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ABSTRACT
Purpose: Numerous studies have identified individuals with autism spectrum
disorder (ASD) with deficits in unichannel emotion perception and multisensory
integration. However, only limited research is available on multichannel emotion
perception in ASD. The purpose of this review was to seek conceptual clarification, identify knowledge gaps, and suggest directions for future research.
Method: We conducted a scoping review of the literature published between 1989
and 2021, following the 2005 framework of Arksey and O’Malley. Data relating to
study characteristics, task characteristics, participant information, and key findings
on multichannel processing of emotion in ASD were extracted for the review.
Results: Discrepancies were identified regarding multichannel emotion perception deficits, which are related to participant age, developmental level, and task
demand. Findings are largely consistent regarding the facilitation and compensation of congruent multichannel emotional cues and the interference and disruption of incongruent signals. Unlike controls, ASD individuals demonstrate an
overreliance on semantics rather than prosody to decode multichannel emotion.
Conclusions: The existing literature on multichannel emotion perception in ASD
is limited, dispersed, and disassociated, focusing on a variety of topics with a
wide range of methodologies. Further research is necessary to quantitatively
examine the impact of methodological choice on performance outcomes. An
integrated framework of emotion, language, and cognition is needed to examine
the mutual influences between emotion and language as well as the crosslinguistic and cross-cultural differences.
Supplemental Material: https://doi.org/10.23641/asha.19386176

Autism spectrum disorder (ASD) is a range of neurodevelopmental disorders characterized by difficulties with
social communication, repetitive behaviors, and restricted
interests (American Psychiatric Association [APA], 2013).
A considerable number of studies have documented impairments in socio-communicative functioning in the ASD individuals and their constant problems in understanding others’
emotional and mental states (Frith & Hill, 2004; Harms
et al., 2010; Loukusa et al., 2014). In particular, deficits in
the perception of emotional signals are considered as an
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essential obstacle to their social interactions and relationship development (Kahana-Kalman & Goldman, 2008).
Previous studies have identified emotion perception as a
significant mediator for the adaptive functioning in individuals with ASD (Hudepohl et al., 2015). Difficulties in
emotion perception are particularly prominent in ASD
(Baron-Cohen, 1995), and such difficulties are correlated
with the low effectiveness with which some autistic individuals perform daily personal and social activities, leading to their lower socialization abilities (Hudepohl et al.,
2015). Although researchers have long recognized the importance of emotion cognition in early development for children
with or without ASD, there are some terminology confusions
and knowledge gaps in the area of multisensory emotion
research.
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Emotional cues in speech communication are delivered in several sensory modalities, including the auditory
modality and the visual modality. Within each modality,
emotional information can be conveyed through more
than one channel in congruent or incongruent forms, such
as facial expressions, gestures, and eye gaze in the visual
modality (Meeren et al., 2005), and nonverbal emotional
prosody and verbal semantics in the auditory modality
(Stewart et al., 2013). This set of conceptual definitions
lays out the overlaps as well as clear differences between
the two terms, modality and channel. Indeed, some
researchers make a fine distinction between multisensory
and multichannel processing of emotion and identify distinct channels within a single modality (Lin et al., 2020;
Schwartz & Pell, 2012). However, others consider these
two as interchangeable and equivalent terms to indicate
the multiplex pathways of emotional information (e.g.,
Gunes & Piccardi, 2007). Obscuring the distinctions
between the two terms is prone to put the pathways of
emotional cues into a large and undifferentiated group
that blurs the subtle similarities and differences among
them. Using modality and channel indiscriminately could
lead to inadequate attention to certain pathways of emotional information. For instance, many ASD studies on
multisensory/multimodal emotion processing choose facial
expressions to represent the visual modality and intonation the auditory modality (e.g., Magnée et al., 2011), but
fewer look into gestures and gaze as visual cues, or emotional lexical semantics that can be delivered either in spoken language or as visual text.
To date, multichannel emotion processing in ASD
has been much less investigated, compared with the unichannel and multimodal research. Numerous unichannel
studies have reported that people with ASD display atypical perceptual processing in visual or auditory emotional
tasks (see the works of Uljarevic & Hamilton, 2013, and
Zhang et al., 2021, for reviews). ASD individuals are
found to struggle with both emotional prosody (Boucher
et al., 2000; Doi et al., 2013; Globerson et al., 2015;
Martzoukou et al., 2017; Stewart et al., 2013) and emotional semantics (e.g., content words; Beversdorf et al.,
1998; Han et al., 2014; Moseley et al., 2015). Within the
auditory modality, studies on emotional prosody perception tend to exclude the confounding effects of semantic
processing by using pseudo-utterances or nonlinguistic
vocal stimuli (e.g., Scheerer et al., 2020). Very few
researchers have examined the interaction between emotional prosody and emotional semantics, particularly with
respect to how ASD individuals perceive simultaneous
auditory emotional cues in multiple channels. This begs
questions about ecological validity because in real-world
social communication, the lexical and the prosodic channels
are intricately linked in natural speech. Similarly, individuals
with ASD are known to have problems processing emotional
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facial expressions (Black et al., 2017; Castelli, 2005), and
they also experience difficulties in body language such as
pantomime execution/imitation and recognition (FabbriDestro et al., 2019; Fridenson-Hayo et al., 2016). However,
within the visual modality, there is also a scarcity of multichannel studies examining ASD participants’ abilities to handle multiple visual emotional cues simultaneously.
In addition to the unichannel emotion perception
problems, multimodal processing deficits are well documented in the ASD literature. ASD individuals were
found to have diminished multisensory integration (mainly
audiovisual integration), which may produce cascading
effects on other core and related ASD symptomatology
(see the work of Feldman et al., 2018, for a review). The
channels investigated in these studies have been consistently across sensory modalities, with one in the visual
modality and the other in the auditory modality. In other
words, the existing research has largely bypassed withinmodality multichannel processing of emotion, especially in
spoken language that carries both nonverbal emotional
(prosody) and verbal (lexical semantics) information.

Knowledge Gap in Multichannel
Processing
Multichannel processing of emotion needs special
attention as it is often obscured in the dominant discourse
on unisensory and multisensory processing. Multichannel
processing is distinct from unisensory processing since it
involves the integration of more than one stream of emotional information. It is not exactly the same as multisensory processing in that the multiple channels can be either
across sensory modalities or within one modality.
Research on multichannel processing of emotion can
make theoretical contributions. Studies on ASD have
shown support for the complex information processing deficit theory that individuals with ASD would exhibit impairments on tasks with high demands for integration of information, despite their intact or even enhanced simple abilities within each domain (Williams et al., 2006). However,
the data have largely focused on unisensory/modal neutral
information processing with little attention to multichannel
emotional information processing issues, especially those
involving channels within a single sensory modality.
The redundant nature of simultaneous multichannel
emotional cues may lead to an alternative outcome incompatible with the complex information processing deficit
theory. Prior studies on typically developing (TD) participants (Collignon et al., 2008; Dolan et al., 2001) and
human–machine interfaces (Busso et al., 2004) have discovered that the convergence of emotional information
from various signal sources could result in a unified and
optimal representation of emotions, which is reflected in
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shorter response time and higher accuracy in emotion recognition. One cannot rule out the possibility that individuals with ASD may be able to take advantage of the concerted and mutually reinforcing emotional cues from different channels. This would imply that the presumed deficits in unisensory emotion perception in ASD might not
be so evident in multichannel emotion perception. Two
major issues remain unresolved here. Are there deficits in
multichannel emotion perception in the ASD population?
Under what circumstances does the interaction from multiple channels facilitate or hamper emotion perception?
In light of the existing knowledge gaps due to the
prevalent cross-modal experimental protocols, a comprehensive review is in need to guide future works in this
emerging area of research and practice with autistic individuals. Multichannel processing of emotion provides a
testbed and discussion forum on the integration of emotion, language, and cognition, which is crucial for the
intervention and exploration on the ASD population. This
integrative approach for emotion cognition within and
across modalities is in line with the theoretical framework
for the Naturalistic Developmental Behavioral Interventions (Schreibman et al., 2015) that provides the guidelines
for basic research and evidence-based practice for understanding the mutual influences between language, emotion,
and cognitive skills and knowledge. The ultimate goal is to
effectively and efficiently improve learning characterized by
cross-domain integration of areas where ASD individuals
have core difficulties. Insights from such exploration could
foster new training approaches for promoting both linguistic and socio-emotional functioning in clinical populations
including autism (e.g., Lindquist et al., 2015). Multichannel
investigation involving the lexico-semantic channel, the prosodic channel, and other channels of emotional information
would be particularly useful to answer important questions
on the presence or absence of multichannel advantage during emotion processing and the developmental changes
(Paulmann et al., 2009), which helps seek a developmental
explanation that unifies the social and broader emotionrelated anomalies of ASD (Gaigg, 2012).

Objectives of the Present Scoping Review
To our knowledge, no systematic analysis and summary report have been conducted specifically on multichannel processing of emotion in ASD. An initial search
of empirical studies highlighted a paucity of research and
a wide range of study types and methodologies. Therefore,
a scoping review was considered more appropriate to summarize the diversity of research on this issue, synthesize
the current empirical knowledge, and identify gaps for further research (Arksey & O’Malley, 2005). The scoping
approach serves to examine the extent and range of

research activity and allows the inclusion of a broad range
of studies heterogeneous in design and methods (Barnett
et al., 2019; Levac et al., 2010). Specifically, we focused
on the following key aspects: (a) study characteristics
(especially study aims), (b) paradigms and stimuli, and
(c) the performance of participants with ASD on multichannel emotion perception and the factors that might
influence the performance (e.g., age, developmental and
cognitive levels of participants, variations in the experimental protocols or stimuli).

Method
This scoping review was conducted following the
methodological framework proposed by Arksey and
O’Malley (2005). The framework consists of five key
stages: (a) identifying the research question (stated in the
introduction); (b) identifying relevant studies; (c) study
selection; (d) charting the data; and (e) collating, summarizing, and reporting the results.

Identifying Relevant Studies
The search strategy to identify relevant studies was
based on the three-step method advocated by Aromatiari
and Riitano (2014). First, a limited search of Google
Scholar was performed to obtain a small selection of relevant articles. We extracted from these papers keywords
and index terms that were to be included in a more comprehensive search. We then conducted a systematic search
for studies published until July 2021 using major electronic databases (Web of Science, MEDLINE, ERIC,
PsycINFO, PsycARTICLES, and Psychology and Behavioral Sciences Collection). In this scoping review, we
attempted to focus specifically on the multichannel processing of emotion in individuals with ASD. Keywords
used for the population were autism, autism spectrum disorder, ASD, and Asperger, which were combined with
terms relating to multichannel emotion perception: multichannel, multimodal, cross-channel, cross-modal, emotion,
affect, facial, vocal, auditory, face, voice, meaning, prosody,
and (in)congruent. In the final step, we manually examined the reference lists of relevant review articles and the
included studies for additional potential studies.

Study Selection
We considered studies that met the following criteria: (a) included participants formally diagnosed with
ASD by a clinical psychologist or psychiatrist as meeting
the criteria of Diagnostic and Statistical Manual of Mental
Disorders–Fourth/Fifth Edition (DSM-IV/DSM-5; APA,
1994, 2013), International Classification of Diseases, Tenth
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Edition (World Health Organization, 1993), or other valid
diagnostic procedures (e.g., Autism Diagnostic Interview–
Revised [Lord et al., 1994], Autism Diagnostic Observation
Schedule [Lord et al., 1989], Asperger Syndrome Diagnostic Scale [Myles et al., 2001]); (b) reported on the perception of emotional cues in more than one channel (e.g., prosody, lexical meaning, facial expression); (c) were published in
English or other languages with an available translation in
English; and (d) have full text available. For a scoping review,
no restrictions were placed on the age or intelligence of participants because of the limited work on this topic. The inclusion
criteria included all multichannel research that employed a
variety of study types, designs, or paradigms. Studies were
excluded if they were purely theoretical or were secondary
research. Publications without clear reporting of aims,
methods, or results were also excluded. Opinion papers,
comments, or editorials were not included either.

The process of identifying and selecting studies for
inclusion is presented in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses flow diagram in
Figure 1. Our database search identified 308 potentially
eligible articles. After duplicates were removed, there were
161 studies left. We then screened the titles, abstracts, and
methods against the inclusion and exclusion criteria,
resulting in 40 articles for full-text reviews, among which
20 studies met the inclusion criteria. A further four papers
were identified through the examination of reference lists,
which yielded altogether 24 studies included in this review.

Charting the Data
Data were extracted from each included study in
terms of the following key elements: (a) study characteristics (e.g., primary author, publication year, country of

Figure 1. PRISMA flow diagram of study selection. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses; ASD =
autism spectrum disorder.
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study, study aims); (b) task characteristics (e.g., task paradigm, stimulus type); (c) participant information (e.g.,
ASD sample size, ASD sample demographics, presence or
absence of any comparison group); and (d) key findings
relating to multichannel processing of emotion in ASD.
Where the country of the study was not explicitly stated,
we recorded the country of the affiliation of the first
author.

Quality Assessment
Two authors independently assessed the quality of
each of the included studies using the standard quality
assessment (SQA) criteria for evaluating primary research
papers from various fields for quantitative studies (Kmet
et al., 2004). In the SQA criteria, “quality” was defined
with respect to the internal validity of a study, or the
extent to which the design, conduct, and analyses minimized errors and biases (Hennekens & Buring, 1987). The
checklist for appraising the study quality contains 14 items
that examine several crucial aspects of quantitative
research, including study objectives, study designs, subject
selection methods, subject allocation, controlling, outcome
measures, sample sizes, analysis methods, and so forth.
These items were scored according to the degree to which
the criteria were met (“yes” = 2, “partial” = 1, “no” = 0).
Items not applicable to a particular study design, for
example, items relating to the use of interventions when
assessing a noninterventional study, were marked “n/a”
and were excluded from the summary score calculation
(i.e., total possible score = [14 – number of excluded
items] × 2). A summary score was calculated for each
study by summing the total score obtained across relevant
items and dividing it by the total possible score. Given
that the scoping review aimed to present an overview of
existing research regardless of the quality of individual
studies, no articles were excluded based on quality criteria
(Arksey & O’Malley, 2005; Levac et al., 2010).

Results
Twenty-four studies were eligible for inclusion in the
scoping review (see Figure 1 for the description of the
selection process). The included articles are detailed in
Supplemental Material S1.

Characteristics of the Included Studies
Distribution of Studies by Year and Country of
Authorship
Studies included in this review ranged from the years
1989 to 2020. Over half of the included studies were produced in the last 7 years. The number of articles published

per year peaked in 2013 and remained relatively stable in
the following years. This indicates a trend for increasing
and continuous interest in multichannel emotion perception in ASD.
The included studies were from 10 different countries. Five studies were based in the United Kingdom; five
in the United States; four in Israel; two in each of France,
Japan, and Canada; and one in each of Australia, China,
New Zealand, and the Netherlands. The vast majority of
the included studies (95.8%) used nontonal languages, and
over half of them were conducted with English-speaking
populations.

Study Quality
The included studies had a mean quality index score
of 0.83 (range: 0.54–0.95, see Supplemental Material S1).
Most of the studies (79.2%) attained a score over 0.80, indicating that the overall quality is high. The interrater correlation coefficient (using Spearman correlation; Gwet, 2014)
between the two raters was 0.85. Disagreements were
resolved by follow-up discussions to reach a consensus.

Study Aims
The 24 studies included in the review mainly sought
to achieve four aims. The primary aim of 17 studies is to
assess the ability of individuals with ASD to process emotional information through multiple channels compared
with TD counterparts (Boucher et al., 2000; Charbonneau
et al., 2013; Doi et al., 2013; Golan et al., 2015; Jones
et al., 2011; Kahana-Kalman & Goldman, 2008; Lerner
et al., 2013; Macdonald et al., 1989; O’Connor, 2007;
Philip et al., 2010; Scheerer et al., 2020; Segal et al., 2014;
Singh & Harrow, 2014; Su et al., 2018; Taylor et al.,
2015; Vannetzel et al., 2011; Xavier et al., 2015).
Two of the included studies focused on examining
the interaction between emotional information conveyed
through different channels. Specifically, Stewart et al.
(2013) aimed to examine the contribution of semantic content to affective prosody recognition as well as the connection between vocal and facial recognition of emotion in
the ASD population, and Golan et al. (2018) sought to
assess the relative contribution of cues from several perceptual modalities to facial emotion recognition in children with ASD.
Another objective that some of the included studies
tried to achieve is to explore the relationship between cognitive mechanisms or abilities and emotion perception in
multiple channels in ASD (Globerson et al., 2015;
Magnée et al., 2011). Globerson et al. (2015) designed
their study to investigate the role played by auditory perceptual abilities and general emotion recognition abilities
in affective prosody recognition in ASD, and Magnée
et al. (2011) focused on how multichannel processing of
emotion in ASD is modulated by attentional capacity.
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The last major aim of research in this field is to investigate the efficacy of training or intervention on multichannel
emotion processing abilities in ASD (Kandalaft et al., 2013;
Lopata et al., 2013; Matsuda & Yamamoto, 2013). Matsuda
and Yamamoto (2013) explored whether children with ASD
could be taught the relationships between affective prosody
and facial expression through cross-channel matching-tosample training, Lopata et al. (2013) examined the effect of
their comprehensive school-based intervention on ASD
participants’ ability to identify emotions in facial and
vocal expressions, and Kandalaft et al. (2013) conducted a
feasibility study to investigate the use of virtual reality to
enhance verbal and nonverbal emotion recognition and
other social skills in young adults on the autism spectrum.

ASD Sample
The sizes of ASD samples varied greatly, ranging
from four participants (Matsuda & Yamamoto, 2013) to
99 participants (Jones et al., 2011), with 19 studies
(79.2%) using samples between 10 and 30 participants. A
total of 10 studies (41.7%) included only “school-aged”
children, defined here as children aged 6–12 years, who
have reached the age of receiving formal schooling. Eight
studies (33.3%) specifically investigated the multichannel
processing of emotion in adults. Two studies (8.3%) investigated adolescents aged 13–17 years, and one study
focused on “young children” who were 3–5 years old and
had not commenced formal schooling. Another three studies included participants in a broader age range. Lerner
et al. (2013) included both school-aged children and adolescents, Charbonneau et al. (2013) included adolescents
and adults, and Matsuda and Yamamoto (2013) included
young children and school-aged children. This reflects the
heterogeneity of participants in studies on multichannel
emotion perception in ASD.

Methodologies of the Included Studies
Paradigms
Various methodologies were adopted in the studies
included, highlighting three major paradigms. One is the
“uni-channel emotion recognition task,” in which participants were required to recognize emotion conveyed
through more than one channel but the emotional information in each channel was presented separately (Doi
et al., 2013; Globerson et al., 2015; Golan et al., 2015;
Jones et al., 2011; Kandalaft et al., 2013; Lerner et al.,
2013; Lopata et al., 2013; Macdonald et al., 1989; Philip
et al., 2010; Taylor et al., 2015; Vannetzel et al., 2011). In
each condition, only one of the channels (prosody, meaning, and facial expression) contained emotional cues and
the other channels, being “neutral,” provided no information for emotion recognition. For example, Golan et al.
(2015) conducted two tasks of emotion recognition, one
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for face and one for voice. In the facial emotion recognition task, only human facial expressions conveying emotions were presented, and in the vocal emotion recognition
task, stimuli were sentences spoken in emotional intonation but with no emotion-laden semantic content. In both
tasks, participants were asked to choose answers that best
described the person’s feelings from four emotion labels.
The effect of the channel was examined through statistical
analysis methods, for example, multivariate analysis of
variance (MANOVA).
The second kind is the “bi-channel emotion recognition task,” which is characterized by presenting emotional
information in different channels simultaneously. In some
studies that employed this paradigm, the emotions conveyed through different channels were always the same
(Charbonneau et al., 2013; Su et al., 2018; Xavier et al.,
2015), whereas some other studies used both congruent
and incongruent facial–vocal or prosody-meaning stimuli
(Magnée et al., 2011; O’Connor, 2007; Segal et al., 2014;
Singh & Harrow, 2014; Stewart et al., 2013). In the latter
case, none of the studies gave participants any explicit
instruction to ignore information conveyed in either channel, but Singh and Harrow (2014) did ask participants to
pay attention to the emotional information conveyed
through one of the channels.
Another paradigm often adopted by the included
studies is the “inter-channel matching task.” It was conducted in two forms in the included studies: identification
and discrimination. In an interchannel matching (identification) task, participants were required to match emotions
across different channels by identifying among several
choices the item that portrayed the same emotion as that
conveyed in the previously given stimuli (Boucher et al.,
2000; Golan et al., 2018; Kahana-Kalman & Goldman,
2008; Matsuda & Yamamoto, 2013; Scheerer et al., 2020).
For instance, in the study conducted by Golan et al.
(2018), participants were asked to listen to the affective
prosody and then identify from three facial expressions
the one that displayed the emotion in the affective prosody they had heard. The other form of conducting the
matching paradigm is via a discrimination task. O’Connor
(2007) used simultaneously presented face and voice
expressions as stimuli and asked participants to press the
button indicating “same” if the facial expression and the
affective prosody portrayed the same emotion and otherwise press the button for “different.”
Recent studies have also attempted to combine the
above paradigms with other kinds of manipulation to
investigate the relation between multichannel processing
of emotion in ASD and cognitive factors such as attentional capacity. Magnée et al. (2011) used distractors to
manipulate participants’ attention to the faces and voices
when they were exposed to simultaneously presented congruent or incongruent auditory–visual stimuli.
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Stimulus Source
The visual stimuli of the included studies were all
from standardized sets of facial expressions, including the
Ekman battery of facial emotion (Ekman & Friesen,
1976), the Cambridge Mindreading Face–Voice Battery
for Children (CAM-C; Golan et al., 2015), the NimStim
set of facial expressions (Tottenham et al., 2009), and so
forth. The one used in the largest number of studies was
established by Ekman and Friesen (1976), with over 30%
of the included studies choosing it as the visual stimulus
source. In contrast, half of the included studies (12) used
auditory stimuli recorded by recruited professional or
semiprofessional actors. Six studies selected auditory stimuli from the standardized set of emotional vocal expressions “the Montreal affective voices” (Belin et al., 2008);
two studies from CAM-C (Golan et al., 2015); one study
from Diagnostic Analysis of Nonverbal Accuracy-2, which
is also a standardized measure of emotion recognition
(Nowicki, 2004); and one study from the new Advanced
Clinical Solutions for the Wechsler Adult Intelligence Scale–
Fourth Edition and the Wechsler Memory Scale–Fourth
Edition Social Perception subtest (Pearson, 2009). Another
two studies used auditory stimuli extracted from databases
or produced by experimenters of previous studies.

Key Findings of the Included Studies
The findings of the included studies mainly address
two aspects of multichannel processing of emotion in
ASD: the ability to recognize emotions conveyed through
multiple channels and the interaction among emotional
information via different channels.

Recognition of Multichannel Emotional
Information in ASD
The included studies reported results mainly concerning the following questions: whether there is a multichannel emotion recognition deficit in ASD and how well
the intervention or training for ASD multichannel emotion processing works.
A vast majority of research in this field has discussed findings regarding the ability to recognize emotions
through multiple channels in ASD, but the results seem to
be discrepant. Most of the studies discovered multichannel
socio-emotional deficits in ASD, suggesting their significant
impairments in emotion processing across a range of stimulus channels compared with TD counterparts (Boucher
et al., 2000; Charbonneau et al., 2013; Doi et al., 2013;
Globerson et al., 2015; Golan et al., 2015, 2018; Lerner
et al., 2013; Macdonald et al., 1989; O’Connor, 2007;
Philip et al., 2010; Singh & Harrow, 2014; Su et al., 2018;
Vannetzel et al., 2011). Participants with ASD were found
to perform poorly in visual and auditory emotion recognition tasks (e.g., Charbonneau et al., 2013; Doi et al., 2013;

Globerson et al., 2015; Golan et al., 2015) and have difficulty understanding the relationship between affective prosody and facial expressions (e.g., Matsuda & Yamamoto,
2013). They also demonstrated deficiencies in integrating
face and voice expressions (e.g., O’Connor, 2007).
However, some investigators found no evidence of
impairments in the multisensory multichannel processing
of emotion signals in ASD (Jones et al., 2011; Xavier
et al., 2015), and a few studies reported intact ability in
multichannel processing of emotion under certain circumstances. Kahana-Kalman and Goldman (2008) detected
no difference in the interchannel (facial and prosody)
matching of emotional expressions between children with
autism and TD children when the expressions were portrayed by their mother, but significant differences when
portrayed by an unfamiliar woman. Magnée et al. (2011)
found that the performance on emotion recognition
through multiple channels in ASD is modulated by attentional capacity. They demonstrated that when the attention of participants was directed to the cheeks of the faces
in the pictures, similar audiovisual congruency effects were
triggered in ASD and TD participants, which indicated
that, under this condition, participants with ASD were
able to integrate facial and prosodic emotion information.
This congruency effect was not observed in the ASD
group when their attention was not directed. These two
studies suggested that emotion recognition through multiple channels might not be systematically deficient in ASD.
In view of the widely reported poor performance of
the ASD population in understanding others’ emotions in
daily communication, recent years have seen an increase
in intervention research on multichannel emotion processing in individuals with ASD (Kandalaft et al., 2013;
Lopata et al., 2013; Matsuda & Yamamoto, 2013). A 10month comprehensive school-based intervention involving
face and voice emotion recognition instruction led to a significant increase in ASD participants’ ability to identify emotional states in facial and vocal expressions (Lopata et al.,
2013), demonstrating the feasibility and efficacy of systematic and comprehensive intervention programs in improving
ASD individuals’ ability of multichannel emotion recognition. In an intervention study conducted by Matsuda and
Yamamoto (2013), it was also found that children with
ASD could acquire the generalizable relationship between
facial expression and affective prosody through crosschannel matching-to-sample training, which indicates the
possibility of promoting cross-channel emotion perception in
the ASD population provided that appropriate training is
implemented at an early developmental stage.

Interaction Among Emotional Information via
Different Channels
Findings on the interaction among emotional information in multiple channels are mostly about the different
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impacts that congruent or incongruent emotional cues
have on the recognition performance of ASD participants.
When participants with ASD are exposed to emotional
information provided simultaneously through different
channels, whether the information in these channels is
congruent or incongruent could have distinct effects on
their performance of emotion recognition. Congruent
emotional information co-occurring in different channels
results in better performance on emotion recognition tasks
(Charbonneau et al., 2013; Golan et al., 2015; Stewart
et al., 2013; Vannetzel et al., 2011; Xavier et al., 2015).
Participants with ASD respond faster and more accurately
when congruent emotional signals are presented via facial
plus prosodic channels (Charbonneau et al., 2013; Vannetzel
et al., 2011; Xavier et al., 2015) or prosodic plus semantic
channels (Segal et al., 2014; Singh & Harrow, 2014; Stewart
et al., 2013).
When incongruent emotional information co-occurs
in different channels, the processing of emotion in individuals with ASD tends to be hampered (Segal et al., 2014;
Singh & Harrow, 2014; Stewart et al., 2013). Investigation
on this incongruence-induced interference effect in emotion recognition in ASD mainly focuses on the prosodic
and semantic channels. The incongruence of emotions
conveyed through voice and verbal semantics renders
emotion recognition more challenging for individuals with
ASD, characterized by reduced response accuracy and
prolonged reaction times relative to the age-matched neurotypical controls without ASD (Stewart et al., 2013). The
data show evidence of a developmental delay as the judgment of the speaker’s emotional intent by the ASD individuals has been found to be similar to TD children at a much
younger age (Segal et al., 2014). There are also additional
notable aberrant response patterns. Compared with the TD
comparison group who gives more weight to the prosodic
information when decoding emotion in the incongruent trials, the ASD group tends to deemphasize prosodic cues to
emotion and rely more on semantic cues (Scheerer et al.,
2020) as they were found to select a semantically matching
emotion significantly more than TD controls (Stewart
et al., 2013).

Discussion
Main Findings
This scoping review aims to summarize the current
state of knowledge and identify gaps in the literature
regarding multichannel processing of emotion in ASD. A
variety of methodologies have been adopted to explore
these questions, which, in essence, consists of three major
paradigms: unichannel emotion recognition task, bichannel emotion recognition task, and interchannel matching
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task. Findings are consistent across studies in answering
questions regarding the facilitation and compensation of
congruent multichannel emotional cues, the interference of
incongruent multichannel emotional signals, and the overreliance on semantics rather than prosody to decode multichannel emotion in ASD, but divergence also exists on
the existence of multichannel emotion perception deficits
in ASD.

Challenges for the Complex Information
Processing Deficit Theory
The complex information processing deficit theory
proposes that breakdowns in processing occur in ASD
when the information to be handled is inherently complex
or becomes complex because of the amount of information or the time constraint (Williams et al., 2006). This
breakdown pattern would occur across domains and
modalities, leading to selective impairments on tasks with
high demands for integration of information even though
the ASD individuals may demonstrate relatively spared
ability within each domain/modality where the demands
placed on the brain’s processing capacity are low. While
the results of our scoping review partly confirm the theory, they also pose certain challenges for its predictions.
The incongruence-induced interference effect in emotion
recognition in ASD appears to support this theory, but
the congruence-induced facilitation effect does not. The
interaction between congruent emotional information conveyed simultaneously through different channels partially
compensates for the difficulties that individuals with ASD
experience with unichannel emotional information and
produces a redundancy gain that significantly facilitates
the recognition of emotion in ASD (Charbonneau et al.,
2013). This compensatory effect has been observed in the
ASD populations on different cognitive levels, including
children with AS (Grossman et al., 2000) and lower functioning children with ASD (Xavier et al., 2015). The
congruence-induced facilitation results appear to challenge
the complex information processing deficit theory about
ASD in that increasing the amount of information input
and the processing capacity demands does not necessarily
hamper across-channel integration or lead to the breakdown in processing multichannel emotional information.
The theory–fact incompatibility calls for more theoretical
discussion based on empirical evidence that probes into this
contradiction and, if necessary, revises the model in terms
of uni- and multichannel emotion processing in ASD.

Within- Versus Across-Modality Multichannel
Interaction
The findings of the included studies about the interaction between multiple channels within one sensory
modality center around the prosodic and the lexical channels, which unanimously show a dominance of the lexical
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channel in multichannel emotion perception in ASD. This
overreliance on semantic information rather than prosodic
cues may contribute to their difficulty in abstracting nonliteral meaning and understanding complex emotions such
as irony (Singh & Harrow, 2014; Stewart et al., 2013). In
contrast, the included studies on across-modality multichannel processing of emotion discuss very little about the
interaction between the visual and the auditory modalities
or which modality dominates in emotion perception. Previous literature has suggested a visual dominance for both
ASD (Bryson et al., 1990) and TD (Collignon et al., 2008)
individuals in multisensory integration, but a recent study
(Ross et al., 2021) proposed an auditory dominance in
TD children under 8 years old. Therefore, future studies
are required to investigate whether across-modality multichannel emotion perception would also show a similar
dominance of or overreliance on one channel as withinmodality multichannel emotion perception from the perspective of development.

Important Moderator Variables
Age can play an important role in the performance
of ASD individuals on multichannel emotion processing,
as there might be a developmental change in emotion recognition skills (Segal et al., 2014; Xavier et al., 2015).
Emotion perception seems to follow a developmental trajectory from broad valence-based understanding to narrow
and more nuanced discrete understanding as children
acquire emotion words that serve as a way to bind together
the array of multichannel information associated with each
discrete emotion category (Shablack & Lindquist, 2019).
Their ability to recognize specific discrete emotions may
therefore increase with the acquisition of emotional knowledge throughout development. As highlighted in the Results
section, ASD participants of the included studies cover a
wide age range, from young children who have not started
formal schooling to adults over 30 years old. The relatively
good performance of ASD adults might thus result from
the improvement in emotional processing during the course
of development (Charbonneau et al., 2013), with deficits
mainly existing during childhood (Magnée et al., 2011).
Beyond the chronological age, the developmental/
cognitive level of ASD participants may also moderate
multichannel emotion processing. ASD children with better cognitive abilities may experience less difficulty in multichannel emotion processing as better cognitive functioning,
both verbal and nonverbal, has been found to correlate
with improved emotion recognition abilities (e.g., Jones
et al., 2011; Salomone et al., 2019). This link appears to
be more characteristic of the ASD group than the TD
group (Dyck et al., 2006) as individuals with ASD tend
to adopt compensatory mechanisms to aid multichannel
emotion perception (Grossman et al., 2000) with the

developmental level mediating their ability to employ
compensatory strategies (Harms et al., 2010). For example, although individuals with ASD were not limited in
perceiving the lexical and prosodic emotional information in the stimuli, their nonverbal IQ scores were found
to be a significant predictor of their emotional judgment.
Individuals with ASD performed relatively poorly in the
incongruent emotional lexical-prosodic condition, as a
result of their constrained ability to give priority to prosodic over lexical information for extracting the speaker’s
intent (Segal et al., 2014). This lexical bias is typically
found in much younger TD children, suggesting a developmental delay in ASD individuals with less mature strategies
during multichannel emotion recognition.
Variations in the paradigm, the intensity of emotional expressions, and environmental interference could
generate different degrees of task demand, which might
have led to inconsistent conclusions among existing literature. As indicated in the Results section, a variety of
methodologies have been adopted to investigate different
aspects of multichannel emotion processing. Variations in
the paradigm and task design might substantially affect
the outcome. Even the same participant would demonstrate different levels of ability in emotion perception
depending on how the tasks are structured (Singh &
Harrow, 2014). For example, Boucher et al. (2000) and
Scheerer et al. (2020) both found that their ASD participants demonstrated intact ability to extract meaning from
prosodic changes but were impaired in prosodic-facial
affect matching, probably due to the complexity of the
interchannel matching task.
The intensity of emotional expressions could strongly
influence the ability to recognize facial expressions and
emotional prosody in ASD (Doi et al., 2013). Globerson
et al. (2015) and Golan et al. (2018) suggested in their
studies that the lack of group differences in emotion recognition performance might result from the high emotional salience of the stimuli. This influence exerted by the
intensity of emotional expressions may reflect the tendency of individuals with ASD to employ more “cognitive” strategies instead of “automatic” ones to interpret
emotions (Dissanayake et al., 2003; Lerner et al., 2013).
When participants with ASD are exposed to stronger
visual and auditory emotional signals, their cognitive
strategies might be more readily employed, which thereby
facilitates emotion processing.
The degree of noisiness in the environment has also
been suggested as a possible influential factor for multichannel emotion recognition performance in ASD. The
processing of emotional expressions in natural settings is
unavoidably influenced by environmental noise. An individual’s voice can be masked by other human voices or
ambient background sounds, and a person’s facial expression can also be partially hidden by objects surrounding
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him, which often reduces the saliency of emotional information in voices and faces. ASD participants were found
to require a higher signal-to-noise ratio than TD controls
for the recognition of emotional expressions in various
channels (Charbonneau et al., 2013). Thus, a noisier environment might have caused the ASD participants in some
studies to perform particularly poorer as they need to
accumulate more evidence before a perceptual decision
could be made on the emotional expressions displayed.

Limitations of Existing Studies
Current studies on emotion processing in multiple
channels in ASD have adopted various methodologies,
some of which might have low validity in assessing multichannel emotion perception in ASD. A considerable number of studies tested emotion recognition in different channels separately and then examined the effect of modality/
channel via statistical analysis methods such as MANOVA,
correlation, and structural equation modeling, and so forth
(e.g., Jones et al., 2011; Lerner et al., 2013; Philip et al.,
2010; Vannetzel et al., 2011). This methodology seems to
be limited in interpretation, since the results of the statistical analysis can only lead to conclusions about whether
performance on emotion perception varied concerning
modality or channel, such as those rather cautiously drawn
by the authors of these studies. When it comes to disentangling the interaction between different channels, this
method might not be as powerful as other methods in
which emotional signals through different channels are presented simultaneously to the participants.
The auditory stimuli used in many studies have not
been previously validated or standardized. Unlike the
visual stimuli, which were all from standardized sets of
facial expressions, the auditory stimuli were mostly ad hoc
constructed, recorded by actors or volunteers specially
recruited for the studies. This requires a validation phase
prior to the experiments to demonstrate that these stimuli
are qualified for the testing of the research hypotheses,
but many studies did not state clearly whether they have
included this phase. In some studies, the auditory emotional expressions were even expediently portrayed by the
experimenters themselves without any validation process,
which is very likely to introduce an experimenter bias
(Strickland & Suben, 2012). Nevertheless, this is understandable as auditory emotional expressions usually contain
semantic meaning, either neutral or emotion laden, which
prevents researchers from selecting auditory stimuli directly
from standardized stimulus sets developed in other languages that could not be understood by their participants.
Although the overall quality of the included studies
is high (M = 0.83), they are actually mixed in quality
(range: 0.54–0.95). Two studies received a quality index
score lower than 0.70, both of which are intervention
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studies. They were rated poorly mainly in terms of randomization and blinding. None of the included intervention studies reported information concerning random allocation to the treatment group or blinding of investigators
and participants to intervention, which considerably
undermines the reliability of their conclusions about the
efficacy of intervention or training. Future intervention or
training studies should thus employ larger scale randomized trials with blinding measures appropriately taken and
reported to reduce detection and performance bias and
avoid overestimated treatment effects.
Most of the relevant studies were conducted in nontonal languages (e.g., English, Dutch, Hebrew, French), with
rather insufficient evidence from tonal languages. As two
important channels of emotional signals, prosody and
semantic meaning have been found to display language- and
culture-specific features (Wang et al., 2018; Wierzbicka,
1992). Previous research on auditory and language-related
deficits in ASD has also indicated that observation in the
ASD population who are native speakers of nontonal languages cannot be adapted directly to those speaking a
tonal language (Russo et al., 2008; Yu et al., 2015). As
the majority of languages in the world are tonal languages
(Yip, 2002), recent findings about domain-specific deficits
for lexical tone processing in Chinese children with ASD
(Wang et al., 2017; Yu et al., 2015) would naturally raise
a question about the potential cross-channel influences of
pitch information for linguistic and emotional processing.
In this regard, current knowledge on multichannel processing of emotion in ASD is very limited and incomprehensive. More research exploring this issue in native tonal
language–speaking individuals with ASD is highly needed
to increase diversity in the language samples and address
key issues regarding domain specificity of vocal pitch processing deficits in relation to emotion cognition (Schelinski
& von Kriegstein, 2019) and phonological processing.
Reviewing the existing studies on multichannel emotion perception in ASD, we found that the channels investigated the most are facial expressions and emotional prosody. By comparison, emotional semantics and body language, and so forth have received scant attention. In addition, the vast majority of the literature focused on the
integration across modalities, with very few studies looking into the interaction between channels within each
modality. Individuals with ASD have been troubled with
sociocommunicative problems, which happen frequently in
spoken language that carries both emotional prosody and
linguistic content. If research on emotion perception in
ASD could take a more integrated view on language,
emotion, and cognition and lay more emphasis on the
interaction between the lexical channel and the prosodic
channel, the findings would surely prove to be even more
helpful for ASD research and practical intervention
(Schreibman et al., 2015). Such endeavors would also
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bring theoretical contribution to tease apart whether the
multimodal emotion perception problems are related to
the specific deficits in a single modality or the complexity
of the stimuli (Scheerer et al., 2020). If the complex information processing deficit theory about ASD does not provide satisfactory explanations for the results of multichannel emotion processing studies, the multimodal integration
deficits may thus be attributable more to the modalityspecific impairments than the cross-modal integration
problem. This would in turn inspire therapists working
with ASD individuals to provide congruent emotional
information through multiple channels to bring about the
facilitation effect on their unimodal and multimodal emotion recognition performance.

Implications and Future Recommendations
Our scoping review revealed a variety of methodologies adopted in studies on multichannel emotion perception in ASD. Additional quantitative research is needed to
examine the influence of methodological decisions on the
performance of participants with ASD. It would also be
beneficial to evaluate the major paradigms often used in
this area through empirical experiments or quantitative
syntheses to see which paradigm proves to be most powerful in illumination and interpretation concerning the core
behavioral symptoms of ASD.
Considering the heterogeneity in the source and the
intensity of emotional stimuli that were used in the existing studies, especially in the auditory modality, and the
tendency of experimenters to produce the stimuli by themselves without standardization, it is highly necessary for
future studies in this area to develop standardized and validated auditory stimuli of emotional expressions, especially
in languages that remain comparatively underresearched.
Such work would facilitate later research on multichannel
emotion perception in ASD and render their findings
more theoretically appealing and convincing.
The existing literature has covered both basic and
complex emotions, but only a few studies have conducted
direct comparisons of basic and complex emotion processing in people with ASD. Quantitative evidence has been
reported by empirical studies and meta-analyses about the
significant role of emotional complexity in emotion recognition (Fridenson-Hayo et al., 2016; Icht et al., 2021). The
ASD population may be comparable to TD controls in
terms of basic emotion recognition but shows reduced performance regarding complex emotions, the identification
of which might call for more advanced social and language skills that tend to be impaired in this population.
The disparity in the findings between basic and complex
emotions thus requires future research to invest more
effort in examining the basic versus complex emotion differences and whether these differences are suprachannel or

specific to certain channels so that intervention programs
for ASD individuals could be developed, relying on their
intact abilities to process basic emotions through some
channels and targeting improvement in processing complex
emotions with the aid of multichannel emotional cues.
Given the uneven distribution of studies conducted
in different languages and cultures, more research is
required to examine multichannel emotion perception in
the ASD population with tonal language backgrounds.
Further efforts are needed to explore the linguistic and
cultural similarities and differences in multichannel emotion perception in ASD and the role that language and
cultural backgrounds play in the perception and integration of emotional signals from various channels. In this
regard, it is important to study the interaction between linguistic information and emotional information. The key
acoustic parameters for emotional prosody include fundamental frequency, loudness, and voice quality (Kotz &
Paulmann, 2011; Patel et al., 2011), which may also be
employed to convey linguistic as well as other types of
paralinguistic information. Some ASD studies did not
report deficits in musical emotion perception (Caria et al.,
2011; Heaton et al., 2008; Quintin et al., 2011). This might
indicate that the emotion perception deficits observed in
ASD could be correlated with the impairments in linguistic
abilities (Lindquist et al., 2015; Shablack & Lindquist,
2019) in addition to impairments in theory of mind abilities
(Fitzpatrick et al., 2018; Rosello et al., 2020).

Conclusions
This scoping review examined 24 relevant studies to
provide a synopsis of the current state of knowledge concerning multichannel emotion perception in the ASD population and to identify directions for future research. The
review highlighted a variety of methodologies adopted in
this underresearched area and showed that factors relating
to participants and tasks may explain the divergence of
results. Future empirical research and meta-analyses are
needed to assess the impact of methodological differences
on the experiment outcomes. An integrated view of emotion, language, and cognition is needed to address the role
of language in emotion perception and emotional development. As pitch variation is a primary emotional cue in
spoken language, special attention is called for the ASD
population who are native speakers of tonal languages,
which will help us understand the cross-linguistic and
cross-cultural aspects of the reported domain-specific deficits of linguistic and affective pitch processing. Standardized stimulus sets of multimodal and multichannel emotional expressions remain to be developed with linguistic
diversity in mind to benefit researchers and clinicians
working in this area.
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