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CHAPTER 

1

General Introduction

generaL inTroducTion

“Each time that I become psychotic is announced by the same signals… While everything 
else seems all right, it begins with how other people look at me. As if they look downward 
on me, as an object more than a person. Their faces appear surly and static to me, and their 
gaze gives me a feeling of… being disconnected and odd. And when they talk, their speech 
sounds hollow and mechanical. Their words do not follow their lip movements properly 
anymore. Like bad ventriloquists, untrustworthy and even worse…” 

– Schizophrenia patient

This quote by one of my schizophrenia patients is a striking example of how distorted 
sensory perception can lead to feelings of “otherness” and paranoia. This patient’s 
account also illustrates that sensory disturbances can be even more subtle than overt 
hallucinations. If a patient perceives the world in a different way (even if the difference 
is subtle), then their experience and reaction will differ as well. 

It is extremely sad when patients describe how their perceptual distortions make 
them feel disturbed and alienated. Indeed, severe psychotic illness goes hand-in-hand 
with interpersonal and social disabilities. The World Health Organization even refers to 
schizophrenia as “youth’s greatest disabler” (WHO, 2008). 

Given that sensory disturbances are an important factor in both patient suffering and 
social handicaps, these disturbances need to be understood better. This is particularly 
true for one highly specific type of sensory processing – the simultaneous, multisensory 
interpretation of the facial and vocal emotions expressed by others. Understanding 
this type of sensory processing in patients with severe psychotic illness – whether 
schizophrenic or non-schizophrenic – was the motivation behind the research described 
in this thesis.

Two main concepts will be addressed in Part 1 and Part 2 of this chapter. Part 1 discusses 
the conceptualization and operationalization of psychosis, and Part 2 introduces the 
conceptualization and operationalization of multisensory emotion perception. The 
supposed relationship between psychosis and multisensory emotion perception is 
described in Part 3, and Part 4 outlines this research questions addressed in this thesis 
and the corresponding experiments that are described in the subsequent chapters.
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1.  PSycHoSiS

1.1  conceptualization 

The earliest descriptions of patients with psychotic symptoms can be traced back to 
cuneiform tablets from Mesopotamia in the third millennium B.C. Since then, many 
accounts of these symptoms have been made, and particular symptoms have always 
been regarded as “belonging” to psychosis. These symptoms include hallucinations, 
delusions, and disturbed behavior, and they all share at least one common factor: 
distorted reality. 

In medicine, similar symptoms can represent different causative factors. In addition, 
similar symptoms can predict different prognostic outcomes. For example, the cause 
of hallucinations can vary widely and can include prolonged sleep deprivation, 
hallucinogenic drug abuse, physical illness with delirium, and schizophrenia. With 
respect to prognosis, whereas one patient with paranoid delusions might recover fully, 
another patient with similar delusions might progressively deteriorate. 

Ideally, psychosis should be conceptualized into diagnostic categories that 
correspond to reality with respect to causative, symptomatological, and prognostic 
factors. By definition, the extent to which concepts represent diseases as they appear in 
nature determines their diagnostic validity.

The first attempt to classify psychiatric diseases was reported in 1625 by Plater, who 
is now considered to be the founder of medical nosology, the branch of medicine that 
deals with the classification of diseases (Plater, 1625). Each subsequent contribution to 
the field has applied additional classification criteria, with each addition being thought 
to convey meaningful principles with respect to the causes, symptoms, and prognosis of 
diseases (Adityanjee et al., 1999; Angst, 2002; Tandon et al., 2009).  

During the 19th century, the predominant notion was that psychotic symptoms 
stem from one common pathophysiological cause. This notion led to the concept of 
unitary psychosis or “Einheitspsychose” (Griesinger, 1845; Zeller, 1837). Kahlbaum later 
proposed additional criteria that are based upon prognostic outcome (Kahlbaum, 
1863). Kahlbaum distinguished two groups of psychosis. The first group – “vecordia” – 
included disorders with a remitting course, symptoms that remain relatively unchanged 
during subsequent psychotic episodes, and an eventual mild disturbance of the mind. 
The second group – “vesania” – reflected progressively changing symptomatology with 
poor outcome that finally results in dementia. 

In the beginning of the 20th century, Kraepelin acknowledged our limited 
understanding of the causative processes that underlie psychosis (Kraepelin, 1919). 
Although unable to “carve nature at its joints”, Kraepelin’s aim was to develop a 
classification system to convey meaningful information with respect to prognosis, 
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treatment and prevention (Kraepelin, 1896). The result was an integration of the 
previously described subtypes of psychosis. Hebephrenia, catatonia, and dementia 
paranoides were incorporated into the concept of dementia praecox, as all three share a 
poor outcome that ultimately leads to cognitive deterioration (dementia) at a relatively 
young age (praecox).

The conceptualization of dementia praecox by Kraepelin closely resembles the 
contemporary definitions of schizophrenia. The current criteria of the Diagnostic and 
Statistical Manual (DSM) of mental disorders (APA, 2000) include longitudinal course 
and poor outcome as important factors, as listed in Table 11. Other historical contributors 
have added important elements to the contemporary criteria for schizophrenia. 
For example, Bleuler defined his 4 A’s as follows: loosening of Associations, blunt or 
incongruous Affect, Ambivalence, and Autism (Bleuler, 1911), and these symptoms 
are now represented as negative symptoms in criteria A and C. Schneider described 11  
key – or first-rank – symptoms (Schneider, 1959) that included specific forms of delusions, 
hallucinations, and thought disorders and are now included as positive symptoms in 
criteria A and C.

Importantly, Kraepelin elaborated on Kahlbaum’s distinction between “vecordia” and 
“vesania” by conducting a systematic investigation of prognostic outcome in hundreds 
of patients. Based upon a non-progressive course and mild prognosis, he distinguished 
several psychotic categories from dementia praecox, including manic-depressive insanity 
and paranoia. The current classification of psychotic disorders reflects this dichotomy 
by separating schizophrenia from non-schizophrenic psychosis. Table 2 lists all functional 
(i.e., lacking a somatic or substance-induced cause) psychotic disorders, subdivided into 
schizophrenic and non-schizophrenic disorders according to the DSM-IV criteria.

In the century that passed since Kraepelin’s original work, the validity of the classification 
of psychosis has been questioned repeatedly. One major issue is that causative (such 
as genetic susceptibility or altered brain function), symptomatological, and prognostic 
factors have not been shown to yield sufficient discriminatory power (van Os et al., 
2009). In other words, the boundaries separating psychotic disorders – as well as the 
division between schizophrenic and non-schizophrenic psychosis – are blurred. Because 
the validity of psychotic categories are questionable, research efforts to understand 
psychosis better have been hampered. 

1  When the research in this thesis was performed, the DSM-IV-TR criteria were actively used. Recently – in 
May 2013 – the DSM-V criteria were presented at the Annual Meeting of the American Psychiatric Association 
in San Francisco.
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Table 1. Diagnostic criteria for schizophrenia from the DSM-IV-TR

A. Characteristic symptoms: Two (or more) of the following, each present for a significant portion of time dur-
ing a 1-month period (or less if successfully treated):
 1. delusions
 2. hallucinations
 3. disorganized speech (e.g., frequent derailment or incoherence)
 4. grossly disorganized or catatonic behavior
 5. negative symptoms (e.g., affective flattening, alogia, or avolition)
Note: Only one symptom from Criterion A is required if delusions are bizarre or if hallucinations consist of a 
voice keeping up a running commentary on the person’s behavior or thoughts, or if two or more voices con-
verse with each other.

B. Social/occupational dysfunction: For a significant portion of the time since the onset of the disturbance, 
one or more major areas of functioning such as work, interpersonal relations, or self-care are markedly below 
the level achieved prior to the onset (or when the onset is in childhood or adolescence, failure to achieve the 
expected level of interpersonal, academic, or occupational achievement).

C. Duration: Continuous signs of disturbance persist for at least six months. This 6-month period must include 
at least one month of symptoms (or less if successfully treated) that satisfy Criterion A (i.e., active-phase 
symptoms) and may include periods of prodromal or residual symptoms. During these prodromal or residual 
periods, the signs of the disturbance may be manifested by only negative symptoms or by the presence of 
two or more symptoms listed in Criterion A in an attenuated form (e.g., odd beliefs, unusual perceptual expe-
riences, etc.).

D. Schizoaffective and Mood Disorder exclusion: Schizoaffective Disorder and Mood Disorder with Psychotic 
Features have been ruled out because either (1) no Major Depressive, Manic, or Mixed Episodes have oc-
curred concurrently with the active-phase symptoms; or (2) if mood episodes have occurred during active-
phase symptoms, their total duration has been relatively brief relative to the duration of the active and 
residual periods.

E. Substance/general medical condition exclusion: The disturbance is not due to the direct physiological effects 
of a substance (e.g., drug abuse or medication) or a general medical condition.

F. Relationship with a Pervasive Developmental Disorder: If there is a history of Autistic Disorder or another Per-
vasive Developmental Disorder, an additional diagnosis of Schizophrenia is made only if prominent delusions 
or hallucinations are also present for at least one month (or less if successfully treated).

Following this notion, investigators have called for new approaches. One of the most 
heavily advocated approaches is the combined categorical/dimensional approach, 
in which the factors being studied (for example, working memory performance) are 
related to both diagnostic categories (e.g., schizophrenia and non-schizophrenic 
psychosis) and dimensional factors that traverse categorical boundaries (e.g., negative 
symptom severity). 
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Table 2. DSM-IV-TR classifications of functional disorders with psychotic features

Schizophrenia

295.30 Schizophrenia, paranoid type

295.10 Schizophrenia, disorganized type

295.20 Schizophrenia, catatonic type

295.90 Schizophrenia, undifferentiated type

295.60 Schizophrenia, residual type

non-schizophrenic psychotic disorders

295.40 Schizophreniform disorder

295.70 Schizoaffective disorder, bipolar type

295.70 Schizoaffective disorder, depressive type

297.10 Delusional disorder, persecutory type

298.80 Brief psychotic disorder

297.30 Shared psychotic disorder

296.44 Bipolar I disorder, last episode manic, with psychosis

296.54 Bipolar I disorder, last episode depressed, with psychosis

296.24 Depressive disorder, single episode, with psychosis

296.34 Depressive disorder, recurrent, with psychosis

298.90 Psychosis not otherwise specified

1.2  operationalization

Just as the conceptualization of psychosis has been difficult with respect to validity, 
the operationalization of psychosis has also been complex. Obtaining an accurate 
operationalization of the criteria that define diagnostic categories is essential in terms 
of reliability (i.e., the precise and consistent measuring of a concept). 

In 1971, the US-UK diagnostic study identified large differences between the United 
States and Europe with respect to the extent to which schizophrenia was diagnosed; 
specifically, schizophrenia was diagnosed much more frequently in the US (Wing, 
1971). This finding prompted the development of clear, uniform criteria according to 
which clinicians and researchers could reliably and consistently classify psychoses. 
Consequently, several sets of operational criteria have been designed, including 
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the Research Diagnostic Criteria, the WHO’s International Statistical Classification of 
Diseases and Related Health Problems (ICD), and the Diagnostic and Statistical Manual 
(DSM) for mental disorders.

In addition to establishing reliable criteria, judging whether these criteria are met 
is also an important element in diagnostic operationalization. Applying diagnostic 
criteria to the complexity of a patient’s symptoms and signs can be challenging, even 
for an experienced clinician. Therefore, interview instruments have been developed to 
increase the reliability of this process. 

Some of these instruments, including the World Health Organization Composite 
International Diagnostic Interview (CIDI), are structured. Structured interviews use 
closed-ended questions that are read precisely as they appear in the questionnaire. 
Given these characteristics, clinical experience is not an absolute prerequisite for 
application. In a mental health survey among the general population, this may have 
a practical advantage. However, when the interview is given to predefined patients 
who suffer from a complex disorder such as psychosis, the interviewer should be an 
experienced clinician. 

When a psychiatrist or psychologist examines a patient, he/she will explore the 
patient’s symptoms and signs, asking key questions until the presence of a symptom 
and/or sign, its seriousness, and the extent to which it disables the patient become 
clear. Rather than asking a fixed number of closed-ended questions, the interviewer 
asks questions that – in his/her clinical experience – are appropriate to the given 
patient. Such semi-structured instruments allow for a clinically experienced researcher 
to conduct the interview.

In 1999, the WHO developed the semi-structured Schedules for the Clinical 
Assessment in Neuropsychiatry (SCAN) (WHO, 1999), in which the questioning method 
is open and allows the interviewer to thoroughly explore the patient’s symptoms 
and signs by cross-examination with predefined questions. This cross-examination 
technique – in combination with the SCAN manual’s detailed symptom definitions – 
gives the method excellent psychometric properties (Rijnders et al., 2000). 

The SCAN’s computer-based algorithm performs the final diagnostic classification. 
The most important building blocks for the algorithm consist of carefully established 
symptoms and signs. For example, the diagnostic criteria of DSM-IV or ICD-10 can 
be used in the application. The output is categorical in nature, and the classification 
criteria of zero, one, or multiple distinct DSM-IV or ICD-10 disorders are reported as 
being satisfied. To appropriately establish the severity of both the symptoms and social 
impairments that are central to psychosis, dimensional measures are needed. 

Several rating scales have been developed to measure symptom severity in psychosis. 
One of the most widely used scales is the Positive and Negative Symptom Scale (PANSS) 
(Kay et al., 1987). The original end scores of this scale include Positive, Negative, General, 
and Total symptom severity, which contain 7, 7, 16, and 30 items, respectively, with 
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each item being measured on a seven-point scale. Recent factor-analysis studies have 
noted that the data structure of the PANSS reflects five distinct symptom domains 
(van der Gaag et al., 2006). With the five-factor algorithm, the PANSS results in the 
following symptom clusters: Positive symptoms, Negative symptoms, symptoms of 
Disorganization, symptoms of Excitation, and Emotional symptoms. 

According to DSM-IV and ICD-10 criteria, psychosis is characterized by impaired 
social outcome. Schizophrenia is one of the ten leading causes of disease-related 
social disability worldwide (Murray and Lopez, 1996; WHO, 2001). Social functioning 
is a multifaceted concept that involves various domains and aspects (Couture et al., 
2006). Some aspects – such as vocational functioning, independent living, and the 
maintenance of interpersonal relationships – are proximal to real-life functioning, 
whereas others – such as role-play performance – are relative abstractions of underlying 
skills. In the Netherlands, the “Groningse Vragenlijst voor Sociaal Gedrag” (the Groningen 
Questionnaire for Social Behavior, or GQSB) has been validated for use in measuring 
social functioning in psychiatric populations (de Jong and van der Lubbe, 1995). This 
self-assessment questionnaire was developed primarily for use in ambulatory Dutch 
patients with chronic psychiatric illness, and both its reliability and content validity have 
been rated as satisfactory (see www.cotandocumentatie.nl). The GQSB’s predecessor, 
the “Groningse Sociale Beperkingenschaal” (the Groningen Social Disability Scale, 
or GSD), was a semi-structured, interviewer-based instrument (Wiersma et al., 1990). 
On one hand, the GSD’s time-consuming properties were the principal impetus for 
developing the GQSB; on the other hand, the established validity of the GSD has been 
used to cross-validate the GQSB.

Figure 1 schematically depicts the present state of the conceptualization and 
operationalization of psychosis. The division between schizophrenic and non-
schizophrenic psychoses is displayed as categorical concepts, and symptom severity 
and social outcome are depicted as dimensional features. The right panel lists the 
instruments that were applied during the experiments that are described in this thesis.

Figure 1. Schematic depiction of the categorical concepts of psychosis, dimensional disease-related factors, 
and the instruments used in this thesis.
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2.  MuLTiSenSory eMoTion PercePTion

2.1  conceptualization

When we look at perception, a non-stop flow of external information from our natural 
environment is received via several sensory channels, including vision, audition, 
gustation, olfaction, and tactile stimulation. For successful adaptive behavior, 
prioritizing this enormous superfluity of stimuli and interpreting their meaning are 
essential. By definition, the term “perception” refers to the organization, identification, 
and interpretation of sensory information in order to represent and understand the 
environment (Schacter et al., 2011). It therefore follows that for successful interpersonal 
and social behavior, the multisensory perception of facial and bodily (both of which 
are visual) as well as vocal (auditive) emotions is crucial. The conceptualization of 
multisensory emotion processing became possible only after the elucidation of basic 
perceptual principles in recent decades.

2.1.1  Preattentive vs. attention-controlled perception
Until the 1970s, perception research was – by necessity – performed using subjective, 
conscious accounts. The term “conscious” refers to a person’s overt description of 
perceptual experiences while being consciously aware of those experiences. In 
contrast, the term attention-controlled perception can be used when a person – either 
spontaneously or after being asked – directs their attention towards their perceptual 
experiences and gives their own accounts of the events. 

The earliest stages of sensory processing are preconscious by nature and occur 
during the preattentive timeframe of <150 msec after stimulus presentation. Preattentive 
stages have only become accessible to researchers within the last four decades, with the 
advent of neuroscientific methods such as electroencephalography (EEG) and event-
related potentials (ERPs) (Holzman, 1972). These methods record electrical fluctuations 
that result from neuronal activity in the brain, yielding highly precise measurements of 
the time course of brain processes (for example, the extremely early sensory processing 
stages of presented stimuli). 

Early processing functions allow stimuli to be either filtered in or filtered out, which 
is essential for selectively attending to important stimuli, as well as to ignore redundant 
and/or trivial stimuli. Salient stimuli are prioritized to be filtered in, and non-salient 
stimuli are filtered out (Boutros et al., 1999).

Preattentive sensory processing was previously considered to be a static floodgate 
between input and throughput of environmental stimuli. Theories and models have 
included a strong top-down influence of higher cortical areas over lower primary 
sensory regions. Broadbent – who was the first to model cognition as an information 
processing system – believed that the overwhelming stream of stimuli was statically 
limited by an early attentional filter (Broadbent, 1958). Such a filter was considered to 
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be necessary because of a postulated limit in the capacity of subsequent processing 
stages. 

In the past decade, however, evidence of a dynamic interplay between preattentive 
and attention-controlled processing has emerged. For example, the preattentive 
filtering and integration of visual and auditory stimuli is regulated top-down by 
selective attention, which can in turn be captured by salient stimuli in a bottom-up 
fashion (Javitt, 2009a, b; Talsma et al., 2010). Recent sensory processing models have 
assumed a dynamic, attention-controlled, and goal-directed regulation of early sensory 
processing (Cowan, 1995; Javitt, 2009b). Figure 2 is derived from Cowan’s model and 
contains two essential features. First, rather than a static attentional filter as proposed 
by Broadbent, the central executive dynamically directs attentional sources towards 
external stimuli. This process determines whether stimuli arrive at the focus of attention, 
which is embedded in an activated short-term memory store and a long-term memory 
store. Note that all stimuli are processed until the interface between preattentive and 
attention-controlled processing is reached. The second essential feature of the model is 
that the focus of attention itself is also under the control of the central executive, which 
is in turn provided with goal-directed behavioral information. 

Figure 2. A model derived from Cowan’s model that displays a dynamical interplay between preattentive 
and attention-controlled sensory processing. 

2.1.2  Multisensory vs. unisensory Perception
In addition to preattentive processing, recent perception research has also focused on 
multisensory perception. Unlike unisensory perception (which reflects the processing 
of stimuli within one sensory channel), we perceive everyday situations via multiple 
sensory channels. Examples are plentiful, for example, when one simultaneously sees, 
smells, hears, and feels a fire, or when one sees and hears multiple vehicles while 
navigating through busy traffic. 
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Although we perceive our natural environment through separate sensory channels, 
our perception of the outside world is both unified and coherent, indicating that 
integration is the result of multisensory perception (Stein and Meredith, 1993). However, 
the process of multisensory integration does more than simply merge information 
from separate sensory channels into one entity; it also reduces the uncertainty of 
ambiguous stimuli by their synergistic bundling, permitting crossmodal facilitation 
between channels (Calvert and Thesen, 2004). Furthermore, multisensory processing 
facilitates the filtering in of stimuli that belong to the same event, as temporal and 
spatial coincidences are important requirements for integration to occur (Bolognini et 
al., 2005; Calvert and Thesen, 2004; Noesselt et al., 2005).

In the past decade, behavioral, neurophysiological, and neuroimaging studies have 
revealed that multisensory integration occurs during the early, preattentive stages of 
information processing (Klasen et al., 2012). 

A behavioral example of the preattentive, mandatory type of multisensory 
integration is the so-called “ventriloquist effect”. Traditionally, a ventriloquist produces 
non-spoken words (auditory channel) that we perceive as if they are pronounced by 
the puppet’s mouth (visual channel). We are then only able to correct this illusory, 
integrated perception through an attention-controlled evaluation of the situation 
(“I know that man is a ventriloquist, so I know his trick!”). Other experiments suggest 
that multisensory integration occurs even in patients who suffer from visual neglect; 
although these patients are not aware of visual stimuli from the neglected space, 
crossmodal effects between the visual and auditory channels still occur (Bertelson et 
al., 2000; Frassinetti et al., 2005). 

Both ERP studies and imaging studies have revealed that neurophysiological 
indicators of multisensory processing occur within the earliest stages of information 
processing (Calvert et al., 2001; Calvert and Thesen, 2004; Fort et al., 2002; van 
Wassenhove et al., 2005). 

2.1.3  Multisensory emotion perception
Multisensory perception is particularly evident in social situations. For example, 
multisensory processing helps one person listen to another person by integrating 
speech that is heard and lip movements that are seen. In order to understand the other’s 
state of mind, the multisensory emotion perception of facial, bodily, and vocal cues is 
crucial (Klasen et al., 2012; Pourtois et al., 2005). 

Adequate interpersonal communication is thus a prerequisite for successful social 
behavior. While emotional information in a social context is inherently multisensory, 
it stands to reason that the human brain is specialized for multisensory emotion 
perception. Study findings have consistently supported this view. The simultaneous 
presentation of facial and vocal emotions facilitates emotion recognition (de Gelder and 
Vroomen, 2000; Vroomen et al., 2001), and evidence suggests that this phenomenon can 
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occur in infants as young as five months of age (Walker-Andrews and Grolnick, 1983). 
Several studies have consistently revealed that multisensory emotions are recognized 
both better and faster than visual-only and auditory-only emotions (Collignon et al., 
2008; Klasen et al., 2011; Kreifelts et al., 2007; Pourtois et al., 2005).

ERP studies have revealed that activities that are specifically associated with the 
multisensory binding of emotional stimuli occur within the preattentive timeframe (de 
Gelder et al., 1999; Pourtois et al., 2000). Another ERP study showed that multisensory 
facilitation can even occur in patients with visual blindsight (de Gelder et al., 2002). 
Although blindsight patients are unable to consciously perceive visual emotions due 
to damage to their visual cortex, being presented with facial and vocal emotions can 
still elicit multisensory-specific activity. This evidence emphasizes the preattentive, 
mandatory nature of multisensory emotion perception. 

Recent neuroimaging experiments have helped researchers identify which brain 
regions are more active during multisensory emotion processing than during unisensory 
emotion processing. The roles of the superior and middle temporal brain regions have 
been emphasized (Kreifelts et al., 2007; Kreifelts et al., 2010; Pourtois et al., 2005), as has 
the involvement of the thalamus, amygdala, insula, and fusiform gyrus (Klasen et al., 
2012). 

2.2 operationalization

A robust experimental paradigm for the operationalization of multisensory emotion 
perception is based on crossmodal influence. Under normal circumstances, crossmodal 
facilitation occurs when one sees and hears another person who simultaneously 
expresses the same – or congruent – facial and vocal emotions. In the laboratory, it is also 
possible to create conditions of incongruent emotions (for example, by simultaneously 
presenting a happy face and an angry voice). Under such conditions, judging the target 
emotion (e.g., vocal emotion) is hampered by crossmodal influence. Both behavioral 
facilitation and hampering can occur to the extent that multisensory integration results. 
In other words, without multisensory integration, neither facilitation (in the case of 
congruent emotions) nor hampering (in the case of incongruence) can occur. 

Although crossmodal influence can serve as a paradigm for the operationalization 
of multisensory emotion perception, one must also be aware of the overall “cognitive 
machinery”. Several models of cognition – including Cowan’s model depicted in Figure 
2 – regard sensory processing as the starting point for subsequent, interactively related 
stages of information processing. Sensory input is followed by information processing 
(i.e., throughput), which in turn precedes action (i.e., output). 

Figure 3 translates Cowan’s model to the study of multisensory emotion perception 
that is presented in this thesis. Both visual (facial and bodily) and auditory (vocal) 
emotions are included in the model as environmental stimuli. The preattentive 
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multisensory processing of emotions is regulated by the central executive’s direction 
of attention towards these stimuli. Measurements of multisensory emotion perception 
are based on preattentive, crossmodal influence tasks as described in detail in the 
following chapters of this thesis. Subsequent, attention-controlled stages that serve 
the throughput and output of multisensory emotional stimuli are operationalized as 
neurocognition and social cognition, respectively (Figure 3). 

Neurocognition has traditionally included attention-controlled higher-order 
functions such as executive functioning, visual and verbal learning, and memory 
(Green et al., 2000; Green et al., 2004). As shown in Figure 3, neurocognition reflects 
the processes that are associated with the central executive, the focus of attention, 
and both short-term and long-term storage in the model’s central part. The traditional 
neurocognitive measurements that were applied during this research are listed in the 
bottom of Figure 3.

Social cognition encompasses the mental operations that underlie one’s ability 
to comprehend and interpret the feelings of others. As with neurocognition, social 
cognitive functions have traditionally been measured using tasks that assess attention-
controlled capacities. Subdomains have included emotion perception, theory of 
mind, attributional style, and social knowledge (Abdi and Sharma, 2004; Brune, 2005; 
Couture et al., 2006). In Figure 3, social cognition represents goal-directing behavior, 
and measurements are based on attention-controlled emotion perception tasks that 
demand the overt categorization and matching of facial or vocal emotions.

Figure 3. Schematic depiction of the operationalization of multisensory emotion processing within a 
cognitive framework encompassing neurocognition and social cognition.
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3.  PSycHoSiS and MuLTiSenSory eMoTion PercePTion

The founding fathers of neuropsychiatry speculated on the primary role of the senses 
in the causation of reality distortion. For example, a quote from Jean François Dufour’s 
Essai sur les operations de l’entendement humain, et sur les maladies qui le dérangent2 dates 
back to 1770 and states, “The false impression of the external senses, then, must necessarily 
create disorder and confusion in a person’s conduct; because it happens most frequently, 
that they determine his actions.” (Berrios, 1996). 

At the start of the 20th century, Kraepelin already speculated that exaggerated sensory 
excitation is a cause of the key features of psychosis (Javitt, 2009b; Kraepelin, 1919). 
Following the psychoanalytic era, McGhie and Chapman initiated a refocus on self-
reported perceptual disturbances in schizophrenia (McGhie and Chapman, 1961). 
Nevertheless, the first study to systematically investigate the prevalence of perceptual 
disturbances in schizophrenia was published in 1972 (Gross and Huber, 1972) and 
revealed that 15% of 757 hospitalized schizophrenic patients reported spontaneous 
sensory disturbances in the prodromal and initial phases of their disease; these 
disturbances were primarily reported to occur in the visual channel. 

Building upon the German phenomenological research tradition that dominated at 
that time, perceptual disturbances were included in the Bonn Scale for the Assessment 
of Basic Symptoms (BSABS) (Bürgy, 2008; Schultze-Lutter et al., 2007). Table 3 illustrates 
the punctual subdivision of singular sensory disturbances in the BSABS. According to 
Huber, these so-called Kognitive Wahrnehmungsstörungen3 are generally reported by a 
third of all schizophrenic patients (Huber, 1999).

In recent years, deficits in preattentive perceptual processes in schizophrenia have 
been increasingly reported (Javitt, 2009a, b). Studies of visual sensory processing have 
revealed that schizophrenia patients perform relatively poorly in motion detection, 
object recognition, and reading tasks (Doniger et al., 2002; Kim et al., 2006; Revheim 
et al., 2006). The ERP deficits that have been identified in auditory processing include 
Prepulse Inhibition, P50 gating, auditory P1/N1, and Mismatch Negativity (Leitman et al., 
2010; Turetsky et al., 2009; Umbricht and Krljes, 2005). 

2  Translation: Essay on the mechanisms of human comprehension and on the diseases that disturb it.
3  Translation: cognitive perception impairments.
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Table 3. Cognitive perception impairments (Main category C.2 of the BSABS) 

BSaBS 
category cognitive perception impairments

C.2.1 Blurred vision; Partial vision, including Tubular vision

C.2.2 Hypersensitivity to light or certain optic stimuli; Photopsia

C.2.3 Near and tele-vision; Micropsia, macropsia; Metamorphopsia; Changes in color vision; Al-
tered perception of the face/body of others; Altered perception of the patient’s own face; 
Pseudo-movements of optic stimuli; Diplopia, oblique vision; Disturbances in the estimation 
of distances or sizes; Disturbances in the perception of straight lines or contours; Mainte-
nance of optic stimuli, “visual echoes” 

C.2.4 Hypersensitivity to sounds or noise; Acoasms

C.2.5 Changes in the perceived intension or quality of acoustic stimuli; Maintenance of acoustic 
stimuli, “acoustic echoes”

C.2.6 Disturbances of olfactoric, gustatoric, or sensible perception

C.2.7 Disturbed interpretation of perceptual meaning

C.2.8 Feeling overwhelmed by stimuli, hyperdistractibility

C.2.9 Captivation of attention by details of the visual field

C.2.10 Disturbances in the continuity of perception of the patient’s own operations

C.2.11 Derealization

Neurophysiological correlates of impaired early sensory processing have also 
been identified in persons who are at high risk for developing psychosis (for example, 
unaffected relatives of schizophrenia patients). Therefore, these deficits have been 
identified as endophenotypes of schizophrenia, and they serve as trait markers for the 
illness and are more proximally associated with genetic susceptibility to severe psychotic 
illness than overt clinical signs and symptoms (Giakoumaki, 2012; Turetsky et al., 2007). 
Early sensory deficits were the targeted of a recent neurochemical investigation, which 
revealed promising effects in terms of modulating the nicotinic, cannabinoid, and 
glutamatergic systems (Dissanayake et al., 2013).

Relatively few multisensory processing studies have been performed in the 
schizophrenia field. Three studies investigated the multisensory integration of simple 
non-social stimuli (de Gelder et al., 2003; Stone et al., 2011; Williams et al., 2010), with 
mixed results. An additional two studies described reduced audio-visual speech 
perception (de Gelder et al., 2003; Ross et al., 2007) and altered brain activation during 
audiovisual speech perception in schizophrenia patients (Surguladze et al., 2001). 

Only two studies applied multisensory emotions in schizophrenia (de Gelder et al., 
1997; de Gelder et al., 2005). Although these studies provided preliminary evidence 
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of disturbed integration of facial and vocal emotions in schizophrenia, they included 
a relatively small number of patients and did not include a patient control group. 
Therefore, subsequent research regarding this theme must be exploratory in nature. 

4.  ouTLine oF THe THeSiS

The aim of this thesis is to explore the relationship between psychosis and multisensory 
emotion perception and use the results obtained to validate the distinction between 
schizophrenic and non-schizophrenic psychosis. 

The exploration will be performed with observational, cross-sectional studies at 
the following three levels: the preattentive neuropsychological level, the attention-
controlled neuropsychological level, and the clinical level. At the preattentive level, 
multisensory integration of vocal, facial, and bodily emotions will be explored. At the 
attention-controlled level, the regulation and downstream processing of preattentive 
integrated emotions by neurocognition and social cognition will be investigated. 
Finally, at the clinical level, relationships between multisensory emotion processing and 
psychosis-related symptom severity and social functioning will be explored. 

 A more detailed outline of this thesis is depicted visually in Figure 4 and includes the 
following chapters: 
 Chapter 2 describes a study that examines the multisensory integration of facial and 
vocal emotions among patients with schizophrenia, patients with non-schizophrenic 
psychosis, and psychiatric and neurologically healthy participants (Figure 4a). 
 In Chapter 3, the results of an experiment similar to Chapter 2 are described. Here, 
bodily emotions (rather than facial emotions) were presented concurrently with vocal 
emotions to schizophrenia patients and healthy participants (Figure 4b). 
 Chapter 4 discusses an investigation to elucidate possible differential attention-
controlled regulation of multisensory emotion processing by modality-specific selective 
attention (Figure 4c). 
 In Chapter 5, relationships between three domains (preattentive multisensory 
emotion processing and the attention-controlled domains of neurocognition and social 
cognition) are analyzed. To achieve this goal, performance data for all three domains are 
incorporated into a cognitive model and analyzed using Structural Equation Modeling 
(Figure 4d). 
 Chapter 6 describes a study to investigate the associations between multisensory 
emotion processing and psychosis-related symptom severity social functioning in 
schizophrenic patients and non-schizophrenic psychosis patients (Figure 4e).  
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 Finally, in Chapter 7, the results of the studies described in Chapter 3 through Chapter 
6 are discussed from the perspective of the primary and secondary goals of this thesis.  
 Chapter 2, 3, 4 and 5 have been published as articles in peer-reviewed journals, 
Chapter 6 is submitted. Throughout the writing of these articles, the following terms 
were used to describe the concept of multisensory emotion perception: (multi-) sensory 
(emotion) processing, audiovisual emotion recognition/integration, and multisensory 
perception/integration of facial and vocal affect/emotions. All these terms can be 
considered as synonyms.

Figure 4a. Chapter 2: multisensory processing of facial and vocal emotions in schizophrenia patients, non-
schizophrenic psychosis patients, and healthy participants.

Figure 4b. Chapter 3: multisensory processing of bodily and vocal emotions in schizophrenia patients and 
healthy participants.

Figure 4c. Chapter 4: regulation of multisensory processing of emotions by selective attention in 
schizophrenia patients, non-schizophrenic psychosis patients, and healthy participants.

Figure 4d. Chapter 5: interrelationships between multisensory emotion perception, neurocognition and 
social cognition in schizophrenia patients, non-schizophrenic psychosis patients, and healthy participants.
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Figure 4e. Chapter 6: relationships of multisensory emotion processing with symptom severity and social 
functioning in schizophrenia patients and non-schizophrenic psychosis patients. 
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aBSTracT

Since Kraepelin called dementia praecox what we nowadays call schizophrenia, cognitive 
dysfunction has been regarded as central to its psychopathological profile. Disturbed 
experience and integration of emotions are, both intuitively and experimentally, likely 
to be intermediates between basic, non-social cognitive disturbances and functional 
outcome in schizophrenia. While a number of studies have consistently proven that, 
as part of social cognition, recognition of emotional faces and voices is disturbed in 
schizophrenics, studies on multisensory integration of facial and vocal affect are rare. 

We investigated audiovisual integration of emotional faces and voices in three 
groups: schizophrenic patients, non-schizophrenic psychosis patients and mentally 
healthy controls, all diagnosed by means of the Schedules of Clinical Assessment in 
Neuropsychiatry (SCAN 2.1). We found diminished crossmodal influence of emotional 
faces on emotional voice categorization in schizophrenics, but not in non-schizophrenia 
psychosis patients. Results are discussed in the perspective of recent theories on 
multisensory integration. 
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1.  inTroducTion

The negative impact of schizophrenia on building and maintaining a social life caused 
the World Health Organization to call it “youth’s greatest disabler” (WHO 2008). Since 
the relation between social disabilities and cognitive deficits has been established 
(Green et al., 2000; Green et al., 2004; Velligan et al., 1997; Velligan et al., 2000), social 
cognition has become a high priority area in schizophrenia research (Couture et al., 
2006; Green et al., 2008). Social cognition refers to ‘the mental operations that underlie 
social interactions, including perceiving, interpreting and generating responses to 
the intentions, dispositions and behaviors of others’ (Green et al., 2008). Besides social 
cognition, specific disturbances in the automatic, pre-attentive processing of sensory 
information are thought to be predictors of social outcome (Braff and Light, 2004; Light 
and Braff, 2005; Swerdlow et al., 2006). Sensorimotor gating deficits, as assessed by 
prepulse inhibition (PPI) paradigms, represent robust, trait-like features of schizophrenia 
(Braff et al., 2001; Grillon et al., 1992; Schall et al., 1996; Swerdlow et al., 2006). Whereas 
sensorimotor gating is part of the inhibitory mechanism that regulates the processing of 
environmental stimuli, we found the multisensory integration (MSI) mechanism of visual 
(facial) and auditory (vocal) emotional information to be disturbed in schizophrenia as 
well (de Gelder et al., 2005b). Studies on non-affective MSI in schizophrenia are scarce, 
but they also suggest impaired integration (de Gelder et al., 2003; Ross et al., 2007; 
Surguladze et al., 2001) 

Environmental stimuli are perceived through separate sensory channels. MSI refers 
to the neurocognitive operations that underlie the integration of temporally and/or 
spatially coincident streams of information (Bertelson and de Gelder, 2004; Calvert, 
2004; de Gelder and Bertelson, 2003; Hershenson,1962; Meredith and Stein,1986; 
Stein et al., 1988; Voort et al., 1972). MSI serves the ability of man and animal alike to 
experience their environment as one integral occurrence. The MSI process implies an 
early interaction between sensory channels in the pre-attentive phases of perception 
(Foxe and Schroeder, 2005; Giard and Peronnet, 1999; Schroeder et al., 2001; Schroeder 
and Foxe, 2002). This crossmodal influence between channels facilitates behavioral and 
neural performance (Bertelson and de Gelder, 2004; Brancazio and Miller, 2005; Calvert 
et al., 2000; Calvert, 2001; Calvert, 2004; de Gelder, 2000;Hershenson, 1962; Jones and 
Callan, 2003; Macaluso et al., 2004; McGurk and MacDonald, 1976; Meredith and Stein, 
1986;  Radeau, 1994; Stein et al., 1988). The integration of emotionally neutral seen lip 
movements and heard speech, for example, improves listening to another person, 
where the binding of facial or bodily (i.e. visual) with prosodic (i.e. auditory) emotional 
information improves understanding the other (de Gelder et al., 2002; de Gelder et 
al., 2005a; Dolan et al., 2001; Meeren et al., 2005; Van den Stock et al., 2007). So, the 
consequences of MSI for interpersonal behavior are obvious.
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Using audiovisual emotional categorization tasks, we explored MSI in schizophrenia 
patients, as compared to healthy controls and non-schizophrenia psychosis patients. 
As a measure of MSI, crossmodal impact of emotional faces on emotional voices was 
determined for both emotion-congruent and -incongruent conditions. Regarding our 
previous study on this topic (de Gelder et al., 2005b), we hypothesized diminished MSI 
performance in the schizophrenia group. In comparison with our first study, however, 
larger groups, including a patient-control group, were included, patient characteristics 
were more extensively described and task materials were simplified. In addition, we 
explicitly addressed vigilance and use of medication as possible confounds.

2.  MeTHod

2.1  Participants

Three groups participated in our study. The first group consisted of 55 schizophrenic 
patients (Sch group). The second group included 46 patients with non-schizophrenic 
psychotic illness (n-Sch-Psy group). The third group (ctrl group) contained 50 
neurologically and psychiatrically normal controls. The study was approved by 
the regional Medical Ethics Committee. Subjects gave their informed consent and 
participated for a small fee.

All patients (Sch and n-Psy-Sch), being outpatients of the local psychiatric hospital 
and relatively stable with respect to symptomatology, were examined by a trained 
psychiatrist (JJdJ) using the Schedules of the Assessment in Neuropsychiatry (SCAN) 
version 2.1. By means of the computerized SCAN 2.1 algorithm, a DSM-IV (APA, 2000) 
classification was obtained. In case of DSM-IV schizophrenia, patients were assigned 
to the first group. In case of all other types of  (i.e. non-schizophrenic) psychotic illness, 
patients were assigned to the second group. Inclusion criteria for patients were: 
DSM-IV diagnosis of psychotic illness, age between 20 and 60 years. Exclusion criteria 
for patients were: organic or substance-induced psychosis, current substance abuse, 
serious somatic illness, relevant neurological illness, auditory and/or visual handicap 
and language problems. All patients were submitted to the Positive and Negative 
Symptom Scale (Kay et al., 1987). 

Controls between 20 and 60 years of age were recruited by advertisement in a local 
newspaper. The SCAN 2.1 interview was used to screen for psychiatric illness. Exclusion 
criteria were: current substance abuse, serious somatic illness, relevant neurological 
illness, auditory and/or visual handicap and language problems. 

Highest completed school grade was recorded, according to the usual conventions 
(Pichot et al., 1993), using four categories being suitable to the Dutch educational 
system (1=elementary school; 2=junior secondary vocational education; 3=secondary 
education; 4=at least higher secondary education).
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Groups did not significantly differ on sex ratio (χ2(2,151)=5.90, p=n.s.), educational 
level (χ2(6,151)=11.32, p=n.s.) and handedness (χ2(2,151)=0.24, p=n.s.) (Table 1). Age 
differences were, though significant (F(2,150)=7.59, p<0.001), small (mean ages 33.53, 
35.22 and 41.16 years for Sch, n-Sch-Psy and ctrl, respectively). Positive, negative and 
total 

PANSS-scores were significantly higher in Sch than in n-Psy-Sch (F(1,100)=258.60, 
p<0.001; 480.35, p<0.001 and 2882.13, p<0.001, respectively). Table 2 shows subtypes 
of schizophrenia (group 1) and non-schizophrenic psychosis (group 2). Table 3 gives an 
overview of different types of medications used for both patient groups.

Table 1. Demographic, clinical (PANSS) and neuropsychological (CPT) characteristics of the three groups of 
subjects (schizophrenic patients, non-schizophrenic psychosis patients, controls)

Schizophrenic 
subjects

non-schizophrenic 
psychosis subjects

control  
subjects Significance

N 55 46 50

Age (mean years ± SD)a 33.53 (8.80)c 35.22 (9.04)c 41.16 (12.94) p=0.001

Sex (% men)b 70.9 63.0 48.0 p=0.052

Handedness (% right-handed)b 85.5 84.8 88.0 p=0.888

Education (within-group %)b

        1
        2
        3
        4

7.3
18.2
40.0
34.5

2.2
21.7
37.0
39.1

0.0
6.0
56.0
38.0

p=0.079

PANSSa 

        Positive
        Negative
        General
        Total

16.8
20.6
38.1
75.5

13.6
16.2
35.0
64.8

p=0.001
p=0.001
p=0.058
p=0.001

CPT (mean d’ ± SD)a 3.349 (0.763)c 3.061 (0.894)c 3.749 (0.631) p<0.001

a ANOVA
b Chi-square
c Significantly different from controls, not the other patient group
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Table 2. DSM-IV classifications within both patient groups (schizophrenic patients, non-schizophrenic 
psychosis patients)

Schizophrenic subjects
non-schizophrenic 
psychosis subjects

295.30 Schizophrenia, paranoid type 53

295.90 Schizophrenia, residual type 2

295.40 Schizophreniform disorder 1

295.70 Schizoaffective disorder, bipolar type 3

295.70 Schizoaffective disorder, depressive type 5

297.1 Delusional disorder, persecutory type 3

298.8 Brief psychotic disorder 3

296.44 Bipolar I disorder, last episode manic, with  
psychosis

12

296.54 Bipolar I disorder, last episode depressed, with 
psychosis

1

296.24 Depressive disorder, single episode, with  
psychosis

3

296.34 Depressive disorder, recurrent, with psychosis 2

298.9 Psychosis not otherwise specified 13

Total 55 46
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Table 3. Use of antipsychotic and mood-stabilizing medication within both patient groups (schizophrenic 
patients, non-schizophrenia psychosis patients)

Schizophrenic 
subjects

non- 
schizophre-
nic psycho-
sis patients

Antipsychotic medication N Mean daily dosage (mg) 
(minimum-maximum)

N Mean dosage  
(minimum-maximum)

aripiprazole 3 20.0 (15.0-30.0) 0
broomperidol (decanoate) 2 9.8 (7.1-12,5) 1 1.8

clozapine 4 537.5 (200.0-800.0) 2 475.0 (250.0-700.0)

flupentixol 0 1 5.0

fluphenazine 1 3.6 0

haloperidol 2 5.8 (4.0-7.5) 1 7.5

olanzapine 17 12.9 (5.0-25.0) 10 10.5 (5.0-20.0)

penfluridol 1 1.4 1 1.4

pimozide 0 2 3.0 (2.0-4.0)

quetiapine 1 300.0 2 600.0 (400.0-800.0)

risperidone 17 2.9 (2.0-4.0) 16 2.9 (0.5-6.0)

risperidone  (suspension for  
injection)

1 1.8 0

thioridazine 0 1 200

zuclopentixol 0 1 25.0

no antipsychotic medication 7 9

Total 56a 47b

Mood-stabilizing medication

lithium 1 800.0 8 975.0 (400.0-1400.0)

topimarate 0 1 250.0

valproate 1 750.0 4 950.0 (300.0-1500.0)

no mood-stabilizing medication 53 35

Total 55 48c

Antidepressive medication

citalopram 11 30.9 (20.0-40.0) 4 35.0 (20.0-40.0)

clomipramine 2 187.5 (150.0-225.0) 3 166.7 (125.0-225.0)

dosulepine 0 1 75.0

fluoxetine 0 1 20.0

imipramine 1 50.0 1 150.0

mirtazapine 0 3 40.0 (30.0-60.0)

nortryptiline 1 75.0 1 150.0

paroxetine 0 3 26.7 (20.0-40.0)

tranylcypramine 1 40.0 0

no antidepressive medication 39 29

Total 55 46

aOne schizophrenic patient used two antipsychotics: olanzapine and quetiapine
bOne non-schizophrenic psychosis patient used two antipsychotics: olanzapine and pimozide
cTwo non-schizophrenic psychosis patients used two mood-stabilizors: lithium and valproate
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2.2  Materials and Procedure 

Two tasks were administered, during which subjects were asked to categorize emotional 
voices, while watching an emotional face on a computer screen. In task 1, ‘happy’ and 
‘fear’ were used as vocal and facial emotions. In task 2, ‘happy’ and ‘sad’ were used.

In addition, all subjects were submitted to a continuous performance test (CPT) to 
determine pre-existing group differences with respect to vigilance. Using a 3-7-target 
format, 600 digits (ranging 1 to 9) were randomly presented with a frequency of 1/sec, 
resulting in a total test duration of 10 minutes (CDLJava, version7.01) (Lezak et al., 2004). 
Mean CPT d’ scores are shown in Table 1. 

To explore a possible relationship between medication and performance, individual 
daily doses of antipsychotics (AP) in milligrams were converted into multiples of the 
Daily Defined Dose (DDD) of each drug (Nose et al., 2008;WHO Collaborating Center for 
Drug Statistic Methodology 2003). 

2.2.1  Task 1
2.2.1.1  Auditory material

Four (2 male and 2 female) professional Dutch actors were instructed to pronounce four 
different and semantically neutral sentences ‘as if he or she was happy’ or ‘as if he or she 
was afraid’. Sentences were selected in accordance to the length of the visual stimuli. 
As a result, the following 4 utterances were obtained: “Auto gekocht”, which means 
“Bought a car”; “Naar Amsterdam”, which means “To Amsterdam”; “Kapper geweest”, 
which means “Been to hairdresser” and “Met het vliegtuig”, which means “By airplane”. 
The sentences were recorded digitally. The durations of the 36 (4 actors, 4 semantically 
different sentences and 2 emotions) utterances ranged from 599 to 1265 ms. 

2.2.1.2  Visual material

Eight black-and-white photographs were drawn from the Ekman and Friesen series 
(Ekman and Friessen, 1976), representing 4 (2 male and 2 female) actors, each of them 
expressing happiness or fear. Each photograph occupied a 13.0 x 8.5 cm rectangle on the 
computer screen, which at the mean viewing distance of 60 cm corresponded to a visual 
angle of 12.4 x 8.1°. Photographs were showed against a black coloured background. 

2.2.1.3  Design and procedure

Subjects were tested individually in a quiet room. Stimuli were presented after the 
participant pushed a response button that subsequently initiated the next trial. All trials 
consisted of a synchronically presented emotional face and emotional voice. Emotional 
faces had a fixed duration of 800 ms. Emotional voice utterances started at exactly the 
same time as emotional faces. 
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Thirty-two voice utterances were used. Four (2 male and 2 female) actors presented 
4 semantically different utterances in 2 different emotional tones. During the task, 
each utterance was presented twice: one synchronically with an emotion-congruent 
face (for example a happy utterance with a happy face) and the other with an emotion 
incongruent face (for example a happy utterance with a fearful face). As a result, the task 
consisted of 64 stimuli, which were presented in pseudorandom order: vocal and facial 
actors were fixed couples with the same gender. 

Instructions were provided both on the screen and by the experimenter. Participants 
were instructed to press one of two keys as fast as possible to indicate whether the vocal 
emotion was ‘happy’ or ‘fear’. Subjects were asked explicitly to watch the computer 
screen while listening to the voice, preventing them to concentrate on the voices only. 
They were, however, instructed to ignore the facial emotion while judging the voice. 
Hereafter, a practice phase of 4 trials was administered.

2.2.2  Task 2
Except for the emotional content of the stimuli, the same materials and procedure as in 
task 1 were used. This time, target emotions were happiness and sadness, so that visual 
and auditory stimuli consisted of happy and sad faces and voices.

2.3  Statistical procedures and outlier management

We applied univariate analyses to this repeated measures design. To correct for pre-
existing differences between groups concerning vigilance, CPT d’ scores were entered as 
a covariate. Pearson correlation analyses were performed on the relationships between 
AP DDDs and performance on the congruent and incongruent conditions as well as 
their difference (crossmodal impact) scores. 

A preliminary analysis of results revealed that some subjects appeared to have 
judged facial emotion instead of vocal emotion, resulting in normal accuracy rates in 
the emotion-congruent condition and extremely low accuracy rates in the emotion-
incongruent condition. Furthermore, a few subjects appeared to have reversed response 
keys throughout the task. Data were considered as outliers and deleted when accuracy 
rates for the emotion-congruent condition were below chance-level (0.5) or when 
differences between emotion-congruent and emotion-incongruent conditions amounted 
more than 0.5. Numbers of outliers did not differ significantly between groups (total 
outliers in task 1 and/or task 2 were 7, 5 and 3 for Sch, n-Sch-Psy and ctrl, respectively; 
c2(2,151)=1.39, p=n.s.).
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3.  reSuLTS

CPT d’ scores significantly differed between-groups (see Table 1; F(2,135)=8.55, p<0.001). 
When groups were compared pairwise, using Tukey’s post-hoc analyses, a significant 
difference was found between Sch and ctrl (p=0.035) and between n-Sch-Psy and ctrl 
(p<0.001), not between both patient groups.

3.1  Happy-Fear (task 1)

Fig. 1 presents proportions of correct responses as a function of facial emotion condition. 
Facial emotion was either congruent or incongruent with vocal emotion. Categorization 
of emotional (happy and fear) voices was more accurate when an emotion-congruent 
face as compared to an emotion-incongruent face accompanied vocal affect (even when 
subjects were instructed to ignore facial affect while categorizing voices). Furthermore, 
this crossmodal influence effect of a face on the voice was obviously larger in ctrl 
and n-Sch-Psy than in Sch. Diminished crossmodal impact in Sch is illustrated by the 
flattened slope of the line between the two face conditions as compared to both other 
groups. 

A 2 x 3 ANOVA was performed with Congruence (congruent, incongruent) as within-
subject factor and Group (Sch, n-Sch-Psy and ctrl) as between-subject factor. From 
these main effects, Congruence was significant (F(1,135)=183.99, p<0.001). This finding 
reflects the crossmodal effect of the face on the voice: vocal emotion was categorized 
more accurate when the simultaneously shown face was emotion-congruent (0.789) as 
compared to emotion-incongruent (0.645). The fact that the effect of Group was not 
significant (F(2,135)=1.96, n.s.) illustrates that overall-task difficulty was the same for 
all groups. More importantly, we found an interaction effect of Congruence x Group 
(F(2,135)=3.97, p=0.021), which statistically illustrates diminished crossmodal impact of 
facial on vocal emotion in Sch, as was already apparent from fig. 1. Cohen’s effect size 
for this effect, comparing Sch to ctrl, was 0.42. 

To test the possibility that preexisting differences between groups with respect to 
vigilance (affecting task performance) confounded the latter effect, we entered CPT 
d’ scores in the model as a covariate. While the main effect of Group remained non-
significant, the interaction effect of Congruence x Group became more significant 
(p=0.008), with Cohen’s effect size counting 0.53. 

Across both patient groups, no correlation was found between AP DDDs and 
performance on the congruent and incongruent condition as well as their difference 
(crossmodal impact) scores (Pearson’s correlation coefficient 0.110; 0.073 and 0.026 
respectively, p=n.s. for all).
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Figure 1. Categorization of happy & fearful voices: the proportions of correct responses as a function of 
facial emotion (either emotion-incongruent or emotion-congruent) are displayed. As is illustrated by a 
flattened slope, schizophrenia patients show diminished crossmodal impact of an emotional face on an 
emotional voice. 

3.2  Happy-Sad (task 2)

Fig. 2 (for reasons of clarity plotted with a rescaled Y-axis as compared to fig. 1) presents 
proportions of correct responses as a function of facial emotion condition, using 
facial emotion that was either congruent or incongruent with vocal emotion. Again, 
categorization of emotional (happy and sad) voices was more accurate when an emotion-
congruent face as compared to an emotion-incongruent face accompanied vocal affect 
(while subjects were told to ignore facial emotion and categorize vocal emotion only). 
As in task 1 (fig. 1), this crossmodal bias effect of a face on the voice seems larger in ctrl 
and n-Sch-Psy than in Sch, illustrated once more by the flattened slope between the 
two face conditions for Sch compared to both other groups. 

A 2 x 3 ANOVA was performed with Congruence (congruent, incongruent) as within-
subject factor and Group (Sch, n-Sch-Psy and ctrl) as between-subject factor. From 
the two main effects, Congruence was significant (F(1,143)=70.15, p<0.001). This finding 
results from the expected crossmodal impact of an emotion-congruent (0.877) as 
compared to an emotion-incongruent (0.819) face on vocal emotion categorization. The 
fact that the main effect of Group (F(2,143)=1.06, p=n.s.) was not significant illustrates 
that, as in task 1, task difficulty was the same for all groups. In contrast to task 1, however, 
the interaction effect of Congruence x Group did not reach statistical significance 
(F(2,143)=0.70, p=n.s.) this time.
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Figure 2. Categorization of happy & sad voices: the proportions of correct responses as a function of facial 
emotion (whether emotion-incongruent or emotion-congruent) are displayed. While schizophrenia patients 
show comparable accuracy rates to controls in the case of emotion-incongruent faces, their performance is 
the lowest when face-voice pairs are emotion-congruent. 

After controlling for CPT scores, the main effect of Group and the interaction effect 
of Congruence x Group both remained non-significant. 

As in task 1, no correlation was found between AP DDDs and performance on the 
congruent and incongruent condition as well as their difference (crossmodal impact) 
scores (Pearson’s correlation coefficient -0.027; -0.005 and -0.050 respectively, p=n.s.  
for all).

3.3  Happy-Fear and Happy-Sad (task1 and task 2)

Because of the resemblance between fig. 1 and fig. 2 on the one hand, and the different 
levels of statistical significance with respect to the interaction of Congruence x Group 
on the other, an omnibus 2 x 2 x 3 ANOVA was performed. In addition to the 2 x 3 
ANOVAs in both separate tasks, Emotions (task 1 (happy/fear), task 2 (happy/sad)) was 
added as a second within-subject factor to the model. As in the separate analyses, main 
effect of Congruence was highly significant (F(1,133)=219.87, p<0.001) and the main 
effect of Group was non-significant. The main effect of Task showed also high statistical 
significance (F(1,133)=332.20, p<0.001), reflecting the substantial difference in overall 
performance between task 1 (0.720) and task 2 (0.851). Apparently, happy and sad voices 
were more easily classified than happy and fearful voices, probably resulting in ceiling 
effects in task 2. Most importantly, the Congruence x Group interaction across both 
tasks reached the same statistical significance as was shown at task 1 (F(2,133)=3.93, 
p=0.022). Cohen’s effect size for this effect, comparing Sch to ctrl, was 0.44. 

Correction for preexisting differences in CPT d’ scores again, as in task 1, amplified 
the uncorrected level of significance (F(2,116)=4.69, p=0.011), while the main effect of 
Group remained non-significant. After this correction, Cohen’s effect size was 0.52.
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Again, no correlation was found between AP DDDs and performance on the 
congruent and incongruent condition as well as their difference (crossmodal impact) 
scores (Pearson’s correlation coefficient 0.042; 0.025 and 0.010 respectively, p=n.s. for 
all).

4.  diScuSSion 

In sum, the combined data of task 1 and task 2 indicate that the crossmodal influence of 
emotional faces on emotional voice categorization is diminished in schizophrenics, but 
not in non-schizophrenia psychosis patients. Specific exploration of the role of vigilance 
and AP medication use indicated that these factors did not induce or influence our 
findings.

The most straightforward explanation for this result is a diminished crossmodal 
impact of an emotional face on an emotional voice due to deficits in MSI in schizophrenia. 
However, some possible confounds may have affected the results. 

First, response bias has been mentioned as a possible confounder (Vroomen 
et al. 2001). Subjects could, to some extent, have relied on the non-target source of 
information (facial emotion). Because Sch subjects performed somewhat better (task 
1) than or comparable (task 2) to both other groups in the incongruent condition, 
response bias would have affected ctrl and n-Sch-Psy subjects more frequently than 
Sch patients. Although contra-intuitive, this theoretical possibility cannot be ruled out.  
Second, a different but related issue refers to diminished task-vigilance. We statistically 
controlled for preexisting between-group differences with respect to CPT d’ scores. 
This strenghtened the pattern of diminished crossmodal impact in Sch in task 1 and in 
the omnibus analysis, while the resembling pattern in task 2 remained preserved. So, 
reduced task-vigilance in Sch and n-Sch-Psy reduced, rather than caused the finding 
of diminished MSI in Sch. Third, differential task-difficulty between groups might be a 
factor to consider. However, no main effects of Group were found, whether correction 
for task-vigilance was used or not. Fourth, use of medication or psychopathological 
‘load’ may be a relevant factor. However, n-Sch-Psy subjects showed a crossmodal 
influence comparable to ctrl while being on antipsychotic medication and having 
severe symptoms.In sum, disturbed MSI of affective information in schizophrenia is the 
most likely explanation for our findings. The only preceding study on this topic is, as 
far as we know, our initial investigation of this issue (de Gelder et al., 2005b). Then, we 
found possible deficits in affective MSI, but could not draw robust conclusions because 
groups were small, no non-schizophrenia psychosis group was included and description 
of patient characteristics was incomplete. Furthermore, our present investigation was 
aimed at reducing attentional factors and post-perceptual strategies by presenting 
emotions in their most explicit, dichotomous form. 
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In daily life, information concerning our fellow human being reaches us  through 
different sensory channels. Outside the laboratory, these various inputs are mostly 
semantically congruent. Therefore, our laboratory finding of, at least, normal 
performance in Sch in case of emotion-incongruent faces does not seem to reflect 
on adaptive social interaction in daily life. But schizophrenia patients do lag behind 
when congruent information is deficiently integrated. Given the highly complex reality 
of interpersonal behavior, this might add to the pervasive social disabilities that 
characterize schizophrenia.

Another motive for further research on MSI in schizophrenia is provided in the  general 
neuropsychological literature by the growing evidence for its neural basis. Cortical 
regions such as the anterior cingulate cortex, the fusiform gyrus, the middle temporal 
gyrus and the superior temporal sulcus are probably implicated in the MSI of affective 
information (de Gelder et al., 1999;Dolan et al., 2001;Kreifelts et al., 2007;MacLeod and 
MacDonald, 2000;Pourtois et al., 2000;Pourtois et al., 2005). In addition, amygdala 
activation is specifically described when fearful faces and fearful voices are combined 
(as in task 1) (Dolan et al., 2001;Pourtois et al., 2005). Several of these regions, potentially 
critical to MSI, have been mentioned by imaging studies on schizophrenia because of 
their functional deficits, which in turn might be explained by micro-architectural and 
neural migration disturbances (Brunet-Gouet and Decety, 2006) 

Whether schizophrenia, classically described as a disorder of disintegration of 
mental functions, is also characterized by disintegration of what are normally automatic, 
mandatory processes of sensory integration will be a challenging topic for future 
research. 
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aBSTracT

Most studies investigating emotion recognition in schizophrenia have focused on 
facial expressions and neglected bodily and vocal expressions. Furthermore, little 
is known about affective multisensory integration in schizophrenia. In the first 
experiment, the authors investigated recognition of static, face-blurred, whole-body 
expressions (instrumental, angry, fearful, and sad) with a two-alternative, forced-choice, 
simultaneous matching task in a sample of schizophrenia patients, nonschizophrenic 
psychotic patients, and matched controls. In the second experiment, dynamic, face-
blurred, whole-body expressions (fearful and happy) were presented simultaneously 
with either congruent or incongruent human or animal vocalizations to schizophrenia 
patients and controls. Participants were instructed to categorize the emotion expressed 
by the body and to ignore the auditory information. The results of Experiment 1 show 
an emotion recognition impairment in the schizophrenia group and to a lesser extent 
in the nonschizophrenic psychosis group, and this for all four expressions. The findings 
of Experiment 2 show that schizophrenia patients are more influenced by the auditory 
information than controls, but only when the auditory information consists of human 
vocalizations. This shows that schizophrenia patients are impaired in recognizing 
whole-body expressions, and they show abnormal affective multisensory integration of 
bimodal stimuli originating from the same source.
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1.  inTroducTion

An important aspect of normal social functioning consists of recognizing intentions and 
emotions displayed by others. Emotion recognition in schizophrenia is hard to assess 
due to limited tools and studies that have predominantly focused on facial expressions 
(e.g., Borod, Martin, Alpert, Brozgold, & Welkowitz, 1993; Feinberg, Rifkin, Schaffer, & 
Walker, 1986; Heimberg, Gur, Erwin, Shtasel, & Gur, 1992; Kee, Horan, Wynn, Mintz, & 
Green, 2006; Kohler et al., 2003; Pomarol-Clotet et al., 2010; Wolwer, Streit, Polzer, & 
Gaebel, 1996) (for a review, see Mandal, Pandey, & Prasad, 1998). The findings point to a 
deficit in recognition of negative emotions (Mandal et al., 1998), and this has been linked 
to the social dysfunctions observed in schizophrenia patients (Pinkham, Hopfinger, 
Ruparel, & Penn, 2008b). From that perspective, a facial expression recognition deficit is 
not very surprising, but an important issue is whether one can generalize from a deficit 
in recognition of facial expressions to difficulties in recognizing emotional signals 
conveyed by other common channels like the voice and the body. With the exception of 
a few isolated reports (Argyle, 1988; Sprengelmeyer et al., 1999), the literature on how 
body expressions are processed has only taken off in the last decade. One of the first 
basic research questions concerned whether observers can easily recognize different 
emotional states from body expressions alone. The available data indicate that this is 
clearly the case (Van den Stock, Righart, & de Gelder, 2007), and this is not surprising, 
considering the high frequency of interactions with conspecifics. Repeated exposure to 
body language, be it emotional or neutral, leads to perceptual expertise and tuning of 
the visual system. When we investigate emotional body language, comparing the results 
with what is known from facial expression research is almost inevitable, considering 
the many similarities between both stimulus categories. Bodies and faces both provide 
information on diverse dimensions such as identity, emotion, gender, and age (de 
Gelder et al., 2010). An interesting approach in comparing findings from face and body 
research might be to focus on the differences rather than on the similarities. At face 
value, at least two significant differences between faces and bodies appear.

Firstly, faces provide significantly more information about identity than bodies. 
Headless bodies reveal little information about personal identity, whereas faces alone 
are sufficient for identification. The fact that bodies contain little identity information is 
related to the fact that bodies are usually clothed. Clothing may conceal bodily features 
that are sufficient for identification. On the other hand, it has been shown that people 
can recognize friends by dynamic information provided by the body alone (Cutting & 
Kozlowski, 1977), underscoring the importance of dynamic information conveyed by 
body expressions. Secondly, the emphasis on the function of facial expressions lies 
in communication, whereas whole-body expressions also serve adaptive behavioral 
functions, like fight or flight.
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Only a few studies have investigated the perception of whole-body expressions 
in clinical populations that have been shown to display facial expression recognition 
deficits, as in Huntington’s disease, autism, and prosopagnosia (de Gelder, Van den Stock, 
de Diego Balaguer, & Bachoud-Levi, 2008; Hadjikhani et al., 2009; Tamietto, Geminiani, 
Genero, & de Gelder, 2007; Van den Stock, van de Riet, Righart, & de Gelder, 2008b). The 
results point to similar mechanisms for both categories. However, no data have been 
reported so far regarding whole-body expression perception in schizophrenia.

Another understudied area in affective neuroscience concerns how emotional 
information conveyed by different sensory channels is integrated (de Gelder & Van den 
Stock, 2011). The few studies so far have focused on the combined perception of face–
voice pairs. The ability to decode emotional cues in prosody and facial expressions may 
have a common processing and/or representational substrate in the human brain (Borod 
et al., 2000; de Gelder & Bertelson, 2003; Pourtois, Debatisse, Despland, & de Gelder, 
2002), facilitating processing and integration of these distinct but often calibrated 
sources of information. Judging the emotional state of a speaker is possible via facial 
or vocal cues (Banse & Scherer, 1996; Scherer, Banse, Wallbott, & Goldbeck, 1991) alone, 
but both judgment accuracy and speed seem to benefit from combining the modalities; 
for example, response accuracy increases and response speed decreases when a face is 
paired with a voice expressing the same emotion. This improvement of performance 
occurs even when participants are instructed to ignore the voice and rate only the face, 
suggesting that extracting affective information from a voice may be automatic and/or 
mandatory (de Gelder & Vroomen, 2000). The fact that prosodic and facial expressions 
of emotion frequently correlate suggests that the underlying cognitive mechanisms are 
highly sensitive to shared associations activated by cues in each channel (de Gelder, 
Bocker, Tuomainen, Hensen, & Vroomen, 1999; Massaro & Egan, 1996).

To assess how emotional judgments of the face are biased by prosody, Massaro and 
Egan (1996) presented computer-generated faces expressing a happy, angry, or neutral 
emotion accompanied by a word spoken in one of the three emotional tones. De Gelder 
and Vroomen (2000) presented photographs taken from the Ekman and Friesen (1976) 
series with facial expressions rendered emotionally ambiguous by “morphing” the 
expressions between happy and sad as the two end-points. The emotional prosody 
tended to facilitate how accurately and quickly subjects rate an emotionally congruent 
as compared to an incongruent face. These findings indicate that the emotional value 
of prosody– face events is registered and somehow integrated during perceptual 
tasks, affecting behavioral responses according to the emotion congruity of the 
combined events. Moreover, these cross-modal influences appear to be resistant to 
increased attentional demands induced by a dual task, implying that combining the 
two forms of input may be mandatory (Vroomen, Driver, & de Gelder, 2001). Recent 
studies have only begun to unravel the mechanisms behind cross-modal influences on 
perception of whole-body expressions, and the results are compatible with what has 
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been previously reported for facial expressions (Van den Stock, Grèzes, & de Gelder, 
2008a; Van den Stock, Peretz, Grèzes, & de Gelder, 2009; Van den Stock et al., 2007). 
However, no evidence has been reported so far on cross-modal influences on whole-
body perception in schizophrenia. We recently used affective face–voice combinations 
that were either congruent (for example, a happy face presented simultaneously with a 
happy vocal expression) or incongruent (for example, a happy face paired with a fearful 
vocal expression), and we asked schizophrenia patients to rate one of the two modalities 
(de Gelder et al., 2005; de Jong, Hodiamont, Van den Stock, & de Gelder, 2009). The 
results showed anomalous, cross-modal bias effects in the patient group. For example, 
when schizophrenia patients were instructed to categorize the emotion expressed in 
the voice, they were less influenced than the controls by the facial expression (de Jong 
et al., 2009).

In the present study, we focus on the perception of whole-body expressions. In 
Experiment 1, we investigated the recognition of emotional body language in a group 
of schizophrenia patients, nonschizophrenic psychotic patients, and normal controls 
in order to determine whether the emotion-recognition deficit previously reported for 
faces (for a review, see Mandal et al., 1998) extends to whole-body expressions. So far, 
little is known about recognition of emotional body language in schizophrenia, but in 
view of the behavioral and neuroanatomical similarities between perception of faces 
and bodies in normals (for reviews, see de Gelder, 2006; de Gelder et al., 2010; Peelen & 
Downing, 2007), we hypothesized that the patients would be impaired in recognizing 
negative whole-body expressions.

In Experiment 2, we investigated how schizophrenia patients perceive multisensory 
emotional events, consisting of realistic body language combined with affective 
auditory utterances. We presented video clips of emotional body language, of people 
engaged in a common activity in an everyday situation. In addition to adding human 
vocal expressions, we also combined the video clips with animal vocalizations in order 
to investigate the role of environmental sounds. As reported previously, it is important 
to control for task variables, as attention may shift across conditions and trials from 
face to voice especially in clinical populations (Bertelson & de Gelder, 2004; de Gelder & 
Bertelson, 2003).
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2.  exPeriMenT 1: recogniTion oF STaTic Body Language

2.1  Methods and materials

2.1.1 Participants
Thirty-one schizophrenia, 23 patients with non- schizophrenic psychosis, and a group 
of 21 normal controls matched for gender, age, and socioeconomic status participated 
in the study. The nonschizophrenic psychosis group consisted of patients with 
schizophreniform disorder (n = 2), schizoaffective disorder (n = 5), bipolar I disorder 
with psychosis (n = 4), depressive disorder with psychosis (n = 1), delusional disorder 
(n = 1), psychotic disorder not otherwise specified (n = 9), and dysthymic disorder (n 
= 1). All but three patients in the nonschizophrenic psychosis group and all but three 
patients in the schizophrenia group received antipsychotic medication. Demographic 
data are shown in Table 1. There was no significant difference in age, F(2, 72) = 0.620; p < 
.541, or gender ratio, χ2 ≤ 2.13; p < .14, between the three groups. Only patients meeting 
the criteria for schizophrenia and nonschizophrenic psychosis set by the DSM-IV (APA, 
2000) were included. All patients were under treatment at the local hospital. Diagnosis 
was established with the Schedules for Clinical Assessment in Neuropsychiatry (SCAN, 
version 2.1), a standardized interview for diagnosing axis I disorders, conducted by a 
trained psychiatrist. Exclusion criteria for patients consisted of: organic or substance-
induced psychosis, current substance abuse, serious somatic illness, relevant neurological 
illness, auditory and /or visual handicap and language problems. Control subjects with 
a psychiatric disorder, a brain dysfunction, or a genetic predisposition to schizophrenia 
were excluded from participation. All participants were paid for participation (€22).

Table 1. Demographic data

demographic data Schizophrenia
nonschizophrenic  
psychosis normal

Experiment 1

N 31 23 21

Age (mean range) 33.7 (21-52) 35.7 (20-54) 32.4 (21-58)

Gender 3M/8F 14M/9F 3M/8F

Dexterity 28R/3L 20R/3L 20R/1L

Experiment 2

N 16 / 16

Age (mean range) 36.8 (22-53) / 38.0

Gender 15M/1F / 9M/7F

Dexterity 15R/1L / 13R/3L
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2.1.2  Materials and procedure
Materials consisted of pictures from our own database of body expressions and 
instrumental actions (for details on stimulus construction, see de Gelder, Snyder, Greve, 
Gerard, & Hadjikhani, 2004; Hadjikhani & de Gelder, 2003). The faces of the bodies 
were blurred. In a pilot study, the pictures were presented one by one for 4 s with an 
interstimulus interval of 7 s. Twenty participants were instructed to categorize the 
pictures according to expressed emotion by indicating one of three (anger, fear, sadness) 
response alternatives. For the instrumental actions, the participants were instructed to 
categorize the displayed action (combing hair, drinking, pouring water in glass, opening 
door, talking on telephone, or putting on trousers). Only pictures that were correctly 
recognized above 85% were selected for the experiment.

The experiment consisted of two blocks: one with bodily expressions and one with 
bodily actions. We included instrumental whole-body actions, because these displays 
elicit action representation (Johnson- Frey et al., 2003) and are thus appropriate to use 
as controls to investigate emotional body expressions. The procedure was identical 
in each block. Materials for the experiment consisted of 30 emotional bodies and 24 
instrumental actions. A stimulus consisted of the presentation of a target at the top of 
the screen that had to be matched with one of two simultaneously presented probes 
underneath (Figure 1). The three pictures in a stimulus were always three different 
identities, but from the same gender. The instructions stated that the participant was 
to select the probe that matched the action or emotion of the target. The position 
of the correct probe was counterbalanced. Participants responded by pressing the 
corresponding button, indicating their choice for the left or right probe. 

The stimulus was presented until the participant responded. During the 1000-ms 
intertrial interval, a blank screen was shown. The instrumental action block consisted 
of 48 trials (6 actions × 2 genders × 4 exemplars), and the bodily expression block 
consisted of 36 trials (3 expressions × 2 genders × 6 exemplars). For every emotion, 12 
trials were presented, half with male images, half with female images. For example, the 
six male anger trials consisted of three trials where sad- ness was a distracter and three 
trials where fear was a distracter.

2.2  results

Results are displayed in Figure 1. We calculated for every condition and participant 
the mean accuracy and median reaction times (RT) of the correct trials. Both RT and 
accuracy data were submit- ted to a repeated-measures ANOVA with Expression (four 
levels: angry, fearful, sad, and instrumental) as within-subjects factor and Group (three 
levels: schizophrenia, nonschizophrenic psychosis, and control) as between-subjects 
factor. This revealed for the accuracy data a significant main effect of Expression, F(3, 
210)=13.269; MSE=0.022, p < .001, and Group, F(2, 70)=6.234; MSE=0.033, p < .003. The 
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Expression × Group interaction was not significant. Tukey post hoc tests on the main 
effect of Group showed a significant difference between the control group and the 
schizophrenia group (mean difference= 0.093, p < .002), and a marginally significant 
difference between the control group and the nonschizophrenic psychosis group (mean 
difference = 0.067, p < .054). To follow up the main effect of Expression, we performed 
Bonferroni-corrected paired-sample t-tests between every combination of expressions 
(n=6). This showed significant differences between angry and fearful, t(74)=5.911;  
p < .001; between instrumental and fearful, t(74) = 6.818; p < .001; and between 
instrumental and sad expressions, t(74) = 4.303; p < .001. The difference between fearful 
and sad expressions was marginally significant, t(74) = 2.483; p < .015.

The analysis of RT showed a significant main effect of Expression, F(3, 210)=8.762; 
MSE=116.649, p < .003. The main effect of Group and the Expression × Group interaction 
were not significant. Bonferroni- corrected paired-sample post hoc t-tests showed a 
significant difference between angry and instrumental, t(74)=3.481; p < .001; between 
fearful and sad, t(74)=3.326; p < .001; between fearful and instrumental, t(74) = 5.142;  
p < .001; and between sad and instrumental, t(74) = 4.009; p < .001, expressions.

2.3  discussion

We presented patients with schizophrenia, patients with nonschizophrenic psychosis, 
and matched controls with a two-alternative, forced-choice, whole- body expression-
matching task. The results show that, compared to the control group, the schizophrenia 
group exhibits a general impairment in recognizing emotional body language. The 
nonschizophrenic psychosis group occupies an intermediate position between the 
controls and schizophrenia group. It is unlikely that the observed effects can be explained 
by task difficulty, since the absence of an Expression × Group interaction reveals that 
the patients are not differentially impaired on recognition of specific emotions, while 
the main emotion effect indicates that not all emotions are equally well recognizable. 
Hence, the patients are not more impaired in recognizing the more difficult emotions.

The generalized whole-body emotion recognition deficit is consistent with 
findings from facial expression recognition studies (reviewed in Mandal et al., 1998). 
Schizophrenia patients are in general less able to make adequate emotional judgments 
of ambiguous facial expressions (Kee et al., 2006), and they attribute negative emotional 
valence to neutral face cues (Kohler et al., 2003). This may explain the nonspecific nature 
of emotion-recognition difficulties.

An important ability to adequately recognize facial expressions concerns the 
processing of the configuration of the face. It has been shown that this configurational 
perception mechanism is impaired in schizophrenia patients (Joshua & Rossell, 2009). 
Recent studies have reported similar configurational processing mechanisms for faces 
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and bodies (Stekelenburg & de Gelder, 2004). The impaired recognition of whole-body 
expressions in schizophrenia may therefore have its roots in deficient configurational 
processing, and this may lead in social situations to inadequate interpretation of both 
facial and bodily expressions and ensuing social dysfunction.

Figure 1. Top: example of stimulus block showing an angry body on top and a fearful body on the bottom 
right. Middle and bottom: Accuracy (middle) and reaction time (bottom) of Experiment 1 as a function of 
expression and group (Schizo: schizophrenia group; NSP: nonschizophrenic psychosis group). Error bars 
represent 1 SEM.
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3.   exPeriMenT 2: MuLTiSenSory inTegraTion oF 
dynaMic Body Language and HuMan and aniMaL 
VocaLizaTionS

In everyday situations, fearful body language is usually accompanied by anxious 
screams. Recently, we showed that static whole-body expressions influence recognition 
of simultaneously presented vocal expressions (Van den Stock et al., 2007, experiment 
3). In a follow-up study (Van den Stock et al., 2008a), we used dynamic stimuli in 
realistic situations to increase ecological validity, which may be an important factor in 
multisensory integration (Bertelson & de Gelder, 2004; de Gelder & Bertelson, 2003). We 
paired these visual stimuli with nonverbal vocalizations, and, more importantly, we also 
manipulated the nature of the bimodal combinations. We used auditory stimuli that 
were either produced by the same source as the visual stimuli (human vocalizations), or 
by a different source (animal vocalizations). The findings showed that both human and 
animal sounds influence recognition of dynamic body language. The second objective 
of the present study is to investigate the multisensory integration pattern of these 
everyday emotional events in schizophrenia.

3.1  Methods and materials

3.1.1  Participants
Sixteen schizophrenia meeting the criteria described in Experiment 1 and 16 matched 
controls participated in Experiment 2. All patients received antipsychotic medication. 
Demographic data are shown in Table 1. There was no significant difference of age 
between groups, t(30) = 0.32, p < .751. None of the participants of Experiment 2 
participated in Experiment 1.

3.1.2  Materials and procedure
Visual stimuli. Video recordings were made of 12 semi-professional actors (6 women), 
coached by a professional director. They were instructed to approach a table, pick up 
a glass, drink from it, and put it back on the table. They performed this action once in 
a happy and once in a fearful manner. During the recording of the video clips, actors 
were provided with specific scenarios for every emotion; for example, the fearful 
scenario stated that the glass contained extremely hot water (see also Grèzes, Pichon, 
& de Gelder, 2007). A fragment of 800 ms showing the actor grasping the glass was 
selected from each take. Facial expressions were blurred by motion-tracking software. 
In a pilot study, the 24 edited dynamic stimuli were presented 4 times to 14 participants. 
Participants were instructed to categorize as accurately and as fast as possible the 
emotion expressed by the actor (fear or happiness). The pilot session was preceded 
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by eight familiarization trials. Sixteen stimuli were selected (2 genders × 4 actors × 2 
emotions). Since we expected that recognition of the body language would improve 
when the body stimuli were combined with congruent auditory information, body 
stimuli that were recognized at ceiling were not selected. Mean recognition of the 
selected stimuli was 86.1% (SD = 9.7). A paired t-test between the fearful and happy 
body language showed no significant difference, t(13) = 1.109, p < .287.

Auditory stimuli. Audio recordings were made at a sampling rate of 44.1 kHz of 22 
subjects (14 women), while they made nonverbal emotional vocalizations (fearful 
and happy). Specific scripts were provided for every target emotion. For example, for 
fear, the subjects were instructed to imagine that they were going to be attacked by a 
robber. Explicit instructions were given to refrain from pronouncing words. The most 
representative 800 ms from each recording was selected. In a pilot study, the sounds 
were presented 4 times to 15 participants in a randomized order. The participants were 
instructed to categorize as accurately and as fast as possible the emotion expressed by 
the voice (fear or happiness). The pilot session was preceded by three familiarization 
trials. From these results, eight fearful and eight happy sounds were selected. Mean 
recognition of the stimuli was 94.6% (SD = 6.7). A paired t-test between the fearful  
(M = 96.1) and happy (M = 93.0) vocalizations showed no significant difference,  
t(14) = 0.474, p < .643.

Environmental sounds of aggressive dog barking and joyful bird songs were 
downloaded from the Internet. Stimuli were selected on the basis of their emotion-
inducing characteristics. The most representative 800-ms fragment of every sound 
was presented 4 times to 13 participants in a third pilot study. Instructions were to 
categorize as accurately and as fast as possible the emotion induced by the sound (fear 
or happiness). The session was pre- ceded by three familiarization trials. Eight fear- and 
eight happiness-inducing sounds were selected. Mean recognition of the stimuli was 
94.8% (SD = 5.7). A paired t-test between the fearful (M = 97.5) and happy (M = 92.1) 
vocalizations showed no significant difference, t(12) = 1.469, p < .168.

For each emotion, we compared the ratings of the animal vocalizations with those of 
the human vocalizations. Independent samples t-tests showed no differences between 
the pairs, t(26) ≤ 1.195, p < .243. Experimental stimuli were then constructed with these 
visual and auditory materials. For this purpose, every video was paired once with a 
fearful and a happy human vocalization and once with a fearful and a happy animal 
vocalization, resulting in a total of 64 bimodal stimuli.

Procedure. The experiment consisted of an auditory (A), visual (V), and audiovisual 
(AV) block. In each block, all stimuli were presented twice in random order. The order 
of the blocks was counterbalanced. The AV block consisted of 128 trials, the V block 
of 32 trials, and the A block of 64 trials. A trial started with the presentation of a white 
fixation cross in the center of the screen against a dark background. The fixation cross 
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had a variable duration to reduce temporal predictability (2000–3000 ms) and was 
followed by presentation of a stimulus (800 ms), after which a question mark appeared 
until the participant responded. In the AV and V blocks, participants were instructed 
to categorize the emotion expressed by the body in a two-alternative, forced-choice 
task by pressing the corresponding button (happy or fearful). Response buttons were 
counterbalanced across participants. Because we wanted to make sure participants saw 
the full length of the stimulus before they responded, they were instructed to respond 
only when the question mark appeared. In the A block, participants were presented 
with only auditory stimuli and instructed to categorize the emotion (happy or fearful).

3.2  results

We excluded trials on which participants responded before the end of the stimulus (RT 
< 800 ms). On this basis, 64 trials (1.3%) were discarded. We computed the proportion 
of “happy” responses in the different conditions. Results are shown in Figure 2. The data 
with animal and human vocalizations were analyzed separately. Since the participants 
performed a delayed- RT task, no RT data were analyzed. A comparison between both 
groups on recognition of each of the four unimodal auditory conditions showed no 
significant difference, t(31) < 1.850, p < .074.

3.2.1 Human vocalizations
A repeated-measures ANOVA was performed on the proportion of “happy” responses, 
with Visual Emotion (two levels: fearful and happy) and (human) Auditory Emotion 
(three levels: fearful, happy, and no auditory stimulus) as within-subjects factors, and 
with Group (two levels: schizophrenia and control) as between-subjects factor. This 
revealed a main effect of Visual Emotion, F(1, 31) = 124.154, MSE = 0.102, p < .001; a main 
effect of Auditory Emotion, F(1, 31) = 11.278, MSE = 0.035, p < .001; and a significant 
two-way Auditory Emotion × Group interaction, F(2, 62) = 3.310, MSE = 0.035, p < .043. 
The Visual Emotion × Group interaction was marginally significant, F(1, 31) = 3.937, MSE 
= 0.102, p < .056.

The main effect of Visual Emotion indicates that the proportion of happy responses 
is higher for happy body language, as expected. The main effect of Auditory Emotion 
shows that the ratings of the bodily expressions are influenced by Auditory Emotion, 
while the Auditory Emotion × Group interaction indicates that this auditory influence 
is significantly different between the two groups. To follow up this interaction effect, 
we computed the influence of the auditory information for both groups separately, by 
calculating the ordinal difference between the uni- modal and bimodal conditions: (fear 
video minus fear video paired with fear audio) + (fear video paired with happy audio 
minus fear video) + (happy video paired with happy audio minus happy video) + (happy 
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video minus happy video paired with fearful audio). The resulting difference was higher 
for the schizophrenia group (0.46) than the control group (0.14), indicating that the 
schizophrenia are more influenced by the vocalizations than the controls.

We also compared the ratings of both unimodal conditions (fearful and happy body 
language) between both groups with independent samples t-tests. This showed no 
significant difference, t(31) < 1.335, p < .192, indicating that both patients and controls 
were equally able to recognize the unimodal whole-body expression videos.

3.2.2 Animal vocalizations
A repeated-measures ANOVA on the proportion of happy responses with Visual 
Emotion (fearful and happy) and (animal) Auditory Emotion (fearful, happy, and no 
auditory stimulus) as within-subjects factors, and Group (schizophrenia and control) as 
between- subjects factor, revealed a significant main effect of Visual Emotion, F(1, 31) 
=112.758, MSE=0.115, p < .001, and a significant Visual Emotion × Group interaction, 
F(1, 31) = 4.456, MSE = 0.115, p < .043. To follow up the interaction effect, we computed 
for both groups separately, the mean proportion of happy responses for the conditions 
with a happy video, regardless of (animal) auditory information, and we followed the 
same procedure for the fearful video conditions. The proportion of happy responses on 
the conditions with fear videos was significantly lower in the control group than in the 
schizophrenia group, t(31) = 2.199, p < .035), suggesting that the schizophrenia patients 
were less accurate in categorizing fearful videos. The difference between both groups in 
the conditions with happy videos was not significant.

3.3  discussion

We presented schizophrenia patients and controls with videos of a person engaged in an 
everyday action (picking up a glass in a realistic situation). This action was performed in 
either a fearful or a happy manner. In the bimodal blocks, the videos were simultaneously 
presented with either a congruent or an incongruent vocal expression, which could be 
produced by a human or an animal. These stimuli were chosen to maximize ecological 
validity, which is an important factor in multisensory integration. It has been suggested 
that integrating information from multiple sensory channels leads to reduction of the 
ambiguity that is inherent in each single sensory channel (Bertelson & de Gelder, 2004; 
de Gelder & Bertelson, 2003). 
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Figure 2. Proportion of “happy” responses in the bimodal and unimodal conditions, separated by group, 
emotion, auditory category, and congruence. Error bars represent 1 SEM.

The results show that schizophrenia patients are more influenced by the task-irrelevant 
auditory information than the control group, but only for human and not for the 
animal vocalizations. The increased cross- modal bias of vocal expressions over body 
expressions may point to a greater impact of the auditory modality under audiovisual 
perception conditions in schizophrenia patients. This explanation is also compatible 
with our previous study in which schizophrenia patients showed a reduced cross-modal 
bias of visual facial expression in the recognition of the emotion in a vocal expression 
(de Jong et al., 2009), and with a recent report from audiovisual speech perception in 
schizophrenia (Ross et al., 2007). But this does not explain why schizophrenia patients 
are more influenced by the human and not the animal vocalizations. The present results 
indicate that abnormal affective multisensory integration in schizophrenia is modulated 
by the association between the sources of different sensory channels.

Another possible explanation may be task difficulty. If schizophrenia patients have 
more difficulty in recognizing the visual stimulus, they might rely more on the information 
provided by the secondary stimulus. A direct test between both groups of the unimodal 
conditions reveals no significant difference, indicating that schizophrenia patients and 
controls perform equally in recognizing whole-body expressions as well as human and 
animal auditory vocalizations. This does not rule out the possibility, however, that they 
have more difficulty with audiovisual stimuli. The auditory information may be harder 
to ignore for the patients either because the focused-attention task requires them to 
shut out one input system, or because ignoring it is harder in the case of human sounds.
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4.  generaL diScuSSion

In the first experiment, we tested recognition of static emotional body language in a 
group of schizophrenia patients, nonschizophrenic psychotic patients, and controls. 
The results show a general emotion recognition impairment in the schizophrenia 
group. The impairment is also present in the nonschizophrenic psychosis group, but 
to a lesser extent. The present study shows that the emotion-recognition difficulties 
in schizophrenia, which have been previously documented with studies using facial 
expressions (for a review, see Mandal et al., 1998), extend to the recognition of body 
language. This deficit is consistent with findings from neuroimaging studies, showing 
that brain structures involved in perceiving emotional body language (for reviews, see 
de Gelder, 2006; de Gelder et al., 2010) show abnormalities in schizophrenia. Perception 
of bodily expressions activates not only brain areas associated with emotion perception, 
but also areas involved in action representation (de Gelder et al., 2004; Grèzes et al., 2007; 
Pichon, de Gelder, & Grèzes, 2008), and both of these structures show abnormalities in 
schizophrenia (e.g., Bertrand et al., 2008; Gur et al., 2002; Michalopoulou et al., 2008; 
Phillips et al., 1999; Pinkham, Hopfinger, Pelphrey, Piven, & Penn, 2008a). Impaired 
recognition of body expressions in schizophrenia and nonschizophrenic psychosis might 
have its roots in a dysfunction of the brain network involved in emotion perception, but 
possibly also in a deficit of the brain areas involved in action representation.

Recently, it has been suggested that the motor abilities of the observer are an 
important aspect of body language recognition. A link has been suggested between 
disorders with movement deficits and anomalous recognition of bodily expressions (de 
Gelder, 2006; de Gelder et al., 2008). It is possible that the motor problems associated 
with schizophrenia, such as catatonia, play an important role in recognizing emotional 
body language. Static images contain less information than dynamic stimuli and require 
the brain to generate and fill in the movement information.

The second experiment focused on multisensory integration of dynamic emotional 
body language, on the one hand, and both human and animal vocalizations on the other 
hand. The data show an increased integration of both modalities in the schizophrenia 
group, but only when the auditory information consists of human voices. These findings 
are compatible with an auditory-dominance hypothesis in schizophrenia, as a previous 
study with face–voice combinations showed a reduced influence of the facial expression 
on recognition of the vocal expression in schizophrenia patients (de Jong et al., 2009; 
Ross et al., 2007). A critical evaluation of this hypothesis in future studies would include 
task manipulation and instructions to categorize the emotion expressed by the auditory 
stimulus.

At the neuroanatomical level, binding of emotional information in the face and voice 
has been associated with activity in the amygdala (Dolan, Morris, & de Gelder, 2001; 
Ethofer et al., 2006). Interestingly, abnormal amygdala activity has been reported in 
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schizophrenia in response to facial expressions (e.g., Gur et al., 2002; Michalopoulou et 
al., 2008; Phillips et al., 1999), and it is therefore likely that the anomalous multisensory 
integration also results from abnormal amygdalar activity.

The patients show a general impairment in recognizing static emotional body 
expressions, whereas there is no significant difference between both groups in 
recognizing dynamic, ecologically valid, whole- body expressions. A possible 
explanation for this finding concerns the cognitive task demands. Recognizing isolated 
static expressions requires a higher flexibility in order to compensate for the lack of 
information, as in direction of movement and speed of movement. Future research is 
needed to identify the specific processes that are impaired in schizophrenia patients 
when recognizing affective stimuli, possibly in relation to ecological validity.
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aBSTracT

Background: Deficits in emotion perception are a well-established phenomenon 
in schizophrenic patients and studies have typically used unimodal emotion tasks, 
presenting either emotional faces or emotional vocalizations. We introduced bimodal 
emotion conditions in two previous studies in order to study the process of multisensory 
integration of visible and audible emotion cues. We now build on our earlier work and 
address the regulatory effects of selective attention mechanisms on the ability to 
integrate emotion cues stemming from multisensory channels. 

Methods: We added a neutral secondary distractor condition to the original bimodal 
paradigm in order to investigate modality-specific selective attention mechanisms. 
We compared schizophrenic patients (n=50) to non-schizophrenic psychotic patients 
(n=46), as well as to healthy controls (n=50). A trained psychiatrist used the Schedules of 
Clinical Assessment in Neuropsychiatry (SCAN 2.1) to diagnose the patients.

Results: As expected, in healthy controls, and to a lesser extent in non-schizophrenic 
psychotic patients, modality-specific attention attenuated multisensory integration of 
emotional faces and vocalizations. Conversely, in schizophrenic patients, auditory and 
visual distractor conditions yielded unaffected and even exaggerated multisensory 
integration.

Conclusions: These results suggest that schizophrenics, as compared to healthy 
controls and non- schizophrenic psychotic patients, have modality-specific attention 
deficits when attempting to integrate information regarding emotions that stem from 
multichannel sources. Various explanations for our findings, as well as their possible 
consequences, are discussed.
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1.  inTroducTion

Schizophrenia is characterized by pervasive cognitive and social impairments, which 
has led to the concept of social cognition deficit (Couture et al., 2006; Green et al., 2000, 
2004, 2005; Velligan et al., 1997, 2000). Emotion perception represents an essential part 
of this concept. Numerous studies have demonstrated deficits in emotion perception 
in schizophrenia and these deficits have been proposed as intermediates between 
neurocognitive disturbances and impaired social outcomes (Edwards et al., 2002; Kohler 
et al., 2000; Mandal et al., 1998).

Studies that have investigated the effects of emotion perception have almost 
exclusively used unimodal tasks in which participants were presented with either visual 
or auditory emotionally laden stimuli (Edwards et al., 2002). In contrast, de Gelder et 
al. (2005b) and de Jong et al. (2009) used bimodal tasks in which emotionally laden 
visual and auditory stimuli were presented simultaneously. The emotions in the two 
stimuli were either matched or unmatched. Doing so provided the opportunity to study 
the naturally occurring process of multisensory integration of stimuli. The results of the 
two studies showed that schizophrenic patients were significantly less able to integrate 
facial and vocal emotions compared to non-schizophrenic psychotics, and to healthy 
people.

However, neither of these two studies addressed the important issue of 
selective attention mechanisms. Normally, spatial and modality-specific selective 
attention will affect multisensory integration in a top–down manner. Whereas the 
integration of matching vs. non-matching information has resulted in behavioral 
and electrophysiological enhancements and decrements, such consequences have 
typically been attenuated when attention was selectively directed towards a specific 
location or sensory channel (Alsius et al., 2005; Mozolic et al., 2008; Turatto et al., 2002). 
Therefore, the purpose of the current study was to investigate how modality-specific 
attention regulates the multisensory integration of emotion in schizophrenic patients. 
We compared schizophrenic to non-schizophrenic psychotic patients and to healthy 
controls.

Crossmodal influence between sensory channels is a natural and automatic part of 
multisensory integration, and behavioral and neural performances are facilitated by 
this phenomenon (Bertelson and de Gelder, 2004; Brancazio and Miller, 2005; Calvert 
et al., 2000; Calvert, 2001, 2004; de Gelder, 2000; Hershenson, 1962; Jones and Callan, 
2003; Macaluso et al., 2004; McGurk and MacDonald, 1976; Meredith and Stein, 1986; 
Radeau, 1994; Stein et al., 1988). For example, integrating visible lip movements with 
audible speech improves listening, whereas integrating facial with prosodic emotion 
improves understanding (Dolan et al., 2001; de Gelder et al., 2002, 2005a; Meeren et al., 
2005; Pourtois et al., 2000, 2005; van den Stock et al., 2007). These findings underscore 
the importance of multisensory integration for adaptive behavior.
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The most compelling task for the brain, when combining separate sensory stimuli 
into a single event, is to discard the overabundance of irrelevant multisensory stimuli. 
Selective attention mechanisms enhance integrating stimuli that are biologically 
relevant while suppressing stimuli that do not convey the same event (de Gelder, 2000). 
We presented participants with emotionally laden faces and vocalizations in order to 
study multisensory integration. We then used visual and auditory distractors to create 
different conditions of modality-specific attention. We hypothesized that the regulatory 
effects of modality-specific attention on multisensory integration of emotions would 
discriminate between schizophrenics, non-schizophrenic psychotic patients, and 
healthy people.

2.  MaTeriaLS and MeTHodS

2.1  Participants

One hundred and one outpatients from a local psychiatric hospital and 50 neurologically 
and psychiatrically healthy controls (Ctrl) participated in the study. A trained 
psychiatrist examined the outpatients using the Schedules of the Clinical Assessment 
in Neuropsychiatry (SCAN 2.1) and diagnosed 55 patients as having schizophrenia 
(Sch), and 46 patients as having a non-schizophrenic psychosis (N-Sch-Psy). Participants 
gave their informed consent and were paid for their participation, and the study was 
approved by the regional Medical Ethics Committee. Participants in this study were 
identical to those used by de Jong et al. (2009) and the data for this study were collected 
concurrently with those of the de Jong study. However, whereas the de Jong et al. study 
focused exclusively on the multisensory processing of facial and vocal emotions, the 
current study focused on how modality-specific attention regulates the multisensory 
integration of emotions.

DSM-IV classifications are displayed in Table 1. Table 2 shows demographic and 
clinical variables. The three groups did not differ significantly on sex ratio, χ2(2,151) = 
5.90, p = 0.052; educational level, χ2(6,151) = 11.32, p = 0.079; nor handedness χ2(2,151) = 
0.24, p = 0.888. Age differences were, however, significant, F(2,150) = 7.59, p = 0.001, and 
mean ages were as follows: Sch (33.53), N-Sch-Psy (35.22) and Ctrl (41.16). Moreover, Sch 
scored significantly higher than did N-Psy-Sch on positive, F(1,100) = 258.60, p = 0.001; 
negative, F(1,100) = 480.35, p = 0.001; and total PANSS- scores F(1,100) = 2882.13, p = 
0.001.
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Table 1. DSM-IV classifications within both patient groups (schizophrenic patients, non-schizophrenic 
psychosis patients)

Schizophrenic 
subjects

non-schizophrenic 
psychosis subjects

295.30 Schizophrenia, paranoid type 53

295.90 Schizophrenia, residual type 2

295.40 Schizophreniform disorder 1

295.70 Schizoaffective disorder, bipolar type 3

295.70 Schizoaffective disorder, depressive type 5

297.1 Delusional disorder, persecutory type 3

298.8 Brief psychotic disorder 3

296.44 Bipolar I disorder, last episode manic, with psychosis 12

296.54 Bipolar I disorder, last episode depressed, with psychosis 1

296.24 Depressive disorder, single episode, with psychosis 3

296.34 Depressive disorder, recurrent, with psychosis 2

298.9 Psychosis not otherwise specified 13

Total 55 46

Table 2. Demographic and clinical (PANSS) characteristics of the three groups of subjects (schizophrenic 
patients, non-schizophrenic psychosis patients, controls)

Schizophrenic 
subjects

non-schizophrenic 
psychosis subjects control subjects Significance

N 55 46 50
Age (mean years ± SD)a 33.53 (8.80)c 35.22 (9.04)c 41.16 (12.94) p=0.001
Sex (% men)b 70.9 63.0 48.0 p=0.052
Handedness (% right-handed)b 85.5 84.8 88.0 p=0.888

Education (within-group %)b

        1
        2
        3
        4

7.3
18.2
40.0
34.5

2.2
21.7
37.0
39.1

0.0
6.0
56.0
38.0

p=0.079

PANSS a 
        Positive
        Negative
        General
        Total

16.8
20.6
38.1
75.5

13.6
16.2
35.0
64.8

p=0.001
p=0.001
p=0.058
p=0.001

a ANOVA
b Chi-square
c Significantly different from controls, not the other patient group
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2.2 Materials and procedure

Participants were presented simultaneously with a face on a computer screen and a 
short vocalization, and then asked to rate the emotion of the vocalization. The faces, 
as well as the vocalizations, depicted either a happy, sad, or fearful emotion, and were 
extensively tested in a pilot-study to ensure that the emotions were unambiguous and 
easily discernible from one another. The vocalizations consisted of one of the following 
four short phrases: “bought a car”; “to Amsterdam”; “been to hair dresser”; and “by 
airplane”. Two task sets were employed: Task Set 1 and Task Set 2. The target emotions in 
Task Set 1 were happy or sad, and the emotions in the visual and auditory stimuli were 
either matched or mismatched. Matching meant combining a happy face with a happy 
vocalization or a sad face with a sad vocalization and mismatching meant combining 
a sad face with a happy vocalization or happy face with a sad vocalization. The target 
emotions in Task Set 2 were happy or fearful. Participants pressed one of two buttons as 
fast as possible to indicate whether the emotion in the vocalization was happy or sad, or 
happy or fearful. Participants were asked explicitly to watch the computer screen while 
rating the vocalization, but to ignore the facial emotion.

Faces were taken from Ekman and Friessen (1976) and were presented for 800 
ms. Vocalizations were semantically neutral and were obtained by instructing four 
professional actors (two males and two females) to pronounce the phrases as if they 
were happy, sad, or afraid; and durations ranged from 599 to 1265 ms.

Whereas the original study by de Jong et al. (2009) included only paired combinations 
of different facial and auditory emotions, the current study included secondary visual 
and auditory distractors, thus creating four additional trials (two for each Task Set) that 
represented conditions of modality-specific attention. The 64 stimuli for each trial were 
presented in pseudorandom order – 32 trials used matched visual/auditory stimuli and 
32 trials used mismatched stimuli.

The visual distractor consisted of two black squares that were 1.0 × 1.0 cm (2.0 × 2.0°) 
with a white digit (randomly presented as either a ‘6’ or an ‘8’) in the centre. The digits 
were projected randomly for 800 ms between the eyebrows of either a happy, sad, 
or fearful face. Participants pressed a button to rate the emotion of the vocalization, 
and were then immediately prompted on-screen by the question: “was there an 8 in 
the face?” The auditory distractor consisted of a pair of tones, each 300ms in duration 
and separated by an interstimulus duration of 200 ms. In the first pair, each tone had 
a frequency of 500 Hz, whereas in the second pair the first tone had a frequency 
of 500 Hz and the second tone had a frequency of 540 Hz. The pairs of tones were 
presented randomly and their onset coincided with that of the faces and vocalizations. 
Participants first rated the emotion in the vocalization and were then asked to respond 
to the question, “Did you hear a high tone?” by pressing a ‘yes’ or a ‘no’ button as fast 
as possible.



Modality-specific attention and audiovisual emotion perception in schizophrenia 77

CHAPTER 

4

To summarize, each participant rated the emotion of a vocalization in the presence 
of a matching or mismatching facial expression and either with or without a secondary 
distracting condition that was presented concurrently. Each participant worked through 
six different trials in a fixed order. Trial 1 used happy vs. sad emotions in visual/auditory 
combinations (Task Set 1). Trial 2 did the same, but pitted happy vs. fearful emotions 
against one another (Task Set 2). Trial 3 combined a visual distractor under Task Set 
1 conditions whereas trial 4 combined a visual distractor under Task Set 2 conditions. 
Trials 5 and 6 combined an auditory distractor under Task Sets 1 and 2, respectively. A 
graphic illustration of the stimuli used within the different Task conditions is presented 
in Table 3.

2.3  Statistical procedures and outlier management

Performance accuracy was the proportion of correct responses. Accuracy was determined 
for matched and mismatched face/voice pairs respectively, yielding two within-subject 
variables for each trial. De Jong et al. (2009) indicated a Matching×Group interaction and 
reduced emotional multisensory integration in schizophrenics. Matching was defined 
by within-subject accuracy rates on matched and mismatched emotion items, reflecting 
the crossmodal influence of the facial emotions on the perceptions of emotion in the 
vocalizations. In this study, Matching × Task × Group interactions were explored to test 
our hypothesis and the Task variable reflected different conditions of modality-

specific attention. We used SPSS 15.0 and univariate analyses with our repeated 
measures design.

Outliers were managed with the same procedure and criteria as described in de 
Jong et al. (2009). Some subjects appeared to have judged facial emotion instead of the 
required vocal emotion, resulting in normal accuracy rates for matched, but extremely 
low accuracy rates for mismatched face/voice pairs. In such cases, differences between 
emotion-congruent and emotion-incongruent conditions amounted to more than 
0.5, which was considered to be an appropriate cutoff for outlier data. Furthermore, 
a few subjects appeared to have reversed the yes/no response keys throughout the 
task. The accuracy rates for matching face/voice pairs in these instances also fell below 
the chance- level (0.5) and such data were also considered as outliers. The number 
of discarded outliers across the six trials was 16, 15, and 6 for schizophrenics, non-
schizophrenic psychotics, and controls, respectively χ2(2,151) = 6.49, p = 0.039. Outliers 
were treated on a task-by-task basis during the analysis and no participant data was 
excluded entirely.

We conducted three main analyses: within-group effects of Task were plotted and 
analyzed for Task Set 1 and Task Set 2 (see Sections 3.1 and 3.2), after which an omnibus 
between-group analysis across both Task Sets was conducted (see Section 3.3).
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Table 3. Graphical illustration of presented stimuli (columns) within each Task condition (rows)

3.  reSuLTS

3.1  Happy-Sad

Scores for Task Set 1 have been plotted in Fig. 1 in order to display the within-group 
effects of varying levels of modality- specific attention. Crossmodal impact was affected 
by Task condition only for the control group, whereas the schizophrenic and psychosis 
groups each showed parallel lines across the different conditions. The slope of the 
visual distractor condition was attenuated for the control group. A 2 × 3 ANOVA for each 
group, with Matching and Task as within-subject factors, was conducted to explore these 
findings further. Matching and Task interacted significantly F(2,92) = 5.39, p = 0.006 for 
the control group, however this interaction was non-significant for the schizophrenic, 
F(2,90) = 0.07, p = 0.93 and psychosis, F(2,72) = 0.29, p = 0.75 groups.
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Fig. 1 Ctrl categorization of happy and sad voices in 
healthy controls, displayed for each task condition. 
The flattened slope of the line that represents the 
visual distractor condition illustrates a diminished 
crossmodal impact of facial on vocal emotion. N-Sch-
Psy categorization of happy and sad voices in non-
schizophrenic psychotic patients, displayed for each 
task condition. The nearly parallel slopes of the three 
lines indicate that the distractor conditions do not 
affect initial crossmodal impact of facial on vocal 
emotion. Sch categorization of happy and sad faces 
in schizophrenia, displayed for each task condition. 
The parallel slopes of the three lines indicate that the 
crossmodal impact of facial on vocal emotion does not 
vary with conditions of modality-specific attention.

Fig. 2 Ctrl categorization of happy and fearful voices in 
healthy controls, displayed for each task condition. The 
flattened slopes of the lines that represent visual and 
auditory distractor conditions illustrate attenuated 
crossmodal impact of facial on vocal emotion. N-Sch-
Psy categorization of happy and fearful voices in 
non-schizophrenic psychotic patients, displayed 
for each Task condition. The slopes of the lines that 
reflect distractor conditions are more horizontal than 
the line that represents the no-distractor condition. 
Sch categorization of happy and fearful voices in 
schizophrenia, displayed for each task condition. The 
slopes of the lines that reflect the no-distractor and 
the visual distractor conditions are parallel. In contrast 
to the other groups, the line that reflects the auditory 
distractor condition is steeper, thereby illustrating 
an exaggerated crossmodal impact of facial on vocal 
emotion.
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3.2  Happy-Fear 

Scores for the various Task Set 2 distractor conditions have been plotted in Fig. 2. In 
Ctrl and N-Sch-Psy, crossmodal impact was attenuated in the visual distractor condition. 
Again, adding a visual distractor did not alter the original MSI pattern in Sch. In contrast, 
the line that reflected the auditory distractor condition was steeper for Sch but not 
for Ctrl nor for N-Sch-Psy. Further analyses revealed significant interaction effects for 
Ctrl, F(2,90) = 5.24, p = 0.007 and for N-Sch-Psy, F(2,64) = 6.85, p = 0.002. Crossmodal 
impact did not interact significantly with the Task condition for schizophrenics F(2,88) = 
1.55, p = 0.22. Therefore, an exaggerated multisensory integration effect, as seen in Fig. 
2-Sch when schizophrenic participants were distracted by an auditory stimulus, was not 
confirmed here.

3.3  omnibus analyses

To explore our hypothesis of between-group differences more directly, we performed 
an omnibus analysis across both Task Sets (happy/sad and happy/fear) with Matching 
and Task as within-subject factors and Group as a between-subject factor. The main 
factor, Group, was not statistically significant, F(2,111) = 0.48, p = 0.62, which reflected 
the use of unambiguous emotional stimuli. After all, our purpose was not to measure 
between-group differences in emotion perception abilities. The interaction among 
Matching, Task, and Group was significant, F(4,222) = 2.72, p = 0.031, and revealed that 
multisensory integration varied differentially between groups across the modality-
specific attention conditions. We repeated this analysis with covariates of Age, Sex, and 
Education entered as a single set and discovered that the interaction among Matching, 
Task and Group became more significant, F(4,220)=3.64, p=0.007.

To explore further the interaction among Matching, Task and Group, we repeated the 
analysis twice with two instead of three distractor conditions: first targeting the effect 
of the visual distractor, by removing the auditory distractor effect; and second targeting 
the effect of the auditory distractor, by removing the visual distractor. The interaction 
among Congruence, Task, and Group, controlling for the set of three covariates, was 
significant for the visual F(2,120) = 4.06, p = 0.020, as well as the auditory F(2,120) = 
4.21, p = 0.017 distractors. This time, the impression from Fig. 2-Sch of an exaggerated 
integration in Sch during auditory distraction was confirmed statistically. The lack of 
statistical significance mentioned above, when all Task-levels were included, was 
probably a result of opposing trends between the auditory and visual distractor effects.

Fig. 3 shows how visual and auditory distractors differentially affected initial 
crossmodal impact among groups. The visual distractor attenuated multisensory 
integration in Ctrl and in N-Sch-Psy, but not in Sch, for the happy/sad and the happy/fear 
Task Sets. Moreover, within the auditory distractor condition, the difference in response 
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set between Ctrl and Sch becomes even larger as one moves from the happy/ sad Task 
set to the happy/fear Task Set, namely, multisensory integration becomes even more 
attenuated in Ctrl and even more exaggerated in Sch.

Finally, performance on the distraction tasks was analyzed. Mean accuracy rates, 
when responding to the visual distractor (“Was there an 8 in it?”), registered 0.97, 0.96, 
and 0.95 for Ctrl, N-Sch-Psy, and Sch respectively, and F(2,141) = 1.09, p = 0.339. Accuracy 
rates, when responding to the auditory distractor (“Did you hear a high tone?”), were 
0.91, 0.87, and 0.82 respectively, and F(2,145) = 3.72, p = 0.027. A post-hoc Tukey test 
showed that Sch scores were significantly lower than Ctrl scores, and that N-Sch-Psy 
scores were not significantly different from either Sch or Ctrl scores.

Figure 3. Regulation of multisensory integration of emotions by modality-specific attention conditions is 
measured as crossmodal impact without distractor minus crossmodal impact with auditory/visual distractor, 
displayed for happy/sad and happy/fear.
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4.  diScuSSion

Our results confirm the hypothesis that the regulatory effects of modality-specific 
attention on the multisensory integration of facial and vocal affects discriminate among 
schizophrenics, non-schizophrenic psychotic patients, and healthy people. The visual 
distractor attenuates integration patterns for Ctrl and for N-Sch-Psy, but not for Sch, in 
the happy/sad as well as the happy/fear task sets. Moreover, the auditory distractor also 
diminishes integration patterns for Ctrl, but not for N-Sch-Psy, in the happy/fear task set. 
In contrast with Ctrl, a stronger impact of facial on vocal emotion perception occurs in 
Sch. That the trend is in the same direction for happy/sad suggests that this finding is 
consistent.

When we attempt to explain the results of happy/sad, the concept of ‘competition 
for attentional resources’ comes to mind. Research on modality-specific attention shows 
dimin- ished processing of stimuli from the unattended modality (Johnson and Zatorre, 
2006; Laurienti et al., 2002; Macaluso et al., 2000; Spence et al., 2001). When, in our trials, 
a visual distractor competes with facial stimuli for visual resources, facial emotions 
become less available for crossmodal binding. A decrease of the detrimental effect of 
mismatching faces, as well as a reduction in initial performance gains by matching faces 
can be expected (see Fig. 1-Ctrl). That the visual distractor had no effect in N-Sch-Psy 
and Sch may be explained by the fact that basic task demands are already quite high 
for patients. This would result in a high-load driven, diminished attention situation to 
emotional faces as compared to Ctrl. Ctrl participants require a distractor to ignore facial 
emotion.

One would expect the same patterns in the happy/fear Task Set. Fig. 2-Ctrl and Fig. 
2-N-Sch-Psy indeed show diminished detrimental effects when visual and auditory 
cues are mismatched, but unaffected performance gains when the cues are matched. 
These results require an alternative explanation that should take into account the 
multidimensionality of the emotions involved. Selective attention studies describe a 
fronto-parietal brain network that is differentially activated depending on whether 
modality-specific attention cues are semantically congruent with target stimuli (Talsma 
et al., 2006; Talsma et al., 2008). One might expect that different emotions also activate 
different response patterns, representing a higher-order model of the supramodal, 
regulatory mechanism of selective attention, rather than, or along with, the lower-order 
model of attentional resources.

A second explanation for our results considers, paradoxically, unisensory perception 
deficits. Whereas we investigated multisensory integration of emotions, early unisensory 
processing deficits cannot be ruled out. Numerous studies, using stimuli that are 
comparable to our distractors, indicate early perception deficits in schizophrenia. 
In a pitch discrimination study, mean required difference in pitch (Δf) ranged from 
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8%, for a subgroup of long-term outpatients, to 20% for residential-care patients 
(Rabinowicz et al., 2000). We use auditory distractor stimuli with a Δf of 8% (500 and 
540 Hz) in a demanding dual-task design. This may explain the significantly diminished 
performance of Sch when rating auditory distractors. More importantly, our finding 
of exaggerated crossmodal influence during auditory distraction for Sch, as opposed 
to attenuated integration for Ctrl, can be linked to fundamental auditory processing 
deficits. This result might translate to common subjective experiences of patients when 
they feel simultaneously overpowered by environmental information and by disturbing 
encounters with others.

Early visual dysfunction, including impairments in magnocellular/parvocellular 
interactions, is also reported in schizophrenia (Butler et al., 2003; Butler et al., 2007). One 
might expect that simultaneously presenting a whole emotional face, and distractors 
within the face will result in an aberrant response in Sch. This may explain the diminished 
regulatory effects for Sch, as compared to Ctrl and N-Sch-Psy, in both task sets during the 
visual distractor condition.

This is the first study that considers the top–down effects of modality-specific 
attention on the multisensory integration of emotions in schizophrenia. Although the 
ability to integrate matching information from different channels serves an adaptive 
purpose, the top–down, selective attention mechanisms that suppress multisensory 
processing, when there is too much, or conflicting information, are also crucial. Our data 
indicate that the regulatory effects of modality- specific attention on the integration 
of facial and vocal affects are deficient in schizophrenia, whereas intermediate deficits 
are shown in non-schizophrenic psychotic patients. Although paradigms like the one 
used in the present study advance our knowledge, task-oriented approaches with 
electrophysiological and imaging methods would shed further light on the neural basis 
of schizophrenia.
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aBSTracT

Schizophrenia research has identified deficits in neurocognition, social cognition, and 
sensory processing. Because a cohesive model of  “disturbed cognitive machinery” 
is currently lacking, we built a conceptual model to integrate neurocognition, social 
cognition, and sensory processing. 

In a cross-sectional study, the cognitive performance of participants was measured. 
In accordance with the Schedules for Clinical Assessment in Neuropsychiatry, the 
participants were assigned to either the schizophrenia group or the non-schizophrenic 
psychosis group. Exclusion criteria included substance abuse, serious somatic/
neurological illness, and perceptual handicap. The male/female ratio, educational level, 
and handedness did not differ significantly between the groups. 

The data were analyzed using structural equation modeling. Based upon the 
results of all possible pairwise models correlating neurocognition, social cognition, 
and sensory processing, three omnibus models were analyzed. A statistical analysis 
of a pairwise model-fit (χ2, CFI, and RMSEA statistics) revealed poor interrelatedness 
between sensory processing and neurocognition in schizophrenia patients compared 
with healthy control participants. The omnibus model that predicted disintegration 
between sensory processing and neurocognition was statistically confirmed as 
superior for the schizophrenia group (χ2(53) of 56.62, p=0.341, RMSEA=0.04, CFI=0.95). 
In healthy participants, the model predicting maximal interrelatedness between 
sensory processing/neurocognition and neurocognition/social cognition gave the best 
fit (χ2(52) of 53.74, p=0.408, RMSEA=0.03, CFI=0.97). The performance of the patients 
with non-schizophrenic psychosis fell between the schizophrenia patients and control 
participants.

These findings suggest increasing separation between sensory processing and 
neurocognition along the continuum from mental health to schizophrenia. Our results 
support a conceptual model that posits disintegration between sensory processing of 
social stimuli and neurocognitive processing.
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1.  inTroducTion

A proper characterization of the various sensory, neurocognitive (NC), and social 
cognitive (SC) deficits associated with schizophrenia has remained elusive. Nevertheless, 
studies have indicated that both NC and SC factors can predict social functioning (Fett et 
al., 2011; Green et al., 2000). Moreover, recent findings in the field of sensory perception 
have revealed clear differences between healthy individuals and schizophrenia patients 
with respect to how sensory information is processed (Javitt, 2009a). 

The current classification of “impaired cognitive machinery” reflects historical 
notions from visionaries such as Kraepelin (dementia praecox, an NC factor) (Kraepelin, 
1919), Jaspers (empathic communication, an SC factor) (Jaspers, 1946), and Bleuler 
(disintegration between thinking, memory, and perception, a sensory processing (SP) 
factor) (Bleuler, 1911). Each of these founding fathers in their respective fields contributed 
a necessary – albeit insufficient – explanation in their attempt to unravel the mysteries 
of schizophrenia. Here, we explored how NC, SC, and SP factors can be combined to 
build a conceptual model of disturbed cognition in schizophrenia.

NC impairments have typically included attention-controlled functions such as 
executive functioning and memory (Fett et al., 2011; Green et al., 2000). For example, 
Fett et al. (2011) analyzed 52 studies and reported that NC factors account for 15% of the 
variance among different social outcome areas. 
SC encompasses one’s ability to comprehend the feelings of others. Subdomains of 
this field include emotion perception and theory of mind. As with NC, these functions 
have traditionally been measured as attention-controlled capacities. SC factors have 
explained more variance in functional outcome (23%) than NC factors (Fett et al., 2011), 
underscoring the current view that SC adds unique variance to outcome (Allen et al., 
2007; Pinkham et al., 2003).

SP is defined by its pre-attentive nature; SP occurs prior to NC and SC, and it permits 
stimuli to be filtered in and/or out (Javitt, 2009a). Several studies of schizophrenia have 
reported impaired performance in various visual (Doniger et al., 2002; Kim et al., 2006; 
Revheim et al., 2006) and auditory (Turetsky et al., 2009; Umbricht and Krljes, 2005) tasks. 
In addition to visual-only and auditory-only deficits, deficits in multisensory processing 
have recently been reported (de Jong et al., 2010; de Jong et al., 2009; Van den Stock et 
al., 2011; Williams et al., 2010). Normally, behavioral and neural performance is enhanced 
by processing information received from multiple sensory channels (Calvert, 2001; 
Calvert et al., 2000; de Gelder, 2000). Common examples of multisensory events are 
plentiful and include the ability to process emotions that occur simultaneously in faces 
and voices, which is crucial for adapting to social environments. We previously reported 
impaired multisensory integration of emotional faces and voices in schizophrenic and – 
to a lesser extent – non-schizophrenic psychosis patients (de Jong et al., 2009). Recently, 
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these findings were expanded by a report stating that schizophrenic patients have 
abnormal multisensory integration of bodily and vocal expressions (Van den Stock et 
al., 2011). 

Although previous research has revealed that SC factors can mediate the effects of 
NC deficits on functional deficits (Brekke et al., 2007; Schmidt et al., 2011; Sergi et al., 
2007), this study is the first to integrate NC, SC, and SP factors into a single cohesive 
model in an attempt to explain schizophrenia. Moreover, this study is unique in that 
healthy participants and non-schizophrenic psychosis patients were included in the 
study, allowing an analysis of cognitive patterns along a continuum of increasing 
vulnerability to schizophrenic psychosis. 

2.  MaTeriaLS and MeTHodS

2.1  Participants

Outpatients (n = 101) at a regional psychiatric hospital were assessed using the Schedules 
of the Clinical Assessment in Neuropsychiatry (SCAN 2.1) (WHO, 1999). Fifty-five patients 
were diagnosed with schizophrenia (Sch), and 46 patients presented with a form of 
non-schizophrenic psychosis (n-Sch-Psy) (see Table 1 for the DSM-IV-classifications). 
Fifty neurologically and psychiatrically healthy subjects served as a control group 
(ctrl). The study was approved by the regional Medical Ethics Committee, and the 
participants provided informed written consent and received financial compensation 
for their participation. For additional details of the procedures and patient cohort, see 
our previous reports (de Jong et al., 2010; de Jong et al., 2009) and Table 2. Importantly, 
all of the patients lived independently or semi-independently with moderate support. 
PANSS scores revealed “moderate illness severity” with a Total Symptoms score of 75.5 
(Leucht et al., 2005).
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Table 1. DSM-IV classifications within the two patient groups (schizophrenic patients and non-schizophrenic 
psychosis patients)

Schizophrenic 
subjects

non-schizophrenic 
psychosis subjects

295.30 Schizophrenia, paranoid type 53

295.90 Schizophrenia, residual type 2

295.40 Schizophreniform disorder 1

295.70 Schizoaffective disorder, bipolar type 3

295.70 Schizoaffective disorder, depressive type 5

297.1 Delusional disorder, persecutory type 3

298.8 Brief psychotic disorder 3

296.44 Bipolar I disorder, last episode manic, with psychosis 12

296.54 Bipolar I disorder, last episode depressed, with psychosis 1

296.24 Depressive disorder, single episode, with psychosis 3

296.34 Depressive disorder, recurrent, with psychosis 2

298.9 Psychosis not otherwise specified 13

Total 55 46

Table 2. Demographic and clinical (PANSS) characteristics of the three groups of subjects (schizophrenic 
patients, non-schizophrenic psychosis patients, controls)

Schizophrenic 
subjects

non-schizophrenic 
psychosis subjects control subjects Significance

N 55 46 50
Age (mean years ± SD)a 33.53 (8.80)c 35.22 (9.04)c 41.16 (12.94) p=0.001
Sex (% men)b 70.9 63.0 48.0 p=0.052
Handedness (% right-handed) b 85.5 84.8 88.0 p=0.888

Education (within-group %) b

        1

        2

        3

        4

7.3

18.2

40.0

34.5

2.2

21.7

37.0

39.1

0.0

6.0

56.0

38.0

p=0.079

PANSS a 

        Positive

        Negative

        General

        Total

16.8

20.6

38.1

75.5

13.6

16.2

35.0

64.8

p=0.001

p=0.001

p=0.058

p=0.001

a ANOVA
b Chi-square
c Significantly different from controls, not the other patient group
d The highes completed educational level was noted according to standard conventions (Pichot et al., 1993) 
and using four categories that are suitable to the Dutch educational system (1 = elementary school; 2 = 
junior/secondary or vocational school; 3 = secondary education; 4 = post-secondary education or higher)



Chapter 594

2.2  Tasks

2.2.1.  Sensory processing (SP)
The performance data were identical to the dataset that was used in our previous study 
of impaired integration of facial and vocal emotions (de Jong et al., 2009). In brief, each 
subject listened to a short, semantically neutral vocalization spoken by professional 
actors while simultaneously viewing an image of a human face taken from the Ekman 
and Friesen series (Ekman and Friesen, 1976). Within each of two series of 64 trials (one 
trial with happy and fear as the target emotions and one trial with happy and sad), the 
facial and voice emotions were – in random order – matched in 32 trials and mismatched 
in the other 32 trials. 

The subjects were instructed to continue looking at the computer screen but to 
ignore the emotion depicted in the face. The subjects then pressed a button to indicate 
the emotion in the vocalization. Performance was measured as the proportion of correct 
responses in the mismatched trials subtracted from the proportion of correct responses 
in the matched trials. This difference score reflects the extent to which facial and vocal 
emotions are integrated. 

2.2.2.  Neurocognition (NC)
NC was measured by testing sustained attention, executive functioning, selective-
attention performance, and verbal working memory. A computerized continuous 
performance test (CPT) (CDLJava, version 7.01) was used to measure sustained 
attention (Lezak, 2004). We used the 3-7-target version of the text, and d’ scores were 
used to quantify performance. A computerized version of the Wisconsin Card Sorting 
Test (WCST) (Heaton et al., 1993) was used to measure executive functioning, and the 
number of categories completed was used to quantify performance. An original version 
of the Stroop color-word test (Hammes, 1973) was used to measure selective-attention 
performance; difference scores between the time to complete cards II and III were 
computed. Finally, verbal working memory was measured using the Letter Number 
Sequencing subtest of the Wechsler Adult Intelligence Scale-III (WAIS-III) (Wechsler, 
1997); raw test scores were used to quantify performance.

2.2.3.  Social cognition (NC)
Two visual and two auditory emotion perception tasks were performed. First, 20 faces 
from the Ekman and Friesen series were presented randomly and serially via a computer 
screen. Each face displayed one of the following five emotions: happy, angry, sad, fear, or 
disgust. The subject pressed one of five buttons on a response box as quickly as possible 
to indicate which facial emotion was being portrayed on the screen. 
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In the second visual task, three emotional faces from the Ekman and Friesen series 
were presented simultaneously on the computer screen; one face was positioned at the 
top of the screen, and two faces were positioned at the bottom. The subject pressed 
one of two response keys to indicate which of the two faces displayed below portrayed 
the same emotion as the face displayed at the top of the screen. The emotions included 
the same five emotions used in the first visual task plus the emotions surprise and 
neutrality. The three faces were from three different people and were all of the same 
gender within a trial. This task included 28 trials.

The third task was a voice emotion recognition task in which 80 emotional sentences 
were presented in random order. The subject was instructed to indicate which of the 
following five emotions they heard: happiness, sadness, anger, fear, or disgust. 

The fourth task was a voice emotion-matching task. Three voice utterances that were 
spoken with emotion were presented in serial order. Within each trial, the first utterance 
indicated the target emotion, which was happiness, sadness, fear or anger. Either the 
second or the third utterance was spoken with the same emotion as the target emotion, 
and the subject was asked to indicate which of the two utterances matched the target 
emotion. This task included 48 trials. In all four visual and auditory tasks, emotion 
perception was measured as the proportion of correct responses.

3.  reSuLTS

Table 3 shows the means, standard deviations, and the ANOVA test results across 
the three groups for each cognitive performance variable. The three groups differed 
significantly with respect to several tasks. Subsequent post-hoc testing revealed that 
the Sch group performed worse than the Ctrl group in most of the tests. 

Structural equation modeling (SEM) (Tomarken and Waller, 2005; Ullman, 2001) was 
used to examine the relationships between SP, NC, and SC. SEM combines confirmatory 
factor analysis with multiple regression to analyze relationships between constructs. 
The relationships were first analyzed by modeling pairs of cognitive domains. Fig. 1 
shows the various models for each of the three possible pairs. Thus, the pairs of 
cognitive domains were estimated both as separate constructs and as interrelated 
factors. The model that yielded the best fit determined whether the cognitive domains 
were functionally integrated or disintegrated. If the distinct construct model yielded 
the best fit, the cognitive domains were considered to be disintegrated; on the other 
hand, if the interrelated construct model yielded the best fit, the cognitive domains 
were considered to be functionally integrated. Based upon the pairwise analyses, we 
generated three omnibus models to describe the functional relationships between all 
three cognitive domains (Fig. 2).
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Table 3. Results of tasks administered to measure Sensory processing, Neurocognition, and Social cognition. 
All summary values represent mean ± SD

Schizophrenia 

non- 
schizophrenic 
psychosis 

Healthy 
controls p-value

Number of participants 55 46 50

Sensory Processing

   Multisensory Integr. Happy/Fear, % a 10.25 (11.56) 17.00 (10.51) 15.76 (14.53) p=0.021c

   Multisensory Integr. Happy/Sad, % a 4.69 (6.82) 6.25 (9.99) 6.51 (8.24) p=0.500

Neurocognition

   CPT, d’ a 3.349 (0.763) 3.061 (0.894) 3.749 (0.631) p<0.001d

   WCST-Categories, N b 4.500 (2.196) 4.689 (1.743) 5.357 (1.428) p=0.071

   Stroop-interference, sec. a 34.70 (16.09) 38.88 (25.84) 27.50 (10.35 p=0.018e

   WAIS Numbers and Digits, raw score a 10.02 (2.74) 10.09 (2.67) 11.79 (2.85) p=0.003d

Social Cognition

   Facial Emotion Recognition, %a 78.09 (11.84) 80.98 (10.57) 82.30 (9.49) p=0.123

   Facial Emotion Matching,%a 89.02 (6.41) 88.98 (4.69) 91.93 (4.67) p=0.008d

   Vocal Emotion Recognition, %a 61.83 (11.77) 63.61 (8.41) 68.85 (10.49) p=0.002d

   Vocal Emotion Matching, % a 61.46 (8.53) 61.55 (7.49) 64.00 (7.94) p=0.201

a ANOVA
b Chi-square
c The schizophrenia group differed significantly from both the non-schizophrenic psychosis and control 
groups after post-hoc Fisher’s LSD
d Both schizophrenia and non-schizophrenic psychosis groups differed significantly from the control group 
after post-hoc Fisher’s LSD 
e The non-schizophrenic psychosis differed significantly from the control group after post-hoc Fisher’s LSD

3.1  Pairwise models

Table 4 summarizes the principal results for all groups; the integration and 
disintegration model chi-squared (χ2) results are reported as well as the statistics for 
testing the differences between the groups. Additionally, the root mean square error of 
approximation (RMSEA) and the comparative fit index (CFI) were determined. An RMSEA 
values of <0.05 and a CFI values of >0.95 indicate a good fit with the data. 
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3.1.1.  Sensory processing/neurocognition
In the Sch group, the difference between the χ2 results of both models was not significant, 
but the RMSEA and CFI values revealed that the performance data were better fit by the 
disintegration model (0.04, and 0.93 respectively) than by the integration model (0.05, 
and 0.89 respectively). This finding suggests that the pre-attentive SP of social stimuli and 
attention-controlled NC are discrete – and perhaps separate – processes. In the n-Sch-
Psy group, neither model had a better fit than the other. In the ctrl group, however, 
the integration model had the better fit (between-models χ2-difference p=0.028, with 
maximum RMSEA and CFI values for the integration-solution only), indicating that the 
performance data were best modeled as interrelated constructs in this group. These 
contrasting findings were underscored by a lack of correlation between SP and NC in 
the Sch group (r=0.06) compared to the ctrl group (r=0.23). Apparently, the extent to 
which SP and NC can be estimated as a single integrated construct decreases as one 
progresses along the continuum from mentally healthy subjects to non-schizophrenic 
psychosis to schizophrenia. 

3.1.2.  Neurocognition/social cognition
In all groups, the performance data with respect to the NC and SC tasks were best 
modeled as interrelated constructs. In both the Sch and ctrl groups, the χ2-difference 
reached significance in favor of the integration model (with p=0.003 and <0.001 for the 
Sch and ctrl groups, respectively). In the n-Sch-Psy group, the χ2-difference did not 
quite reach significance (p=0.085), and the RMSEA and CFI values also indicated a better 
fit for the integration model (0.95 and 0.05, respectively) than the disintegration model 
(0.90 and 0.07, respectively). Within the integration models, the correlations between 
NC and SC were low-to-moderate in strength (r=0.54, 0.37, and 0.60 for the Sch, n-Sch-
Psy and ctrl groups, respectively). Thus, with respect to NC and SC, all three subject 
groups showed clear integration between these two attention-controlled cognition 
domains. 

3.1.3.  Sensory processing/social cognition
Similar results were obtained for the Sch and ctrl groups; specifically, no clear pattern 
was observed, and neither the integration model nor the disintegration model 
had a better fit. In the n-Sch-Psy group, the disintegration model appeared to be 
methodologically insufficient, as the “independence model” (which presumes a lack of 
relationships between the data) had a higher likelihood (p=0.023) than the associations 
estimated by the “default” model (p=0.015).
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3.2  omnibus models: sensory processing/neurocognition/social cognition 

Based upon the results of our pairwise analysis, three omnibus models (termed Models 
A, B, and C) were generated (Fig. 2). Model A depicts SP, NC and SC as distinct constructs. 
Model B assumes distinctness between SP and NC, and interrelatedness between NC 
and SC. Model C represents all of the pairwise results in the ctrl group; in this model, SP/
NC and NC/SC are both modeled as interrelated constructs. 

Table 5 displays the results of these three omnibus models. With respect to the 
Sch group, Model B best fitted the data relationships. A non-significant χ2(53) of 
56.62 (p=0.341) with superior RMSEA (0.04) and CFI (0.95) values indicates that the 
performance data were estimated best when SP was modeled separately from NC and 
SC. The correlation coefficient between NC and SC was moderate (0.54). Model C, which 
assumes full interrelatedness, also yielded a not-significant result, but the correlation 
between SP and NC was negligible (0.03). These results in the Sch group suggest that 
whereas attention-controlled NC and SC capacities are interrelated, pre-attentive SP is 
disintegrated from attention-controlled performance. 

With respect to the n-Sch-Psy group, both Model A and Model C revealed no 
measurable relationship patterns within the performance data, given their respective 
p-values of 0.038 and 0.044. Only model B – which assumes distinctness between SP 
and NC – was found to be appropriate for this group, although the relationship was only 
slightly above the level of significance (p=0.052), with poor RMSEA and CFI values (0.09 
and 0.65). 

Finally, with respect to the ctrl group, Model C was the superior model, with a non-
significant χ2(52) of 53.74, p=0.408, and weak-to-moderate correlation coefficients of 
0.33 and 0.60 between SP/NC and NC/SC, respectively. 
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Fig. 1. Schematic depicting the pairwise relationships between the three cognitive domains. Panels a, b 
and c represent the relationship between sensory processing and neurocognition (a), neurocognition 
and social cognition (b), and sensory processing and social cognition (c). For each pair of domains, the left 
panels depict the integration model (indicated by the vertical two-directional arrows), and the right panels 
depict the disintegration model. SP = sensory processing task; CPT = continuous performance task; WAIS = 
Wechsler adult Intelligence Scale; WAIS-LNS = WAIS-Letter-Number-Sequencing; WCST = Wisconsin Card 
Sorting Test; ER = emotion recognition; EM = emotion matching.
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Fig. 2. Omnibus models that include all three cognitive domians with differently defined interrelationships. 
The double vertical lines indicate disinteragtion between the domains on either side. The boxes indicate 
integration between the domains contained in the box. For details, see the text. For abbreviations, see Fig. 1.

Table 4 χ2 values for all groups and, within each pair of two cognitive domains, for both the Integration (χ2
1) 

and Disintegration (χ2
2) model (see Figure 1). The p-value of the difference (χ2

1 - χ
2

2) and RMSEA/CFI values 
indicate whether performance data are better fit by either of the two models (superior model values are in 
bold type)
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Table 5 χ2 values and RMSEA- and CFI-fit indices for the three omnibus models (see Figure 2). Within each 
group, the values of the superior model are in bold type.

4.  diScuSSion

In this study, the participants were presented with a variety of tasks designed to assess 
their pre-attentive sensory processing, as well as neural cognition and social cognition 
(both of which are attention-controlled domains). In the Sch group, the performance 
data were modeled best when SP and NC were estimated to be discernible constructs. 
However, domains of cognition have been defined based on the notion that they reflect 
constructs that differ in their nature. Therefore, it is important to compare relationship 
patterns among all groups, including the ctrl subjects as a reference group. 

4.1  Sensory processing/neurocognition

A recently proposed sensory-perception theory described a complex web of interactions 
between pre-attentive and attention-controlled functions (Javitt, 2009a, b). Our 
sensory processing/neurocognition results in the ctrl group satisfy the expectation of 
functional integration. These findings are reinforced by the notion that both domains 
were assessed using very different paradigms (pre-attentive tasks versus attention-
controlled tasks) and materials (social stimuli versus non-social stimuli). 

In contrast, the patients in the Sch group displayed a pattern of disintegration, 
and the performance of the patients in the n-Sch-Psy group was intermediate, falling 
between the schizophrenia patients and the control subjects. One possible explanation 
for this pattern builds upon well-documented deficits in both SP and NC that prevent 
their seamless integration. However, impaired interaction processes are likely additive, 
given our previous study that revealed reduced attention-controlled effects on the 
multisensory integration of emotions in schizophrenia patients, again with non-
schizophrenic psychosis patients performing somewhere between schizophrenics and 
control subjects (de Jong et al., 2010). Accordingly, recent electrophysiological studies 
revealed associations between altered auditory parameters of early SP (e.g., mismatch 
negativity and P3a) and NC deficits (Hermens et al., 2010; Rissling et al., 2010). 
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4.2  neurocognition/social cognition

Pair-wise modeling revealed the same pattern in each group – specifically, the 
integration-model was superior, thus indicating interrelatedness. Previous schizophrenia 
research yielded comparable results, including bivariate correlation scores between 
parameters of SC and NC of 0.23 to 0.67, respectively (Couture et al., 2011; Kohler et al., 
2000; Pinkham and Penn, 2006; Sachs et al., 2004). Other studies have also revealed that 
SC and NC are interrelated constructs in schizophrenia (Addington et al., 2006; Allen et 
al., 2007; Schmidt et al., 2011; Sergi et al., 2007). Our similar result in non-schizophrenic 
psychosis patients extends this finding along the continuum of psychotic illnesses. 

4.3  Sensory processing/social cognition

A similar pattern was revealed with respect to the Sch and ctrl groups, indicating no clear 
bias towards either integration or disintegration between sensory processing and social 
cognition. Although no research has confirmed this finding, a possible explanation for 
the lack of a clear result is that the performance data for both domains were obtained 
by tasks that used highly similar – or even identical – social stimuli while also testing 
highly different (pre-attentive vs. attention-controlled) paradigms. In addition, the pre-
attentive SP of social stimuli might be positioned relatively distant to their attention-
controlled SC evaluation.

4.4  Sensory processing/neurocognition/social cognition

With respect to the ctrl group, the omnibus models revealed a high degree of 
interrelatedness between sensory processing, neurocognition, and social cognition. 
In contrast, the omnibus models revealed that the patients in the Sch group have 
disintegration between SP and NC. Fig. 3 depicts how – within a conceptual cognitive 
model that includes subsequent stages of social stimuli processing – relationship 
patterns differ between schizophrenia patients and control subjects; Fig. 3 also indicates 
the location of several likely deficits within this processing pathway.



Sensory processing, neurocognition, and social cognition in schizophrenia 103

CHAPTER 

5

This study shows clearly that relationships between sensory processing, 
neurocognition and social cognition vary as one progresses along the continuum 
from healthy individuals to schizophrenia patients. Specifically, our results point to 
disintegration between sensory processes that determine the input of multisensory 
emotional stimuli and the NC operations that are involved in processing these stimuli. 
For this study, we intentionally used multisensory emotion tasks to assess sensory 
processing. Future research should also use sensory processing paradigms that include 
unisensory tasks and/or non-social stimuli. 

The search for additional validation of the cognitive model of psychosis should 
not only address historical notions of disintegration by the founders of schizophrenia 
research, but should also seek to elucidate “otherness” and a “lack of empathic 
communication.” A better understanding of these features will be essential to unraveling 
the true nature of schizophrenia and the full spectrum of psychotic illnesses.

Fig. 3. Depiction of cognitive processing of socially relevant stimuli in healthy controls (a) and schizophrenia 
patients (b). In individuals with schizophrenia, this process can be impeded at various steps as follows 
(indicated by the numbered lightning bolts): 1. impaired multisensory integration; 2. disintegration between 
sensory processing and neurocognition; 3. neurocognitive deficits; and 4. impaired social cognition.
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aBSTracT

Impaired multisensory emotion processing has recently been reported in both 
schizophrenic and non-schizophrenic psychosis. However, the relationship between 
this impairment and clinical outcomes is currently unknown. Therefore, we examined 
the correlation between multisensory emotion perception and both symptom severity 
and social outcome measures. 

In a cross-sectional study design, patients were assigned to either the schizophrenic 
or non-schizophrenic psychosis group based on the Schedules for Clinical Assessment 
in Neuropsychiatry. We assessed multisensory emotion perception by presenting 
patients with computerized tasks measuring the integration of facial and vocal 
emotions. Symptom severity and social functioning were measured using the Positive 
and Negative Symptom Scale and the Groningen Questionnaire for Social Behavior, 
respectively. The correlations were analyzed using correlational statistics.

In the non-schizophrenic psychosis group, all significant correlations were in the 
same direction, indicating that increasing levels of both symptom severity and social 
dysfunction were associated with exaggerated integration of multisensory emotions. 
However, in the schizophrenia group, more positive symptoms and increasing social 
dysfunction were correlated with reduced integration. 

These results indicate that the correlation between impaired multisensory emotion 
perception and clinical measures differs between schizophrenic and non-schizophrenic 
psychosis patients. Here, we describe how these results might be explained by differential 
top-down regulation by modality-specific attention, and we discuss how both reduced 
and exaggerated multisensory integration of emotions can affect symptom formation 
and social dysfunction. 
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1. inTroducTion

Impaired processing of sensory information is a central feature in schizophrenia (Javitt, 
2009a, b). In addition, recent studies have reported impaired multisensory processing 
of facial and vocal emotions in schizophrenia (de Jong et al., 2013; de Jong et al., 
2010; de Jong et al., 2009; Van den Stock et al., 2011). Although it seems reasonable to 
hypothesize that impaired multisensory emotion perception culminates in psychotic 
symptoms and social dysfunction, this hypothesis has not been tested. Therefore, 
we examined the relationships between multisensory emotion perception and both 
symptom severity and social outcome measures, and we compared these relationships 
between schizophrenic and non-schizophrenic psychosis patients. 

Multisensory emotion processing is a specific form of sensory processing. The earliest 
stages of sensory processing are preconscious by nature and occur in the preattentive 
period within 150 msec of stimulus presentation. Sensory processing allows stimuli to 
be filtered either in or out, which is an essential step both in selectively attending to 
important stimuli and ignoring stimuli that are redundant and/or trivial. In this process, 
salient stimuli are prioritized to be filtered in, whereas non-salient stimuli are filtered 
out (Boutros et al., 1999). 

Neurophysiological correlates of impaired unisensory processing (i.e., processing 
of stimuli within one sensory channel) have been related to symptom severity in 
schizophrenia and include P50 gating, pre-pulse inhibition (PPI), and mismatch 
negativity (MMN) (Braff et al., 1999; Hazlett et al., 2007; Thoma et al., 2005). In addition, 
some studies have reported correlation coefficients as high as 0.65 between social 
functioning measures and MMN and P3A amplitude in schizophrenia (Butler et al., 2005; 
Light and Braff, 2005; Rasser et al., 2011; Wynn et al., 2010).

Unlike unisensory processing, we perceive everyday situations via multiple sensory 
channels simultaneously. Examples of multisensory processing abound (for example, 
when one simultaneously sees, smells, hears, and feels a fire, or when one sees and hears 
multiple vehicles simultaneously while navigating through busy traffic). Multisensory 
perception is particularly important in social situations. For example, multisensory 
processing helps one person listen to another person by integrating the speech that is 
heard with the lip movements that are seen. In order to understand the other person’s 
state of mind, multisensory emotion perception of facial, bodily, and vocal cues is crucial 
(Klasen et al., 2012; Pourtois et al., 2005). 

Given that emotional information in a social context is inherently multisensory, 
it stands to reason that the human brain has become specialized at multisensory 
emotion perception, and results from many studies support this notion. Simultaneously 
presenting both facial and vocal emotions facilitates emotion recognition (de Gelder 
and Vroomen, 2000; Vroomen et al., 2001), and evidence suggests that this phenomenon 
can occur in infants as young as five months of age (Walker-Andrews and Grolnick, 
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1983). Finally, several studies have reported that multisensory emotions are recognized 
better and faster than both visual-only and auditory-only emotions (Collignon et al., 
2008; Klasen et al., 2011; Kreifelts et al., 2007; Pourtois et al., 2005).

We previously reported that patients with schizophrenia have impaired 
multisensory perception of emotional faces and voices (de Jong et al., 2009). These 
initial findings were then expanded by revealing abnormal multisensory processing of 
bodily and vocal expressions (Van den Stock et al., 2011). In addition, we reported that 
schizophrenia patients – and to a lesser extent, non-schizophrenic psychosis patients 
– have reduced attentional effects with respect to multisensory emotion perception 
(de Jong et al., 2010). Finally, we recently reported that within a cognitive framework, 
multisensory emotion perception was disintegrated from subsequent neurocognitive 
and social cognitive processes in schizophrenic patients compared to healthy persons, 
whereas non-schizophrenic patients were intermediate (i.e., between schizophrenics 
and healthy persons) (de Jong et al., 2013). 

The goal of the present study was to examine the associations between multisensory 
emotion perception and symptom severity and functional outcome. Patients with 
schizophrenic psychosis and patients with non-schizophrenic psychosis were included 
in order to test for differences between these two groups.  

2.  MaTeriaLS and MeTHodS

2.1  Participants

Outpatients (N = 101) of a regional psychiatric hospital were assessed by a trained 
psychiatrist (author JJdJ) using the Schedules of the Clinical Assessment in 
Neuropsychiatry (SCAN 2.1). The regional Medical Ethics Committee approved the study, 
and each participant provided informed consent and was compensated financially for 
participating. Fifty-five patients were diagnosed with schizophrenia (Sch), and the other 
46 patients were diagnosed with a non-schizophrenic psychosis (n-Sch-Psy). The Sch 
group was fairly homogeneous; 53/55 patients had paranoid-type schizophrenia. In 
contrast, the n-Sch-Psy group consisted of a multiform cohort, representing several 
DSM-IV types of non-schizophrenic psychosis. Patients with schizoaffective disorders 
were intentionally assigned to the n-Sch-Psy group in order to distinguish non-
affective, schizophrenic psychosis from affective, non-schizophrenic psychosis. The 
DSM-IV classifications of the patients included in this study are summarized in Table 1. 
Table 2 summarizes the group characteristics with respect to age, gender, handedness, 
and education. The two patient groups did not significantly with respect to any of these 
demographic factors. 
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Table 1. DSM-IV classifications within both patient groups (schizophrenia patients and non-schizophrenic 
psychosis patients)

Schizophrenia 
patients

non-schizophrenic 
psychosis patients

295.30 Schizophrenia, paranoid type 53

295.90 Schizophrenia, residual type 2

295.40 Schizophreniform disorder 1

295.70 Schizoaffective disorder, bipolar type 3

295.70 Schizoaffective disorder, depressive type 5

297.1 Delusional disorder, persecutory type 3

298.8 Brief psychotic disorder 3

296.44 Bipolar I disorder, last episode manic, with psychosis 12

296.54 Bipolar I disorder, last episode depressed, with psychosis 1

296.24 Depressive disorder, single episode, with psychosis 3

296.34 Depressive disorder, recurrent, with psychosis 2

298.9 Psychosis not otherwise specified 13

Total 55 46

Table 2. Demographics of the schizophrenic patients and non-schizophrenic psychosis patients

Schizophrenia
non-schizophrenic 
psychosis Significance

N 55 46

Mean age, years (SD) 33.53 (8.80) 35.22 (9.04) p=0.345a

Gender (% men) 70.9 63.0 p=0.401b

Handedness (% right-handed) b 85.5 84.8 p=0.925b

Education (within-group %) b

        1c

        2
        3
        4

7.3
18.2
40.0
34.5

2.2
21.7
37.0
39.1

p=0.642b

a Student’s t-test
b Chi-square test
c The highes completed educational level was noted according to standard conventions (Pichot, 1993) and 
using four categories that are suitable to the Dutch educational system (1 = elementary school; 2 = junior/
secondary or vocational school; 3 = secondary education; 4 = post-secondary education or higher)
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2.2  Multisensory emotion perception

The performance tasks were identical to the set of tasks that was used in our previous 
study regarding reduced attentional effects on multisensory emotion perception (de 
Jong et al., 2010). To summarize, six tasks were performed, during which the subject 
was instructed to categorize the vocal emotion while ignoring the facial emotion. Facial 
images were taken from the Ekman and Friesen series (Ekman and Friesen, 1976) and 
presented for a fixed duration of 800 msec; at the same time, semantically neutral vocal 
utterances (obtained using professional actors and starting with the same onset as the 
facial images) ranged from 599 to 1265 msec. Each task consisted of 64 stimuli that were 
presented in pseudorandom order: the vocal actors and facial images were fixed pairs 
of the same gender, and within each task precisely half of the trials (32 stimuli) were 
emotion-congruent face-voice pairs, and the other half were emotion-incongruent 
face-voice pairs.

In task 1, ‘Happy’ and ‘Sad’ were used as the vocal and facial emotions. In task 2, 
‘Happy’ and ‘Fear’ were used. Visual-oddball (vo) and auditory-oddball (ao) tasks were 
included to create four additional tasks: task 1(vo), task 1(ao), task 2(vo) and task 
2(ao). Using this dual-task approach, three conditions of modality-specific attention 
were obtained for each emotion-pair to categorize. For the auditory-oddball (ao) tasks, 
two series of two 300-msec audio pitches were randomly presented with an onset 
that was synchronized to the onset of the presented faces and voices. The frequencies 
were 500 and 500 Hz or 500 and 540 Hz, with an inter-stimulus interval of 200 msec. 
Visual-oddballs (vo) tasks included two black squares occupying 1.0 cm x 1.0 cm (2.0° x 
2.0° of the visual field) with a white numeral (either the number “6” or the number “8”, 
presented randomly) in the center of the visual field; the squares were projected for 800 
msec between the eyebrows of the emotional image’s face. 

Each subject was tested individually in a quiet room. The stimuli were presented 
after the participant pushed a response button, which subsequently triggered the next 
trial. Instructions were provided both on the screen and verbally by the experimenter. 
The participants were instructed to press one of two keys as quickly as possible to 
indicate whether the vocal emotion presented was either “Happy” or “Sad” (during task 
1, task 1(vo), and task 1(ao)) or whether the vocal emotion was either “Happy” or “Fear” 
(during task 2, task 2(vo), and task 2(ao)). The participants were instructed explicitly to 
watch the computer screen, thereby preventing them from focusing on the voices only. 
They were, however, instructed to ignore facial emotion while judging the voice. 

During the visual-oddball tasks, pressing a key was immediately followed by 
the question: “Was there an 8 in it?” During the auditory-oddball tasks, the question 
that immediately followed was: “Was there a high tone?” To provide an answer, the 
participants were instructed to press one of two keys as quickly as possible to indicate 
“Yes” or “No”. The tasks were performed in a fixed order as follows: task 1, task 2, task 
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1(vo), task 2(vo), task 1(ao), task 2 (ao). At the beginning of each task, a practice run 
consisting of four trials was performed.

For our analysis, the percentage of correct responses with respect to the vocal 
emotion categorization was used. For each of the two vocal target emotions in each of 
the six tasks, we calculated the difference between the percent of correct categorizations 
of emotion-congruent and the percentage of correct categorizations of emotion-
incongruent items. The resulting twelve difference scores provide a quantitative 
measure of multisensory emotion processing, as they reflect the benefits obtained from 
the preattentive integration of simultaneous, emotion-congruent visual information 
versus performance costs in the case of emotion-incongruent faces. Both effects are 
components of a single, mandatory process that usually occurs during multisensory 
emotion processing. A low difference score indicates reduced preattentive integration, 
and a high score indicates increased integration.

2.3  Symptom severity

The patients were assessed for symptom severity using the Positive and Negative 
Symptom Scale (PANSS, (Kay et al., 1987)) Two measuring methods were used to analyze 
the resulting interview data. First, we calculated the Positive Symptoms, Negative 
Symptoms, General Symptoms, and Total Symptoms scores using the traditional method 
(Kay et al., 1997). Second, we calculated Positive Symptoms, Negative Symptoms, 
Disorganization, Excitement, and Emotional Distress using the algorithm by van der 
Gaag et al. (van der Gaag et al., 2006). 

2.4  SociaL FuncTioning

To obtain data regarding the various dimensions that are involved in social functioning, 
we used the Groningse Vragenlijst voor Sociaal Gedrag (the Groningen Questionnaire 
for Social Behavior, or GQSB) (de Jong and van der Lubbe, 1995). This self-assessment 
questionnaire was developed primarily for use with ambulatory Dutch patients with 
chronic psychiatric illness, and both its reliability and content validity have been rated 
as satisfactory (see www.cotandocumentatie.nl).

The GQSB measures a total of 100 items covering the following 15 dimensions of 
social functioning: 1) self-presentation, 2) functioning as a citizen, 3) functioning within a 
family household, 4) functioning within a single-person household, 5) relationships with 
parents, 6) relationships with siblings, 7) relationship with a life partner, 8) functioning 
without a life partner, 9) relationships with his/her children 15 years of age and younger, 
10) relationships with his/her children older than 15 years of age, 11) relationships with 
friends, 12) functioning in study activities, 13) functioning in occupational activities, 
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14) functioning in housekeeping activities, and 15) functioning in free time. Because 
dimensions 3 and 4 and dimensions 7 and 8 are mutually exclusive, a maximum of 
thirteen scale scores can be obtained for each individual. 

In accordance with the GQSB manual, the scale scores were used to compute two 
additional indices: Severity of Interpersonal Functioning (SIF) and Severity of Social 
Functioning (SSF). First, the following sets of scales were combined: scales 3+4, 5+6, 
7+8, 9+10, and 12+13+14. These combined scales were dichotomized as “1=problem” (if 
one or more of the original scales were classified as such in accordance with validated 
cut-off-scores) or “0=no problem”. The resulting nine scales (i.e., the five combined 
scales plus scales 1, 2, 11, and 15) were proportionally used to compute SSF (range 0-9). 
Seven scales were used to compute SIF (range 0-7), and “self-presentation” (scale 1) and 
“functioning in free time” (scale 15) were discarded as “non-interpersonal” dimensions.

2.5  Statistics

The SPSS statistics software package (version 18.0) was used to perform Chi-square-,  
MANOVA-, Mann-Whitney U-, and Students t-tests in order to analyze group differences 
among the multiple variables with respect to multisensory emotion processing, symptom 
severity, and social functioning. To analyze relationships, we performed correlational 
statistics. Pearson’s r was used to analyze symptom severity, and Spearman’s r was used 
to analyze the ordinal GQSB scale scores. Because of the explorative nature of this study, 
a non-conservative p-value of 0.05 was used to designate statistical significance. 

3.  reSuLTS

Table 3 summarizes the experimental data for the two patient groups. The multisensory 
emotion perception scores did not differ significantly between the groups for any task 
(Wilk’s λ=0.780, p=0.224). However, both the traditional and five-factor calculations of 
the PANSS scores differed significantly (Wilk’s λ=0.833, p<0.001 and λ=0.865, p=.024, 
respectively), with higher scores in the Sch group (with the exception of the General 
Symptoms and Emotional Distress). Given their ordinal nature, the GQSB data were 
analyzed using the Mann-Whitney U test; all between-group differences were not 
significant (Table 3). 
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Table 3. Results of multisensory emotion perception tasks, symptom severity, and social functioning 

Schizophrenia non-schizophrenia Psychosis Significance

N 55 46
Multisensory emotion perception 
(Mean % (SD)) a Wilk’s λ=0.780, p=0.224

Task 1 happy 5.29 (10.68) 5.28 (15.07)
Task 1 sad 4.09 (10.99) 7.22 (11.15)
Task 1 ao happy 6.38 (10.37) 5.76 (13.58)
Task 1 ao sad 2.88 (10.20) 2.47 (8.54)
Task 1 vo happy 3.88 (10.56) 7.59 (12.92)
Task 1 vo sad 6.38 (15.07) 3.87 (12.50)
Task 2 happy 9.50 (11.31) 17.68 (14.11)
Task 2 fear 11.00 (17.43) 16.31 (12.57)
Task 2 ao happy 9.68 (11.61) 9.46 (13.23)
Task 2 ao fear 11.15 (13.54) 11.49 (15.56)
Task 2 vo happy 11.42 (13.43) 14.14 (13.29)
Task 2 vo fear 14.42 (18.79) 18.26 (15.34)

Symptom severity (Mean score (SD)) b 
Traditional calculation Wilk’s λ=0.833, p<0.001
PANSS-P 16.80 (4.91) 13.59 (4.55) p=0.001
PANSS-N 20.62 (6.87) 16.24 (6.30) p=0.001
PANSS-G 38.09 (7.97) 34.96 (8.44) p=0.058 (n.s.)
PANSS-T 75.51 (16.29) 64.78 (15.54) p=0.001
Five-Factor calculation Wilk’s λ=0.888, p=0.043
Positive symptoms 19.42 (6.03) 16.70 (5.66) p=0.022
Negative symptoms 23.13 (8.19) 18.85 (7.22) p=0.007
Disorganization 23.81 (6.11) 20.91 (4.83) p=0.010
Excitement 17.65 (4.01) 15.91 (3.88) p=0.030
Emotional distress 20.89 (4.64) 19.87 (6.23) p=0.361 (n.s.)

Social functioning problems (Mean 
score (SD)) c

Mann-Whitney U test all 
p-values >0.05 (n.s.)

Raw scale scores
Self-presentation 5.45 (1.99) 6.05 (2.09) n.s.
Functioning as citizen 8.98 (2.55) 8.81 (2.04) n.s.
Functioning in family household 16.39 (4.16) 17.93 (4.37) n.s.
Functioning in single person house-
hold 16.18 (5.31) 16.50 (4.73) n.s.

Relationships with parents 12.18 (3.97) 13.84 (5.01) n.s.
Relationships with brothers and 
sisters 13.96 (4.34) 14.42 (4.27) n.s.

Relationship with partner 17.56 (3.68) 19.13 (5.95) n.s.
Functioning without a partner 9.88 (3.27) 10.38 (3.01) n.s.
Relationship with children ≤ 15 yr. 16.80 (5.81) 10.83 (1.72) n.s.
Relationship with children > 15 yr. 17.14 (4.45) 16.00 (4.97) n.s.
Relationships with friends 10.07 (3.68) 10.50 (3.06) n.s.
Functioning in study activities 15.00 (2.45) 12.25 (2.63) n.s.
Functioning in occupational activities 13.05 (3.69) 12.67 (3.14) n.s.
Functioning in housekeeping 9.35 (3.05) 9.61 (3.49) n.s.
Functioning in free time 13.13 (4.14) 14.25 (3.83) n.s.
Composite scores
SIF 3.04 (0.29) 3.42 (0.32) n.s.
SSF 3.84 (0.35) 4.49 (0.38) n.s.

a higher scores mean more multisensory integration of facial and vocal emotions
b higher scores mean higher symptom severity
c higher scores mean more social functioning problems
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3.1  Multisensory emotion perception and symptom severity

As shown in Table 4, out of 216 correlation coefficients (six tasks, two target emotions 
for each task, and nine symptom severity scores for two patient groups), 11 correlations 
were statistically significant. 

3.1.1  Positive symptoms
With respect to positive symptoms in the Sch group, reduced multisensory integration 
of emotions correlated with more symptoms in one task. This finding applied to the 
traditional and five-factor calculations of positive symptoms. Table 4 also shows that 
task 2 (happy/fear), target happy played a role in this association. This task was presented 
without an oddball.

The correlation coefficients in the n-Sch-Psy group were positive and indicated that 
increased or exaggerated multisensory integration was associated with more symptoms. 
As above, this finding applied to the traditional and five-factor calculations. In this group, 
significant coefficients were observed for two tasks, both of which were presented with 
an auditory oddball. 

3.1.2  Negative symptoms and disorganization
In the Sch group, four significant correlations indicated that exaggerated multisensory 
integration of emotions was related to more negative symptoms (3 correlations) 
and symptoms of disorganization (1 correlation). Two tasks were involved (one was 
presented without an oddball, and one was presented with a visual oddball). 

In the n-Sch-Psy group, no significant correlation was found between negative 
symptoms and symptoms of disorganization.

3.1.3  Other symptoms
In the Sch group, a positive correlation coefficient indicated that exaggerated 
multisensory integration of emotions was associated with more total symptoms 
(measured using the PANSS). Only one task was involved; this task was presented with 
a visual oddball and was also involved in the positive correlations between negative 
symptoms and symptoms of disorganization.

In the n-Sch-Psy group, a positive correlation coefficient revealed an association 
between exaggerated multisensory integration of emotions and more emotional 
distress. As above, the task involved was presented with an oddball.
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Table 4. Statistical significant (p<0.05) Pearson correlation coefficients between tasks of multisensory 
emotion processing and symptom severity in schizophrenic and non-schizophrenic psychosis patients 

Schizophrenia

task 1 (happy/sad) visual 
oddball, target sad

task 2 (happy/
fear), target happy

task 2 (happy/fear), 
target fear

Traditional calculation

PANSS-Positive -0.29*

PANSS-Negative 0.29* 0.34*

PANSS-General 

PANSS-Total 0.32*

Five-factor calculation

Positive symptoms -0.29*

Negative symptoms 0.29*

Disorganization 0.30*

Excitement

Emotional distress
  
* p<0.05, two-tailed Pearson correlation test

non-schizophrenic psychosis

task 1 (happy/sad) 
auditory oddball, target 
happy

task 1 (happy/sad) 
auditory odd-
ball, target sad

task 2 (happy/fear) 
auditory oddball, 
target happy

Traditional calculation

PANSS-Positive 0.35*

PANSS-Negative

PANSS-General 

PANSS-Total

Five-factor 
calculation

Positive symptoms 0.40* 0.41*

Negative symptoms

Disorganization

Excitement

Emotional distress 0.34*

  
* p<0.05, two-tailed Pearson correlation test
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3.2  Multisensory emotion perception and social functioning

Three GQSB scales were excluded from the analyses because they were self-reported by 
fewer than ten participants in each group; these scales were: relationships with children 
≤15 years of age, relationships with children >15 years of age, and functioning in study 
activities. Out of 336 correlation coefficients from both groups, 29 statistically significant 
(p<0.05); seven coefficient were significant at the p<0.01 level (Table 5)

Significant coefficients were identified in various tasks, scale scores, and composite 
scores. In the Sch group, 12 of the 16 significant correlations were negative, indicating 
that reduced multisensory integration was associated with more social functioning 
problems. In contrast, in the n-Sch-Psy group, all 13 significant coefficients indicated 
that exaggerated multisensory integration was associated with more social functioning 
problems. 

Table 5. Statistical significant (p<0.05) correlation coefficients between tasks of multisensory emotion 
processing and social dysfunctioning in schizophrenic and non-schizophrenic psychosis patients

Schizophrenia

task 1 (happy/sad) 
auditory oddball, 
target happy

task 1 (happy/sad) 
visual oddball, 
target happy

task 2 (happy/fear) 
auditory oddball, 
target fear

task 2 (happy/fear) 
visual oddball, 
target fear

Self-presentation -0.42** -0.42**

Citizen -0.36*

Family household -0.42* -0.47*

Single person 
household 

0.38*

Without partner -0.35*

Occupational -0.59**

Housekeeping -0.35* -0.42**

Free time -0.30* 0.28*

SIF -0.31* 0.31*

SSF -0.32* 0.34*

 
* p<0.05, two-tailed Spearman correlation test
**p<0.01, two-tailed Spearman correlation test
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non-schizophrenic psychosis

task 1 (happy/
sad), target 
happy

task 1 (happy/
sad) auditory 
oddball, target 
happy

task 2 (happy/
fear), target 
fear

task 2 (happy/
fear) auditory 
oddball, target 
happy

task 2 (happy/
fear) visual 
oddball, target 
fear

Citizen 0.41*

Family household 0.45*

Single person 
household

0.43*

Brothers/sisters 0.50**

With partner 0.81** 0.66* 0.74** 0.62*

Occupational 0.73**

Free time 0.37*

SIF 0.33* 0.37*

SSF 0.35*

* p<0.05, two-tailed Spearman correlation test
**p<0.01, two-tailed Spearman correlation test

4.  diScuSSion
 
This is the first study to explore relationships between multisensory emotion perception 
and both symptom severity and social outcome. Our results suggest that these 
relationships differ between schizophrenic and non-schizophrenic psychosis patients. 

4.1  Multisensory emotion perception and symptom severity

Our analysis revealed relatively few significant correlations between multisensory 
integration of emotion and symptom severity scores; indeed, only 11 of the 216 
correlations reached statistical significance. Moreover, given the exploratory nature of 
this study, these results should be interpreted with caution. Nevertheless, the fact that 
the findings in the Sch group differed from the n-Sch-Psy group warrants a preliminary 
explanation. 

With respect to positive symptoms in the Sch group, the negative correlation 
coefficients suggest that reduced integration of emotions is associated with more 
symptoms. Given the specific task at hand, it seems unlikely that a modality-specific 
attention effect is involved. A previously reported analysis of this specific task’s 
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performance data revealed reduced integration (de Jong et al., 2009), which is consistent 
with the findings in the present study. Because multisensory processing is essential for 
adapting to a multimodal environment, it follows that reduced integration hampers 
the patient’s ability to process the plethora of external stimuli, which in turn might 
culminate as positive symptoms such as hallucinations and/or delusional thoughts.

In the n-Sch-Psy group, the positive correlation coefficients suggest that 
exaggerated integration is related to more positive symptoms. In this group, modality-
specific attention was always directed towards the auditory channel. Selectively 
directing modality-specific attention towards the auditory channel normally attenuates 
multisensory integration. We previously reported that compared to healthy participants, 
Sch patients – and to a lesser extent, n-Sch-Psy patients – had reduced attenuation 
(de Jong et al., 2010). One possible explanation for the results in the n-Sch-Psy group 
is that failing attenuation under auditory-selective attention conditions can result in 
exaggerated integration, culminating as more positive symptoms.

With respect to negative symptoms and symptoms of disorganization in the Sch 
group, the positive correlations suggest that exaggerated multisensory integration is 
accompanied by more negative symptoms and more symptoms of disorganization. 
Given the two tasks involved, no clear-cut explanation from the perspective of modality-
specific attention seems likely. Nevertheless, one might imagine that exaggerated 
multisensory integration can lead to information overload. Disorganization symptoms 
might then occur as a direct consequence of this overload, and the formation of negative 
symptoms might be an indirect adaptive strategy to minimize information overload. 
This hypothesis is consistent with cognitive models of schizophrenia, which suggest 
that negative symptoms represent an adaptive strategy or escape adaptation in order 
to minimize information overload and prevent the induction of disorganization in the 
presence of an unrestricted influx of information from the sensory cortices (Hemsley, 
1994; Thoma et al., 2005).

In the n-Sch-Psy group, our analysis revealed no significant correlation coefficients 
between negative symptoms and symptoms of disorganization. 

4.2  Multisensory emotion perception and social functioning

Our analysis revealed 29 statistically significant correlation coefficients out of 336 total 
correlations (8.6%). This percentage is nearly twice what one would expect based on 
random chance alone. Although the p-value was <0.01 for seven of the 29 significant 
coefficients, given the exploratory nature of this study, these results should be 
interpreted with caution.

In the Sch group, most – but not all – of the significant coefficients were negative, 
suggesting that reduced multisensory integration is associated with more social 
functioning problems. In contrast, all of the coefficients in the n-Sch-Psy group 
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indicated that exaggerated multisensory integration is associated with more social 
functioning problems. These disparate patterns resemble the findings with positive 
symptoms. Here, however, modality-specific task conditions do not provide a feasible 
explanation for the difference in patterns.

In the Sch group, the finding that the majority of significant correlations were negative 
is in contrast with the positive associations with negative symptoms and disorganization. 
This finding suggests that negative symptoms and disorganization mediate a negative 
association between multisensory integration and social dysfunction by impeding the 
patient’s self-reporting of social problems. We explored this possibility by performing 
an additional analysis of correlations between negative symptoms and disorganization 
scores measured using GQSB scores, but no significant coefficients were found.

In conclusion, we present the first evidence that the relationship between impaired 
multisensory emotion perception and clinical measures differs between schizophrenic 
and non-schizophrenic psychosis patients. Our findings suggest that increasing levels 
of both symptom severity and social dysfunction are associated with exaggerated 
integration of multisensory emotions in non-schizophrenic psychosis patients. In 
contrast, reduced integration is associated with more positive symptoms and social 
dysfunction in schizophrenic psychosis. Differential top-down regulation by modality-
specific attention might explain (albeit not completely) these differences. Additional 
studies regarding this topic – including replication studies – are needed in order to 
strengthen these conclusions and help reveal how multisensory emotion perception 
likely culminates in symptoms and social dysfunction in schizophrenic and non-
schizophrenic psychosis.
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generaL diScuSSion

The primary goal of this thesis was to explore the relationship between psychosis and 
multisensory emotion perception. The secondary goal was to use the results obtained 
to validate the distinction between schizophrenic psychosis and non-schizophrenic 
psychosis. 

To achieve these goals, we performed observational, cross-sectional studies that 
were designed to explore the relationship between psychosis and multisensory emotion 
perception at the following three levels: the preattentive neuropsychological level, the 
attention-controlled neuropsychological level, and the clinical level. These studies and 
their results are described in detail in Chapters 2 through 6.

In Section 1 of this General Discussion, we discuss the weaknesses and strengths 
of our methods, and we discuss the effects of these weaknesses and strengths on the 
internal and external validity of the research. Section 2 summarizes the results of each 
study in the context of the aforementioned three levels. In Section 3, we discuss the 
consequences of these results on the validity of the distinction between schizophrenic 
psychosis and non-schizophrenic psychosis. Finally, Section 4 provides some general 
conclusions and discusses directions for future research.

1.  MeTHodS and MaTeriaLS

In this section, we will discuss our research design, the selection and sampling of 
participants, the selection and measurement of variables, and the statistical methods 
used. Each subsection describes the methods and materials that were applied, the 
choices that were made, and the effects of those choices on the research’s internal and 
external validity.

1.1  Study design

All of the studies performed in this thesis were observational, cross-sectional studies. 
Although all of the studies included experiments, their designs were not experimental. 
Indeed, our intention was not to apply an intervention and then observe its effect 
on a defined outcome variable; rather, we performed cognitive experiments with the 
intention of observing multisensory emotion perception and its associations with 
neurocognitive, social cognitive, and clinical variables. 

Cross-sectional studies are considered to be highly suitable for describing variables 
and their distribution patterns, as well as for examining associations (Hulley et al., 2013). 
However, it is difficult to establish causal relationships using cross-sectional research, 
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due to the lack of a longitudinal time frame. Although a cross-sectional study can be 
used to explore networks of causal links, the direction of causality should be interpreted 
with extreme caution. With respect to our primary research goal, our cross-sectional 
design can help determine whether – and to what extent – impaired multisensory 
emotion perception is associated with psychosis. However, this type of study cannot 
determine whether psychosis causes these impairments (or vice versa). Speculation 
and/or hypotheses regarding the direction of causality can be proposed, but only to 
the extent that they are supported by existing evidence.

1.2  Selection and sampling of participants

1.2.1  Selection of participants
With respect to psychosis patients, we selected outpatients who were living 
independently or semi-independently, for several reasons. First, unlike inpatients, 
outpatients are more likely to tolerate the highly demanding 2-day-long program of 
interviews, tests, and tasks. Second, our aim was to explore associations with social 
functioning, and outpatients who live independently have a much broader spectrum 
of social roles than inpatients. Third, outpatients have fewer confounding factors with 
respect to cognitive performance (such as high medication dosage and prolonged stays 
within a clinical environment).

Additional selection criteria for both the patients and healthy participants were 
designed to minimize confounding effects and included: age between 20 and 60 
years, no history of substance abuse, no serious somatic/neurological illness, and no 
perceptual handicap. 

Of course, the general population of psychosis patients includes inpatients, patients 
who abuse substances, and patients who also suffer from somatic illness. Thus, because 
our selection criteria preclude extrapolating our results to the general population, 
they limit the research’s external validity. On the other hand, our selection process 
increased homogeneity within our participant groups and minimized confounding 
effects, thereby increasing the research’s internal validity by enabling us to draw valid 
inferences from our findings. Finally, if impairments are detected in our cohort of mildly 
affected patients, these impairments will likely be present in more severely affected 
patients as well.

1.2.2  Sampling of participants
Healthy participants were recruited via advertisements placed in local newspapers. 
The patients were recruited in two sequential stages. First, we publicized our research 
with outpatient treatment teams at a regional psychiatric hospital (GGz Breburg). 
Second, patients were examined using the Schedules for the Clinical Assessment in 
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Neuropsychiatry (SCAN 2.1) (WHO, 1999). Based on the results, the patients were assigned 
to either the schizophrenic psychosis group or the non-schizophrenic psychosis group. 
Each participant received €22.50 as compensation for their participation.

SCAN 2.1 is generally regarded as a highly reliable and valid method for classifying 
mental illness in accordance with the Diagnostic and Statistical manual of Mental 
Disorders (DSM-IV (APA, 2000; Rijnders et al., 2000). In addition to its excellent 
psychometric properties, SCAN 2.1 is highly suitable for assessing outpatients, who 
generally can endure the interview’s intensity and duration. Paradoxically, the use of 
SCAN2.1 is somewhat limited; although it was developed by the WHO and is widely 
recommended by the WHO, it is not used often in research. The most likely factors 
underlying its limited use are that it is time-consuming and the researcher-clinician 
must be trained in its use.  

In theory, recruiting healthy participants through advertisements placed in 
newspapers, recruiting patients via their mental health workers, and the financial 
compensation provided to all participants could have led to a selection bias. Although 
such a bias was unlikely to have had a significant effect on our results and/or analysis, a 
broader discussion of this issue is beyond the scope of this thesis; for more information, 
the reader is referred to the published literature (Groves et al., 2010). 

1.3  Selection and measurement of variables

Variables were selected to provide appropriate proxies for the cognitive and clinical 
concepts that were defined in the General Introduction: multisensory emotion 
processing, neurocognition and social cognition, and the clinical dimensions of 
symptom severity and social functioning.

1.3.1  Variables of multisensory emotion perception
As a proxy for multisensory emotion perception, we used crossmodal influence as the 
experimental paradigm. Vocal, facial, and bodily emotional stimuli were first validated 
in our laboratory, then presented to the participants simultaneously via computerized 
tasks. Chapters 2 through 4 provide the technical details of these tasks.

Without a gold standard available, we arbitrarily selected the formats of the pictures, 
movies, and sound recordings of emotions, the durations of the presentations, and the 
modes for the participants to respond. Other options regarding these materials would 
have almost certainly yielded different results. 

We also made decisions that likely increased the study’s internal validity. Based upon 
a preliminary study (de Gelder et al., 2005), we avoided differential task-difficulty effects 
between the patient and healthy participant groups. Thus, we used only extremely 
explicit expressions of happiness, sadness, and fear. This approach resulted in potential 
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ceiling effects, but only when facial emotions were the target stimuli. These ceiling 
effects were reflected by maximal performance rates irrespective of whether the vocal 
emotions were congruent or incongruent. At the expense of discarding facial-emotion-
targeting experiments, we controlled for confounding task-difficulty effects in the other 
experiments. 

In addition, presenting the emotional stimuli in a pseudo-random order enabled us 
to control for undesirable order effects whilst preventing gender mismatches within 
pairs of auditory and visual emotions. 

1.3.2  Variables for measuring neurocognition and social cognition
Neurocognition was measured by assessing sustained attention, executive functioning, 
selective-attention performance, and verbal working memory using the following tests: 
a computerized continuous performance test, a computerized version of the Wisconsin 
Card Sorting Test, the Stroop Color-Word Test, and the Letter Number Sequencing 
subtest of the Wechsler Adult Intelligence Scale-III, respectively. Chapter 5 provides 
further technical details and references for these tests. 

We assessed social cognition by measuring attention-controlled emotion perception. 
Two visual emotion perception tasks and two auditory emotion perception tasks were 
performed. The stimuli consisted of facial and vocal emotions that were designed and 
validated in our laboratory and presented via computerized experiments. Chapter 5 
provides the technical details of the emotion perception tasks.

Our selection of neurocognitive subdomains was based on the knowledge that 
these subdomains comprise the most serious cognitive impairments in schizophrenia 
(Fett et al., 2011; Green et al., 2004). The subsequent selection of suitable neurocognitive 
tests was based on their robust validity and reliability, as well as their general usage 
worldwide. 

The decision to select emotion perception as the sole subdomain of social cognition 
was more difficult. If we had included additional subdomains of social cognition 
(namely, theory of mind, attributional style, and social knowledge), a broader and 
more valid assessment of social cognition would have resulted. However, we were also 
constrained to keep the total number of interviews, tests, and tasks at a manageable 
level, both for the patients and for the researchers. The decision to specifically include 
emotion perception was based on our intention to study the relationship between 
multisensory emotion perception and social cognition. Indeed, opting to include 
emotion perception enabled us to explore two markedly different levels of emotion 
perception – preattentive/multisensory versus attention-controlled/social cognitive 
– by performing experiments with identical emotional stimuli. This approach yielded 
more conclusive results, as discussed in detail in Chapter 5.
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1.3.3  Variables of symptom severity and social functioning
We used the Positive and Negative Symptoms Scale (PANSS) to measure the severity 
of psychosis-related symptoms, and we used the Groningen Questionnaire for Social 
Behavior (GQSB) to measure social functioning. The technical details regarding these 
two instruments are provided in Chapter 6.

We used the PANSS to measure symptom severity because of its well-known 
psychometric properties and its usage worldwide in schizophrenia research. Symptom 
severity scores were calculated from raw item scores using both the tradition method 
(Kay et al., 1987) and in accordance with the recently reported five-factor model algorithm 
(van der Gaag et al., 2006). This dual analysis was also used to explore associations 
with multisensory emotion perception. This approach would make our results more 
conclusive if similar association patterns were revealed using both calculations. 

The GQSB was developed for use primarily in ambulatory Dutch patients with 
chronic psychiatric illness. Unlike the interview-based format of the PANSS and SCAN 
2.1, the GQSB is a self-assessment questionnaire. When used to assess psychosis patients, 
a self-assessment format can have disadvantages that can reduce internal validity. 
For example, one or more questions can be misinterpreted, and the requirement for 
the respondent to self-formulate the answers can be affected by cognitive and/or 
motivational problems. Fortunately, the GQSB was preceded by – and cross-validated by 
– the Groningen Social Disability Scale, an interview-based, semi-structured instrument 
(Wiersma et al., 1990), and the reliability and content validity of the GQSB were rated as 
satisfactory (see www.cotandocumentatie.nl). 

1.4  application of statistical methods

Descriptive and comparative statistical methods were used to analyze the research data. 
We used descriptive statistics to analyze how the variables were distributed within 

our samples. Discrete variables were analyzed using univariate analyses in order to 
report means and standard deviations (Chapters 2 through 6). Relationships between 
pairs of variables were analyzed using bivariate analyses in order to report correlation 
coefficients (Chapters 5 and 6). The following specific method was used to analyze 
multisensory emotion perception: the repeated-measures analysis of variance (ANOVA) 
was used to analyze the effects of emotion-congruent versus emotion-incongruent 
emotion conditions (Chapters 2 through 6). Structural Equation Modeling (SEM) was 
used to analyze models that conveyed multiple variables of multisensory emotion 
perception, neurocognition, and social cognition (Chapter 5).  

Comparative statistics were used to analyze differences between the participant 
groups. Depending on the number of variables, their nature (nominal or ordinal), and 
the number of samples that were compared, Student’s t-tests, univariate or multivariate 
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ANOVAs, or Mann-Whitney U tests were used. Finally, we computed difference scores of 
the χ2-values that were obtained using SEM for models that included several variables 
(Chapter 5).

Nearly all of these statistical methods are used widely in many scientific fields. SEM 
has traditionally been used in the economic sciences, but its use in the social sciences 
has increased recently. SEM combines factor analysis with multiple regression in order to 
analyze relationships between latent constructs. Because we used SEM in an exploratory 
manner, our results should be interpreted with caution. These same cautions apply 
with respect to the exploratory, non-conservative use of some correlational analyses. 
As discussed in detail in Chapter 6, the correlational results obtained here are suitable 
for developing additional research and should not be construed as providing conclusive 
results.  

2.  THe reSuLTS

The results of our research are described in detail in Chapters 2 through 6. Here, we will 
summarize the results based on the following three levels of our study: the preattentive 
neuropsychological level, the attention-controlled neuropsychological level, and the 
clinical level. 

2.1  The preattentive neuropsychological level

We examined preattentive multisensory emotion processing in two studies. In the 
first study, which is described in Chapter 2, facial and vocal emotions were presented 
simultaneously. In the second study, which is described in Chapter 3, bodily emotions 
were combined with vocal emotions.

2.1.1  Facial and vocal emotions
The aim of our first study was to examine the multisensory integration of facial and vocal 
emotions in schizophrenic patients, non-schizophrenic psychosis patients, and healthy 
participants (de Jong et al., 2009). In the schizophrenic psychosis group (but not in the 
other two groups), we found that facial emotions have reduced crossmodal influence on 
the categorization of vocal emotions. This reduction was most obvious when happiness 
and fear were the target emotions, but it was also present when happiness and sadness 
were the target emotions. 

These results indicate that schizophrenic psychosis patients – but not non-
schizophrenic psychosis patients – have reduced integration of multisensory emotions. 
Two previous studies provided preliminary evidence suggesting impaired integration of 
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facial and vocal emotions in schizophrenia; however, these studies had relatively small 
numbers of participants, did not include a non-schizophrenic psychosis control group, 
and did not account for confounding task-difficulty, task-vigilance, and/or medication 
effects (de Gelder et al., 1997; de Gelder et al., 2005). 

Our results are important for two major reasons. First, both the multisensory and 
emotional features of our stimuli add significantly to the existing published literature 
regarding sensory processing in schizophrenia (Friedman et al., 2012; Javitt, 2009a, b). 
To date, most of the evidence has come from unisensory experiments, even though 
most everyday situations are multisensory. Furthermore, the stimuli used in these 
previous experiments were primarily physical, non-emotional stimuli such as visual 
shapes and auditory pitches, even though the processing of emotions is proximal to 
social functioning. Second, we found that schizophrenics performed normally – or 
even better than normal – when the non-target faces were emotion-incongruent with 
vocal emotions. Apparently, their impaired integration gives a relative advantage to 
schizophrenic patients in this laboratory-only setting. However, these patients are at 
a disadvantage when emotion-congruent voices are poorly integrated. Unfortunately, 
only the latter condition is applicable to daily life, as others convey their emotional state 
both facially and vocally.

2.1.2  Bodily and vocal emotions
To date, no study has investigated bodily emotion perception in schizophrenic patients. 
Therefore, we designed our first experiment to compare the unisensory recognition of 
static bodily emotions between schizophrenic psychosis patients, non-schizophrenic 
psychosis patients, and healthy participants (Van den Stock et al., 2011). The results 
indicate impaired recognition in schizophrenic patients and – to a lesser extent – non-
schizophrenic psychosis patients. 

The second experiment investigated multisensory integration of dynamic bodily 
emotions as well as vocal emotions in schizophrenic patients and healthy participants. 
The emotional expressions were either happiness or fear. Unlike our study of facial and 
vocal emotions, the visual-bodily emotions were the targets that were categorized. 
In this experiment, the vocalizations were either human or animal in origin. The 
results revealed exaggerated integration of multisensory emotions for the human 
vocalizations, but not for the animal vocalizations. In addition, we found that in the 
auditory-only condition, the perception of dynamic bodily emotions was not impaired 
in the schizophrenic psychosis patients; this finding is in contrast with the static stimuli 
that were used in the first experiment.

Together with the findings of our study on facial and vocal emotions, these results 
add to our existing knowledge. First, our finding of impaired recognition of static bodily 
emotions adds to the results of many studies that found impaired perception of static 
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facial emotions in schizophrenia (Edwards et al., 2002; Garrido-Vasquez et al., 2011). 
Second, because we found that the perception of dynamic bodily emotions was intact 
in the schizophrenic patients, these stimuli appeared to be more useful than their static 
counterparts. Although it follows that dynamic stimuli are advantageous with respect 
to task difficulty, they are also ecologically more valid than static bodily expressions. 
Third and most importantly, the increased crossmodal influence of human vocalizations 
indicates that schizophrenics have an exaggerated effect of auditory modality under 
multisensory emotion perception conditions. This result supports our previous finding 
of reduced crossmodal influence of facial emotions.

2.2  The attention-controlled neuropsychological level

In the General Introduction, we emphasized that multisensory emotion perception is 
part of an overall “cognitive machinery” (see also Figure 3 in the General Introduction). 
In two studies, we addressed the interrelatedness between the preattentive processing 
of multisensory emotions and the attention-controlled parts of cognition. In the first 
study, which is described in Chapter 4, we explored the regulation of multisensory 
emotion perception by selective attention. In the second study, which is described in 
Chapter 5, we designed conceptual cognitive models and explored whether they were 
suited to performance data regarding all of the preattentive and attention-controlled 
variables.

2.2.1   Regulation of multisensory emotion perception by modality-specific selective 
attention

In this study, we added an emotionally neutral distractor condition to our original 
facial and vocal emotion experiments in order to investigate modality-specific selective 
attention effects (de Jong et al., 2010). Specifically, the participants were instructed 
to respond to both the vocal emotions and the simple physical features that were 
presented with either the faces or voices. These visual and auditory distractor conditions 
attenuated the integration of multisensory emotions in the healthy participants and – 
to a lesser extent – the non-schizophrenic psychosis patients. In contrast, integration 
was unaffected – or even exaggerated – in the schizophrenic psychosis patients. 

Previous studies of healthy individuals found that the behavioral consequences that 
normally result from multisensory integration are usually attenuated when attention 
is selectively directed towards a specific sensory channel (Alsius et al., 2005; Mozolic 
et al., 2008). Our results support these findings in healthy participants, but they also 
reveal modality-specific attention deficits in schizophrenic psychosis patients when 
they perceive multisensory emotions. Because this is the first study to consider the 
regulatory effects of selective attention on multisensory processing in psychosis, these 
experiments must be replicated.
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In addition, replication is important because top-down suppression of multisensory 
integration by selective attention is essential when there is too much information (or 
conflicting information). Indeed, this condition could result in exaggerated integration 
of multisensory information that is either incongruent or not related to the same event. 
From the perspective of ecological validity, this notion corresponds with the subjective 
feeling of being overwhelmed by environmental information.

2.2.2   Combining multisensory emotion perception, neurocognition, and social cognition 
in one cohesive model

In this study, we integrated multisensory emotion perception, neurocognition, and 
social cognition performance data (de Jong et al., 2013). These data were then analyzed 
using Structural Equation Modeling. This approach enabled us to explore patterns of 
relationships between various cognitive domains. All possible pairwise models were 
explored first, after which three omnibus models were designed and then analyzed.

With respect to the pairwise models, the results revealed weak interrelatedness 
between multisensory emotion processing and neurocognition in the schizophrenic 
psychosis patients. The omnibus model that predicted disintegration between 
multisensory emotion processing and neurocognition was then statistically confirmed 
as being superior for modeling the schizophrenia group. Conversely, in the healthy 
participants, the model predicting maximal interrelatedness between multisensory 
processing, neurocognition, and social cognition yielded the best fit. The interrelatedness 
of the non-schizophrenic psychosis patients was intermediate, falling between the 
schizophrenic patients and healthy participants. 

This study combined the well-documented deficits in attention-controlled domains 
of neurocognition and social cognition with recent findings of impaired preattentive 
multisensory emotion processing. The results indicate increasing separation between 
multisensory emotion perception and neurocognition along the continuum from 
mental health to schizophrenic psychosis. Based on these results and previous findings, 
a cohesive cognitive model is proposed and described in detail in Chapter 5. This 
model posits that multisensory processing, neurocognition, and social cognition are 
sequential stages within the process that begins with environmental multisensory 
emotional stimuli and ends with an attention-controlled evaluation of the other’s state 
of mind (see Figure 3 in Chapter 5).
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2.3   The clinical level: relationships of multisensory emotion perception 
with clinical measures

In the final study, we examined the relationships between multisensory emotion 
processing and both symptom severity and social outcome measures. To measure 
multisensory emotion processing, we used the same facial and vocal emotion 
experiments that we used in our selective attention study (Chapter 4). Symptom severity 
was measured using the PANSS, and social functioning was measured using the GQSB.

In the non-schizophrenic psychosis group, we found that all significant correlations 
reflecting increasing levels of both symptom severity and social dysfunction were 
associated with exaggerated integration of multisensory emotions. Conversely, in 
the schizophrenic psychosis group, more positive symptoms and increasing social 
dysfunction were correlated with reduced integration. This contrast indicates that the 
correlation between impaired multisensory emotion perception and clinical measures 
differs between schizophrenic psychosis patients and non-schizophrenic psychosis 
patients. In Chapter 6, we discuss possible explanations for this difference, including 
the hypothesis that in schizophrenic patients, reduced multisensory integration 
hampers their ability to process the plethora of social stimuli, which in turn results in 
positive symptoms and social impairments. In the non-schizophrenic psychosis group, 
exaggerated integration and positive symptoms were always correlated with tasks 
that involved additional auditory distractors. This finding might be explained by the 
notion that failing suppression under auditory-selective attention conditions results in 
exaggerated integration, culminating in more positive symptoms.

With respect to negative symptoms and disorganization, exaggerated multisensory 
integration appeared to be associated with more negative symptoms and more 
symptoms of disorganization, although this applied only to the schizophrenic psychosis 
patients. As a tentative explanation, we suggest that exaggerated multisensory 
integration can result in information overload. Disorganization symptoms can occur as 
a direct consequence of this overload, and the formation of negative symptoms might 
be an indirect adaptive strategy in order to minimize information overload (Hemsley, 
1994; Thoma et al., 2005). 
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3.   conSequenceS For THe VaLidiTy oF THe diSTincTion 
BeTween ScHizoPHrenic PSycHoSiS and non-
ScHizoPHrenic PSycHoSiS

Our secondary research goal was to use the results to validate the distinction between 
schizophrenic psychosis and non-schizophrenic psychosis. In the General Introduction, 
we described how the classic conceptualizations of Kahlbaum and Kraepelin influenced 
the current distinction between schizophrenic psychosis and non-schizophrenic 
psychosis. We also described why this categorization has always been problematic with 
respect to diagnostic validity. Meanwhile, an increasing abundance of evidence has 
emerged showing that causative, symptomatological, and prognostic factors are not 
diagnostically specific. For example, the presence of specific genes and symptoms – 
as well as sets of genes and symptoms – appears to differ between various categories 
of psychosis. Rather than reflecting well-defined diagnostic boundaries, these findings 
suggest diagnostic continuity across the current categories (Tandon et al., 2009; van Os, 
2009).

The results of our studies of multisensory emotion perception seem relevant here, for 
several reasons. First, multisensory emotion perception and other cognitive abilities are 
not currently included as classification criteria to differentiate between schizophrenic 
psychosis and non-schizophrenic psychosis. Second, cognitive impairment has been 
established as a stable, robust feature of psychotic illness; indeed, it likely has a 
more proximal relationship with primary causative factors than the presence of overt 
symptoms. This is crucial, as having a valid definition of a disease’s causes will support 
the extent to which a concept represents that disease as it appears in nature. Third, 
multisensory emotion perception seems to be an ecologically valid probe here, given 
the major interpersonal and social problems that are central to psychosis and given the 
subjective feelings of “otherness” that many patients experience. 

Figure 1 depicts the results of our four studies that included both a schizophrenic 
psychosis group and a non-schizophrenic psychosis group. All of the studies revealed 
significant differences between these two groups. However, the nature of these 
differences was not always the same; in some cases, the difference was qualitative, and 
in some cases the difference was quantitative. Qualitative differences indicate “true” 
differences between the groups, whereas quantitative differences suggest a gradual 
contrast. 

As shown in Figure 1A, two studies identified qualitative differences. First, in our 
study at the preattentive level, the integration of multisensory emotions was impaired 
in the schizophrenic psychosis patients, whereas the non-schizophrenic psychosis 
patients performed similarly to the healthy participants. Second, our study at the 
clinical level revealed opposite correlations between the schizophrenic psychosis and 
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non-schizophrenic psychosis groups with respect to multisensory emotion perception 
and positive symptoms and social impairments. 

Quantitative differences were detected in our two studies at the attention-
controlled neuropsychological level. As shown in Figure 1B, our study regarding 
the regulation of multisensory emotion perception by selective attention revealed 
impairments in the schizophrenic psychosis group and – to a lesser extent – in the 
non-schizophrenic psychosis group. A similar result was obtained from our study in 
which we designed models for multisensory emotion perception, neurocognition, 
and social cognition. In the healthy participants, the most appropriate model was the 
omnibus model that predicted interrelatedness between all of these domains; on the 
other hand, in the schizophrenic psychosis group, the most appropriate model was the 
model that indicated disintegration between multisensory emotion perception and 
neurocognition. Again, the performance of the non-schizophrenic psychosis group fell 
between the schizophrenic psychosis group and the healthy participants.

What are the major consequences of these results with respect to the validity of the 
distinction between schizophrenic psychosis and non-schizophrenic psychosis? First, 
we must emphasize that these studies were exploratory by nature, and the primary 
results should therefore be interpreted with caution; this is particularly important when 
we attempt to make secondary inferences with respect to the validity of our diagnostic 
samples. Nevertheless, the results shown in Figure 1A might be interpreted as being 
indicative of bona fide differences between schizophrenic and non-schizophrenic 
illnesses. The results suggest qualitative differences with respect to preattentive 
multisensory emotion perception on its own, and with respect to relationships with 
overt psychosis-related symptom severity and social impairments. Conversely, the 
results shown in Figure 1B summarize the quantitative differences. However, the aim 
of both of these studies was to investigate multisensory emotion processing within a 
cognitive framework. Therefore, although gradual differences were found with respect 
to multisensory emotion perception within “cognitive machinery”, our findings with 
respect to multisensory emotion perception on its own – and its relationships with 
symptoms and social performance outside of this framework – are indicative of true 
differences. This interpretation warrants the use of sensory and multisensory emotions 
as probes in the future validation of concepts for diagnosing psychosis.
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Figure 1. Arrangement of studies according to qualitative (Panel A, top) and quantitative (Panel B, bottom) 
differences between schizophrenic psychosis patients and non-schizophrenic psychosis patients
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4.  direcTionS For FuTure reSearcH

On several occasions in this thesis, we emphasized the need to replicate our studies. The 
first – and perhaps most important – indication for replication is the preliminary nature 
of our results. Although our results and their interpretations resulted from studies 
that were exploratory by nature, they provide an overture for confirmatory hypothesis-
testing. 

Second, the future use of longitudinal rather than cross-sectional study designs 
should allow for conclusive inferences with respect to causal relationships between 
multisensory emotion perception and psychosis. 

Although it is less fundamental, the third direction for future research should be 
considered in advance of the directions stated above and conveys a broader application 
of various methods and materials. For example, the multisensory emotional stimuli that 
were presented, the experimental paradigms that were designed, and the samples of 
psychosis patients that were drawn were always consequences of relatively arbitrary 
choices that we made in the absence of a “gold standard”. Thus, for reasons of ecological 
validity, future research should also include dynamic – rather than static – facial emotions. 
Furthermore, future experiments should not simply allow for behavioral measurements; 
they should also include neurophysiological and neuroimaging approaches, thus 
opening a window to cross-validate behavioral results with measurements that are 
more proximal to the underlying, causative processes. Finally, it is important to expand 
both the number and the nature of the samples along the spectrum of psychosis. 
Indeed, a broader selection of samples (for example, including first-degree relatives 
of the psychosis patients) and the specification of homogeneous subgroups of non-
schizophrenic psychosis patients (for example, manic psychosis) will allow researchers 
to draw more robust conclusions with respect to diagnostic validity.

As a final direction, future studies should always focus on their ultimate goal: to 
obtain a better understanding of the suffering that psychosis patients endure.
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Stemmen zien en gezichten Horen
Multisensorische Waarneming van Emoties bij Schizofrene en niet-Schizofrene Psychose 
Patiënten

“Elke keer dat ik psychotisch word, wordt aangekondigd door dezelfde signalen… Terwijl 
verder alles in orde lijkt, begint het met hoe andere mensen naar me kijken. Alsof ze op me 
neer kijken, meer als voorwerp dan als persoon. Hun gezichten zien er nors en vlak uit, en 
hun blik geeft me het gevoel dat ik… onthecht en vreemd ben. En als ze praten, dan klinkt 
hun spraak hol en mechanisch. Hun woorden volgen de bewegingen van hun lippen niet 
goed meer. Als slechte buiksprekers, onbetrouwbaar en zelfs nog erger…”

–Schizofrenie patiënt

Psychotische patiënten beschrijven vaak gevoelens van vervreemding en achterdocht. 
Dergelijke gevoelens zijn geassocieerd met zintuiglijke, ofwel sensorische, stoornissen. 
Bij hallucinaties nemen patiënten zaken waar zonder dat hiervoor een sensorische 
prikkel of stimulus in de realiteit bestaat: zij horen bijvoorbeeld geluiden en stemmen, 
of zien personen, gezichten en gedaantes. Bij subtielere stoornissen nemen patiënten 
weliswaar reële stimuli waar, maar met een andere, vervormde sensorische kwaliteit. 
Hierdoor schijnen bijvoorbeeld de gezichtsuitdrukkingen van anderen bozig of kritisch 
aan de patiënt, of klinken stemmen van anderen hol of robotachtig. 

Het ligt voor de hand dat wanneer psychotische patiënten hun omgeving en 
medemensen anders beleven, zij hierop ook anders zullen reageren. Ernstige 
psychotische aandoeningen gaan dan ook gepaard met interpersoonlijke en sociale 
handicaps. De Wereldgezondheidsorganisatie (WHO) geeft om deze reden aan 
schizofrenie het predikaat “Youth’s greatest disabler”. 

Omdat sensorische stoornissen een belangrijke factor vormen bij het leed en 
de sociale handicaps waaraan psychotische patiënten lijden, is het belangrijk deze 
stoornissen beter te begrijpen. Dit geldt in het bijzonder voor een specifiek soort 
sensorische waarneming: de multisensorische waarneming van gezichts- en stememoties 
die anderen gelijktijdig tot expressie brengen. Het begrijpen van dit type sensorische 
waarneming bij patiënten met een ernstige –schizofrene dan wel niet-schizofrene– 
psychotische ziekte was de aanleiding voor het onderzoek dat in dit proefschrift wordt 
beschreven.

In Hoofdstuk 1 worden de twee hoofdconcepten van het onderzoek uitgewerkt. Deel 
1 beschrijft, vanuit een historisch perspectief, de conceptualisering van psychose. 
Uitgelegd wordt hoe de diagnostische validiteit van het concept psychose en van 
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haar onderverdeling in ziektecategorieën tot op de dag van vandaag tekortkomingen 
toont. De uitwerking, ofwel operationalisering, van de diagnostische criteria die de 
hedendaagse onderverdeling van psychose bepalen wordt eveneens in dit deel 
beschreven. Een verhandeling over de betrouwbaarheid van verschillende instrumenten 
waarmee diagnostische criteria, symptomen en sociaal functioneren kunnen worden 
gemeten sluit deel 1 af. 

Deel 2 behandelt het concept en de operationalisering van multisensorische 
emotiewaarneming. Eerst wordt aangegeven hoe waarnemingsprocessen zowel vroege, 
voorbewuste – in de Angelsaksische literatuur preattentive – stadia kennen, alsook latere, 
bewuste – attention-controlled – stadia. Hierna wordt een volgende onderverdeling 
toegelicht, namelijk die van unisensorische versus multisensorische waarneming. 
Beschreven wordt hoe de voorbewuste waarneming van de gemoedstoestand van 
anderen gewoonlijk plaatsvindt door gelijktijdige, multisensorische verwerking van 
zichtbare – gelaatsuitdrukking, lichaamstaal – en hoorbare – stemgebruik – emoties. 
Tot slot wordt uitengezet hoe voorbewuste, multisensorische emotiewaarneming is 
geoperationaliseerd en wordt gemeten tijdens de experimenten die zijn gebruikt bij 
het onderzoek. 

Deel 3 beschrijft de veronderstelde relatie tussen psychose en multisensorische 
emotieherkenning. Aangekaart wordt dat het onderzoek dat wordt beschreven in dit 
proefschrift een explorerend karakter heeft, omdat onderzoeksbevindingen op dit 
gebied tot op heden zeer schaars zijn.

Deel 4 geeft een overzicht van de onderzoeksvragen die worden behandeld in dit 
proefschrift, en van de overeenkomstige experimenten die worden beschreven in de 
navolgende hoofdstukken.

Hoofdstuk 2 beschrijft een studie naar de multisensorische verwerking van gezichts- 
en stememoties bij schizofrene en niet-schizofrene psychose patiënten en gezonde 
controlepersonen. Tijdens twee computertaken werden tegelijkertijd gezichts- en 
stememoties gepresenteerd, bij taak 1 ‘blijdschap’ en ‘angst’ en bij taak 2 ‘blijdschap’ en 
‘verdriet’. De gezichts- en stememoties waren ofwel congruent (bijv. blij gezicht–blije 
stem), ofwel incongruent (bijv. blij gezicht–bange stem). De proefpersonen dienden zo 
accuraat mogelijk aan te geven welke stememotie zij waarnamen, terwijl zij naar de 
gezichtsemoties op het scherm bleven kijken. 

Nu is normaliter sprake van vroege, voorbewuste beïnvloeding tussen informatie die 
men tegelijkertijd hoort en ziet: crossmodale beïnvloeding. Crossmodale beïnvloeding 
is een voorwaarde voor integratie, waardoor een multisensorische omgeving wordt 
waargenomen als één geheel. In lijn hiermee toonden de resultaten dat gezonde 
controlepersonen, en ook niet-schizofrene psychose patiënten, stememoties accurater 
waarnamen tijdens congruente dan incongruente gezichtsemoties. Schizofrene 
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patiënten profiteerden significant minder van congruente emoties. Als keerzijde van 
hetzelfde integratietekort presteerden schizofrene patiënten relatief beter tijdens 
incongruente emoties. Dit ‘laboratoriumvoordeel’ heeft echter in het dagelijks leven 
geen betekenis, omdat anderen hun gemoedstoestand steevast tonen met congruente 
gezichts- en stememoties. 

Hoofdstuk 3 geeft een studie weer die tweeledig was. Tijdens een eerste experiment 
werd een computertaak gepresenteerd aan schizofrene en niet-schizofrene psychose 
patiënten en aan gezonde controlepersonen. Tijdens deze taak werden foto’s met 
lichaamstaal getoond, waarbij ‘angst’, ‘verdriet’ en ‘boosheid’ tot expressie werden 
gebracht. Schizofrene patiënten bleken in vergelijking met gezonde controlepersonen 
minder goed in staat om lichaamstaal accuraat waar te nemen, terwijl niet-schizofrene 
psychosepatiënten intermediair presteerden. 

Tijdens een tweede, multisensorisch experiment werden aan schizofrene patiënten 
en aan gezonde controlepersonen filmpjes met lichaamstaal getoond, tegelijk met 
menselijke of dierlijke kreten. De emoties betroffen hier ‘blijdschap’ en ‘angst’. De 
proefpersonen dienden zo accuraat mogelijk aan te geven welke lichaamstaalemotie 
zij waarnamen, terwijl zij ook naar de kreten luisterden. De bevindingen toonden 
overmatige integratie van menselijke kreten bij schizofrene patiënten. Voor de 
schijnbare tegenstelling met de bevinding van verminderde integratie in Hoofdstuk 2, 
kan als gemeenschappelijke verklaring dienen dat hoorbare, of auditieve, emotionele 
stimuli een dominantere rol hebben in multisensorische condities bij schizofrene 
patiënten in vergelijking met gezonde personen. Terwijl verminderde integratie leidt 
tot een verminderde waarnemingsaccuratesse bij congruente emoties, leidt overmatige 
integratie tot foutieve verwerking van incongruente stimuli, of van stimuli die niet op 
dezelfde situatie of persoon betrekking hebben. 

Hoofdstuk 4 beschrijft een studie met dezelfde taken en proefpersonen als beschreven 
in Hoofdstuk 2. Dit maal werden de gepresenteerde gezichten en stemmen echter 
voorzien van zichtbare (cijfertjes), respectievelijk hoorbare (piepjes) non-emotionele 
stimuli, die naast de stememoties dienden te worden beoordeeld. Zodoende werd de 
aandacht van de proefpersonen voor respectievelijk de visuele en auditieve modaliteit 
selectief gemanipuleerd, en kon de rol van modaliteit-specifieke, selectieve aandacht 
(MSSA) bij multisensorische emotiewaarneming worden onderzocht. Normaliter is MSSA 
een mechanisme dat gezonde personen beschermt tegen (overmatige) verwerking van 
irrelevante stimuli dankzij dempende regulering van multisensorische integratie. 

Zoals verwacht toonden de bevindingen dat MSSA de integratie van stem- en 
gezichtsemoties dempte bij gezonde controlepersonen en, zij het in verminderde mate, 
eveneens bij niet-schizofrene psychose patiënten. Bij schizofrene patiënten ontbraken 
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de regulerende effecten van MSSA, en werd zelfs overmatige integratie van emotionele 
stimuli gevonden. Deze resultaten suggereren dat het beschermende, regulerende 
effect van MSSA bij schizofrene patiënten ontbreekt, of zelfs verstorend werkt. 

Hoofdstuk 5 brengt drie cognitieve domeinen, die betrokken zijn bij het proces van 
voorbewuste waarneming, via verwerking, tot bewuste interpretatie van stem- en 
gezichtsemoties, samen. Het betreffen respectievelijk: multisensorische waarneming, 
neurocognitie en sociale cognitie. Beschreven wordt hoe prestaties op deze domeinen 
werden gemeten met in totaal tien taken. Daarna wordt uiteengezet hoe de samenhang 
tussen de prestaties op de drie domeinen werd geanalyseerd met behulp van een 
specifieke statistische methode, te weten Structural Equation Modeling (SEM).

Gewoonlijk is sprake van een intensieve wisselwerking tussen vroege, voorbewuste 
waarneming en latere, bewuste denkprocessen. Dit kwam dan ook tot uiting in de 
resultaten bij gezonde controlepersonen: het model dat de meest nauwe samenhang 
tussen de drie cognitieve domeinen voorspelde, bleek het beste te passen bij de 
structuur van hun prestatiedata. Bij schizofrene patiënten bleek een ander model het 
best passende, namelijk het model waarbij tussen multisensorische waarneming en 
neurocognitie géén samenhang werd voorspeld. De bevindingen bij de niet-schizofrene 
psychose patiënten bevonden zich tussen die van de schizofrene patiënten en gezonde 
controlepersonen in. Beschreven wordt hoe deze resultaten erop wijzen dat op langs 
een spectrum van toenemende gevoeligheid c.q. ernst van psychotisch lijden –van 
gezonde personen, via niet-schizofrene, naar schizofrene psychose patiënten– sprake 
lijkt van toenemende desintegratie tussen vroege, voorbewuste multisensorische 
waarneming van emoties enerzijds, en latere, bewuste stadia van verwerking en 
interpretatie van emoties anderzijds. 

Hoofdstuk 6  beschrijft een studie waarbij prestaties op alle stem- en gezichtsemotietaken, 
beschreven in Hoofdtukken 1 en 3, werden gerelateerd aan klinische uitkomstmaten 
bij schizofrene en niet-schizofrene psychose patiënten. Geanalyseerd werd hoe de 
mate van multisensorische integratie van emoties samenhing met de ernst van zowel 
symptomen als sociaal disfunctioneren. 

Bij de niet-schizofrene psychose patiënten bleken significante correlaties steeds 
te wijzen een verband tussen overmatige integratie enerzijds, en toenemende ernst 
van symptomen en sociaal disfunctioneren anderzijds. Bij schizofrene patiënten werd 
juist gevonden dat toenemende ernst van symptomen en sociaal disfunctioneren 
samenhing met verminderde integratie. Een mogelijke verklaring voor deze 
contrasterende bevindingen wordt uitgewerkt en is gestoeld op verschillende regulatie 
van multisensorische waarneming door MSSA tussen schizofrene en niet-schizofrene 
psychose patiënten.
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Hoofdstuk 7 bediscussieert het onderzoek dat is beschreven in dit proefschrift. Deel 1 
gaat in op de sterke en zwakke punten van de gebruikte methoden en materialen, en de 
consequenties voor de interne en externe validiteit van het onderzoek. Achtereenvolgens 
komen aan de orde: het design van het onderzoek, de selectie en steekproefneming 
van de proefpersonen, de selectie en meting van de onderzoeksvariabelen, en de 
toegepaste statistische methoden.

Deel 2 vat de resultaten van de afzonderlijke studies, beschreven in Hoofdstuk 2 
tot en met 6, samen en ordent deze naar drie niveaus: het voorbewuste –preattentive– 
neuropsychologische niveau, het bewuste –attention-controlled– niveau, en het 
klinische niveau.

Deel 3 bespreekt de consequenties van de onderzoeksbevindingen voor de validiteit 
van de onderverdeling tussen schizofrene en niet-schizofrene psychose. Uiteengezet 
wordt dat de bevindingen op zowel het voorbewuste neuropsychologische, als op het 
klinische niveau kwalitatief verschilden tussen schizofrene en niet-schizofrene psychose 
patiënten. Deze bevindingen rechtvaardigen het onderscheid tussen beide vormen van 
psychose. Met betrekking tot de bevindingen op het bewuste neuropsychologische 
niveau wordt toegelicht hoe deze kwantitatief verschilden. In deel 4 worden 
opmerkingen gemaakt over het belang van vervolgonderzoek en worden suggesties 
gegeven voor toe te passen methoden en materialen. Besloten wordt met de oproep om 
bij toekomstig onderzoek het focus te houden op het uiteindelijke doel: het verkrijgen 
van een beter begrip van het leed dat psychose patiënten dragen.
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De uitvoering van het onderzoek dat is beschreven in dit proefschrift heb ik vooral te 
danken aan de bereidwilligheid en inzet van ruim honderd psychosepatiënten die aan 
het onderzoek deelnamen. Meestal waren drie dagdelen gemoeid met het doorlopen 
van de gehele interview- en testbatterij. Ondanks hun klachten en problemen namen 
de patiënten de moeite om zich mijn diagnostische interviews, computertaken en een 
variëteit aan neuropsychologische testen te laten welgevallen. 

Minsten zo waardevol als hun deelname was de openheid die de patiënten mij gaven 
over de invloed van psychose op hun dagelijks leven. Hiertoe bestond gedurende het 
onderzoek alle ruimte, omdat ik niet zozeer tegenover de patiënt –gebruikelijk in de 
rol van behandelend psychiater– , maar juist naast de deelnemer kon zitten om een 
experiment uit te leggen, of om samen te pauzeren na gedane arbeid. Ik ben dankbaar 
voor de vele unieke gesprekken die ik in deze context heb mogen voeren.

Voor het wetenschappelijk welslagen van het promotietraject gaat mijn grote dank uit 
naar mijn twee promotores: prof. dr. Paul Hodiamont en prof. dr. Beatrice de Gelder. 
Paul, we hebben vele, vele uren doorgebracht en overlegd over de juiste aanpak, 
ordening, interpretatie en verslaglegging van het onderzoeksmateriaal. Hierbij wist 
je naadloze verbindingen te maken tussen de medisch-psychiatrische wetenschap, 
wetenschapsfilosofie, sociologie, politicologie, de kunsten, en  het leven als zodanig. 
Paul, ik kijk er met veel genoegen op terug, en prijs me gelukkig met de invloed die 
jouw lessen hebben gehad op mijn wetenschappelijke en persoonlijke vorming. 

Bea, jij hebt me getoond dat realisme en focus op het einddoel belangrijke 
voorwaarden zijn voor het verrichten van promotieonderzoek. Toen het onderzoek 
zo’n vijf (!) jaar geleden vertraging opliep, en ik me weer eens met vele vragen bij jou 
meldde, stelde je als wedervraag of ik al een promotiedatum aangevraagd had! Bea, je 
hebt me geholpen om niet te verzanden in een voortdurend blijven (her-)overwegen 
van keuzes en opties, en daarmee om het vertrouwen in de uiteindelijke afronding vast 
te houden. Dankbaar ben ik ook voor de samenwerking en de gelegenheid die jij met 
jouw laboratorium bood om jullie gevestigde experimenten toe te passen bij psychose 
patiënten.

Naast de promotores wil ik graag de overige leden van de Promotiecommissie 
bedanken voor het beoordelen en goedkeuren van het manuscript: Christina van de 
Feltz-Cornelis, Lieuwe de Haan en Marco Tamietto.

Dit brengt me op de steun die ik heb gehad van een aantal mensen van de departementen 
Cognitieve Neuropsychologie en Medische en Klinische Psychologie van Tilburg 
University. Jan Van den Stock, Rutger Righart, Jeroen Stekelenburg en Jean Vroomen, 
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bedankt voor de adviezen en tips die ik van jullie ontving gedurende verschillende fases 
van het onderzoek. Het afnemen van taken en testen werd regelmatig verlicht door de 
helpende hand van student-assistenten: Jeske, Tessa, Anne en Quincy, bedankt voor 
jullie hulp en voor jullie verwonderde vragen over zowel het onderzoek als de klinische 
GGz-praktijk.

 
Vele collega’s bij GGz Breburg ben ik dank verschuldigd. Om te beginnen dank ik 
Willem van Hezewijk voor het treffen van de noodzakelijke voorwaarden voor mijn 
promotieonderzoek. Willem, na je succesvolle inspanningen, als bestuurder van 
GGz Midden-Brabant, voor de oprichting van een leerstoel Sociale Psychiatrie bij 
Tilburg University, zette je vervolgens je handtekening onder mijn aanvraag voor een 
onderzoeksubsidie bij ZonMW. Ook in de periode die volgde kon ik rekenen op je 
essentiële support. 

Tijdens de navolgende jaren van noeste wetenschapsarbeid ben ik als psychiater bij 
de aanmeld- en crisisdienst Tilburg regelmatig minder flexibel inzetbaar geweest voor 
vervangings- en bereikbaarheidswerkzaamheden. Toch heb ik me steeds gesteund 
gevoeld en gelukkig geprezen met de warme band met mijn directe collega’s: Gé van 
de Weg, Rob Holleman, Cresjan van der Lee, Michael “The Backbone” Brands, Frank 
Maas, Annemarie Raaijmakers, Angeline Ringens, Wim Castelijns, en  Ad van Ooijen.

Gedurende de laatste twee jaar hebben ook de directe collega’s van het Bureau 
Geneesheer-directeur mijn onderzoekswerkzaamheden een warm hart toegedragen: 
Henk Corthals en Irma van Mil, dank voor jullie betrokkenheid en interesse; Marianne 
Bessem en Carenza van Noort, bedankt voor jullie praktische hulp, onder andere bij de 
opmaak van het manuscript!

Tot slot hebben de huidige bestuurders van GGz Breburg, Ariëtte van Reekum 
en Guus van Weelden, mij de mogelijkheid geboden om, naast werkzaamheden als 
psychiater en geneesheer-directeur, het promotietraject af te ronden. Ariëtte en Guus, 
bedankt voor jullie vertrouwen.

Vele vrienden hebben hun betrokkenheid getoond in de afgelopen jaren. Dit heeft 
bijgedragen aan de lange adem die nodig was voor het promotietraject. Zowel vrienden 
en vriendinnen van ‘vroeger’ als ‘nu’ zijn belangrijk geweest. Vrienden van het eerste 
uur, ofwel de voltallige Gymnasium Camphusianum/Oude Hoven-kliek met al haar 
directe en indirecte aanwas, bedankt voor jullie niet-aflatende en al decennia durende 
vriendschap! Vrienden van een later uur, met referte aan buurt- en vriendschapsteam ‘De 
Buurtjes’, Martijn en Ellen (onze gezamenlijke reizen waren brandstof om daarna weer 
vaart te maken!), Bob en Nienke (de talloze Catan-battles met jullie waren een slijpsteen 
voor de geest!) en Mark en Jolanda (wat hebben we veel gedeeld in de Rotterdamse 
periode en nadien!), bedankt voor jullie warmte, enthousiasme en betrokkenheid! 
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Twee mannen wil ik in het bijzonder noemen: Jaco en Tobias, broeders, en eerder 
al eens mijn getuigen bij een ‘ander’ huwelijk, bedankt voor jullie vriendschap en de 
bereidheid de rol van paranimf op jullie te nemen! 
Veel familieleden informeerden dikwijls naar de voortgang van het onderzoek en naar 
de inhoudelijke kant ervan, waarvoor dank. Mama, Leo, Carola en Dennis; Marian, Henny 
en Eline, dank voor jullie speciale betrokkenheid. Papa, je hebt onmiskenbaar de basis 
gelegd voor mijn honger naar kennis en hang naar intellectuele uitdaging.

Ik eindig met de mensen die mij het meest dierbaar zijn, en voor mij het bestaan zin 
en vreugde geven. Clare, Riemer en Tessel, jullie hebben denk ik – en hoop ik– niet 
zoveel gemerkt van het harde werken aan mijn onderzoek, dat immers vooral tijdens 
werkdagen of op de latere avonden plaatsvond. Ongemerkt hebben jullie natuurlijk 
wél veel invloed gehad op mijn werk aan het boek dat jullie nu vasthouden. Zo was 
het in de beginjaren goed voor papa om regelmatig uit hogere sferen en achter zijn 
laptop vandaan te moeten komen om een luier te verschonen of speentje toe te 
stoppen. Later stelden jullie toenemend fundamentele vragen over onder andere de 
zin van zo’n onderzoek, waarom iemand met zoiets voor zijn lol begint, en wat het nu 
eigenlijk allemaal oplevert en bewijst? In feite markeerden deze vragen het begin van 
de verdediging van het proefschrift… 

Lieve Roos, jouw aanwezigheid in mijn leven is van onschatbare waarde. Ofschoon, 
om in onderzoekstermen te spreken, niet direct ‘meetbaar’, heb jij een unieke rol gehad 
gedurende het gehele onderzoeksproces. Deze rol werd bepaald door vele, soms 
tegenstrijdige, gezichten: steun en kritiek, aanmoediging en afremming, vertrouwen 
en bezorgdheid. Voortdurende betrokkenheid was hierbij de doorslaggevende, rode 
draad. Roos, met de vervolmaking van dit proefschrift krijgen we, vooral in de avonden, 
weer meer tijd voor elkaar. Ik verheug me erop weer vaker met je te genieten van de 
zaken des levens die ons allebei boeien!
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Sjakko de Jong werd geboren op 13 maart 1973 te Giessenburg. Na het behalen van 
het Gymnasium diploma aan het Gymnasium Camphusianum te Gorinchem in 1991, 
volgde hij de studie Biomedische Wetenschappen aan de Rijksuniversiteit Leiden en 
behaalde zijn Propedeusediploma. Vanaf 1992 studeerde hij Geneeskunde aan de  
Erasmus Universiteit Rotterdam. In 1996 werd de doctoraalbul behaald, en in 1998 
werd aan hem de Artsenbul  –  cum laude – uitgereikt. Na een jaar werkzaam te zijn 
geweest als assistent-geneeskundige niet-in-opleiding (AGNIO) bij de afdeling Interne  
Geneeskunde van het Ikazia Ziekenhuis te Rotterdam, volgde in 1999 een dienstverband 
als AGNIO bij GGz-instelling BAVO-RNO, eveneens te Rotterdam. In 2000 ving hij aan met 
de medisch-specialistenopleiding Psychiatrie bij A-opleider Prof. dr. P.P.G. Hodiamont, 
bij GGz Breburg – destijds GGz Midden-Brabant – welke in 2004 werd afgerond.  
Tussentijds werd, in 2002, gestart met het opzetten van een wetenschappelijk onderzoek 
naar de herkenning van multisensorische emoties bij schizofrene en niet-schizofrene 
psychosepatiënten. Hiertoe werd een samenwerking aangegaan met Prof. dr. B.L.M.F. 
de Gelder van Tilburg University. Voor de uitvoering van het onderzoek werd een  
subsidie verkregen bij het OOG (Opleiding Onderzoekers GGz)-programma van ZonMW 
(Zorg OnderzoekNederland Medische Wetenschappen). Naast de wetenschappelijke en 
onderwijskundige werkzaamheden die gepaard gingen met voornoemd onderzoek, is 
hij werkzaam gebleven als psychiater bij GGz Breburg. Hierbij werden onder andere de 
functies van psychiater bij de aanmeld- en crisisdienst, secretaris van de medische staf 
en geneesheer-directeur vervuld. 




