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Abstract
Multisensory integration (MSI) of emotion has been increasingly recognized as an essential element
of schizophrenic patients’ impairments, leading to the breakdown of their interpersonal functioning. The present review provides an updated synopsis of schizophrenics’ MSI abilities in emotion
processing by examining relevant behavioral and neurological research. Existing behavioral studies
have adopted well-established experimental paradigms to investigate how participants understand
multisensory emotion stimuli, and interpret their reciprocal interactions. Yet it remains controversial
with regard to congruence-induced facilitation effects, modality dominance effects, and generalized
vs specific impairment hypotheses. Such inconsistencies are likely due to differences and variations
in experimental manipulations, participants’ clinical symptomatology, and cognitive abilities. Recent electrophysiological and neuroimaging research has revealed aberrant indices in event-related
potential (ERP) and brain activation patterns, further suggesting impaired temporal processing and
dysfunctional brain regions, connectivity and circuities at different stages of MSI in emotion processing. The limitations of existing studies and implications for future MSI work are discussed in light of
research designs and techniques, study samples and stimuli, and clinical applications.
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1. Introduction
Schizophrenia is a severe and lifelong neurodevelopmental disorder that affects over 21 million people in the world (National Institute of Mental Health,
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2016; World Health Organization, 2018). Patients with schizophrenia have
been frequently reported to experience interpersonal misunderstanding, generate inappropriate behaviors, and have difficulty in assimilating into society
(Brüne, 2005; Green et al., 2018; Pawelczyk et al., 2018). Core symptoms
that appear to disrupt schizophrenics involve dysfunctions in rational thinking,
decision making, memory and language, and social cognition (Brüne, 2005;
Couture et al., 2006; Penn et al., 2008).
As a key indicator of how people perceive themselves and others, and construct interpersonal relationships in the social world, social cognition has been
of great interest in existing literature on schizophrenia (Green and Leitman,
2008; Green et al., 2005; Penn et al., 2008; Sterea, 2015). One of the important components of social cognition is emotion processing, which serves as an
essential target for early diagnosis and intervention of schizophrenia (Corcoran et al., 2015; Varga et al., 2018a, b).
It is generally accepted that patients with schizophrenia show aberrant unimodal emotion cognition (Edwards et al., 2002), especially deficits in processing visual (Chan et al., 2010; Kohler et al., 2003, 2010) and auditory
(Hoertnagl et al., 2014; Kantrowitz et al., 2013, 2015; McLachlan et al., 2013)
emotional signals. However, emotions are often conveyed through multiple
communication modalities in natural interpersonal settings, in which people
need to combine both linguistic inputs (e.g., words, phrases, and sentences)
and paralinguistic cues (e.g., facial expressions, tone of voice, lip movements,
eye contact, gestures, and body movements) (Filippi et al., 2017; Pawelczyk
et al., 2018). If one fails to integrate emotional signals from multisensory
channels, he/she may misinterpret others’ feelings, thoughts and intentions,
and even encounter more severe interpersonal conflicts. Therefore, examining
schizophrenic patients’ abilities of integrating multisensory emotional information has been prioritized in the area of social cognitive research.
Multisensory integration (MSI) refers to a natural and automatic process in
which a person utilizes information from multiple sensory channels to make
interpretations, decisions and behavioral responses (Calvert et al., 2004; Stein
et al., 2009). For successful social interactions, MSI not only enhances the
discrimination of physical properties of the signals (Bertelson and de Gelder,
2004), but also helps clarify the intended meaning of an utterance, indicate
speakers’ thoughts and emotions, and resolve ambiguity in human speech
(Green and Angelaki, 2010; Paulmann and Pell, 2011). During this process,
our brain disposes of irrelevant stimuli (e.g., background noise) to integrate
signals from separate sensory modalities as a single event in a more efficient way. There has been empirical evidence suggesting that the accuracy
rate of a listening comprehension task can be improved by 60% in noisy environments with auditory stimuli and visual aids simultaneously presented, as
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compared with an auditory-only experimental condition (Erber, 1969; Summerfield, 1979). Similarly, it has been found that MSI is conducive to the
daily communication of a number of groups of participants bearing disadvantages in language comprehension and production, including second- or
foreign-language learners (Hardison, 2010; Hazan et al., 2005; Zhang et al.,
2009), people with hearing impairments (Holt et al., 2011; Moradi et al., 2017;
Rao et al., 2017; Yu et al., 2017), and children with language or learning disabilities (Irwin and DiBlasi, 2017; Veuillet et al., 2007). In addition to speech
communication, multimodal approaches have been demonstrated to facilitate
various research and practical fields ranging from educational, forensic, and
financial to engineering domains (Bornik et al., 2018; Egger et al., 2019; Hassett and Curwood, 2009; Mohr et al., 2010; Vilko and Hallikas, 2012).
However, MSI does not always produce a facilitatory effect, and crossmodal biases may occur. One of the underlying attributes lies in the discrepancies, ambiguities, or even conflicts among different sensory stimuli. For instance, Heald and Nusbaum (2014) demonstrated that audiovisual information
could slow down responses and distract the observer from the word recognition task when there were two possible talkers. When incongruent signals from
multiple sensory modalities are concurrently presented, they tend to interfere
with participants’ performances, resulting in reduced response accuracy, increased reaction time, and even illusionary perceptual fusions (Bertelson and
Radeau, 1981; McGurk and MacDonald, 1976; Tseng et al., 2015). It is also
likely that one may not always equally allocate their perceptual and cognitive
resources when processing multisensory stimuli, and thus resort to overcoming
the bombardment of information by exercising selective attention (de Jong et
al., 2010; Koelewijn et al., 2010; Talsma et al., 2010). In this case, one sensory
channel or modality may not be so perceptually dominant over the others that
it is inhibited during MSI (Spence et al., 2011). Here age and sensory abilities
also play important roles. For instance, Sekiyama et al. (2014) showed that
older adults are slower in response to auditory stimuli and their speech perception is more influenced by visual information than younger adults. Thus,
understanding to what extent MSI can produce a facilitatory or inhibitory effect and how the two opposing manifestations can be reconciled across studies
requires a careful examination of the differing nature of participants’ characteristics and experimental tasks (Mahoney et al., 2011; Sinnett et al., 2008).
Such an exploration of the enhancement and inhibition effects can enrich our
understanding of how MSI functions as a core ability in complex settings of
natural communication (Calvert et al., 2004), and as an effective indicator of
the distinctions between diverse healthy and clinical populations (Murray et
al., 2018; Stone et al., 2011).
In schizophrenia studies, earlier work demonstrated deficient MSI with
emotionally neutral stimuli (de Gelder et al., 2003; Pearl et al., 2009; Ross
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et al., 2007; Williams et al., 2010). In recent years, a number of researchers
have identified impaired integration of multimodal emotion signals in patients
with psychotic diseases, including schizophrenia, autism, and bipolar disorder
(de Gelder et al., 2005; Feldman et al., 2018; Van Rheenen and Rossell, 2014;
Williams et al., 2010). Despite numerous efforts dedicated to the MSI field, research findings have been indeterminate concerning under what circumstances
and to what extent schizophrenics show impairments in multisensory processing. For instance, in one study, while patients have been found to exhibit
normal cross-modal spatial integration when processing simple tones and light
flashes, they experience difficulty in integrating more complex linguistic stimuli (de Gelder et al., 2003). In another study, however, schizophrenic patients
demonstrated a deficit in target detection which required integrating a simple
tone with a visually presented letter (Williams et al., 2010). It deserves to be
explored whether MSI deficits are consistently established in patients’ emotion
perception, which is an essential component of social cognition. Moreover,
very few studies have thoroughly reviewed the nature of potential deficits in
multisensory integration of emotions in schizophrenic patients. Specifically,
there has been a lack of consensus regarding common research objectives
and experimental paradigms, central theories or hypotheses on the patients’
emotional MSI patterns, the factors affecting patients’ performances, and the
neural mechanisms governing the integration process of multimodal emotion
information.
The current review provides a comprehensive synopsis of MSI for emotion
cognition in schizophrenic patients. By analyzing the relevant behavioral and
neurological studies, we aim to (a) summarize the research focuses and corresponding experimental paradigms in extant studies, (b) provide theoretical
explanations for patients’ deficient MSI of emotion, (c) identify the potential
factors influencing patients’ MSI performance, and (d) elucidate the temporal
dynamics and neuroanatomical correlates of human’s processing of multisensory emotion signals. This clinical perspective can help deepen our understanding of the nature of MSI in emotion processing in schizophrenics with
respect to perceptual and cognitive impairments that negatively impact their
social functioning in today’s complex, demanding and information-abundant
living environments. The review also provides important insights for future
basic research and clinical practice in MSI, which can contribute to the diagnosis, intervention, adaptation and socialization processes for patients with
this psychotic disorder.
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2. Behavioral Studies
2.1. Research Objectives and Experimental Paradigms
2.1.1. Recognizing Multimodal Emotional Information
As an essential part of emotional intelligence and social perception, the
recognition of emotional information in multiple sensory modalities among
schizophrenic patients has always been a focal point of research in this field.
To this end, a line of studies has adopted emotion recognition tests with high
reliability and validity (Bryson et al., 1997; Fiszdon and Bell, 2009; Fiszdon and Johannesen, 2010). Although the experimental tasks have not been
consistently named and represented across extant literature (e.g., ‘recognition’, ‘identification’, ‘discrimination’, ‘matching’, ‘naming’, and ‘labeling’;
Trémeau, 2006), these behavioral test protocols generally require participants
to consciously recognize the emotional valence of external stimuli.
The Bell–Lysaker Emotion Recognition Task (BLERT) is one of the test
protocols frequently employed in existing research. It was developed by Bell
et al. (1997). The BLERT is an audiovisual emotion recognition task designed to measure participants’ ability of interpreting seven emotions (i.e.,
happiness, sadness, fear, surprise, disgust, anger, and no emotion) based on
the facial expression, tone of voice and body movement in 21 short video vignettes. Though the protocol is effective in measuring participants’ ability of
integrating multimodal cues, it is not very powerful in separating the perception of emotional cues in a mixture of sensory modalities. In other words, the
mean accuracy of the experiment items in this task may not tell which sensory
modalities participants rely more on in making correct responses, and which
emotion cues they are less sensitive to during multisensory integration.
The Comprehensive Affect Testing System (CATS) is also a well-validated
tool, which is widely used to measure emotion recognition via facial expression, prosody, and semantic content (Froming et al., 2006). It has become available in seven languages (i.e., American English, British English,
French, German, Italian, Portuguese, and Spanish). According to Schaffer et
al. (2009), CATS employs internationally standardized and universally recognized male and female faces (Ekman and Friesen, 1976), which pose neutral
or emotional (e.g., happy, sad, angry, surprised, fearful, or disgusted) expressions. The auditory prosodic stimuli are produced by a male actor, and consist
of a set of sentences with emotional (e.g., happy, sad, neutral, frightened, or
angry) or neutral prosody and semantic content. This testing system constitutes 13 subsets, which can be categorized into four main types in terms of
emotional perception, including (a) identification tasks of facial or prosodic
emotion, (b) discrimination tasks of facial or prosodic emotion, (c) multimodal
emotion-matching tasks, and (d) Stroop tasks of auditory, visual and/or semantic information of emotion which involve emotion judgment with conflicting

6

Y. Lin et al. / Multisensory Research (2020)

cues. Specifically, participants are asked to name or select the emotion expressed through a visual or auditory modality in an identification task, and
differentiate the stimuli presented in pairs or groups of three by deciding
whether two communication modalities convey the same emotion or not in
a discrimination task. While emotion is generally expressed in either a visual
or an auditory modality in identification and discrimination tasks, matching
tasks and Stroop tasks can present emotional information in more than a single modality. In a multimodal emotion-matching experiment, participants are
often asked to match the emotional cues with a congruent valence across different sensory modalities (Castagna et al., 2013). This matching task requires
more cognitive efforts compared with the BLERT, since participants are not
allowed to rely on only one of the communication modalities, but focus their
attention on all the given cues in order to make correct judgments. However,
the task has yet to be effective in unmasking the interplay of different sensory
modalities during emotional perception.
2.1.2. Disentangling the Interactions Among Multisensory Emotional Cues
An increasing number of researchers have adopted popular bimodal emotion
Stroop tasks in the CATS to investigate how participants disentangle the interactions of different communication modalities during MSI of emotion (de
Gelder et al., 2005; de Jong et al., 2009, 2010, 2013; Giannitelli et al., 2015;
Mangelinckx et al., 2017; Seubert, 2010; Van den Stock et al., 2011; Vogel
et al., 2016). Originated from the classic word–color Stroop effect (Stroop,
1935), the audiovisual emotion Stroop tasks require the participants to focus
on the emotional information conveyed in one single modality, and ignore the
signals presented through the other channel with either congruent or incongruent emotional valence(s).
In order to examine whether the basic abilities of MSI of emotion was intact
in schizophrenics, de Gelder et al. (2005) were one of the first research teams
who adopted such a bimodal emotion categorization task. They compared how
schizophrenic patients and healthy controls perceived facial expressions which
were taken from an 11-step morphing continuum extending between two natural physiognomic facial tokens of happiness and sadness and co-presented
with semantically neutral sentences spoken in happy, sad, and neutral tones of
voice. De Jong et al. (2009) extended this paradigm by presenting facial expressions in a more explicit and dichotomous form, thus reducing the influence
of attention and post-perceptual strategies. By enlarging the sample size and
including nonschizophrenia psychosis patients as a second comparison group,
they provided more robust evidence of deficient MSI of emotional information in schizophrenia. Furthermore, de Jong et al. (2010) utilized semantically
neutral short phrases, and concurrently presented facial expressions in two
experiments, in which the target emotions were happy/sad and happy/fearful
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respectively. They also modulated participants’ modality-specific attention by
presenting pairs of digits and pure tones as nonemotional visual and auditory
distractors, which addressed the limited consideration of selective attention
mechanisms in the previous two studies. Taken together, these studies discriminate among schizophrenic patients, nonschizophrenic psychotic patients
and healthy people by providing a common cognitive assessment tool on multisensory integration patterns in the course of emotional processing.
A large and ever-growing body of literature on the interactions of crossmodal communication channels has been published in recent years (de Jong
et al., 2013; Giannitelli et al., 2015; Mangelinckx et al., 2017; Seubert,
2010; Van den Stock et al., 2011; Vogel et al., 2016). In these studies, the
stimuli were not restricted to human faces and vocalizations, but have also
been extended to body movements and animal sounds (Van den Stock et al.,
2011). Apart from visual faces and auditory prosodic cues, the effects of
odorant primes on the emotional face recognition have also been explored
(Seubert, 2010). Along with the diversification of multisensory stimuli, more
researchers have delved into how the interaction patterns among various communication modalities are related to other cognitive functions and psychotic
symptoms (de Jong et al., 2013; Giannitelli et al., 2015).
2.2. Theoretical Explanations for Deficits in MSI of Emotion
Integrating emotional information from multiple communication channels
serves as a complex process. A vast majority of research in this field has
demonstrated schizophrenic patients’ dysfunctions in MSI of emotions (de
Gelder et al., 2005; de Jong et al., 2009, 2010; Fiszdon and Bell, 2009; Giannitelli et al., 2015; Mangelinckx et al., 2017; Seubert, 2010). However, studies
do not always share a consensus concerning (a) whether congruent (incongruent) information across different communication modalities facilitates or
interferes with MSI of emotions, (b) whether auditory or visual emotional
cues are more perceptually salient for schizophrenic patients, and (c) whether
patients’ deficits in integrating multimodal emotional cues stem from generalized neurocognitive impairments or belong to specific emotional dysfunctions
that may be influenced by linguistic and cultural backgrounds.
2.2.1. Congruence-Induced Facilitation Effect and Incongruence-Induced
Interference Effect
There is a clear pattern in MSI literature on healthy people. Participants respond faster and more accurately when encountering congruent information
across modalities during MSI of emotion, and incongruent stimuli tend to
elicit interference with emotion processing (Barnhart et al., 2018; Collignon
et al., 2008; Liu et al., 2015; McGurk and MacDonald, 1976; Niedenthal,
2007; Pell et al., 2011; Schwartz and Pell, 2012). This is referred to as the
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congruence-induced facilitation effect and incongruence-induced interference
effect, which also largely hold true for schizophrenic patients (de Jong et al.,
2009, 2010; Mangelinckx et al., 2017; Tseng et al., 2015).
However, it remains unclear to what extent congruent emotional signals
co-occurring in different modalities facilitate MSI of emotion, and to what
extent incongruence hampers cross-modal emotional processing. The findings
are mixed as exaggerated (de Gelder et al., 2005; de Jong et al., 2010; Van
den Stock et al., 2011), diminished (de Gelder et al., 2005; de Jong et al.,
2009), and unaffected (de Jong et al., 2010; Müller et al., 2014) multisensory
integration in schizophrenics under the influence of cross-modal congruence
or incongruence have all been reported.
Another inherently challenging issue arises concerning the asymmetry between emotionally congruent and incongruent trials in terms of required cognitive resources for conflict resolution, sensory inhibition, and response selection. When encountering cross-modal emotional conflicts, participants will by
nature allocate more attention for conflict monitoring and resolution, which
evokes greater activation in a cingulate-fronto-parietal network (Müller et al.,
2011). Thus, the studies contrasting cross-modal congruence and incongruence may not comprehensively represent schizophrenic patients’ dysfunction
of integrating multisensory emotional cues, but are likely to be confounded
by their attentional and higher-level cognitive deficits (Pinheiro et al., 2013;
Tseng et al., 2015; Zvyagintsev et al., 2013).
2.2.2. Auditory vs Visual Dominance
Traditionally, multisensory interference effects are represented as misleading perceptual illusions. Some classic examples of audiovisual nonemotional
processing confirm the influential role of visual channels such as the spatial
ventriloquism effect (i.e., the localization of sounds biased by visual stimuli) (Bertelson and Radeau, 1981) and McGurk effect (i.e., the perception of
speech sounds affected by observing lip movements) (McGurk and MacDonald, 1976). Others provide evidence for the interference by auditory signals,
such as sound-induced flash illusions (i.e., fission or fusion visual illusion of
a flash caused by a concurrent sound) (Shams et al., 2000). Calvert et al.
(2004), Colavita and Weisberg (1979), Spence (2009), Spence et al. (2011),
and Vroomen and de Gelder (2000) have elaborated more details on perceptual illusions and modality dominance effects.
Modality dominance effects have also been extensively studied in recent
research on emotional processing. The auditory dominance effect for patients
with schizophrenia has been frequently observed, compared with healthy people who preferentially rely on visual signals when recognizing emotion (Collignon et al., 2008). In the study conducted by Van den Stock et al. (2011),
patients with schizophrenia tended to base their decisions on the auditory
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emotion cues more than controls, but only when human vocalizations instead
of animal sounds were concurrently presented with dynamic, face-blurred and
whole-body expressions. Apart from nonlinguistic emotional vocalizations, an
auditory dominance effect has been found on linguistic inputs. For example,
de Jong et al. (2009) revealed a diminished impact of facial expressions on
vocal emotion recognition in schizophrenics when participants were asked to
selectively attend to the vocal emotional phrase and ignore the emotional face
presented simultaneously. Similarly, Vogel et al. (2016) adopted an audiovisual emotional sentence rating task, in which participants were asked to rely
on all the available verbal and nonverbal cues to judge the emotional states of
the speakers. The patients were found to be less influenced by nonverbal signals (i.e., facial expressions and tone of voice) and more by verbal information
(i.e., spoken content) than healthy controls, even though the nonverbal dominance effect was present in both groups. Such perceptual reliance on auditory
semantic cues could pose challenges to schizophrenics in complex social interactions when the linguistic information is ambiguous or when it is incongruent
with paralinguistic signals such as gestures and facial expressions.
Interestingly, emotions expressed through visual channels can be perceptually more salient than auditory signals in some cases. According to de
Gelder et al. (2005), the interactions between auditory and visual channels
are bidirectional, with an increased effect of faces on vocal emotion categorization and a reduced effect of voices on facial emotion perception observed.
This could partly be explained by vocal emotion recognition difficulty among
schizophrenics, and partly by a stronger visual than auditory dominance effect in audiovisual perception in the patients. In line with this research, de
Jong et al. (2010) corroborated the regulatory role of modality-specific attention on MSI of emotion by including auditory and visual distractors in the
original bimodal emotion recognition paradigm. They indicated that compared
with healthy people, schizophrenics experience a stronger impact of facial expressions on vocal emotion perception. Moreover, an exaggerated cross-modal
influence occurs for schizophrenics when auditory distraction is presented, as
opposed to attenuated integration for the control group, which may be associated with impairments in fundamental auditory processing among the patients.
2.2.3. Generalized Neurocognitive Impairments vs Specific Functional
Deficits
Although emotion-processing deficits are evident in schizophrenics, it has
been controversial whether patients’ dysfunctional emotion processing represents global impairments or reflect distinct functional deficits (Bryson et
al., 1997; Dickinson et al., 2004; Driver and Noesselt, 2008; Kerr and Neale,
1993; Kohler et al., 2000; Kucharska-Pietura et al., 2005; Lencz et al., 2006;
Mandal et al., 1998; Mangelinckx et al., 2017; Penn et al., 2000; Silverstein,
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2008). Many investigators argued that the deficits in processing emotion and
integrating information from multiple modalities manifest a general tendency
for schizophrenics to make poorer performances than healthy controls (Dickinson et al., 2004; Heinrichs and Zakzanis, 1998; Huang et al., 2013; Kerr and
Neale, 1993; Lencz et al., 2006). In the light of this view, the schizophreniaassociated impairments are shared across neuropsychological domains (Dickinson et al., 2004), relatively static from illness onset (Hill et al., 2004), by
nature related to the illness without the confounding factors of medications
and institutionalizations, and cannot be accounted for by lesions in a single
anatomical region (Mohamed et al., 1999).
However, the generalized deficit model has been challenged with clinical and empirical evidence. While some researchers agreed on a generalized
perceptual impairment in schizophrenics, they also presented evidence for
specific emotion-processing deficits in patients. In this case, links between
emotion perception and social functioning will be independent of shared associations with neurocognitive abilities (Fiszdon and Johannesen, 2010). Such
differential functional impairments have been demonstrated to be emotionspecific, patient-specific, task-specific, modality-specific and brain regionspecific (Barkhof et al., 2015; de Jong et al., 2010; Driver and Noesselt, 2008;
Hanlon et al., 2005; Penn et al., 2000; Silver et al., 2002, 2009). While it is
not difficult to determine cognitive dysfunctions in schizophrenics, one challenge is to assess a specific emotion-processing deficit unconfounded by other
psychometric artifacts that affect participants’ test performances (Silverstein,
2008). In MSI of emotions, another unanswered issue is whether patients’
poorer performances are caused by the functional inability to integrate information from different channels or dysfunctions in correctly perceiving the
emotions in a single modality (Castagna et al., 2013).
2.3. Influential Factors
Factors influencing the controversial theoretical accounts for multimodal
emotion-processing deficits in schizophrenics have been extensively discussed
in the relevant studies. These factors largely fall into three categories: experimental manipulations, psychotic symptomatology and cognitive functioning.
2.3.1. Experimental Manipulations
As indicated in Section 2.1, existing studies vary from one to another in terms
of research focuses, and the corresponding experimental paradigms are also
different, thus resulting in controversial research outcomes. First, emotion valence has often been regarded as one of the potential factors. For example, de
Jong et al. (2010) speculated that different response patterns can be activated
possibly due to the changes in emotion types (i.e., happy vs sad, and happy
vs fearful). Notably, patients have more difficulty in processing negativelyvalenced signals, whereas they do not differ from healthy people in perceiving
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items with a positive emotion especially when stimuli are presented in the auditory channel (Fiszdon and Bell, 2009). In addition to stimulus valence and
modality, task demands as a result of different task types, also trigger different
responses by the patients (de Gelder et al., 2005; de Jong et al., 2009, 2010,
2013; Giannitelli et al., 2015; Simpson et al., 2013; Van den Stock et al.,
2011; Zvyagintsev et al., 2013). It has been suggested that emotion identification tasks do not always generate similar performances as discrimination tasks
(Penn et al., 2000; Lin et al., 2018). Such variances may be attributed to the
differential cognitive efforts required by the tasks and the cognitive threshold
of individual participants; in other words, schizophrenics can only process an
absolute amount of information at a time and may not benefit from an increase
in information during multimodal presentation to the same extent as healthy
people (Fiszdon and Bell, 2009).
2.3.2. Psychotic Symptomatology
Participant-related factors serve as another important contributor to the inconsistent findings among existing literature. There has been an explosion
of interest in how schizophrenic patients’ clinical symptoms are related to
their emotion perception deficits (Brazo et al., 2014; Ito et al., 2013; Mitchell
and Rossell, 2014; Rossell and Boundy, 2005; Shea et al., 2007). For singleemotion processing, facial emotion recognition deficits are related to negative
symptoms (e.g., blunted affect, emotional withdrawal, social avoidance) of the
patients (Chan et al., 2010), and auditory affective processing deficits are more
likely to be associated with positive symptoms (e.g., delusions, hallucinations,
disorganized speech, confused thought) (Castagna et al., 2013; Rossell and
Boundy, 2005; Shea et al., 2007).
When encountering emotional cues from auditory and visual channels, patients exhibit specific deficits in matching the multimodal information, which
are affected by poor executive functioning and the negative symptoms of
schizophrenia (Castagna et al., 2013). However, in the study conducted by
Giannitelli et al. (2015), there was no clear evidence supporting an association between emotion identification deficits and either the positive or negative
symptoms. Instead, a significant correlation between emotion processing and
nonverbal communication disorders has been identified. It may be the case that
patients with early-onset schizophrenia spectrum other than adult schizophrenics were recruited as participants in the experiment. Moreover, the effects of
psychopathological comorbidities and pharmacological status on moderating
schizophrenic patients’ performances also deserve further examination in future research (Kawano et al., 2016; Mangelinckx et al., 2017; Vogel et al.,
2016). By comparing how patients with schizophrenia and with other psychotic disorders perform multimodal emotion perception tasks, we can gain
new insights into the diagnosis and rehabilitation of psychiatric illnesses in
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clinical practice (Brazo et al., 2014; Ito et al., 2013; Lysaker et al., 2017;
Postmes et al., 2014).
2.3.3. Cognitive Functioning
The role of cognitive functioning has been well established in past research.
According to Javitt (2009), bottom-up sensory impairments may serve as a
hindrance in the correct identification of cognitive functioning deficits. It is
futile to remediate social cognition without a thorough consideration of patients’ early deficits in processing visual and auditory information (Hall et
al., 2004; Leitman et al., 2005, 2007). In terms of MSI, a number of researchers have attempted to explain schizophrenic patients’ abnormalities in
multimodal emotion perception by means of their unisensory primary perceptual deficits. De Gelder et al. (2005) observed a reduced impact of emotional
prosody on the categorization of facial expressions as well as an increased
visual influence on emotional prosody recognition, which may indicate the
patients’ relative difficulty in auditory processing. In a recent study (Kraus
et al., 2019), auditory spectral processing deficits (including pitch processing
and formant processing) were confirmed to be the most significant contributors to emotional processing deficits in schizophrenia. De Jong et al. (2010)
also speculated that due to the potential fundamental auditory and visual processing deficits in schizophrenics, patients are likely to be overpowered by the
co-occurring inputs that elicit a fierce competition for attentional resources.
Mangelinckx et al. (2017) further underpinned emotion-processing impairments by basic perceptive-motor deficits (i.e., slower processing speed), which
again confirms the role of low-level functioning. They adopted a subtractive
method in statistical analyses, in which mean reaction time in a control task
measuring perceptivo-motor deficits was subtracted from mean response time
in the task with emotional stimuli. This quantitative method allowed the assessment of perceptive-motor delay in emotion processing. Though primary
perceptual deficits can explain patients’ poorer performance of integrating
multimodal emotion cues to some extent, the effect of top-down neurocognitive dysfunctions (i.e., attention, memory, executive functioning) cannot be
ruled out (Bryson et al., 1997; Castagna et al., 2013; Fiszdon and Johannesen,
2010; Mangelinckx et al., 2017; Simpson et al., 2013). For instance, selective
attention has been regarded as a high-order and supramodal regulatory system,
which can activate different response patterns due to the changes in emotions and tasks. Though it serves as an adaptive process for MSI of emotion,
the deficient top-down attentional selection mechanism in schizophrenics can
fuse their integration when they are confronted with concurrently presented
conflicting information (de Jong et al., 2010; Seubert, 2010; Zvyagintsev et
al., 2013). Besides, executive functions have also been demonstrated to take
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part in influencing not only emotional prosody perception, but also audiovisual emotion-matching ability (Bryson et al., 1997; Castagna et al., 2013).
Different from bottom-up cognitive deficits that are largely associated with
posterior cortical regions, the top-down mechanisms tend to involve higherorder (frontal and parietal) association cortices (Adcock et al., 2009).
Explaining the emotion cognition deficits with either the bottom-up or topdown processing deficit can be helpful but insufficient to uncover the nature
of multimodal emotion perception and unravel the mysteries of schizophrenia.
Recent years have witnessed some researchers combining both low-level and
high-order functioning in conceptualizing multisensory integration deficits in
schizophrenic patients. Their basic notion is that the biases in audiovisual
emotion judgment may stem from a fundamental sensorial deficit, a high-order
cognitive dysfunction, or both (Dondaine et al., 2014). De Jong et al. (2013)
proposed a cohesive model to depict the three stages of multimodal emotion
perception, namely sensory processing, neurocognition, and social cognition
(Fig. 1a). During sensory processing of the stimuli, participants often integrate
interpersonal signals presented auditorily and visually in the social environment. Then, the emotional stimuli interplay with and are shaped by attention,
memory and executive functions. In the final phase, participants will interpret
and evaluate the stimuli based on their social cognition. Patients may have the
following four dysfunctions: (1) impaired sensory processing, (2) separation
between sensory processing and neurocognition, (3) neurocognitive deficits,
and (4) impaired social cognition. By means of structure equation modeling,
the research team further pinpointed that it is the increasing disintegration
between pre-attentive sensory processing and neural cognition that significantly distinguishes schizophrenic patients from healthy controls (de Jong et
al., 2013).
3. Electrophysiological and Neuroimaging Studies
The conceptual model described in Fig. 1 is enlightening as it shows how MSI
works in terms of time sequence, which lays a solid foundation for further
research on the underlying brain mechanisms in terms of the temporal and
spatial brain activities.
3.1. Temporal Dynamics of MSI of Emotion
With the advances in the event-related potentials (ERP) methodology, many
researchers have examined the electrophysiological indices of MSI. Multisensory integration is an automatic process first appearing as early as 110 ms
after the stimuli are concurrently presented (Föcker and Röder, 2019; Pourtois
et al., 2000). Previous research has identified schizophrenic patients’ reduced
N170 to both face and face-voice stimuli, indicating abnormalities in decoding
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Figure 1. (a) Multi-stage cross-modal emotion integration model for healthy people and patients
with schizophrenia based on de Jong et al.’s (2013) work. (b) Potential abnormal neural substrates during different stages of multisensory emotion integration in schizophrenics based on
Adolphs’s (2002), Tseng et al.’s (2015), and Wildgruber et al.’s (2009) work. Note. In Fig. 1(a),
three stages of MSI of emotion, namely sensory processing, neurocognition, and social cognition, are respectively presented in green, blue and orange text boxes. Four likely dysfunctions
in schizophrenics are marked by text boxes in gray with dashed outlines. In Fig. 1(b), brain
regions associated with explicit emotion processing are shown according to the aforementioned
three processing stages with solid arrows, and those related to implicit emotion processing are
presented in a red text box with a dashed arrow. The reciprocal interactions between explicit
and implicit processing are indicated by long dash dot arrows.

facial and audiovisual information (Liu et al., 2016; Turetsky et al., 2007). In a
recent study on schizophrenics’ audiovisual affective processing, Müller et al.
(2014) employed an emotion rating task in which schizophrenics and healthy
controls were asked to rate the happy, fearful or neutral faces concurrently
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Figure 2. Event-related potentials in response to faces presented with emotionally (a) congruent
and (b) incongruent sounds in schizophrenic patients (dashed lines) and healthy controls (solid
line) at the PO8 electrode; based on Müller et al.’s (2014) work.

presented with emotional or neutral vocal sounds in an ERP study (Fig. 2).
This electrophysiological study has provided a coherent picture with previous
behavioral investigations, as an increased P2 was observed in schizophrenics,
indicating early visual emotion-processing deficits. Also, the patients revealed
a significant reduced visual P1 response when emotionally incongruent sounds
from different sensory channels were simultaneously presented, which was
negatively correlated with general symptom severity. These results suggest
that early affective face processing deficits, though associated with symptom
severity, can be attenuated by emotionally congruent sounds.
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Though efforts have been dedicated to investigating the neural correlates
that underlie schizophrenic deficits of audiovisual non-emotional speech integration (Ross et al., 2007; Stekelenburg et al., 2013; Stone et al., 2011), the
research conducted by Müller et al. (2014) has been one of the very few electrophysiological studies unfolding how emotion face processing is modulated
by emotional sounds in time in schizophrenics. Their work serves as a breakthrough exploring the temporal dynamics of emotional MSI in schizophrenic
patients. In addition to examining the influence of auditory information on
visual affect processing, a reverse experimental paradigm can be developed
to investigate how emotional information conveyed visually facilitates or interferes with auditory processing in terms of temporal dynamics. Furthermore, we can extend well-established research paradigms originally targeting
healthy participants to patients with psychotic disorders (Diamond and Zhang,
2016; Filippi et al., 2017), which would allow us to gain a more comprehensive understanding of how patients and healthy participants differ in MSI of
emotion in terms of neurophysiological representations.
3.2. Neuroanatomical Mechanisms of MSI of Emotion
Apart from temporal dynamics, abnormal neuroanatomical functioning during
multisensory emotion integration in schizophrenics also receives widespread
attention among researchers. Resolving emotion-related conflicts involves intact callosal functioning, limbic regions (e.g., amygdala and insula) and dorsolateral prefrontal cortex for information transfer across hemispheres (Mitchell
and Rossell, 2014; Müller et al., 2011). However, a reduced corpus callosum
(Arnone et al., 2008), hyper- or hypoactive amygdala (Müller et al., 2011;
Strauss et al., 2008), aberrant neural responses in the insula (Morgane et al.,
2005), and attenuated dorsolateral prefrontal activity (Vercammen et al., 2012)
have been observed in schizophrenic patients. In addition to a single brain region, there has been an increasing interest in functional connectivity (i.e., the
temporal correlation between the time series activities of different brain regions) among clinical populations in recent resting-state and task-state studies
(Anticevic et al., 2011; Carballedo et al., 2011; Das et al., 2007; Fox and Greicius, 2010; Lynall et al., 2010).
Following the research trends, Müller et al. (2013) undertook a functional Magnetic Resonance Imaging (fMRI) study where participants had to
rate emotional faces while ignoring vocal sounds, and employed both taskindependent (resting state), and task-dependent meta-analytic connectivity
modeling (MACM) analyses. The MACM approach characterizes the coactivation profile of a certain seed region in regard to its connectivity and
function across a large number of functional neuroimaging studies. In the
analysis, all experiments that activate the seed region are first identified from
large-scale databases [e.g., BrainMap (Laird et al., 2009a) and Neurosynth
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(Yarkoni et al., 2011)] storing standardized coordinate information. Subsequently, quantitative meta-analysis is adopted to examine the convergence
across the foci reported in these experiments. Significant convergence across
different brain regions suggests consistent co-activation (i.e., functional activity with the seed; Laird et al., 2009b; Robinson et al., 2010). In the final
stage, a conjunction analysis between the resting-state results and MACM
analyses is conducted to show both task-independent and task-related connectivity of the seed region. In line with previous work, the new analysis by
Müller et al. (2013) indicated a dysregulated left inferior parietal cortex (IPC)
in both schizophrenic and depressive patients during MSI of emotion. They
also demonstrated a functional network of left IPC, precuneus and posterior
cingulate cortex (PrC/PCC), medial orbitofrontal cortex (mOFC), left middle
frontal (MFG) as well as inferior frontal (IFG) gyrus. These results not only
suggest impaired audiovisual integration, but also imply dysfunctional emotional and cognitive processing in the patient groups. Similarly, Dzafic et al.
(2018) further revealed less activated superior temporal gyri (STG) and aberrant neural circuitry in patients involving inferior frontoparietal regions, the
left insula and right amygdala functional network by employing an experiment exploring dynamic emotion perception. Thus, deficient emotion-related
conflict perception in schizophrenics may not be attributed to dysfunctions in
a single area, but involves multiple brain regions, connectivity, and circuities
that constitute a complex, dynamic cognitive system. Interestingly and importantly, these studies have replicated the findings of previous MSI research
using non-emotional stimuli (Straube et al., 2014; Szycik et al., 2013): there
appears to be altered connectivity in IFG and STG networks responsible for
high-order integrative functions in schizophrenics, thereby causing difficulty
for the patients to integrate both linguistically abstract and emotionally contradictory audiovisual stimuli.
The findings from behavioral and neuroimaging studies have collectively
enriched the multi-stage cross-modal emotion integration model for both normal people and schizophrenic patients by indicating the relevant neural substrates (Fig. 1b) (Adolphs, 2002; Calvert, 2001; Regenbogen et al., 2015;
Tseng et al., 2015; Wildgruber et al., 2009). Initially, emotional cues from
different communication channels are decoded at modality-specific primary
or secondary cortices [e.g., facial: fusiform face area (FFA), prosodic: middle
section of superior temporal gyrus (mid-STG), tactile/gustatory: orbitofrontal
cortex]. Multisensory emotional signals are then blended and meaningfully
identified with the help of multimodal association areas [e.g., posterior section of superior temporal gyrus or sulcus (post-STG/STS)]. In the final stage,
cognitive evaluations are made within the inferior frontal cortex (IFC) and
the orbitofrontal cortex (OFC). These three stages constitute explicit emotion
processing, which reciprocally interacts with implicit (automatic) processing
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during the whole process. While cognitively controlled and explicit emotion
evaluation mostly happens at a cortical level, implicit emotion processing is
generally conducted in subcortical limbic regions [e.g., amygdala, parahippocampal area, insula, IFG, nucleus accumbens, medial frontal cortex (MFC)].
In line with this model, a series of neuroimaging studies have been conducted
showing that participants’ emotion-processing performances are largely modulated by other cognitive abilities (e.g., attention, memory, conflict resolution
and monitoring, language comprehension, theory of mind) that are mostly associated with these cortical or subcortical regions (Dzafic et al., 2018; Lysaker
et al., 2017; Müller et al., 2013; Razafimandimby et al., 2016).
4. Discussion
The current review has explored the extent and nature of MSI of emotion in
schizophrenics by summarizing the latest development in behavioral and neurological studies. In general, schizophrenic patients show impaired MSI ability
in emotion processing. Experimental paradigms adopted in the existing literature vary from one study to the next, but they investigated schizophrenics’
performances from two main perspectives: how participants understand multimodal emotional information, and how they resolve the interplay among different sensory modalities. Existing behavioral studies have been inconsistent
toward congruence-induced facilitation (incongruence-induced interference)
effects, modality dominance effects, and generalized vs specific impairment
hypotheses, which can be attributed to variations in experimental manipulations, patients’ clinical profiles, and their cognitive abilities. There have
been a relatively smaller number of studies using neurological techniques
compared to behavioral ones. Nevertheless, abnormal electrophysiological indices (e.g., P1, P2), and activation patterns in cortical regions (e.g., mid-STS,
post-STS/STG, IFC, OFC) and subcortical circuities (e.g., amygdala, insula,
inferior frontoparietal regions) serve as essential biomarkers for impaired integration of multisensory emotional signals in schizophrenics, indicating dysfunctional temporal dynamics and neuroanatomical substrates during patients’
MSI of emotion.
4.1. Limitations of Existing Research
There are several limitations in the literature that need to be considered when
interpreting the findings. First, extant studies tend to be limited in experimental design types and measures, with many more cross-sectional studies than
longitudinal ones, and considerably more research using behavioral methods than electrophysiological and neuroimaging techniques (Herniman et al.,
2017; Tseng et al., 2015). Though some key ERP indices and spatial localization of brain functions during MSI of emotion have been identified in the
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related studies, there are many unknowns regarding the cortical and subcortical dynamics responsible for the generation of the possible ERP components in
schizophrenics. In other words, more thorough investigations should be made,
which can combine the timing and source localization of neural responses in
the MSI of emotion (Diamond and Zhang, 2016).
Secondly, many studies tend to be biased in terms of the inclusion of study
samples, with chronic schizophrenics more frequently involved compared to
patients with acute symptoms or early-onset schizophrenia spectrums. Even
fewer studies have examined schizophrenic patients with comorbid diseases,
compared patients of different schizophrenic subtypes, or included participants of other special groups such as nonschizophrenic psychotic patients and
aging populations (Chaby et al., 2015; Kohler et al., 2000; Kret and Ploeger,
2015; Weniger et al., 2004; Williams et al., 2007). Thus, it is unclear to
what extent the results are generalizable to a broader population influenced
by schizophrenia throughout the development and maintenance of this psychotic disorder, and to what extent schizophrenics exhibit different behavioral
and neural responses due to diversified symptom profiles (Bonfils et al., 2019;
Gee et al., 2012).
Another limitation concerning stimulus design is that existing cross-modal
studies are mostly restricted to audiovisual emotion processing, especially the
perception of the human face and voice, and few have developed stimuli of
other modalities (e.g., tactile, gustatory) or forms (e.g., body movements, gestures, music). As a procedural operation, existing Stroop studies generally
involve binary contrasts of emotional stimuli (e.g., facial vs prosodic, prosodic
vs semantic), thereby underrepresenting the natural communicative settings
where we are simultaneously exposed to more than two communication channels of emotion expression (Lin and Ding, 2019). It is furthermore worth
noting that despite a widespread employment of linguistic stimuli, very few researchers have thoroughly investigated how patients can be distinguished from
the comparison group when processing linguistic inputs that are phonetically,
phonologically, morphologically, syntactically, semantically or pragmatically
different.
Moreover, since most relevant studies have been conducted in western
stressed-time nontonal languages (e.g., English, German, Dutch), it remains
to be tested whether the findings are applicable to eastern languages like Mandarin Chinese that bears unique features of lexical tones, a syllable-timed
rhythmic pattern, hieroglyphics, null arguments, and a high-context culture
(Chong et al., 2015; Hall, 1976). In one study (Chan et al., 2008), Mandarinspeaking patients with nonparanoid schizophrenia were found to demonstrate
deficits in both facial and prosodic emotion recognition, and spatial perception
ability was found to correlate with facial emotion recognition performance
while attentional processing predicted prosodic emotion processing in both
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identification and discrimination tasks. Tseng et al. (2013) further examined
the functional correlates of emotion recognition deficits in Mandarin-speaking
patients with schizophrenia. They found that processing of a specific emotion
category (i.e., happy emotion) together with executive-function deficit can predict severity of their psychotic symptoms in the positive dimension. There is
also a pioneering ERP study (Chen et al., 2016) that employed the passive listening oddball paradigm to investigate the neural markers of emotional voice
processing deficits in association with behavioral symptomatology of Chinesespeaking schizophrenic patients. The findings confirmed deficits of emotional
voice processing with weaker mismatch negativity amplitudes associated with
more positive schizophrenic symptoms. More importantly, Chen et al. (2016)
further revealed that in the nonattentive condition, the mismatch negativity response and P3a response (an index of involuntary attentional orientation to
stimulus differences in the oddball paradigm) to the angry (not happy) voice
were good predictors of the clinical diagnosis. As suggested by Tseng et al.
(2012) and Yang et al. (2012), the potential consequences of the universal neuropsychological deficits among schizophrenic patients may be language- and
culture-specific with respect to the relationships between severity of diagnostic dimensions and deficits in specific categories and modalities of emotion
processing. Although none of these studies employed MSI protocols, the behavioral and ERP results have demonstrated informative deficits in auditory as
well as visual modalities in line with studies on patients who speak nontonal
languages. The potential disparities in the two modalities and their relative
dominance effects need to be taken into serious consideration when designing
MSI experiments (or intervention) with Chinese schizophrenic patients.
To our knowledge, the feasibility and efficacy of multimodal training approaches have been demonstrated in several studies in the field of secondlanguage acquisition and speech pathology (Hardison, 2010; HeinonenGuzejev et al., 2014; Moradi et al., 2017; Rao et al., 2017; Yu et al., 2017;
Zhang et al., 2009). However, there is very little application of cross-modal
emotion integration tests in clinical practice for schizophrenics, despite numerous efforts contributed to examining multimodal emotion processing in
mentally impaired patients. Since emotion cognition is intertwined with other
cognitive abilities (e.g., theory of mind, attributional style, perspective shifting) (Penn et al., 2008), it deserves careful examination how multisensory
emotion processing can improve or can be improved by other domains of
social cognitive skills in real-life practice so as to provide more effective
cognitive training programs for both healthy people and mentally impaired
patients (Barnett et al., 2006; Bechi et al., 2015; de Niear et al., 2018; Iacoviello et al., 2014).
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4.2. Implications for Future Research and Practice
The current review highlights the key findings and issues on deficits in MSI
of emotion in schizophrenia, which are critical to the development of MSI
theories and models for characterizing this clinical population. The widelyacknowledged deficits in MSI of emotion demonstrated in the extant literature
serve to propel our probe into the social cognitive mechanisms underlying
the dysfunctions that largely disturb schizophrenic patients and induce their
social alienation. Theoretical accounts specifically need to take into account
the congruence-induced facilitation effects, modality dominance effects, generalized vs specific impairment hypotheses with empirical evidence on how
schizophrenic patients integrate multisensory emotional signals, and resolve
cross-modal discrepancies.
This review provides important implications for clinical practice. The behavioral and neural indices emerging during multimodal emotion processing
can serve as a reference tool for comparing schizophrenia with other psychotic illnesses (e.g., depression, anxiety, autism) with regard to similarities
and differences in core psychopathological symptoms and social functioning
abilities. By carefully considering the variations in individual and experimental characteristics that give rise to different multimodal processing patterns,
future practioners can better address the universal demands of most psychotic
patients, and meanwhile suit the needs specific to a certain patient or subtype
of patients. In this way, they can develop more personalized effective techniques and programs of psychotic diagnosis, intervention, and rehabilitation
for the diverse clinical populations.
The current review points out limitations of existing studies and directions
for future research and clinical practice. First, more efforts are needed to utilize both cross-sectional and longitudinal designs, and integrate behavioral,
electrophysiological, and neuroimaging techniques when determining how
individuals with schizophrenia differ from healthy people during MSI of emotion. Recent years have witnessed rapid advancements in the use of artificial
intelligence and big data that combine multimodal behavioral, electrophysiological and neuroimaging measures in association with normative sample and
clinical profiles including genetic data. To our knowledge, the findings from
electrophysiological studies and neuroimaging ones have largely been disassociated, and there has been a lack of understanding of how schizophrenic
patients, nonschizophrenic psychotic patients and healthy people differ in integrating multimodal emotional signals across the lifespan. Combining the
behavioral and multimodal imaging research methods enables us to reveal the
behavioral representations, time course, and functional localization of multimodal emotion processing in schizophrenics in a more objective, scientific and
comprehensive way. Moreover, our understanding can be greatly advanced
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concerning the trajectories of multisensory emotional development or dysfunctions in patients with schizophrenia relative to patients with other mental
illnesses or healthy controls (Corcoran et al., 2015; Gee et al., 2012; Hoertnagl
et al., 2014; Lin et al., 2018).
It is also important for future work to cover a broader population of patients with different subtypes of schizophrenia or at different stages of the
illness, and involve a wider range of participants as comparison groups. This
helps us to better ascertain the extent to which impaired MSI performances in
emotion processing are related to a series of symptoms and cognitive deficits
associated with and specific to schizophrenia. Though the emotion-processing
deficit has been consistently recognized as a core feature of schizophrenia
spectrum disorders and across different subtypes of schizophrenia (Mandal et
al., 1998), few studies have taken into account the behavioral or neurological differences caused by various sample characteristics. Inconsistent findings
across studies are possibly due to the variation in the subtypes of schizophrenia
(catatonic, paranoid, disorganized, undifferentiated, or residual schizophrenia), symptom types (positive vs negative symptom), onset and duration of
the illness (early vs late adulthood; long vs short), course of psychopathology (acute vs chronic), and type and dose of medication (Bonfils et al., 2019).
Studying these features of schizophrenia can enhance our understanding of
patients’ advantages and disadvantages at different phases of the diseases in
cross-modal emotion cognition (Simpson et al., 2013; Tseng et al., 2015),
which may provide a solid foundation for further exploring the pathogenetic
and psychological mechanisms of schizophrenia.
Additional efforts are needed to examine how variations in stimulus design
and task demands influence participants’ multisensory emotion-processing
performances. Past literature has been controversial toward congruenceinduced facilitation effects, modality dominance effects, and generalized vs
specific impairment hypotheses. Such inconsistencies can be further investigated with more empirical evidence adopting ecologically valid experimental
materials that involve more communication channels (e.g., face, prosody, and
semantic content presented simultaneously), modalities (e.g., tactile, olfactory), cues (e.g., body movements, eye contact, gestures) and forms (e.g.,
video clips, static photos, music), and cover more emotion categories (e.g.,
fear, surprise, disgust), levels of arousal or clarity (e.g., high, mid, low), and
modes of presentation (e.g., emotion-laden vs emotion-label) (Bach et al.,
2009; Herbener et al., 2007; Lin and Ding, 2019; Lin et al., 2020; Mitchell
and Rossell, 2014). This can help reveal the complex nature of MSI of emotion
processing in natural communication situations. It is also interesting to examine to what extent the inconsistent findings can be accounted for by variations
in processing requirements (e.g., spontaneous vs posed) and response patterns
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(e.g., forced-choice, matching, open-ended) (Cassels and Birch, 2014; Putnam
and Kring, 2007).
Considering the imbalance in the number of studies conducted in different
languages and cultures, additional research is needed to shed light on crosslinguistic and cross-cultural differences in multisensory emotion processing in
schizophrenics. We therefore highly advocate that stimuli in future research
reflect the uniqueness of different languages and cultures, especially those
that are underrepresented in the current literature, such as Mandarin Chinese.
For instance, it is an interesting testbed to examine whether impaired tone
matching abilities, which is associated with auditory word processing deficits
in Mandarin-speaking schizophrenics (Yang et al., 2012), affect the understanding of other communication modalities and the integration of multimodal
stimuli or not.
Finally, translational efforts are needed to apply basic research findings to
clinical practice with schizophrenic patients and other clinical populations.
Unclear diagnostic criteria, complex subtypes and comorbidities, and obscure
epidemiological symptoms of the psychiatric illnesses all pose great challenges for accurate detection and effective intervention of mental diseases
(Phillips and Kupfer, 2013; Ross et al., 2006), which can hardly be alleviated
by unimodal strategies. Thus, results from multimodal emotion-processing test
batteries can be utilized as an indicator of psychotic abnormalities. Different
behavioral and neurological representations in multisensory emotion perception among experimental groups can also provide evidential support for differentiating schizophrenics of different subtypes or at different illness stages
(Weniger et al., 2004; Williams et al., 2007), and distinguishing schizophrenics from other clinical populations (Müller et al., 2013). On the other hand,
we can develop more therapeutic training protocols including well-validated
cross-modal emotion-processing tasks, and intervention programs integrating
both top-down and bottom-up strategies (Adcock et al., 2009; Javitt, 2009;
Nuechterlein et al., 2014). By sharpening patients’ abilities of understanding
multimodal emotional information and disentangling emotional cues in multiple modalities, we expect to strengthen not only their emotion cognition, but
also other related perceptual abilities and cognitive functions, and even neuroplasticity that exerts protective effects against the mental disorder (Barnett
et al., 2006; Bechi et al., 2015, 2016; Clewett and Murty, 2019; Silverstein et
al., 2012).
5. Conclusion
In natural communication settings, effective and efficient integration of emotion signals from multiple sensory modalities serves as a cornerstone of
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successful social functioning. However, when schizophrenic patients are bombarded with multimodal emotion inputs, they generally demonstrate dysfunctions in this interpersonal skill. Despite extensive investigations on patients’
understanding of multisensory emotion stimuli and their reciprocal interactions by means of various well-validated protocols, researchers have yet to
reach a consensus on congruence-induced facilitation (incongruence-induced
interference) effects, modality dominance effects, and generalized vs specific
impairment hypotheses, probably due to experimental, clinical, and cognitive factors. Electrophysiological and neuroimaging studies further provide
biomarkers for patients’ impaired temporal processing and dysfunctional brain
regions, connectivity and circuities at different stages of MSI of emotion. Further work is needed to incorporate more research designs and techniques, enlarge study samples involving more schizophrenic subtypes and illness stages,
enrich stimulus properties and response patterns, and introduce research outcomes into practical fields of diagnosis and intervention.
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