in relation to study
hypotheses. To infer the importance of results, it is also recommended that researchers shift
towards a meta-analytic thinking orientation and report effect sizes and confidence intervals
along with statistical test results (Henson, 2006). The reporting of effect sizes (including
nonsignificant results) allows explicit comparisons to be made between studies and enables all
relevant data to be included in future syntheses, thus reducing potential influence of publication
bias.

The generalisability of our study sample characteristics may be compromised due to a
lack of coverage of ages within individual studies. Only 8% of the papers studied both autistic
children and adults. When investigating the developmental trajectory of emotion recognition
in ASD, it is important to control for heterogeneity brought by different tasks from different
studies. More cross-sectional and longitudinal studies would be favoured to examine the effects
of age on emotion recognition in ASD. Furthermore, with the growing number of interventions
available for enhancing social communication skills in ASD (see Berggren et al., 2018 and

Kouo & Egel, 2016 for reviews), it is likely that these studies have included participants who
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had undergone training programs prior to the experiments. We speculate that any long-term
training effects brought into experimental settings may have obscured the true effects of
emotion recognition ability in ASD observed across studies in a subtle and inconsistent way. It
may therefore be worthwhile for new studies to take note of the interventions that autistic
participants may have undertaken, such as in Wright et al. (2008).

The results of our main meta-analyses were based on evidence disproportionately
distributed across domains (i.e., with the majority on human faces) and tasks (i.e., with the
majority employing a verbal labelling task). The lack of data for the different categories further
led to our decision on prioritising datasets based on domains and tasks that were most
commonly used across studies, in an attempt to reduce heterogeneity. Subgroup comparisons,
nonetheless, did not find significant differences between domain subgroups across emotions
nor between task subgroups for happiness, sadness, and anger. This suggests that the impact of
such prioritisation on the overall results is likely to be limited. Future meta-analytic work with
more data in these under-researched areas will provide clearer indications of results and further
insights into the effects of these moderators with increased statistical power.

A number of studies have explored emotion recognition ability at varying intensities in
ASD. As intensity level was based on either ratings obtained from validation or different
morphed continua used (e.g., between neutral and an emotional expression, Law Smith et al.,
2010; Otsuka, Uono, Yoshimura, Zhao, & Toichi, 2017, or between emotions within a pair
such as fear vs. happiness, Wang & Adolphs, 2017), we could not reliably compare results at
low (25%) or intermediate (50%) intensity levels across studies. Thus, only findings at the
highest intensity level were included in the current meta-analyses. One may therefore expect
stronger effects to be revealed with data collating from stimuli with lower intensities. However,

despite taking a potentially less sensitive measure in detecting subtle group differences
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(Mazefsky & Oswald, 2007; Rump et al., 2009), general emotion recognition deficits across
emotions were still observed in the ASD groups.

Finally, there has been an ongoing debate on whether co-occurring alexithymia, but not
ASD per se, may be responsible for emotion recognition difficulties documented in the autistic
population (Bird & Cook, 2013; Cook, Brewer, Shah, & Bird, 2013; Kinnaird, Stewart, &
Tchanturia, 2019; see also Sivathasan, Fernandes, Burack, & Quintin, 2020 for a recent
review). Alexithymia, characterised by a lack of fluency in identifying and describing one’s
own emotions and feelings (Bird & Cook, 2013), has been reported to be highly comorbid with
ASD, affecting approximately 50% of the autistic population (Berthoz & Hill, 2005;
Milosavljevic et al., 2016). Several studies have provided supporting evidence for the
alexithymia hypothesis, by noting the significant relevance of alexithymia to emotion
recognition difficulties with facial and prosodic expressions in ASD (Cook et al., 2013; Heaton
et al., 2012; Ketelaars, In’T Velt, Mol, Swaab, & Van Rijn, 2016). Conversely, other studies
have reported a lack of contribution of alexithymia to emotion recognition difficulties in ASD
(Kliemann, Rosenblau, Bolte, Heekeren, & Dziobek, 2013; Stephenson, Luke, & South, 2019).
Although there have been increasing efforts to consider alexithymia as a potential candidate in
accounting for emotion recognition performance in autistic individuals over the past decade
(Cook et al., 2013; Heaton et al., 2012; Keating, Fraser, Sowden, & Cook, 2021; Ketelaars et
al., 2016; Kliemann et al., 2013; Milosavljevic et al., 2016), available data for the different
emotion types examined in the current review remain scarce. Thus, adhering to the
recommendations that meta-regressions should generally not be performed on data from less
than 10 studies (Deeks et al., 2019), we did not examine the moderating effect of alexithymia
on group differences in emotion recognition in the present study. To enable a meta-analysis of
the findings, future studies would need to include measures of alexithymia when investigating

emotion recognition in ASD.
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5. Conclusions

In conclusion, this quantitative synthesis of the current literature found that autistic
individuals demonstrate general emotion recognition deficits across six basic emotions and
their composite, while longer response times were also found for anger, fear, sadness, and the
composite in ASD versus NT. The general impairments in recognition accuracy were shown
to be robust and were not driven by differences in IQ matching and stimulus presentation time
restriction — though the severity of these impairments was less pronounced for a subset of
emotions when full-scale IQ matching (i.e., anger, fear, happiness, sadness, and disgust) and
verbal IQ matching (i.e., anger, fear, sadness, and disgust) had been undertaken. These results
suggest that sample characteristics and experimental designs interact to give rise to the
heterogeneity seen in the literature. By investigating all these factors simultaneously in a large
dataset, together with rigorous inclusion criteria and robust analysis procedures, we show the
moderating effects of age, domain, task demand on emotion recognition in ASD relative to NT.
The group effect was more pronounced in adults with increased task demands. Although
insufficient data prevent reliable conclusions to be drawn on the effect of domain, deficits were
consistently found for human faces but not for nonhuman faces, with deficits for speech
prosody and music specific to certain emotions. Task demand moderated emotion recognition,
with autistic individuals performing worse on tasks requiring verbal knowledge about emotions
than nonverbal tasks. Full-scale/verbal/nonverbal IQ measures, by contrast, were not important
moderators of group effects. Further work is needed to extend the literature particularly on
emotion recognition of prosodic, musical, and nonhuman facial emotions in order to draw an
unbiased comparison across domains. Future research should also focus on processing
strategies that autistic individuals employ for different types of stimuli in both bottom-up and
top-down processes, as well as investigate the interactions between stimulus type and stimulus

presentation time on emotion recognition. Given the positive consequences of learned
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strategies in fulfilling life experiences, such investigations will provide insights into the optimal

contexts for autistic individuals to accomplish successful social interactions in daily life.
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Figure captions

Figure 1. Study selection process. PRISMA diagram of the combined initial and update
literature search and screening process.

Figure 2. Risk of bias graph. Reviewers’ judgements about each risk of bias item presented as
percentages across the 72 included studies using the CASP (2017) checklist. A score was
assigned for each criterion on the checklist using a three-point rating system developed by
Duggleby et al. (2010). A score of 1 point denotes a high risk of bias and is given to papers
that provide little to no justification for a particular issue; 2 points, a moderate risk of bias
where the issue was addressed somewhat but not fully elaborated; 3 points, a low risk of bias
with issues concerned being extensively justified and explained. The CASP scores were not
used as a means of excluding papers but to provide indications of the quality across the included
studies, as well as on the collective research evidence.

Figure 3. Forest plot for six-emotion composite accuracy results. Twenty-two datasets
contributed to this. The pooled SMDs indicated that the ASD groups performed worse than the
TD groups, representing a large effect of -0.77 (95% CI [-1.03, -0.50]). The I? shows that there
is significant heterogeneity between studies (I>= 77.56%).

Figure 4. Bar graph with means and 95% confidence intervals error bars for the standardised
mean difference (SMD) for each of the seven emotion categories.

Figure 5. Meta-regression scatter plot showing the SMD of the individual studies plotted
against the mean age of the respective ASD group for the composite. Each point represents a
study. The radius of the points is drawn proportional to the inverse of the standard errors (i.e.,
the precision of the effect estimates with larger/more precise studies shown as larger points).
The predicted average standardised mean difference as a function of age is shown as the fitted
regression line with corresponding 95% confidence interval bounds.

Figure 6. Funnel plot of studies included in the meta-analysis for the composite. Black dots
indicate observed studies and white dots indicate imputed studies correcting for funnel plot
asymmetry.
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Tables

Table 1.
Summary of included studies on emotion recognition in ASD. * indicates datasets included in the main analyses. - indicates information that was
not available. X indicates unused datasets due to prioritisation and non-positive sampling variances.

Number Diagnostic Mean age in Number Matchin, Mean age in Domain Mean Mean
Row Study (males) instgrument years 1Q mean (SD/range) (males) rocedufe years (SD 1Q mean (SD range) (Subdomain) Type Stimuli Emotions accuracy ASD accuracy
(SD/range) P range) (SD) control (SD)
Age
) FSIQ: 98.90 (16.10) Gender FSIQ: 101.30 (12.80) Verbal :
Akechi et al. H f: Ek facial affect Al
1 (Zoeocg)' €Al 14010 ASQ-J 12.10 (2.00) VIQ: 10.50 (3.10) 14 (10) FSIQ 11.90 (1.90) VIQ: 11.40 (2.40) (s;jar?ii;] aces (forced-choice Setma" aclal attec F:ag:f‘:j | . -
NVIQ: 9.10 (3.00) viQ NVIQ: 9.10 (2.90) labelling)
NVIQ
Age
) FSIQ: 96.80 (16.80) Gender FSIQ: 104.10 (8.10) Verbal :
2% gkoelcg)' etal 10 ASQ-) 13.70 (2.30) VIQ: 9.40 (3.40) 14(8) FsiQ 12.30 (2.10) VIQ: 11.10 (2.90) :;‘;'t‘li;‘ faces (forced-choice S:tma" facial affect ’::ag:f‘:“ g':i Eg‘ii; 3'33 Eg‘gi;
NVIQ: 9.60 (2.70) viQ NVIQ: 10.20 (2.30) labelling) ’ : ’ :
NVIQ
Baker ADI-R; Age Speech prosod Verbal \’;‘/(ijtrr‘fense pizssiieiz Angry 0.70(022) 0.67(021)
3% (2010) 19(13) ADOS; 12.80 (1.47) FSIQ: - (85-115) 19 (13) Ginder 12.20 (1.43) - (S”entenc”e) Y (forced-choice terns i”m e Happy 0.78 (0.20) 0.84 (0.15)
ASDS labelling) pa PYINE  cad 0.73 (0.24) 0.75 (0.14)
different emotions
Videos from the
Age Movie for the
i FSIQ: 100.00 (16.10) FSIQ: 108/60 (14.40) Verbal Angry 0.39 (0.49) 0.66 (0.48)
4+ (B;g; 9)“ a3 2';'02' 15.90 (2.80) VIQ: 102.40 (16.60) 24 (19) Sf(;‘de' FSIQ 15 80 (2.40) VIQ: 103.30 (13.90) (F;‘;r::r:fgces (forced-choice g;i?:lsmeré;gnm;’: Fearful 0.59 (0.50) 0.92 (0.28)
NVIQ: 02.70 (18.40) NVIQ NVIQ: 110.80 (13.80) labelling) (Dziobek et al, Happy 0.50 (0.51) 0.67 (0.48)
2006)
Black d hit
ha(fm raa" e "‘f’m'r: Angry 3.80 (1.80) 4.60(1.90)
photograp Fearful 3.70 (1.80) 4.90 (2.20)
Berggren et ADOS; Age Human faces Verbal the Frankfurt Test Happy 8.20 (1.40) 9.80 (1.30)
* g . . - i i . g . .
5 al. (2016) 35(18) 1CD-10 11.60 (1.80) FSIQ: 103.80 (11.90) 32(18) f;gder 11.70 (1.80) FSIQ: 102.90 (8.50) (static) g?;;ﬁ: c)hmce :{oerco F:ii:zln Affect sad 5.40 (1.60) 5.30 (1.30)
s (Sweiish ersion: | Disgust 4.20 (1.50) 4.60 (1.00)
Bolte et al. 2002) Surprise 4.70 (1.80) 5.40 (1.80)
Angry 0.90 (0.18) 0.96 (0.13)
Age Photographs of
Verbal Fearful 0.49 (0.23) 0.54 (0.24)
Boggs et al. ADI-R; FSIQ: 105.94 (10.12) Gender FSIQ FSIQ: 108.41 (10.06) Human faces . four females
* -
6 (2010) 17(13) DSM-IV-TR 15.47(2.38) VIQ: 105.35 99.71) 17(13) via 15.12(2.15) VIQ: 108.59 (9.64) (static) tforced-choice  ocing  the PPV 0.99(0.06) 1.00(0)
labelling) different emotions Sad 0.94 (0.14) 0.96 (0.1)
Surprise 0.91 (0.15) 0.91 (0.15)
Audio tapes of a
woman reciting the
Boucher et Age Speech prosody Verbal 5 days of the week or
7* 19 (16) DSM-IV 9.58 (1.00) - 19 (10) Gender 6.33 (0.80) - (free-choice Overall 13.50 (7.79) 13.05 (1.84)
al. (2000) FsIQ (excerpt) labelling) months of the year
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in each of the
emotions



Psuedo sentences

consisting of
phonemes and
Verbal phonotactics i Angry 55.00 (19.36) 58.30(19.36)
8a* Slre(;gﬂ‘)’ 15014 - 14.50 (2.70) VIQ: 92.50 (21.70) 15(12) Age 13.30 (L.67) VIQ: 117.60 (13.60) (SS”::;:Z;’SMV forced-choice Europemn n X;Zapr;‘;' e 8?:3 ey 8?:3
abelling) languages  that  *Sad 4750(17.82)  50.00 (17.82)
elicited  different
emotions by
German actors
Psuedo sentences
consisting of
phonemes and
. . y Verbal phonotactics Angrfy | 55.00 $19436; 65.20 tlQBO;
Brennand et Speech proso . common in Fearful 40.80 (19.36 48.00 (19.23
8b ol (2011) 15 (14) - 14.50 (2.70) VIQ: 92.50 (21.70) 32(28) Not matched - - (S”entenfe) v I(fobrce_d-chmce Europemn Happy J080(1588 4500 (15,80
abelling) languages  that  Sad 47.50(17.82)  65.20 (19.80)
elicited  different
emotions by
German actors
Facial stimuli posed
by male control Angry 0.31(0.18) 0.57 (0.25)
| . . Verbal p:rticipants uzdec: Fearful O.Ztt (0A1)6) 0.28 EOJS;
Brewer etal. ADOS; Gender Human faces . the standart Ha 0.9 (0.12 0.88 (0.17
%% 016) 14(13) AQ 44.86(13.06) ) 13(13) FsiQ 31.62(9.66) ) (static) I(fobrclﬁd{h"'ce condition of the Sagpv 0.49 (0.14) 0.44(0.1)
abelling) production  task  Disgust 0.47 (0.14) 0.53(0.21)
(i.e. free Surprise 0.41(0.15) 0.44 (0.16)
production)
Facial stimuli posed
by male control
participants under X Angry 0.38(0.24) 0.61 (0.22)
B tal ADOS Gend H f Verbal thed'tc'ommufnic:r:e i:earﬂ” 8;2 Egi:; gg; Egéf)
rewer et al. 5 ender uman faces ) condition of e appy . . . .
9b (2016) 14(13) AQ 44.86(13.06) ) 13(13) FsiQ 31.62(9.66) ) (static) I(Zobreclﬁﬁ';)h"'ce production  task  XSad 0.54 (0.21) 0.46 (0.18)
(i.e. experimenter X Disgust 0.64 (0.14) 0.55 (0.15)
guessed the posers’ X surprise 0.54 (0.14) 0.52(0.20)
expressed
emotions)
Facial stimuli posed
by male control
participants under X Angry 0.34 (0.19) 0.64 (0.27)
B | ADOS Gend Human f verbal thed ;nirrr?r i:earﬂ” ggg Egﬁ; 8:; Egigi
rewer et al. 5 ender uman faces ) condition of the a . . . .
9¢ (2016) 14(13) AQ 44.86(13.06) ) 13(13) FsiQ 31.62(9.66) ) (static) I(fobrclﬁd{h"'ce production  task XSac’iny 0.53 (0.19) 0.53 (0.19)
abelling) (ie.  production X Disgust 0.41(0.12) 0.50 (0.24)
while watching X surprise 0.62 (0.19) 0.55 (0.21)
own expressions in
a camera)
Campbell et Age Human faces Verbal The Ekman-Friesen
10 al. (2006) 13(11) ICD-10 13.16 (1.75) VIQ: 96.07 (17.86) 13(11) Gender 13.32(2.08) VIQ: 95.92 (16.41) (static) (forced-choice Test of  Affect Overall 71.39 (10.2) 80.69 (10.65)
viQ labelling) Recognition
. ADL-R: . ( ) . oo P:otographs |fm|£n ( ) ( )
Ciaramidaro . . Gender FSIQ: 109.00 (12.55 Human faces Verba the Karolinska ~ Angry 26.60 (3.18 28.76 (2.33
ur et al. (2018) 33(31) ﬁ:%c_)i’) 18.76 (4.98) NVIQ: 105.82 (13.75) 25(21) viQ 19.86(3.45) NVIQ: 109.00 (12.55) (static) (discrimination) Directed Emotional Fearful - -
Faces
Angry 8.50 (1.34) 8.70 (1.10)
Corden et al. FSIQ: 119.90 (11.10) éif‘ der FsiQ FSIQ: 117.40 (8.26) Human faces Verbal Halftone images of :ZZ';;' ;;g E;:‘Z‘i; fﬁgélgf)
12% 18 (13) ADOS 32.90 (13.35) VIQ: 116.30 (9.14) 17 (13) 31.90 (11.30) VvIQ: 115.10 (8.37) ; (forced-choice emotionally
(2008) NVIQ; 117.10 (14.56) via NVIQ; 115.90 (8.87) (static) labelling) expressive faces sad 7.70 (1.19) 8.20 (1.25)
NVIQ Disgust 6.60 (2.57) 8.10 (2.26)
Surprise 8.40 (2.20) 8.80(1.29)
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Angry 0.52 (0.24) 0.67 (0.19)
Age Verbal Photographs of Fearful 0.62 (0.19) 0.62(0.17)
Couture et Human faces . movie stills Happy - -
13 ol (2010) 36 (29) ADI-R 20.90 (5.70) FSIQ: 101.20 (17.80) 41 (34) fselgder 22.90 (5.60) FSIQ: 109.40 (15.10) (static) I(;ireclﬁ: c)holce (Adolphs & Tranel,  Sad 0.6 (0.27) 0.80(0.19)
s 2003) Disgust . .
Surprise - -
Davidson et FsIQ: 97.00 (16.30) Age FsIQ: 107.50 (10.50) Human faces Verbal Photographs from ’::f:f‘:j | 8'3%23; 8'223‘3
1l4a* al. (2019) 23(19) - 11.08 (1.75) VIQ: 46.00 (13.30) 23(19) Gender 11.50 (2.08) VIQ: 58.00 (8.00) (static) (forced-choice the NimStim Face Happy 0.63 (0‘49) 0.76 (0‘43)
NVIQ: 49.00 (13.10) NVIQ NVIQ: 50.10 (6.20) labelling) Stimulus Set sad 0.60(0.37) 0.0 (0.38)
Davidson et FSIQ: 97.00 (16.30) Age FslQ: 107.50 (10.50) Non-human Verbal Canine faces from /::agr?;l 822 Egig; 833 Eg;g;
14b al. (2019) 23 (19) - 11.08 (1.75) VIQ: 46.00 (13.30) 23(19) Gender 11.50 (2.08) VIQ: 58.00 (8.00) faces (static) (forced-choice the internet Happy 0.89 (0‘29) 0.89 (0‘21)
NVIQ: 49.00 (13.10) NVIQ NVIQ: 50.10 (6.20) labelling) sad 082 (0.32) 078 (0.22)
Age Facial photographs
ol et al AQL; FSIQ: 104.20 (15.30) Ginder FSIQ: 107.20 (13.90) Human faces Verbal at from the ATR  Angry 80.80 (17.90) 91.20 (7.20)
15% (2013) © o 20(20) DSMLV 32.10 (7.30) VIQ: 109.90 (15.50) 20 (20) Fsi0 33.50 (4.70) VIQ: 104.10 (13.80) (static) (forced-choice DB99 and ATR-  Happy 87.90 (15.70) 91.30 (5.70)
NVIQ: 92.70 (19.90) via NVIQ: 109.90 (12.40) labelling) Promotions Sad 84.40 (19.60) 90.50 (7.50)
database
Age Spoken words
Doi et al AQL FSIQ: 104.20 (15.30) Ginder FSIQ: 107.20 (13.90) Speech prosod Verbal uttering a common Angry 90.80 (16.60) 88.80 (18.90)
15b (2013) ©20(20) DSMLY 32.10 (7.30) VIQ: 109.90 (15.50) 20 (20) Fsia 33.50 (4.70) VIQ: 104.10 (13.80) (L?tteranZe) Y (forced-choice family name in  Happy 53.30 (30.90) 85.00 (17.00)
NVIQ: 92.70 (19.90) via NVIQ: 109.90 (12.40) labelling) Japan in different  Sad 87.50 (14.20) 92.50 (11.80)
emotions
Verbal Penn Emotion Angry 4.90 (1.55) 5.18 (1.3)
Eack et al. Age Human faces . Recognition Test — Fearful 6.59 (1.64) 7.22 (1.05)
16 (2015) 45 (40) ADOS 24.64 (5.72) FSIQ: 112.60 (15.74) 30(22) Gonder 26.40 (5.80) FSIQ: 105.53 (7.01) (static) I(:irecli: c)holce 40 (Kohler et al.  Happy 737 (0.68) 7791 (031)
8. 2003) Sad 6.04 (1.70) 6.77 (1.14)
L ) Angry 0.71(0.22) 0.67 (0.26)
Age Verbal California Facial
Evers et al. ADI-R; Human Faces . X Fearful 0.76 (0.21) 0.75 (0.21)
17* 22(22 7.85(0.88 FSIQ: 94.36 (11.93 22(22 Gend! 7.95 (0.68 FSIQ: 98.50 (7.78 fi d-ch E:
(2014) (22) DSM-IV-TR (0-88) Q (11.93) (22) F:Ig er (0-68) Q (7.78) (static) I(aireclﬁnc) oice Dxai::asslzns Happy 0.92 (0.11) 0.98 (0.04)
8. Sad 0.52(0.23) 0.56 (0.26)
Verbal Photographs from Angry 3.43(0.86) 3.52(0.78)
Fink et al. Age Human Faces . the Karolinska Fearful 2.79 (0.91) 2.94 (0.68)
18* 114 (76 DSM-IV 10.65 (1.23 VIQ: 103.58 (14.440 145 (94, 10.32 (1.32 VIQ: 110.56 (15.78] fi d-ch
(2014) (76) (1.23) Q ( 54 Gender (1.32) Q (15.78) (static) I(aTareclinc) °'°® " Directed Emotional  Happy 3.71(0.78) 3.76 (0.52)
8. Faces Sad 2.40 (1.04) 2.69 (1.00)
" Age
Fridenson- ADOS-2; VIQ: 11.15 (4.26) Verbal " "
20 (18, Gend! VIQ: 11.82 (2.99 H f: Vid | fi
19a*  Hayo et al. (18) DSM-IV-TR;  7.45 (1.31) NVIQ: 12.50 (2.96) 22 (19) ender 7.50 (1.47) Q (2:99) uman faces (forced-choice \deo clips Irom g0 all 0.70 (0.18) 0.86 (0.12)
viQ NVIQ: 11.55 (2.30) (Dynamic) " Mindreading
(2016) ICD-10 labelling)
NVIQ
Video clips from
. Age Mindreading
Fridenson- ADOS-2; Verbal
19b . VIQ: 11.38 (3.56) Gender VIQ: 12.22 (2.71) Human faces . emotions obtained
. :-Izzyloelet al. 16 (15) ::::SDI\_/I:l:)V TR; 8.58 (1.03) NVIQ: 11.44 (2.48) 18 (13) via 7.80(1.42) NVIQ: 9,72 (3.12) (Dynamic) f:;r;ﬁ: c)hmce from the Overall 0.69 (0.14) 0.84(0.13)
NVIQ e Mindreading
database
" Age
Fridenson- ADOS-2; Verbal
! VIQ: 9.05 (1.90) Gender VIQ: 10.11 (1.76) Human faces . Video clips from
19¢ Hayo et al. 19 (15) DSM-IV-TR; 6.97 (1.03) NVIQ: 11.00 (2.79) 18 (15) via 7.36 (1.20) NVIQ: 11.83 (2.70) (dynamic) (force.d choice Mindreading Overall 0.74 (0.13) 0.74(0.12)
(2016) ICD-10 labelling)
NVIQ
Fridenson ADOS-2; Age Verbal Audio clips from
19d  Hayo et al.  20(18) DSM-IV-TR; 7.45 (1.31) xﬁglﬁﬁséﬁzz?e) 22 (19) ngder 7.50 (1.47) \h"'ﬁgll'fzséz(‘f?m (SS”;Z::;;’SO"V (forced-choice ~ The EU-Emotion  Overall 0.68 (0.22) 0.73(0.13)
(2016) ICD-10 T : T : labelling) Stimulus Set
NVIQ
Fridenson ADOS-2; Age Verbal Audio clips from
19e  Hayo et al.  16(15) DSM-IV-TR; 8.58 (1.03) mﬁlﬁiﬁfi@) 18(13) Sf(;‘de' 7.80 (1.42) x'ﬁqléizz(é?z)) (SS”::;:Z;’SO"V (forced-choice ~ The EU-Emotion  Overall 0.64 (0.14) 0.74 (0.16)
(2016) ICD-10 e : AVIQ T . labelling) Stimulus Set
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Age

Fridenson- ADOS-2; . . Verbal Audio clips from
19f Hayo et al. 19 (15) DSM-IV-TR; 6.97 (1.03) x'ﬁs‘ff&'?%g) 18 (15) Sf(;‘de' 7.36 (1.21) x'\f};ol'llgl(‘ﬁo) (SS”::;:Z;’SO"V (forced-choice ~ The EU-Emotion  Overall 0.69 (0.13) 0.69 (0.13)
(2016) ICD-10; T : AVIQ e : labelling) Stimulus Set
Identification of
ADI-R; Age fFra(fr':'t:'e"Ot"’" task  angry 5.58 (4.50) 2.46 (2.27)
20a* aGIT'(eZ";i) et 35(3) Sls)r\c/)l?v; 21.10 (9.50) FsIQ: 107.70 (13.20) 37(37) fselnder 20.60 (7.00) FSIQ: 113.00 (10.20) :;‘:t‘li;‘ faces (“L?:c":r:j:'amh) ﬁmsterdan;‘ - :ZZ';;' ‘;:gg Ei:gg; 1:33 g:ég;
ICD-10 Q | ?‘a‘gip;ftt:r?g('; sad 8.21(5.52) 4.95 (3.53)
Sonneville. 2001)
Identification of
ADI-R; fFra(fr':'tE’e"Ot"’" task iAngry 5.58 (4.50) 6.28 (3.86)
Griemel et ADOS; Gender Human faces Nonverbal Fearful 4.00 (3.04) 4.39(2.62)
20b ol (2013) 38 (38) DSMAIV; 21.10 (9.50) FSIQ: 107.70 (13.20) 18(18) vy 10.5 (1.3) FSIQ: 111.7 (15.6) (static) (discrimination) ﬁrenj:s;;(:g\ologica % Happy 1.53 (L26) 111 (L08)
ICD-10 | Task battery (De Xsad 8.21(5.52) 9.72 (4.88)
Sonneville. 2001)
Angry 0.60 (0.29) 0.7 (0.25)
Fearful 0.46 (0.31) 0.44 (0.32)
. . Age . Verbal . Happy 0.81(0.24) 0.87 (0.18)
ar o s - n2epoy Tl 7065 v n2pas (IO MmN TRCES  (forcedchoice e 0% O s 070(027)  08(0.23)
. T . NVIQ T ! labelling) Disgust 0.49 (0.32) 0.68 (0.26)
Surprise 0.58 (0.28) 0.63 (0.26)
Overall 0.61(0.31) 0.69 (0.29)
Angry 0.75 (0.29) 0.89 (0.17)
Grossman FSIQ: 106.40 (18.42) Age FSIQ: 116.20 (12.75) Human faces Verbal Ekenan facial affect | Feartul 0.48 (0.31) 0.50 (0.23)
22% et al, (2000) 13 (13) ICD-10 11.80 (3.27) VIQ: 115.80 (15.63) 13 (12) FsiQ 11.50 (1.90) VIQ: 115.00 (11.92) (static) (forced-choice ot Happy 0.96 (0.09) 1.00 (0)
NVIQ: 97.20 (21.59) viQ NVIQ: 111.80 (14.22) labelling) Sad 0.81(0.23) 0.87(0.17)
Surprise 0.75 (0.31) 0.89(0.17)
Short film scenes
Verbal from CASIA Chinese
ggx e etoal 0 DSM-5 5,09 (0.95) . 21(17) Age 4.94 (0.90) - Human faces (forced-choice  Natural Emotional ~ H2PPY £=-2.52 p=.021
(2019) Gender (dynamic) ) o Sad t=-3.44 p=.003
labelling) Audio-Visual
Database
Age Vocal recordings of
Heaton et AQ: FSIQ: 109.10 (18.43) Gender FSIQ: 109.50 (15.11) Speech prosody Verbal four actors
24* al (2012) 20 (15) s 33.70 (12.77) VIQ: 106.40 (17.45) 20 (15) FsiQ 33.60 (12.06) VIQ: 109.00 (12.84) (utterance) (forced-choice expressing the  Overall 60.42 (9.78) 85.16 (8.92)
NVIQ: 109.50 (17.95) viQ NVIQ: 105.15 (12.89) labelling) different emotions
NVIQ verbally
Emotional speech
data in  Finnish
e ADI-R; . Verbal from the Angry 13.08 (2.28) 13.67 (2.47)
25% :‘Ie(';g'l“oe)” et 1509 ADOS-G; 14.50 () \h"'ﬁ;%g%g)(_) 15(8) Age 1430 () B (ngceecrzt‘;"mdy (forced-choice MediaTeam, Happy 16.58 (1.68) 17.07 (1.28)
ICD-10 . : labelling) University of Oulu’s Sad 15.17 (2.21) 16.40 (1.12)
emotional speech
corpus database
Phrases portraying
Hubbard et ADOS; Speech prosody Verbal :s::tionsorfecorctlzz Angry 0.50(0.16) 0.49(0.18)
26* al. (2017) 22 (20) DSM-IV; 25.91(5.34) FSIQ: 111.32 (11.20) 30(10) Not matched 22.53(7.37) - (sentence) (forced-choice by TD talkers Happy 0.29 (0.15) 0.42 (0.14)
DSM-5 labelling) ) Sad 0.37(0.20) 0.39 (0.20)
during the
production task
Schematic pictures
AQ-J; of 1 target and 2
27a* ;";’2‘:;34) e 50(15) IL)CsDrvll-:)v; 9.02 (0.98) FSIQ: 102.60 (16.00) 23(12) ’:sgleQ 9.06 (1.21) FSIQ: 105.50 (13.70) 2‘22:‘(‘2222) ?ﬂ::tr.zar:) ;ﬁr:stgiacctsrzgai:twg :252; Z;;g Egég; ZZ:gg g:gg;
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AQ-J;

Schematic pictures
of 1 target and 5

Isomura et . . Age . Non-human Nonverbal . X Angry 98.30 (4.40) 99.60 (1.70)
27b ol (2014) 20 (15) DSM-1V; 9.02 (0.98) FSIQ: 102.60 (16.00) 23(12) Fsia 9.06 (1.21) FSIQ: 105.50 (13.70) faces (static) (detection] distractors drawn  x Happy 9770 (4.00) 9800 (6.70)
ICD-10 in black against a
white background
Schematic pictures
AQ-J; of 1 target and 11 X
Isomura et . . Age . Non-human Nonverbal . Angry 99.60 (1.90) 99.60 (1.70)
27¢ ol (2014) 20 (15) DSM-1V; 9.02 (0.98) FSIQ: 102.60 (16.00) 23(12) roa 9.06 (1.21) FSIQ: 105.50 (13.70) faces (static) (detection] distractors  drawn Happy 9920 (2.60) 98.20 (4.30)
ICD-10 in black against a
white background
AQL Schematic pictures
Isomura et " Age Non-human Nonverbal drawn in  black X Angry 0.71(0.05) 0.69 (0.04)
28 al. (2014) 10(8) DSM-1V; 1047 (1.10) FSIQ: 103.40 (13.85) 140 FSIQ 10.09(1.30) 103.30(9.28) faces (static) (detection) against a  white X Happy 0.66 (0.05) 0.58 (0.05)
ICD-10 background
Jaervinen et ADL-R: e Music Verbal NI‘;Z:'S ;"h‘:ft'lc:' Fearful 77.21(27.68)  91.88 (10.94)
2 1 %Gots) 17 (13) ADOS, 10.60 (-) - 20(8) N%IIQ 10.70 () B (sogment) (forced-choice zach of thg Happy 94.85 (9.94) 99.38 (2.8)
' labelling) ) Sad 66.18927.87) 85 (14.96)
emotions
Speech samples of
semantically
Ketelaars et Age Speech prosody Verbal neutral sentences /::agr?;l Z;gg 839;)7) Z?gi 829;;
* -|\V/- . - - N a .. B .
30 al. (2016) 31(0) DSM-IV-TR 41.35 (11.22) FSIQ: 105.80 (15.44) 28 (0) Gender 39.89 (13.20) (sentence] I(;ireclﬁ: c)holce anr:t:jam Happy 8333 (12.91) 88.39 (10.72)
8. ) Sad 87.10 (15.64) 88.1(15.62)
Neuropsychologica
| Task battery
Age Angry 62.40 (10.9) 56.00 (18.80)
Fearful 52.00 (15.00 52.20(23.40
Kim et al ASSQ; FSIQ: 110.60 (15.30) Gender FSIQ: 115.20 (10.30) Human faces Verbal Avatar recordings He:' Y o $7 10)) 2520 $21 50;
31* (2015) 19 (13) scQ; 11.10 (2.50) VIQ: 114.40 (16.30) 23 (16) FsiQ 11.50 (2.30) VIQ: 117.60 (10.30) (dynamic) (forced-choice eliciting each of the Sa;’pv 6,00 (9'30) =60 (13‘00)
SRS NVIQ: 107.20 (15.80) \’\l‘IﬁQ NVIQ: 110.60 (13.00) labelling) emotions Disgust 60.40 (13.50) 58.20 (22.50)
Surprise 54.40 (6.10) 57.10 (24.10)
ADI-R; éiﬁ\der Verbal Photographs from
Kliemann et AQ; VIQ: 108.06 (7.38) VIQ: 108.12 (14.76) Human faces . the Karolinska Fearful 0.92 (0.07) 0.97 (0.03)
* -
32 al. (2012) 16(16) ASDI; 30.44(6.34) NVIQ: 128.47 (10.82) 77 \F/?AQ 3047 (6.23) NVIQ: 126.40 (8.94) (static) I(:’breclﬁ:;)h"'ce Directed Emotional  Happy 0.95 90.05) 0.98 (0.01)
DSM-IV NVIQ Faces
Kliemann et ADI; VIQ: 104.50 (15.60) Age Human faces Verbal f:eo tograizionfr::g Fearful 9039 (10.75)  96.44 (4.11)
33 al. (2010) 17 (12) ADOS; 32.70 (8.20) 19 (14) Gender 30.40 (5.90) VIQ: 110.40 (12.90) (static) (forced-choice Directed Emotional  Happy 9437 (5.07) 96.58 (3.56)
AQ viQ labelling) Faces
Age Angry 0.86 (0.23) 0.81(0.33)
, . FSIQ: 109.43 (17.67) Gender FSIQ: 112.30 (10.59) Verbal Photographs from Fearful 0.88 (0.32) 0.91(0.25)
Krél & Krol ADOS; Human faces .
34* (2019) 21(19) 1CD-10 16.27 (4.84) VIQ: 110.14 (18.26) 23(18) FsSlQ 16.31 (2.69) VIQ: 10.00 (11.77) (static) (forced-choice FACES database Happy 0.95 (0.16) 1.00 (0.00)
NVIQ: 107.24 (18.58) viQ NVIQ: 113.17 (11.77) labelling) (Ebner etal., 2010)  Sad 0.71(0.34) 0.82 (0.29)
NVIQ Disgust 0.83 (0.34) 1.00 (0.00)
Finnish word
(‘Saara’) uttered by
Kujala et al DSM-1V; Age Speech Prosody Verbal a female speaker
35a (2005) 8(4) 1CD-10 33.00 (22-43) FSIQ: 114.00 (99-140) 8(4) Gender 32(+) (utterance) g?;;ﬁ: c)holce with different Sad 25.00 (38.00) 63.00 (42.00)
e emotional
connotations
Finnish word
(‘Saara’) uttered by
Kujala et al. DSM-1V; . Age Speech Prosody Nonverbal a female speaker
35b (2005) 8(4) 1CD-10 33.00 (22-43) FSIQ: 114.00 (99-140) 8(4) Gender 32(-) (utterance) (detection) with different Sad 93.00 (14.00) 95.00 (8.00)
emotional
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Angry

Video clips  of Fearful ) )
Law  Smith ADI-R; Age Human faces Verbal actors  depicting Happy ) )
36* etal. (2010) 21(21) ADOS; 15.33 (2.20) NVIQ: 100.67 (12.22) 16 (16) Gender 14.76 (2.08) NVIQ: 100.56 (11.69) (dynamic) (forced-choice coch of  the Sad - -
DSM-IV NVIQ labelling) emotions Disgust F=-8.357 p=.007
Surprise - -
Overall F=-5.67 p=.023
L I DSM-5 Age Human f Verbal fEmmiO:\al chfaces /:ngrfyl 8!31471 Egg‘;; g'i? Egé)l)
i et al -5; uman faces . rom the inese earful . . . .
37* 2017) 34 (30) ADLR 9.27 (2.23) FSIQ: 109.94 (20.82) 39(29) fselgder 10.05 (3.20) FSIQ: 113.03 (16.83) (static) I(;ireclﬁ:-gc)holce facial affective  Happy 0581 (0.20) 09(0.19)
picture system Sad 0.50 (0.24) 0.77 (0.19)
Finnish word
. ADI-R; ( ) Age ( ) . . oo (‘Safara')I utteredkby
Lindstrom DSM-1V; VIQ: 108.00 (14.72 VIQ: 116.00 (15.30; Speech prosody Nonverba a female speaker
38 etal 2018) 119 DSM-5; 1040() NVIQ: 98.00 (12.89) 16(16) ngder 1010() NVIQ: 108.00 (12.90) (utterance) (discrimination)  with different 29 0.98(0.04) 0.97(0.06)
ICD-10 emotional
connotations
Loth et al FSIQ: 116.00 (87-135) éif‘de' FSIQ: 115.50 (85-143) Human f Verbal Ifmgefs'l Sojce'd
oth et al. : 116. - : 115. - uman faces erba rom films made in
39" 018 46(34) AQ 30.20(9.40) VIQ: 113.90 (85-160) 53(33) \F/?AQ 27.50(7.80) VIQ: 114.00 (74-146) (static) (matching) non-English Overall 0.74(0.14) 0.89(0.09)
VIQ speaking countries
DSM-IV; Facial photographs
o'Conmor Gillberg nge Human faces Verbal ;::E;‘e‘j f“;:‘a dti:z Angry 0.94 (0.09) 0.97 (0.05)
40a* (2007) 18 (16) Gillberg 26.90 (7.80) - 18 (16) Gender 25.20 (6.50) - (static) (forced-choice Emotions  Library Happy 0.97 (0.06) 0.99 (0.03)
(1989) labelling) Sad 0.87 (0.11) 0.91 (0.08)
. (Baron-Cohen et al.
criteria 2003)
Semantically
DSM-IV; nﬁutral . stentenctes
want to go to
0'Connor Gillberg Age Speech prosody Verbal ihe other mo%/ies”) Angry 0.84(0.15) 0.84(0.11)
40b (2007) 18 (16) Gillberg 26.90 (7.80) - 18 (16) Gonder 25.20 (6.50) - (sentence] (forced-choice spoken in each of Happy 0.77 (0.18) 0.81(0.15)
(1989) labelling) ) - Sad 0.86 (0.13) 0.89 (0.09)
criteria the emotions by six
female and eight
male actors
Oerlemans ADI-R; FSIQ: 103.20 (13.70) FSIQ: 107.40 (11.70) Human faces Verbal Emotional  faces /::agr?;l :;Zg tégg; :Asl;g ggg;
ata* (2014) 90 (73) CRS-R; 10.60 (2.05) VIQ: 101.55 (15.70) 139 (62) - 9.20 (1.90) VIQ: 108.80 (13.10) (static) (discrimination) eliciting each of the Happy 93.70(0.70) 95.70 (0.60)
. sCQ NVIQ: 105.20 (17.25) NVIQ: 106.40 (14.70) emotions sad 79:20 (1:20) 81:60 (0:90)
Sentences with
Oerlemans ADI-R; FSIQ: 102.56 (13.30) FSIQ: 106.10 (11.30) Speech prosody Verbal ::;I:;anl in tﬁzntt::e: I:Sag:gijl igig gig; igig ggg;
41b etal, (2014) 66 (54) CRS-R; 11.55 (1.35) VIQ: 1.1.20 (16.15) 72 (33) - 10.70 (1.10) VIQ: 108.20 (12.50) (sentence] (forced-choice of each emotion  Happy 7740 (1.90) 7740 (1.80)
: scQ NVIQ: 104.25 (15.85) NVIQ: 104.10 (14.60) labelling) ) ’ ' ’ ’
(Vingerhoets et al, Sad 72.60 (2.70) 68.60 (2.50)
2003)
Emotional  faces
from the Japanese Angry 70.24 (23.21) 75 (19.36)
Age and Caucasian Fearful 55.95 (31.53) 71.43 (24.09)
Otsuka et al. AQ: FSIQ: 112.00 (9.92) Gender FSIQ: 113.57 (11.58) Human faces Verbal Facial Expressions Happy 97.62 (7.52) 100 (0)
42a* 2017) 21 (14) DSV 25.24 (5.75) VIQ: 115.05 (11.16) 21 (14) FsiQ 24.90 (6.32) VIQ: 113.43 (12.35) (static) (forced-choice of Emotion  Sad 72.62 (30.52) 80.95 (23.59)
NVIQ: 105.38 (12.46) viQ NVIQ: 110.81 (12.38) labelling) (Matsumoto &  Disgust 50 (36.23) 45.24 (28.08)
NVIQ Ekman, 1988) Surprise 97.62 (7.52) 100 (0)
presented for Overall 73.41(12.11) 78.57 (8.57)
2000ms
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Emotional  faces

o e Angry 32.14(2256)  41.67 (21.41)
Age o CaL‘J)casian X Fearful 19.05(22.23)  19.05(17.51)
Otsuka et al AQ: FSIQ: 112.00 (9.92) Gender FSIQ: 113.57 (11.58) Human faces Verbal ool Exroca X Happy 89.29(28.03)  94.05(10.91)
ab ooy 20 S 25.24 (5.75) VIQ: 115.05 (11.16) 21(14) FsiQ 24.90 (6.32) VIQ: 113.43 (12.35) (statie) (forced-choice ¢ ”Emotion X sad 55.95(31.53)  64.29 (29.12)
NVIQ: 105.38 (12.46) via NVIQ: 110.81 (12.38) labelling) (Matsumoto & . Disgust 10.71(18.66)  23.81(30.08)
NVIQ s 1988) Xsurprise  88.1(18.74) 94.05 (17.51)
)y X
oresented for S0ms Overall 49.6 (13.94) 56.15 (8.4)
Angry 0.60 (0.29) 0.90 (0.14)
ADLR Fearful 0.65 (0.22) 0.95 (0.11)
NG FSIQ: 100.75 (7.69) Verbal ) Happy 0.95 (0.11) 1.00 (0.00)
43* :r"(p;g;;) e 55 S'SDSISI'V 2520 () VIQ: 117.00 (23.12) 5(5) Gender 28.20 () - :;‘;'t‘li;‘ faces (forced-choice S:t"‘a" facial affect ¢4 0.85(0.22) 0.95 (0.09)
: D0 NVIQ: 86.50 (9.57) labelling) Disgust 0.70 (0.21) 0.80 (0.33)
Surprise 0.80 (0.27) 0.95 (0.32)
Overall 0.76 (0.12) 0.93 (0.08)
Angry 6130 (25.99)  90.43 (7.06)
Fearful 58.26 (26.05)  80.87 (16.49)
. ] FSIQ: 101.50 (18.50) FSIQ: 111.20 (8.50) Verbal ) Happy 9478 (11.63) 100 (0.00)
44a* (chc')'l"l’)) etal 53 S?M-lv 32.50 (10.90) VIQ: 98.20 (15.80) 23(17) éif‘ dor 32.40 (11.10) VIQ: 106.80 (8.80) :;‘:t‘li;‘ faces (forced-choice S:t"‘a" facial affect 65.65(24.09)  82.61(14.21)
NVIQ: 104.40 (18.60) NVIQ: 113.40 (10.40) labelling) Disgust 65.65(27.44)  84.75(17.29)
Surprise 7957 (22.66)  90.87 (9.96)
Overall 70.74(14.79)  88.3(5.47)
Emotional faces
from the Japanese X Angry 62.17 (34.14) 88.17 (13.51)
Philio et al AQ: FSIQ: 101.50 (18.50) Age FSIQ: 111.20 (8.50) Human faces Verbal and Caucasian X Fearful 82.65(23.12) 86.96 (26.25)
44b (201‘:)) . 23 (16) DSM-IV 32.50(10.90) VIQ: 98.20 (15.80) 23(17) Ginder 32.40 (11.10) VIQ: 106.80 (8.80) (static) (forced-choice Facial Expressions X Happy 98.17 (4.82) 100 (0)
NVIQ: 104.40 (18.60) NVIQ: 113.40 (10.40) labelling) of Emotion  *Sad 833 (26.08)  95.04(13.34)
(Matsumoto & X Disgust 72.09 (29.39) 89.48 (18.85)
Ekman, 1988)
Emotional faces
from the Japanese Angry 85.65 (17.84) 95.09 (8.15)
Philio et al AQ: FSIQ: 101.50 (18.50) Ao FSIQ: 111.20 (8.50) Human faces Nonverbal and  Caucasian  Fearful 85.78(14.970  93.17 (10.51)
44c (201‘;) © 23(16) S 32.50 (10.90) VIQ: 98.20 (15.80) 23(17) Ginder 32.40 (11.10) VIQ: 106.80 (8.80) (statie) (matching) Facial Expressions  Happy 96.91 (7.42) 96.91 (14.8)
NVIQ: 104.40 (18.60) NVIQ: 113.40 (10.40) € of Emotion  Sad 77.04(23.16)  94.43(11.2)
(Matsumoto & Disgust 72.7 (21.5) 86.35 (20.4)
Ekman, 1988)
:t:rllii of ?:mb:s‘ Angry 63.48(20.14)  83.48 (14.96)
Phiio et al AQ: FSIQ: 101.50 (18.50) Az FSIQ: 111.20 (8.50) soeech brosogy | Verda e‘;notional o Fearful 59.57(25.85)  77.83 (11.66)
44d (201‘3) © 23(16) DS 32.50 (10.90) VIQ: 98.20 (15.80) 23(17) Ginder 3240(11.10)  VIQ: 106.80 (8.80) (S”entenfe) Y (forced-choice e er Vory  HapPy 57.83(20.66)  76.96 (14.6)
NVIQ: 104.40 (18.60) NVIQ: 113.40 (10.40) labelling) Emotion (Calder et 52 7522(15.34)  80(14.14)
Disgust 48.26930.55)  76.52 (17.48)
al., 2004)
Quintin et DSM-IV FSIQ: 97.00 (15.00) Age FSIQ: 108.00 (12.00) Music Verbal ) Music clips eliciting Fearful 4.38 (1.06) 4.69 (0.55)
45 o (2011) 26 (20) 13.58 (1.92) VIQ: 94.00 (19.00) 26 (12) va 13.50 (2.17) VIQ: 107.00 (13.00) (excorot) (forced-choice ~ each  of the  Happy 3.7791.21) 3.85(0.97)
’ NVIQ: 101.00 (13.00) NVIQ: 107.00 (15.00) P labelling) emotions sad 3.65 (1.41) 4.23(0.82)
. . Age . Photographs from Angry 0.92 (0.17) 0.95 (0.10)
Rhodes et ADOS-2; FSIQ: 107.30 (12.40) FsiQ FSIQ: 107.80 (5.00) Human faces Verbal = the NimStim Face  Fearful 0.83 (0.15) 0.86 (0.15)
46* 19 (17) DSM-IV 12.25 (1.92) VIQ: 101.90 (11.40) 19 (14) 12.25 (1.83) VIQ: 103.10 (6.30) ‘ (forced-choice )
al. (2018) NVIQ: 112.50 (15.30) viQ NVIQ: 110.40 (5.40) (static) labelling) Stimulus Set Happy 0.96 (0.09) 0.99 (0.06)
P : NVIQ SR 8 sad 0.80 (0.24) 0.78 (0.22)
Age
Photographs of
) FSIQ: 106.30 (10.80) Gender FSIQ: 113.40 (11.40) Verbal )
Rigby et al. - H f female C A 9330 (7.10 97.70 (3.00
47a* (2I<gn\z;)e & 16(11) 27.80 (7.80) VIQ: 107.80 (13.90) 16 (11) FsiQ 2730 (7.50) VIQ: 11070 (9.50) (S;';t‘iac;‘ aces (forced-choice =o€ CAUESER - ChEY 10 EG so; o630 $4 70;
NVIQ: 103.90 (15.70) via NVIQ: 113.30 (11.40) labelling) 2. (2006) P 016 R
NVIQ )
Age
Photographs of
) FSIQ: 106.30 (10.80) Gender FSIQ: 113.40 (11.40) Verbal ) X
470 [‘Z'gg‘;)ﬂ a6 27.80 (7.80) VIQ: 107.80 (13.90) 16 (11) FsiQ 27.30(7.50) VIQ: 110.70 (9.50) (F;”r::r:ifgces (forced-choice f:c’tzar': fmc:‘“;:z'zr; X::f':'ise Zg‘zg gzg; Z:gg E‘Z"gg;
NVIQ: 103.90 (15.70) via NVIQ: 113.30 (11.40) v labelling) 2. (2006) P e e
NVIQ :
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Verbal Photographs of an X Angry 1.00 (0) 1.00 (0.00)
Sasson et al. Gender Human faces . individual's  face Fearful 0.71 (0.46) 0.79 (0.41)
48* 21 (18 ADOS 23.43 (4.36, FSIQ: 101.48 (16.97 39(23, 35.87(9.33 FSIQ: 100.56 (14.87 fi d-ch
(2016a) (18) (4.36) Q (1697) (23) FSIQ (9:33) Q (14.87) (static) I(aobreclﬁn;) O from Kohler et al, X Happy 1.00 (0) 1.00 (0.00)
2003 Sad 0.92 (0.28) 0.97 (0.26)
Age -
Sasson et al. ADOS; Human faces Nonverbal Faces eliciting each Angry 84.66 (13.82) 86.31(10.85)
* . .
49 (2016b) 21 (19) AQ 23.81(4.58) FSIQ: 11.56 (12.09) 28 (25) f:lgder 2375 (6.60) FSIQ: 116.71(10.38) (static) (discrimination)  of the emotions Happy 91.01(11.58)  96.63 (5.31)
Age
Sawyer et al. FSIQ: 10810 (17.90) FSgIQ FSIQ: 114.10 (13.00) Human faces Verbal Ekman facial affect
50* (2012) 30(20) DSM 21.60 (9.80) VIQ: 109.70 (19.10) 24 (7) viq 24.00 (9.20) VIQ: 113.40 (12.80) (static) (forced-choice set Overall 69.97 (11.09) 86.77 (11.04)
NVIQ: 104.30 (18.20) NVIQ NVIQ: 111.40 (12.80) labelling)
Black and white
photographs from
Age Verbal Angry F=-6.48 p=.015
Schall & ADI-R; H f: the Frankfurt Test
51a% Rcaui (ezro17) 23(23) ADOS. 15.72 (1.25) NVIQ: 105.65 (11.47) 22(22) Gender 15.85 (0.97) NVIQ: 103.77 (11.09) (S;';t‘iac;‘ aces (forced-choice fore F'::]QI“'Aﬁ:zt Fearful - 611 p=.018
NVIQ labelling) L " Overall 0.81 (0.07) 0.86 (0.05)
Recognition (Bolte
et al. 2006)
Schaller & ADI-R; Age Human faces verbal E::)atlilt\)ln Eisl;eeslﬁf\d
51b 23 (23) ’ 15.72 (1.25) NVIQ: 105.65 (11.47) 22(22) Gender 15.85 (0.97) NVIQ: 103.77 (11.09) ) (forced-choice 8 Xoverall 0.83 (0.09) 0.79 (0.11)
Rauh (2017) ADOS nVIQ (dynamic) labelling) (FEEL; Kessler et al.,
2002)
Two-syllabic
semantically
o i Age Angry 84.98 (13.15)  92.48 (6.58)
igr‘]e"mk' & ﬁg'oz[ FSIQ: 110.31 (13.79) Gender FSIQ: 111.50 (10.97) soeech orosogy | Verbal :EL‘::' . Oi::‘m"’:: Fearful 68.37927.82)  89.85 (6.71)
52% Krieastein 16 (13) AQ; ¢ 33.75 (10.12) VIQ: 110.75 (12.35) 16 (13) FsIQ 33.69 (9.58) VIQ: 108.75 (12.59) (L?tteranze) Y (forced-choice each onz of the Happy 64.10 (30.93)  80.54(9.93)
(201g9) \CDL10 NVIQ: 107.38 (17.55) via NVIQ: 112.69 (9.59) labelling) emotions by one 530 51.45(32.05)  81.64(10.76)
NVIQ Y Disgust 50.18 (22.77)  65.97 (21.78)
female and one
male actor
FSIQ: 101.50 (18.60) Age FSIQ: 115.20 (9.30)
53% Zra(fzrgjs) et 15012) ﬁggs 18.10 (-) VIQ: 105.70 (18.80) 15(12) ngder 18.40 (12-23) VIQ: 118.80 (14.90) :;‘:t‘li;‘ faces ;{ie;fea:tion) S:t"‘a" facial affect :e:'f“' Zg‘gg gig; Zg‘ﬁ ggi;
: NVIQ: 103.50 (17.40) wia NVIQ: 108.00 (8.10) PPy 0016 -3
Angry 77.77 (16.42)  91.67 (14.99)
Verbal Photographs from
Shanok et Human faces . " . Fearful 86.11(17.17) 93.75 (13.44)
54a al. (2019) 12 (9) GARS-2 5.75(0.97) 16 (10) 5.50 (1.41) (static) g?;;ﬁ: c)hmce gt\lemtrj\llljr:?elin Face Happy 94.44 (12.98) 100.00 (0.00)
s Sad 69.44 (22.49)  95.83 (11.39)
Moth
Verbal re;’“c::ng X Angry 97.22(14.91)  91.67 (14.99)
X
54b Zlha('z‘gli 9 et 1509 GARS-2 5.75 (0.97) - 16 (10) . 5.50 (1.41) B :;‘;'t‘li;‘ faces (forced-choice photographs from :Zap’;s' 23633 éz(;‘gzi 23673 él(g‘gg;
labelling) the Nimstim Face  xg g 86.11(17.17)  93.75 (13.44)
Stimulus Set
] Angry 5.40 (1.60) 6.1(1.10)
Black d hit
ASD: e o e Fearful 3.20(1.30) 2.9(1.30)
Sinzig et al ADI-lR' hge Human faces Verbal ?he Frganﬁfurt Test Happy 7:60(1.60) 7.7 (1.10)
55a* (2005) : 19 (17) ADOS’ 13.60 (3.40) FSIQ: 111.00 (19.10) 29 (22) FsiQ 12.80(2.90) FSIQ: 109.00 (12.90) (static) (forced-choice for Facial Affect Sad 5.80 (1.70) 5.9 (1.60)
DSM-IV labelling) Recognition (Blte Disgust 4.40 (1.70) 4.1(1.50)
et al g2006) Surprise 4.90 (1.30) 5.2 (0.90)
: Overall 0.76 (0.09) 0.78 (0.07)
i X Angry 5.10 (2.00) 6.1(1.10)
ASD+ADHD: B:]a:fo raa"‘:]s "‘f’:'o': X Fearful 3.50 (2.80) 2.9(1.30)
Sinzig et al ADI-R; Age Human faces Verbal ?he Frganﬁfurt Test ; Happy 6.70(2.20) 7.7(1.10)
55b (zooi) © o 21(20) ADOS; 11.60 (3.70) FSIQ: 102.00 (13.10) 29 (22) FSgIQ 12.80 (2.90) FSIQ: 109.00 (12.90) (static) (forced-choice for  Facial | Affect Xsad 4.90 (2.30) 5.9 (1.60)
DCL-TES; labelling) Recognition (Blte X Disgust 4.00 (1.80) 4.1(1.50)
DSM-IV etal 32006) X Surprise 3.60 (1.80) 5.2 (0.90)
: X Overall 0.72 (0.10) 0.78 (0.07)
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Dynamic faces

from the
Stephenson ADOS-2; Human faces Verbal Amsterdam Angry 0.93 (0.26) 0.95 (0.22)
56* atal. (2019) 30(-) AQ; 24.52 (6.04) FSIQ: 112.36 (10.63) 46 (-) FsSiQ 20.93 (2.03) 111.95 (8.21) (dynamic) (forced-choice Dynamic Facial  Fearful 0.99 (0.09) 0.99 (0.10)
DSM-5 labelling) Expression Set; van Happy 1.00 (0.05) 1.00 (0.05)
der Schalk et al.,
2011)
Age Verbal Emotional  faces
Stewart et Human faces . from JAFFE
57* 11(7) DSM-IV 27.20 (7.50) VIQ: 14.90 (6.20) 14 (8) Gender 26.40 (5.60) VIQ: 18.10 (4.00) ; (forced-choice Overall 0.55 (0.08) 0.68 (0.07)
al. (2013) via (static) labelling) database (Lyons et
8. al 1999)
Angry 82.40 (21.20) 89.30 (13.40)
Fearful 67.50 (22.00) 69.20 (20.80)
Tanaka et al ADI-R; Age Human faces Verbal Photographs from Happy 98.10 (6.70) 97.50 (5.80)
58a* (2012) © 66(56) ADOS-G; 11.90 (4.00) FSIQ: 106.80 (20.90) 68 (43) roa 11.90 (3.10) FSIQ: 106.80 (7.80) (stati0) (forced-choice the NimStim Face  Sad 91.70 (13.50) 94.70 (9.70)
DSM-IV labelling) Stimulus Set Disgust 87.50 (18.00) 92.80 (12.20)
Surprise 86.60 (18.60) 87.80 (14.60)
Overall =-2.86 p=.09
Angry 84.30 (15.30) 94.20 (9.90)
Tanaka et al. ADI-R; Age Human faces Nonverbal Photographs from Fearful 74.10 (22.20) 86.90 (16.90)
58b (2012) 67 (57) ADOS-G; 12.00 (4.00) FSIQ: 106.80 (20.90) 66 (42) roa 11.90 (3.10) FSIQ: 106.80 (7.80) (static) (matching) the NimStim Face  Happy 96.80 (9.70) 99.50 (2.90)
DSM-IV Stimulus Set Sad 65.90 (22.40) 82.30 (16.80)
Disgust 66.70 (20.10) 75.80 (16.60)
Facial photographs
posed by both
Verbal children anfj adt_JIts
59a* (T;g'losr) etal 1oy gls)r\c/)fnf' 9.67 (2.25) x'ﬁgiﬁfﬁiﬁ) 54.(26) ﬁ%/em .94 (1.92) . :;‘;'t‘lac;‘ faces (forced-choice ::;’t"‘"e’;“’;": Mf'll:; overall 62.50(11.97)  70.75 (10.99)
labelling) Reading DVD
(Baron-Cohen,
2002)
The sentence "Oh
1'm going out of the
ADOS-G; . Verbal room now but I'll
59b (T;g'losr) etal 1oy DSM-IV 9.67 (2.25) xﬁdﬂﬁfﬁiﬁ) 54.(26) ﬁ%/em .94 (1.92) . (SS”::;:Z;’S“V (forced-choice ~ be back later"  Overall 6422 (13.26)  71.06 (12.71)
T : labelling) spoken each of the
emotions with
Australian accents
Angry 63.30 (4.90) 65.80 (4.70)
ADI-R; Verbal Photographs from
" Tell et al . FSIQ: 102.68 (6.64) Age . Human faces . " . Fearful 49.30 (7.10) 73.20 (6.40)
60 (2014) 2@ gls)r\cx)li-\f' 10.31() VIQ: 9.32 (1.69) 2(17) Gender 980() VIQ: 1064 (1.67) (static) I(:’breclﬁ:';)h"'ce ;‘ﬁn L’:‘ILT?E';“ Face  |iappy 80.20 (4.80) 79.60 (4.70)
Sad 45.00 (5.90) 54.50 (6.90)
Verbal Photographs from
g1+ rottenham . o0 ADOS; 15.00 (6.00) FSIQ: 111.00 (-) 53(35) Fsiq 16.00 (8.00) FSIQ: 103.00 (-) Human faces (forced-choice  the NimStim Face  Angry 0.93 (0.15) 0.90 (0.24)
etal. (2014) AQ viQ (static) | . .
abelling) Stimulus Set
Emotional faces Angry 60.70 (21.70) 53.80 (22.75)
from the Ekman Fearful 32.10 (26.46) 51.80(19.58)
Uono et al. FSIQ: 103.30 (13.40) Age Human faces Verbal facial affect set and Happy 98.70 (4.23) 98.20 (4.76)
62* 2011) 28 (23) DSM-IV-TR 17.60 (5.20) VIQ: 105.20 (14.70) 28 (24) Gonder 18.00 (4.00) - (static) (forced-choice the Japanese and  Sad 79.90 (16.93) 76.30 (19.58)
NVIQ: 100.10 (13.30) labelling) Caucasian Facial Disgust 39.30(24.34) 46.40 (22.75)
Expressions of Surprise 95.30 (10.05) 94.20 (9.00)
Emotion Overall 67.70 (8.47) 70.10 (7.94)
Emotional faces Angry 59.00 (24.18) 54.2 (22.06)
from the Ekman Fearful 40.30 (30.12 54.9 (16.12)
Uono et al. AS: FSIQ: 106.00 (11.90) Age Human faces Verbal facial affect set and Happy 97.90 (4.67) 97.9 (4.67)
63a* (2013) 18 (15) CARS; 18.60 (6.50) VIQ 108.30 (11.90) 18 (14) Gender 18.80 (3.60) - (static) (forced-choice the Japanese and  Sad 84.70 (14.42) 76.4 (18.24)
DSM-IV NVIQ: 101.90 (13.90) labelling) Caucasian Facial Disgust 48.60 (25.46) 52.1(22.06)
Expressions of Surprise 97.20 (5.52) 95.8 97.64)
Emotion Overall 71.30 (8.06) 71.9(6.79)
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Emotional faces X Angry 62.50 (16.97) 54.2 (22.06)
from the Ekman X Fearful 31.30(22.06) 54.9 (16.12)
Uono et al PDD-NOS: FSIQ: 101.00 (14.10) Age Human faces Verbal facial affect set and X Happy 99.30(2.97) 97.9 (4.67)
636 o1 1812 CARS; 19.80 (4.70) VIQ: 103.10 (17.70) 18 (14) Ginder 18.80 (3.60) - (statie) (forced-choice  the Japanese and ¥ Sad 7570 (16.12)  76.4(18.24)
DSM-IV NVIQ: 98.20 (11.30) labelling) Caucasian Facial X Disgust 32.60(22.91) 52.1(22.06)
Expressions of X surprise 93.80 (11.46) 95.8 97.64)
Emotion X Overall 65.90 (7.64) 71.9 (6.79)
ADI-R; ) Angry 3330 (2054)  80.00 (26.55)
Vannetzel et H f Nonverbal Ekman facial affect
64 aNEZEEL 10(9) CARS; 9.60 (1.70) FSIQ: above 70 35 (30) Age 8.40 (1.80) - dmanfaces onverbal man fadal altect  Happy 70.00 (15.48)  85.70(23.01)
al. (2011) (static) (discrimination) set
DSM-IV sad 53.30(19.28)  84.80 (20.06)
Identification of
Facial Emotion task
from the Angry 85.24 (10.77) 88.24 (9.48)
Waddington Human faces Verbal Amsterdam Fearful 84.52 (12.67) 89.85 (10.20)
650" ial 201y 59069 ADI-R 12.32 (2.48) FSIQ: 101.51 (14.67) 220(110)  Gender 13.11(2.35) FSIQ: 105.5 (12.42) (static) (discrimination)  Newropsychologica  Happy 04,58 (6.12) 96,00 (4.58)
| Task battery Sad 79.98 (12.98)  84.40 (10.19)
(DeSonneville,
1999)
Affective
Prosodytask from
Verbal the Angry 84.93(16.76)  87.20 (14.61)
Waddington . . Speech prosody . Amsterdam Fearful 36.47 (21.84) 40.36 (20.73)
65b o pory 59069 ADI-R 12.32 (2.48) FSIQ: 101.51 (14.67) 220(110)  Gender 13.11(2.35) FSIQ: 105.5 (12.42) fentence) I(;)Jreclﬁ: c)holce Newropsychologica  Happy 7900(17.02) 8106 {15.69)
e | Task battery  Sad 7273 (22.68) 7277 (21.24)
(DeSonneville,
1999)
Emotional faces
nge o ke Angry 0.62 (0.17) 0.73 (0.22)
Wallace et ADI-R; VIQ: 148.00 (13.00) Gender VIQ: 153.00 (9.00) Human faces Verbal facial affect set and :Zapr;:l ggg Egi:; 8'33 Eg;g;
66a% 1. (2008) 26(23) ICD-10 32.00(9.00) NVIQ: 101.00 (18.00) 26(23) \F/?AQ 31.00(9.00) NVIQ: 98.00 (12.00) (static) I(Zobreclﬁﬁ;)h"'ce g:c;zip;”“eF:c’i‘; sad 0.68 (0.22) 0.86 (0.11)
wia Expressions  of | DISBUSt 0.72 (0.23) 0.88 (0.12)
Emotion Surprise 0.68 (0.22) 0.84(0.22)
Emotional faces
from the Ekman
facial affect set and
FSIQ: 122.00 (10.00) éi?\der FSIQ: 117.00 (13.00) Verbal tcr:c;zip;nese&ac?;  Angry 0.70(0.22) 0.82(0.27)
wall t ADI-R; : 122. : s 117 : H f X Fearful 0.76 (0.22 0.92 (0.11
66b ala(zaocoes) e 26(23) o0 32.00 (9.00) VIQ: 118.00 (14.00) 26 (23) FSIQ 31.00 (9.00) VIQ: 115.00 (14.00) (S;';'t‘iac;‘ aces (forced-choice  Expressions  of D?:;uit o EO 3O; oo1 EO 13;
: B NVIQ: 122.00 (7.00 viQ NVIQ: 116.00 (13.00 labellin, Emotion presented N . . . .
Q (7.00) wia Q (13.00) 8) onen siecemeal Xsurprise  0.65 (0.27) 0.75 (0.25)
fashion starting
from the eyes or
the mouth
Age
Verbal Neutral sentences Angry 83.72 (14.07) 85.72 (14.45)
w. & FSIQ: 107.12 (11.14 Gend FSIQ: 112.96 (9.91 Speech d
67a* ang 25 (25) DSM-IV-TR 8.15 (1.17) Q (11.14) 25 (25) encer 8.20 (1.04) Q (5:91) Peecn prosody ¢orced-choice  spoken in each one  Happy 88.01(14.54)  95.55 (6.25)
Tsao (2015) VIQ: 107.08 (10.57) FsiQ VIQ: 113.68 (8.47) (sentence)
viQ labelling) of the emotions Sad 96.29 (10.13) 99.15 (2.35)
Age Verbal Emotional X Angry 84.95(15.59)  86.94 (11.11)
w. & FSIQ: 107.12 (11.14 Gend FSIQ: 112.96 (9.91 Speech d t K : : - ’
67b ang 25 (25) DSM-IV-TR 8.15 (1.17) Q@ (11.14) 25 (25) ender 8.20 (1.04) Q@ (9-91) PEEChPIOSOCY (torced-choice  Sorron e SPOXEN X panpy 74.47(16.42)  81.33(19.24)
Tsao (2015) VIQ: 107.08 (10.57) FsiQ VIQ: 113.68 (8.47) (sentence) " in matching X
viQ labelling) emotional prosody Sad 97.71(4.79) 98.57 (2.57)
Age X
. . Verbal Neutral words Angry 84.90 (17.83) 79.12 (19.6)
67c  Wane & 00 DSM-IV-TR 8.15 (1.17) FSIQ: 107.12 (11.14) 25 (25) Gender 8.20 (1.04) FSIQ: 112.96 (9.91) Speech prosody ¢ o choice  spoken in each one X Happy 53.78(30.05)  63.12(27.18)
Tsao (2015) VIQ: 107.08 (10.57) FsiQ VIQ: 113.68 (8.47) (sentence)
viQ labelling) of the emotions X sad 94.23 (12.46) 94.23 (3.68)
Age Verbal Emotional words X Angry 73.00 (17.54)  69.45 (18.62)
67d  Wane & 0 DSM-IV-TR 8.15 (1.17) FSIQ: 107.12 (11.14) 25 (25) Gender 8.20 (1.04) FSIQ: 112.96 (9.91) Speech prosody ¢ o choice  spoken in matching X Happy 73.01(15.44)  83.00 (10.5)
Tsao (2015) VIQ: 107.08 (10.57) FsiQ VIQ: 113.68 (8.47) (sentence)
viQ labelling) emotional prosody X sad 94.23 (7.38) 97.11(3.35)
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Wang & iggz;z /:sgleQ H f Verbal deal pgofmgrap:s Fearful 0.97 (0.03) 0.99 (0.03)
« -2; . . uman faces ) obtained from the earful . . . .
68 g%a;lsrs 18 (18) DSM-5; 30.80 (7.40) FSIQ: 105.00 (13.30) 15 (11) via 35.10 (11.40) FSIQ: 107.00 (8.69) (static) I(;c;reclﬁ:-gc)hmce STOIC  datahase  Happy 0.96 (0.05) 0.98 (0.04)
ICD-10 NVIQ (Roy et al., 2007)
\F/;C;Z' f:)"r:’t“’;rz Angry 0.74 (0.08) 0.89 (0.08)
Wingenbach s A oman fces V03 Amsterdam lww  Oo00n 0950009
ingenbac ; ge uman faces ) . ) appy . . . .
69" talo1z) 120 sca 17.30(075) 1209) Gender 16.90(0.29) (dynamic) I(;(::Iﬁ:'gc)h"'ce EXV:raeTs'icon Sefi\f:‘r: sad 0.78 (0.04) 0.88 (0.02)
der Schalk et al, Disgu§t 0.77 (0.07) 0.84 (0.05)
2011) Surprise 0.94 (0.03) 0.93 (0.03)
Facial stimuli from Angry 2.89(0.66) 2.71(0.96)
Wong et al. Age Human faces Verbal the Standardized Fearful 3.05(0.91) 2.9(1.14)
70* (2012) 19 (16) ADI-R 11.28 (1.48) FSIQ: 118.21 (14.93) 21 (15) Fsia 10.24 (1.81) FSIQ: 113.43 (11.21) (static) (forced-choice Penn Emotion X Happy 4.00 (0) 4.00 (0)
labelling) Recognition Set Sad 3.16 (0.96) 3.19(0.98)
(Gur et al., 2002) Disgust 1.16 (0.96) 1.52 (1.25)
Angry 5.57 (2.05) 6.57 (1.80)
ADI-R: Age Photographs from Fearful 4.77 (2.38) 4.74 (2.97)
Wright et al. ADOS[ FSIQ: 104.63 (17.99) Gender FSIQ: 103.86 (16.26) Human faces Verbal the Ekman's Facial Happy 9.51(1.17) 9.91(0.28)
71* (2008) 35(33) AQ; ¢ 11.31(2.17) VIQ: 105.66 (21.01) 35(33) FsiQ 11.57 (1.94) VIQ: 105.74 (16.31) (static) (forced-choice Expressions of  Sad 6.91(2.42) 6.43 (2.71)
\CD-10 NVIQ: 103.03 (16.09) viQ NVIQ: 100.94 (16.39) labelling) Emotion:  Stimuli  Disgust 5.40 (2.98) 5.03 (2.74)
NVIQ and Tests (FEEST) Surprise 8.09 (2.17) 8.77 (2.13)
Overall 40.26 (9.56) 41.51 (7.99)
Angry 0.29 (0.16) 0.40 (0.17)
Fearful 0.12 (0.11) 0.19 (0.14)
Veun ] Age Verbal Photographs from 0.95 (0.28) 1.12 (0.17)
g et al. ADI-R; Human faces . the Karolinska
72* (2014) 18 (15) DSMLIV 9.61(3.13) FSIQ: 101.33 (10.85) 18 (11) Gender 10.72 (3.61) FSIQ: 107.06 (9.35) (static) (forced-choice birected Emotional %9 0.44 (0.19) 0.57 (0.17)
FsiQ labelling) Faces Disgust 0.10 (0.11) 0.23 (0.19)
Surprise 0.53(0.21) 0.67 (0.14)
Overall 0.41(0.14) 0.53 (0.12)

Abbreviations: ADI-R, Autism Diagnostic Instrument Revised; ADOS, Autism Diagnostic Observation Schedule; ADI-R-III, AADOS-G, Autism Diagnostic
Observation Schedule—Generic; ADOS-2, Autism Diagnostic Observation Schedule, Second Edition; ASDI, Autism Spectrum Diagnostic Interview; ASDS,
Asperger Syndrome Diagnostic Scale; ASQ-J, Autism Screening Questionnaire, Japanese Version; AQ, Autism Spectrum Quotient Questionnaire; AQ-J,
ASSQ, Autism Spectrum Screening Questionnaire; CARS, Childhood Autism Rating Scale; DCL-TES,
Diagnostic Checklist for Pervasive Developmental Disorders (Diagnostik Chekliste fr Tiefgreifende Entwicklungsstorungen); CRS-R, Conners’ Rating Scales-
Revised; DSM, The Diagnostic and Statistical Manual of Mental Disorders; DSM-1V, The Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition; DSM-IV-TR, The Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision; DSM-5, The Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition; GARS-2, Gilliam Autism Rating Scale, Second Edition; ICD-10, International Statistical Classification of Diseases,

Autism Spectrum Quotient, Japanese Version;

Tenth Revision; SCQ, Social Communication Questionnaire; SRS, Social Responsiveness Scale.
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