
 

 

 University of Groningen

Beyond what is being said
Hoekert, Lijntje Maria

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2009

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Hoekert, L. M. (2009). Beyond what is being said: emotional prosody. s.n.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/761aba9f-f1f9-4636-af39-abee2e8ee002


 
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

BEYOND WHAT IS BEING SAID  
Emotional prosody: its neural basis and its relevance for schizophrenia 

Lijntje Maria Hoekert 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Printing  

Printed by Ipskamp Drukkers, Enschede, the Netherlands 

 

 

ISBN 

978-90-367-4021-0 (Printed version) 

978-90-367-4022-7 (Digital version) 

 

Copyright  

All rights reserved. No part of this publication may be reproduced or transmitted in 

any form or by any means without the permission of the author and the publisher 

holding the copyright of the published articles. 

 

Cover 

Speech bubble, idea and design from Suzanne Roberts 



 
 

 
 
 

RIJKSUNIVERSITEIT GRONINGEN 
 
 

 
 

BEYOND WHAT IS BEING SAID  
Emotional prosody: its neural basis and its relevance for schizophrenia 

 
 
 

Proefschrift 

 

 

 
ter verkrijging van het doctoraat in de  

Medische Wetenschappen 
aan de Rijksuniversiteit Groningen 

op gezag van de  
Rector Magnificus, dr. F. Zwarts, 
in het openbaar te verdedigen op 

maandag 30 november 2009 
om 13.15 uur 

 

 

 
door 
 
 

 
Lijntje Maria Hoekert 

 
 
 

geboren op 8 oktober 1977 
te Rotterdam 



Promotores:    Prof. dr. A. Aleman 

Prof. dr. R. S. Kahn 

 

Copromotor:   Dr. H. Knegtering 

 

 

Beoordelingscommissie: Prof. dr. J. M. Bouma 

Prof. dr. W. H. Brouwer 

Prof. dr. J. Vroomen 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Paranimfen:   Marte Swart 

    Lisette van der Meer 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Zo is de taal een kromme stok, maar ook een stok 

die slaat, een net met veel te grove mazen, maar 

een net dat vangt, het niezen van een blonde zangeres. 

  

En wat het mooiste is: de taal laat ons 

steeds weten dat het einde in ons meeleeft. 

Meer moet dat eigenlijk toch ook niet zijn. 

 

 

 

Uit 'Meer moet dat niet zijn' van Anton Korteweg, in Voortgangsverslag, Amsterdam, 

Meulenhoff 2005 
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Emotional prosody  

Emotional prosody is a paralinguistic as-

pect of language, consisting of features 

including intonation, stress, pitch, and 

volume. It is also known as the emotional 

melody of speech. When someone speaks 

to you, not only what someone says is 

important, but also how someone speaks. 

i.e. the tone of voice (Mitchell and Crow, 

2005). The impact of saying to someone 

“You are a workaholic” has different 

meanings, depending on whether the 

tone of your voice is angry or playful. 

Emotional prosody gives information 

about the intention and emotional state 

of the speaker. Not being able to under-

stand this information, and other social 

cues correctly, might lead to serious 

problems in social communication. This 

will be discussed in the paragraph on so-

cial cognition and schizophrenia.  

 

A well established finding of neuroscience 

is that language is primarily lateralized to 

the left hemisphere. This means that in 

healthy (right-handed) people, the left 

hemisphere is dominant for language 

processing. Although such a role for the 

left hemisphere has been firmly esta-

blished for processing of a range of lin-

guistic aspects such as syntax and se-

mantics, a number of lesion and imaging 

studies however, have revealed that the 

right hemisphere plays an important role 

in emotional prosody perception. The ex-

tent of the lateralization of emotional 

prosody to the right hemisphere differs 

between studies. Some researchers argue 

that it is solely the right hemisphere that 

pro-cesses emotional prosody (Ross et 

al., 1997;Ross, 1981;Ross and Monnot, 

2008). Others have shown that bilateral 

brain regions are involved, with an 

asymmetry to the right hemisphere 

(Mitchell et al., 2003;Vingerhoets et al., 

2003). Deficits in emotional prosody per-

ception have also been found after left 

hemisphere lesions (Adolphs et al., 2002; 

Hornak et al., 2003). Studies examining 

the neural substrate of emotional prosody 

perception have revealed a network in-

cluding bilateral regions in superior and 

middle temporal gyri and orbital and infe-

rior frontal regions. Some studies have 

also implicated subcortical structures 

such as the amygdala (Sander et al., 

2005;Phillips et al., 1998) and the basal 

ganglia (Pell and Leonard, 2003; Cancel-

liere and Kertesz, 1990). The results from 

studies examining the neural substrate of 

emotional prosody are as yet unclear with 

respect to which brain areas are involved 

in emotional prosody pro-cessing and 

with regard to the extent of lateralization 

of this function.  

 

The aim of our studies in healthy subjects 

with the research technique transcranial 

magnetic stimulation (TMS) was to reveal 

whether certain areas that have been 

implied in emotional prosody processing 

would be critically involved in the process 

of emotional prosody perception and 
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more specifically at what time point du-

ring this process. Regions of interest for 

our first study (chapter 2) were based on 

imaging studies revealing an association 

with bilateral inferior frontal gyri (Ethofer 

et al., 2006;Buchanan et al., 2000). For 

the study described in chapter 3, the re-

gion of interest was based on a lesion 

study, concluding that the fronto-parietal 

operculum (FPO) is important for emo-

tional prosody perception (Adolphs et al., 

2002). Moreover, the FPO was also found 

to be involved in emotional prosody per- 

 

ception in a TMS study (van Rijn et al., 

2005). Our study was a sequel and ex-

tension to this study of van Rijn et al. 

(2005).  

 

Impairments in social cognition have 

been shown to be core deficits in schizo-

phrenia (Couture et al., 2006). Among 

these, deficits in emotion processing, 

such as emotional prosody perception, 

are argued to be important for under-

standing the disorder (Aleman and Kahn, 

2005). 

 

 
Figure 1 Cytoarchitectonic probability map of the cortex. Reprinted by permission 

from Macmillan Publishers Ltd: Nature Reviews Neuroscience (Toga et al., 2006), 

copyright (2006). The inferior frontal gyrus (IFG), the region of interest in chapter 2 

is Brodmann area (BA) 45 in the fi-gure, (46 is not shown this region is located a bit 

more frontal than BA 45). The region of inte-rest for the study described in chapter 3 

is the fronto-parietal operculum, named PFop in the figure.  
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Schizophrenia 

Kraepelin was the first who described 

what is now called schizophrenia (1899) 

(in (Jones and Buckley, 2006)). He used 

the term ‘dementia praecox’, for a syn-

drome of catatonia, hebephrenia and de-

mentia paranoides. About ten years later 

Bleuler recognized the same syndrome 

also in youth and went on to use the term 

‘schizophreniagruppe’, because he argued 

that splitting or tearing apart of the psy-

chic functions that occurred in the syn-

drome formed the unifying feature and 

not the older age or deteriorating course 

(in (Cutting and Shepherd, 1987). He 

described in 1908 the disease as a de-

coupling of emotion, thoughts, and be-

haviour. The modern definition of schizo-

phrenia includes many of the symptoms 

as observed and classified by Kraepelin 

and to a lesser extend by Bleuler. Its 

symptoms are defined in the in the inter-

nationally broadly used DSM classification 

of psychiatric diseases. Following the 

classification of schizophrenia according 

to the DSM-IV, it is in most cases a 

chronic disease. The symptoms of schizo-

phrenia may affect many of the patient’s 

thoughts, feelings, and behaviour. Its 

characteristics may include: abnormal 

perceptions in the form of hallucinations; 

aberrant inferential judgments that result 

in extraordinary beliefs and delusions; 

distorted thought construction that mani-

fests as a disorder of language; unusual 

often restricted emotion, volition and he-

donia; various cognitive problems mainly 

affecting memory and executive func-

tions; seemingly strange behaviour un-

derstandable only in the context of these 

unusual experiences and abnormal con-

trol systems; finally, both motoric and 

developmental dimensions. 

 

Symptoms like hallucinations and delu-

sions are frequently classified as positive 

symptoms. Symptoms like lack of initia-

tive and interest are often classified as 

negative symptoms. Not in the DSM-IV 

classification are the often observed cog-

nitive symptoms, e.g. memory problems, 

and impairments in attention and pro-

blem solving. Impairments in a fourth 

domain, the social cognition, are the main 

subject of this thesis. 

 

The group of patients fulfilling the DSM-

IV criteria of schizophrenia is very he-

terogeneous (Jones and Buckley, 2006). 

Schizophrenia is mostly regarded as a 

neurocognitive disorder, with cognitive 

functions and the underlying neural sys-

tem being most characteristic for the di-

sease (Nuechterlein and Dawson, 1984; 

Heinrichs and Zakzanis, 1998). These are 

undeniably important characteristics; 

recently it has been proposed however, 

that aberrant social-emotional processing 

and its neural substrate may be even 

more important for understanding the 

disorder (Aleman and Kahn, 2005; Pink-

ham et al., 2003). Social-emotion pro-

cesses forms part of social cognition, i.e. 
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all information processing underlying so-

cial interaction (see next paragraph) 

(Brothers, 1990). A growing body of evi-

dence exists on impairments in social 

cognition in schizophrenia and more spe-

cifically on impairments in emotion pro-

cessing. Disturbances in emotion can be 

divided in emotional expression, emotion 

perception, and experience of emotions. 

Schizophrenia patients show abnormali-

ties in all three domains. The experience 

of emotion can however also be at normal 

(Kring and Earnst, 1999;Aghevli et al., 

2003) or increased levels (Myin-Germeys 

et al., 2000). Abnormalities in neural sys-

tems involved in emotion processing have 

also been found. Different studies have 

revealed abnormal activation of the most 

important emotion related brain area, the 

amygdala, in during emotion processing 

in schizophrenia (Rasetti et al., 2009;Hall 

et al., 2008;Li et al., 2009). Most of these 

studies reported reduced activation of the 

amygdala to negative stimuli, which has 

been suggested to arise from an in-

creased response to neutral stimuli (Hall 

et al., 2008). This is in line with the influ-

ential theory of aberrant salience, as will 

be described later (Kapur, 2003).  

 

Schizophrenia is a syndrome usually ha-

ving an onset in early adult life. Most pa-

tients develop symptoms between the 

ages of 16 and 26. The true beginning of 

the disease is often difficult to date. A 

collection of suspicious and disabling fea-

tures may occur as a prodrome to schizo-

phrenia. These prodromal features can be 

described as “not being themselves”, 

“something is not quite right”, and mani-

fest as withdrawal from previous social 

roles, impairment in general functioning, 

behaviour others see as odd, altered 

emotions, deterioration in personal hy-

giene, difficulties communicating with 

others, strange ideas, unusual experi-

ences and restricted drive (Jones and 

Buckley, 2006). A residual or stable 

phase follows the acute phases of illness 

and treatment. The features of this phase 

often resemble the prodromal phase with 

frequently some attenuated psychotic 

phenomena. However, emotional blunting 

or flattening of affect and impairments in 

social functioning are common. 

 

Who gets schizophrenia?  

The risk of developing schizophrenia over 

one’s lifetime is just under 1 % (Tandon 

et al., 2008;Jones and Buckley, 2006). 

Environmental and genetic factors are 

involved in its causation. Urbanicity, male 

gender, migration, winter birth, obstetric 

and perinatal complications such as early 

childhood brain damage and well as can-

nabis or stimulant use in puberty are 

found to be associated with a higher risk 

to develop schizophrenia (Saha et al., 

2006;Tandon et al., 2008). Having an 

affected family member substantially in-

creases the risk of developing schizo-

phrenia. First-degree relatives of people 

with schizophrenia (though this is a mat-

ter of debate) have a 3- 7% risk for 
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schizophrenia, this is 5-10 fold higher 

than for those with no schizophrenia in 

the family (Jones and Buckley, 2006). 

This risk increases as the degree of ge-

netic affinity with the affected family 

member increases (Kendler et al., 1993). 

A meta-analysis on twin studies of 

schizophrenia, found an estimate of 

heritability of 81% (95% confidence in-

terval, 73%-90%) (Sullivan et al., 2003). 

This means that twin studies have consis-

tently found that among monozygotic 

twins the concordance for the disease is 

more than a three-fold greater than 

among dizygotic twins. However, the au-

thors also determined that there are 

small significant common environmental 

effects on liability to schizophrenia (point 

estimate, 11%; 95% CI, 3%-19%) 

(Sullivan et al., 2003). Studies examining 

genetics in schizophrenia have pointed at 

several genes that possibly contributes to 

liability to the disease, one of these may 

be the COMT gene. Probably, liability for 

schizophrenia is built up in layers with 

multiple genes, including COMT, interac-

ting with environmental factors such as 

prenatal risk factors, stress or drug use. 

At the level of the brain, schizophrenia 

may involve structural changes to diffe-

rent brain structures. The most consisting 

finding from neuroimaging studies on 

structural correlates of schizophrenia is 

enlarged cerebral ventricles, first found 

30 yrs ago (Johnstone et al., 1976). But 

also changes to the prefrontal cortex, the 

corpus callosum (Wolkin and Rusinek, 

2003) and to temporal regions (Lui et al., 

2009) have been shown. Abnormalities in 

lateralization have been found in the 

temporal regions and in the ventricles, 

which may be related to the aetiology of 

psychosis (Sommer et al., 2001; John-

stone et al., 1989;Crow, 1990). It is 

thought that schizophrenia must involve 

many brain systems or sub-systems and, 

maybe even more important, their (func-

tional) connections.  

 

At present, there is no cure for schizo-

phrenia; treatments are most effective 

when they are used in combination: cog-

nitive behavioural therapy, psychothe-

rapy, medication treatment, psycho-

education, family interventions, and so-

cial support. Various pharmacological 

therapies have been developed giving rise 

to different pharmacological models. The 

most influential of these models is the 

dopamine hypothesis, a model that fo-

cuses on imbalances in dopaminergic ac-

tivity of the brain. According to this hy-

pothesis, hyperactivity of the sub-cortical 

dopaminergic pathways mediates symp-

toms of psychosis, while hypo-activity of 

prefrontal dopaminergic pathways medi-

ates negative and cognitive symptoms. 

The theory has been expanded, linking 

dopamine dysregulation to alterations in 

synaptic connectivity in the prefrontal 

cortex and that this alteration is related 

with N-methyl-D-aspartate (NMDA) hypo-

function. Antipsychotic medication in use 

until 2009 target all the dopamine hyper-
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activity, while some antipsychotics may 

also influence the glutaminergic (NMDA) 

system and other systems.  

 

The dopamine hypothesis was a theoreti-

cal basis for the complementary hypothe-

sis of ‘aberrant salience’ that aims to in-

tegrate findings from not only pharma-

cology but also biology and phenomeno-

logy in psychosis (Kapur, 2003). Dopa-

mine is again the protagonist of this the-

ory, especially its function in reward and 

reinforcement is thought to play a central 

role in the limbic system. The dopamine 

system has a mediating role in motiva-

tional salience. This means that the limbic 

dopamine system mediates the transla-

tion of the neural representation of an 

external stimulus from a neutral and un-

attractive bit of information into an at-

tractive or aversive entity (Berridge and 

Robinson, 1998). Under normal circum-

stances, the limbic dopamine system is a 

mediator of contextually relevant sali-

ences. In patients who experience psy-

chosis the limbic dopamine system may 

become a creator of aberrant salience 

(Kapur, 2003). It has been proposed that 

before developing psychosis, patients 

develop an abundant release of dopa-

mine, especially in the limbic system, 

independent of context or experiences. 

This leads to misattribution of salience 

and motivational significance to external 

and internal stimuli. In the earliest stages 

of a psychosis, this leads to the assign-

ment of exaggerated importance to cer-

tain perceptions and ideas and may in-

duce a perplexing state. This can also be 

described as a greater awareness, or a 

fascination for normally insignificant 

stimuli. Delusions can develop as a top-

down cognitive explanation for these ex-

periences of aberrant salience. The misat-

tribution of salience to for other people 

neutral internal or external stimuli, e.g. 

neutral expressions in others, can also 

induce anxiety. According to this hy-

pothesis, hallucinations arise from the 

abnormal salience of internal representa-

tions of perceptions and memories. This 

could explain the gradual differences in 

severity of hallucinations, whereby some 

people classify their hallucinations as 

their own internal thought, others as their 

own voice, and others as a third party. 

These events and experiences, together 

with other characteristics described in 

patients who are prone to psychosis re-

lated to schizophrenia, such as a ten-

dency to jump to conclusions (Startup et 

al., 2008), deficits in attributional style 

and theory of mind (Lee, 2004;Penn et 

al., 2008) and abnormal levels of percep-

tual aberrations and ideation might inter-

act with each other and lead to a more 

severe development of delusions and hal-

lucinations (Kapur, 2003). The symptoms 

may deteriorate by the fact that patients 

with schizophrenia often show deficits in 

psychosocial functioning (Brekke et al., 

2007) in cognition and in interpersonal 

relations. The interaction between the 

symptoms and deficits with the aberrant 
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neurochemistry determines different phe-

nomenology of psychosis across individu-

als.  

 

Another influential theory is the one pro-

posed by Crow. The functional signifi-

cance of hemispheric asymmetry has not 

been clarified yet. According to some 

theories the specialization of one hemi-

sphere for a certain function has the ad-

vantage of no competition for processing 

between two identical messages, which 

implies a higher processing speed 

(Hugdahl, 2000). Simultaneous activation 

of homologue brain regions in both hemi-

spheres is thought to blurr and slow down 

information processing (Hugdahl and 

Westerhausen, 2009). A variation of this 

theory is that specializing one hemi-

sphere for a particular function leaves the 

other hemisphere free to perform other 

(additional) functions (Ringo et al., 

1994;Levy, 1977). Hugdahl and Wester-

hausen have proposed that cerebral 

asymmetry may have evolved as a re-

sponse to the evolutionary need for more 

effective interspecies communication, i.e. 

language (Hugdahl and Westerhausen, 

2009).  

 

Crow links abnormal lateralization of 

brain regions involved in language pro-

cessing that has been found in schizo-

phrenia, to the development of psychosis 

(Crow, 1990;Crow, 2000;2008). Accor-

ding to this hypothesis, a diminished 

cerebral asymmetry of language related 

brain areas is the key to the brain 

changes in schizophrenia. Crow argues 

that schizophrenia is the price homo 

sapiens pays for an evolutionary adapta-

tion for language which requires left 

hemisphere specialisation (2000;Crow, 

1990). From this concept developed the 

idea that language and psychosis are 

closely related, more specifically, it is 

thought that they have a common origin, 

probably located on the X-chromosome 

(Crow, 2000).  

 

Anomalies in cerebral lateralization for 

language in schizophrenia have been 

widely reported. Not only for left hemi-

sphere language functions (Sommer et 

al., 2001;Li et al., 2007;Artiges et al., 

2000;Dollfus et al., 2005;Weiss et al., 

2006;Weiss et al., 2004) but, interes-

tingly some studies have also found ab-

normal lateralization for emotional pro-

sody (Mitchell et al., 2004;Bach et al., 

2009), a function that is normally latera-

lised to the right hemisphere (van Rijn et 

al., 2005;Adolphs et al., 2002).  

 

Social cognition in schizophrenia 

Most research focuses on negative or 

positive symptoms in schizophrenia. Im-

pairments in social functioning are, how-

ever, a severe debilitating characteristic 

of the disease that merit further atten-

tion. Impairments in social functioning 

form one of the most devastating symp-

toms in schizophrenia. Not being able to 

develop and maintain a social network 
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and a stable work environment often 

leads to social isolation (Pinkham and 

Penn, 2006;Corrigan and Penn, 2001; 

Yager and Ehmann, 2006). According to 

Lee and colleagues, miscommunication is 

an important factor leading to deficits in 

social functioning (Lee, 2004). These 

miscommunications consist of misidenti-

fying social information, like social rules, 

expressed emotions, and intentions of 

others. This can be partly due to a dis-

ability to understanding abstract expres-

sions (Lee, 2004). It is thought that im-

pairments in social cognition underlie so-

cial dysfunctioning (Couture et al., 2006). 

Social cognition can be defined as “the 

mental operations underlying social inter-

actions, which include the human ability 

to perceive the intentions and disposi-

tions of others” (Pinkham et al., 2003; 

Brothers, 1990).  

 

Emotion perception forms part of social 

cognition and has been shown to be im-

paired in schizophrenia patients. Not only 

prosodic emotion perception but also fa-

cial emotion perception has been shown 

to be disturbed in schizophrenia (Edwards 

et al., 2002). This disturbed emotion per-

ception can already be detected in the 

early stages of the development of 

schizophrenia (Edwards et al., 2001; Ed-

wards et al., 2002;Mandal et al., 1998).  

 

Studies have shown discrepant results 

with regard to the relationship between 

symptom dimensions and emotion per-

ception. Positive symptoms (hallucina-

tions and delusions) have been reported 

to correlate with impairments in facial 

emotion perception (Heimberg et al., 

1992;Schneider et al., 1995) and vocal 

emotion perception (Shea et al., 2007). A 

relationship between more basic neuro-

cognitive functioning and emotion per-

ception from faces and voices has also 

been found (Bozikas et al., 2004; Tre-

meau, 2006;Schneider et al., 1995). 

There are mixed findings on the correla-

tion between negative symptoms and 

emotion perception (Schneider et al., 

1995;Mueser et al., 1996;Hofer et al., 

2009). The relationships between im-

pairments in perceiving emotional ex-

pressions and clinical variables merits 

further clarification. Another question that 

remains to be investigated is how these 

impairments might result in misattribu-

tions of emotions in others.  

 

With our studies (chapter 5 and 6) we 

wanted to extend the knowledge about 

the relationship between emotion percep-

tion in others and symptom dimensions. 

In these studies, a five-factor model of 

the PANSS was used to measure symp-

tom dimensions (van der Gaag et al., 

2006). This model was the result of a 

ten-fold cross-validation over a large 

sample of in- and outpatients with 

schizophrenia (van der Gaag et al., 2006) 

generating five stable factors with little 

overlap reflecting: positive symptoms, 

negative symptoms, disorganization 
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symptoms, excitement and emotional 

distress (see table 1). 

 

 

 
 
Table 1 PANSS five-factor model, Adapted from Van der Gaag et al. (2006) 
 
PANSS items                                                                              Positive 

symptoms 
Negative 
symptoms 

Disorgani-
zation 
symptoms 

Excitement Emotional 
distress 

P1 Delusions  1.493 
(.016) 

    

P3 Hallucinations  .964 (.021)     
G9 Unusual thought con-
tent 

.975 (.021) 

. 
 .407 (.020)   

P6 Suspiciousness .846 (.020)    .354 (.020) 
P5 Grandiosity  .522 (.023)   .321 (.026)  
G1 Somatic concern .296 (.022)    .402 (.022) 
N6 Lack of spontaneity   1.316 

(.015) 
   

N1 Blunted affect   1.160 

(.015) 

   

N2 Emotional withdrawal   1.106 
(.015) 

   

N4 Apathetic social with-
drawal  

 1.054 
(.017) 

   

G7 Motor retardation   .784 (.017)    
N3 Poor rapport  1.188 

(.016) 
 .232 (.016)  

G16 Active social avoid-
ance     

.105 (.020) .690 (.020)  .166 (.022) .223 (.020) 

N7 Stereotyped thinking    .942 (.017)   
G11 Poor attention    .829 (.017)   
G10 Disorientation    .470 (.019)   
P2 Conceptual disorgani-
zation   

 -421 
(.026) 

1.380 
(.023) 

  

N5 Difficulty in abstrac-
tion  

-297 
(.024) 

 1.109 
(.022) 

  

G5 Mannerism    .672 (.018)   
G12 Lack of judgment and 
insight 

.212 (.025)  .770 (.023)   

G13 Disturbance of voli-
tion 

 .291 (.026) .622 (.025)   

G15 Preoccupation   .784 (.019)  .312 (.019) 
G14 Poor impulse control     .921 (.018)  
P4 Excitement     .851 (.018)  
P7 Hostility     .797 (.019)  
G8 Uncooperativeness  .348 (.017)  .673 (.020)  
G2 Anxiety      1.215 

(.018) 
G6 Depression      .637 (.020) 
G3 Guilt      .514 (.020) 
G4 Tension    .262 (.020) .724 (.019) 

Bold loadings were found in 10/10 analyses; italic loadings were found in 9/10 analy-
sis; underlined loadings were found 6–8/10; normal loadings were found 3–5/10. 
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Magnetic Resonance Imaging 

 

In the next paragraphs a short introduc-

tion to the techniques used in the ex-

periments included in this thesis will be 

given. Magnetic Resonance Imaging 

(MRI) is a non-invasive way to study and 

visualize the structures of the living hu-

man brain. This method measures the 

concentration of water in different tissue 

types, based on the magnetic resonance 

of protons. A 3 Tesla MRI system (Philips 

Intera) has been used at the BCN Neuro-

Imaging Center, in Groningen. For the 

experiments described in our studies, we 

made an anatomical scan for each sub-

ject. These scans result in high-resolution 

images with large contrasts between grey 

and white matter and cerebrospinal fluid. 

This allows the identification of separate 

brain regions and the determination of 

the subject’s specific cerebral anatomy.  

 

Transcranial Magnetic Stimulation 

 

Transcranial Magnetic Stimulation (TMS) 

is a non-invasive, relatively painless, and 

reversible method for intervening with 

neural processing in the human brain. It 

is used to complement other neuro-

imaging techniques to map cortical brain 

functions or study central motor path-

ways and to evaluate cortico-cortical ex-

citability (Toga and Mazziotta, 2002). 

TMS is also used as a treatment of psy-

chiatric disorders, like Parkinson, tinnitus, 

depression, and auditory hallucinations. 

 

Basic Mechanisms of TMS 

 

The mechanism of TMS is based on Fara-

day’s law of induction (1831). He disco-

vered that a changing magnetic field cre-

ates an electric field. In TMS a very short, 

powerful current (a pulse) is generated 

and passed through a ‘coil’ of wire 

(Pascual-Leone et al., 2000; Pascual-

Leone et al., 1993). This generates a 

transient magnetic field with a maximum 

strength of two Tesla (on the machine 

used in the experiments from this thesis). 

The researcher places the coil over the 

scalp of the participant. The changing 

magnetic field passes unimpeded and 

painlessly through the tissue of the head.  

 

The coil is designed in an eight-shape 

such that it allows a focused magnetic 

field. The changing magnetic field creates 

a current in the participant’s brain, 

thereby activating neurons at a depth of 

1.5-2 cm. Importantly, a pulse may also 

indirectly affect neurons in remote brain 

regions that are functionally connected 

with the stimulated area.  

 

The actual effect of TMS depends on: the 

intensity of stimulation (in % of the 

maximal output), the frequency of the 

pulses (in pulses per second (Hz)), the 

duration of stimulation, and the region of 

stimulation (Wassermann et al., 2008). 

Participants feel the pulses as a finger tap 

on their head. For some people however, 

the pulses are uncomfortable, depending 

on the place of stimulation, especially if 
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muscles may become stimulated. Stimu-

lating certain frontal areas, e.g. the infe-

rior frontal gyrus close to the temple, 

might lead to face and jaw muscle 

twitches.  

 

There are different application forms of 

transcranial magnetic stimulation. The 

first and oldest is single pulse, 1 pulse is 

given over a single scalp position. With 

repetitive TMS (rTMS) a series of pulses 

is delivered in rapid succession, and the 

effect is summated over time. Slow rTMS 

or low frequency rTMS refers to a series 

of 1 Hz or less (which means 1 pulse per 

second or less). This has an inhibitory 

effect on the brain and thus reduces cor-

tical excitability of the underlying cortex. 

Fast rTMS or high frequency rTMS refers 

to a series of 5 Hz or more. This has a 

facilitating effect on the brain and tempo-

rarily enhances the excitability of the cor-

tex. It is not yet clear exactly how these 

changes are effectuated in the brain. It 

has been suggested that rTMS has effects 

akin to the physiological mechanisms of 

long term depression (LTD) and potentia-

tion (LTP) of neurons (Wassermann et al., 

2008). There are also indications that 

rTMS influences neurotransmitter sys-

tems, such as dopaminergic pathways 

(Wassermann et al., 2008) and GABA 

(Daskalakis et al., 2002). RTMS may pro-

duce longer lasting changes especially 

when administered in a repetitive way, in 

intervals over longer durations of time.  

 

TMS as a research tool 

 

The advantage of TMS above other ima-

ging studies is that it allows the re-

searchers to make causal inferences: TMS 

can be used as a virtual lesion technique 

by reducing excitability (low frequency 

rTMS) in a specified brain area tempora-

rily (Walsh and Pascual-Leone, 2003). 

This can be analyzed by calculating 

changes in performance variables on the 

task. On the other hand, by stimulating 

excitability of a brain region (high fre-

quency TMS), functions might be facili-

tated. By the use of fMRI, the brain areas 

associated with a function of interest can 

be studied, but whether this region is 

critical cannot be revealed without ma-

nipulating functions for instance with 

TMS. TMS does have limitations. Some-

times it is difficult to target the area of 

interest precisely. As mentioned before, 

the magnetic field not only affects under-

lying neurons, but also neighbouring ones 

and functionally connected ones. Fur-

thermore, TMS can only reach gyri, but 

not sulci and no brain areas that are 

deeper than ± 2 cm in the brain. How-

ever, sulci and brain areas deeper in the 

brain may be targeted through TMS indi-

rectly as these areas may have network 

connections with areas that can be 

reached with TMS.  

 

Every TMS experiment starts with the 

determination of the individual motor 

threshold (MT). The MT is defined as the 
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lowest intensity that induces visible 

thumb movements in at least 5 out of 10 

trials when TMS is applied over the motor 

cortex (Pridmore et al., 1998). In cogni-

tive experiments, the subject is then 

seated in a comfortable chair in front of a 

computer. Precise coil placement is ge-

nerally achieved by using a neural navi-

gator system.  

 

In fundamental TMS research, in which 

TMS can be used as a virtual lesion tech-

nique, two paradigms can be used: an 

online and an offline design. In the online 

design, TMS is applied during perfor-

mance of the task. This design can also 

be used to analyze the time pattern of 

involvement of different brain areas in a 

certain function, then the pulse(s) is 

given at a given time point within a time-

window of interest. In the offline design, 

tasks are performed after repetitive TMS 

is given for a number of minutes. Per-

formance on the tasks is compared with 

performance in a baseline condition. The 

baseline condition can be either no TMS, 

placebo TMS or TMS over a control area, 

i.e. a brain region that has never been 

shown to be related with the function of 

interest. Which control condition is opti-

mal, is still a matter of debate. In con-

trast to lesion studies, which typically 

measure behavioural deficits in terms of 

reduced accuracies, the virtual lesions 

induced by TMS generally manifest as 

changes in response times (RTs), rather 

than in percentages correct. TMS does 

not inactivate a region in the same way 

that a lesion does – instead it introduces 

random transient neural firing (‘noise’) 

into the process being performed. In 

most cases this leads to prolonged res-

ponse times rather than actual errors 

(Wassermann et al., 2008). This is pre-

sumably because the information that 

remains unharmed in the neural network 

is sufficient to compensate for the noise, 

but this process requires extra time and 

manifests as prolonged response times. 

Consequently, increased reaction times 

after TMS can indicate that the targeted 

region is necessary for performing a task, 

even in the absence of errors.  

 

Before each application of TMS, all par-

ticipants have to complete a TMS check-

list, to exclude all persons who have any 

of the potential risk factors such as metal 

in the head, epilepsy (in the family), or 

loss of consciousness in the past. Deli-

berations at the “International Workshop 

on the Safety of Repetitive Transcranial 

Magnetic Stimulation (June 5–7, 1996)”, 

made Wasserman (1998) propose guide-

lines for the safe use of TMS. These 

guidelines specify the three dimensional 

space defined by the variables of stimulus 

intensity, duration and frequency within 

which seizures are very unlikely to be 

observed. When consulting these guide-

lines and making use of the checklist for 

each participant, virtually all known risks 

are eliminated. Generally, TMS appears to 

be free from harmful effects  (Wasser-
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mann et al., 2008). Research using ani-

mals and human volunteers has shown 

little effect on the body in general as a 

result of stimulation, and examination of 

brain tissue submitted to thousands of 

TMS pulses has shown no detectable 

structural changes. Most common side- 

effect is a little headache, but this can be 

overcome by taking a paracetamol or will 

subside spontaneously.  

 

Neuronavigation 

 

To optimize the precise localization of the 

coil above a brain area of interest, neuro-

navigation systems have been developed. 

With help of these systems it is possible 

to select the area of interest based on 

individual anatomical or functional MR 

images. Functional MRI (fMRI) guided 

TMS is the most precise localization 

method for TMS.  

 

For the TMS experiment described in 

chapter 2, the Neural Navigator (NeNa) 

was used to reliably localize the desired 

stimulation areas, of the participant 

(Neggers et al., 2004). The NeNa is a 

neuronavigation system developed by 

Neggers, based on magnetic fields 

(Neggers et al., 2004). A transmitter 

generates a pulsed magnetic field, which 

induces an electric current in the marker 

that is navigating to brain regions of in-

terest. This current is then interpreted by 

an electronic unit to define locations in 

3D space (Neggers et al., 2004).  

For the TMS experiment described in 

chapter 3, we have used the BrainVoy-

ager TMS Neuronavigator (BrainInnova-

tion, Maastricht, The Netherlands). This 

frameless stereotaxic system allows for 

an online individual navigation of a TMS 

coil above a specific anatomical area of 

the brain, as well as a functional imaging-

guided navigation of the TMS coil to func-

tionally defined brain regions-of-interest. 

This in contrast to the NeNa that only 

allows offline navigation, meaning that 

during TMS no visualization can be given 

of correctness of placement and direction 

of the coil.  

 

For the Brainvoyager TMS neuronavigor, 

Individual T1- weighed anatomical scans 

were analyzed in Brainvoyager QX 1.8 

Software package such that a three-

dimensional brain and a skin surface re-

presentation, were constructed and sulci 

and gyri were clearly visible and the spe-

cific region of interest could be drawn 

(BrainInnovation, Maastricht, The Nether-

lands). Anatomical landmarks were drawn 

on the skin surface reconstruction. For 

the co-registration of stereotaxic data 

and MRI data, an ultrasound system was 

used CMS30P (zebris, Tübingen, Ger-

many). The local spatial coordinate sys-

tem and the coordinate system of the MR 

space were co-registered. In this way, 

the system is able to “see” where the 

head of the participant is located in the 3-

D space and where the coil is located 

relative the participant’s head. After this 
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co-registration, the coil can be navigated 

precisely above the brain region of inter-

est and all events (e.g. movements) oc-

curring around the head of the participant 

in 3-D space are registered online and 

visualized in real-time at correct positions 

relative to the participant’s anatomical 

reconstruction of the brain (Sack et al., 

2006), see figure 2.  

 

 
Figure 2 Online navigation of TMS coil 

towards brain region of interest, the 

fronto-parietal operculum. 

 

Outline of this thesis 

 
The studies described in this thesis are 

about emotion and language in healthy 

subjects and in people with schizophre-

nia. Language and emotion form the two 

corner stones of social communication, 

and for both, functional cerebral asym-

metries have been found. With regard to 

language, the left hemisphere is domi-

nant for most aspects, such as semantics, 

grammar and syntax. The right hemi-

sphere however, has been shown to be 

important for paralinguistic aspects, such 

as emotional prosody, irony and meta-

phoric language (Mitchell and Crow, 

2005;Mitchell et al., 2003;Pobric et al., 

2008). Regarding emotion processing, 

theories assign different roles to the left 

and right hemisphere. The valence hy-

pothesis states that hemispheric asym-

metry for emotion processing depends on 

emotional valence (Hellige, 1993). The 

right hemisphere is dominant for negative 

emotions and the left hemisphere for 

positive emotions (Hellige, 1993). An-

other theory divides affect into two basic 

systems of approach and withdrawal 

(Davidson et al., 1990;Kinsbourne, 

1978). Kinsbourne theorized that the left 

anterior region sub serves the approach 

system and the homologous right hemi-

sphere region sub serves the withdrawal 

system (Kinsbourne, 1978). Interestingly, 

in schizophrenia, disturbances in both 

emotion and language have been re-

ported and abnormalities in underlying 

cerebral lateralization have been found. 

The main part of the project described in 

this thesis is about emotional prosody, an 

aspect of language that bundles both lan-

guage and emotion. To be able to study 

the possible aberrant lateralization of 

emotional prosody in schizophrenia, the 

neural substrate of this function first has 

to be clarified in healthy controls. This 

was the aim of chapters 2 and 3. The 

study described in chapter 2 aims to 

help elucidating the neural underpinnings 

of emotional prosody by investigating the 

involvement of left and right inferior fron-
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tal gyri in healthy subjects with the use of 

TMS. These brain areas have already 

shown to be associated in emotional 

prosody perception in fMRI studies, we 

wanted to study their critical involvement 

and a possible difference between left 

and right inferior frontal gyrus with re-

gard to this function using TMS. In chap-

ter 3, the temporal involvement of the 

right anterior superior temporal gyrus 

and the right fronto-parietal operculum in 

emotional prosody perception in healthy 

subjects is investigated using an online 

TMS design. Basis for this study is that 

the process of emotional prosody percep-

tion is proposed to be a multi-step pro-

cess, each process being sub served by 

separate brain regions. The temporal re-

gions are thought to be involved at an 

earlier stage than the frontal regions, 

which are thought to subserve the last 

steps. Chapter 4 is a review and meta-

analysis to evaluate the consistency and 

strength of the impairment in perception 

of emotional prosody in schizophrenia, 

using a quantitative review of published 

experimental studies. In this study, we 

wanted to review the literature on per-

ception of emotional prosody in schizo-

phrenia, to determine, by meta-analysis, 

the magnitude, and nature of impair-

ments in perception of emotional prosody 

in schizophrenia, and to identify factors 

that significantly affect the magnitude of 

the impairment. Chapter 5 aimed to ex-

tent the knowledge on the relation be-

tween clinical symptomatology and the 

recognition of emotion from language in a 

group of 83 schizophrenia patients. The 

ability to classify the emotions expressed 

in content or intonation of spoken lan-

guage was correlated to five PANSS fac-

tors (Kapur, 2003). In chapter 6 misat-

tribution patterns in facial and vocal emo-

tion perception in schizophrenia are stu-

died in relationship with clinical sympto-

matology. In line with the aberrant sali-

ence theory, schizophrenia patients with 

psychotic symptoms often misattribute 

salience to stimuli that are experienced 

as neutral by others. In real world com-

munication, this is expected to result in 

all kinds of miscommunications, because 

neutral expressions by others, may be 

interpreted as emotional by patients with 

a psychotic disorder. A summary of the 

studies and a discussion with clinical im-

plications and future directions will be 

provided in chapter 7.  
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Involvement of bilateral inferior frontal gyri in emo-

tional prosody perception: an rTMS study* 

 

Marjolijn Hoekert, Guy Vingerhoets, André Aleman 

 

Abstract  

Whereas the left cerebral hemisphere is dominant in the majority of language func-

tions, the right hemisphere may play an important role in paralinguistic features such 

as the emotional melody in speech. The extent of this involvement however is unclear. 

Some researchers argue that the right hemisphere is dominant for emotional prosody, 

others assume that it is a function of both right and left hemisphere. Imaging studies 

have shown involvement of both left and right inferior frontal gyri in emotional pro-

sody perception. The present study examined whether these brain areas are critically 

involved in the processing of emotional prosody and of semantics in healthy subjects. 

Repetitive transcranial magnetic stimulation was used with a coil centred over left and 

right inferior frontal gyri, as localized by neuronavigation based on the subject’s MRI. 

A sham condition was included. An online-TMS approach was applied; an emotional 

language task with a prosody condition and a semantics condition was completed du-

ring stimulation. Reaction times on the emotional prosody task condition were signifi-

cantly longer after rTMS over both the right and the left inferior frontal gyrus as com-

pared to sham stimulation and after controlling for learning effects associated with 

order of condition. There was no difference in effect on reaction times between the 

right and left stimulation. Our study supports a critical involvement of both the right 

and the left inferior frontal gyrus in emotional prosody perception.  

 

 

 

*Submitted for publication 
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Introduction 

In auditory language processing, distinct 

brain areas serve different aspects of lan-

guage. Language has been attributed to 

the left hemisphere since Broca (1861) 

and Wernicke (1874). Their studies 

showed that articulate speech and verbal 

comprehension are disrupted by left but 

not right hemisphere lesions (Ross et al., 

1997). Emotional prosody, a paralinguis-

tic feature of language, is characterized 

by intonation, loudness and stress place-

ment in speech. The emotional prosody of 

spoken language may convey crucial in-

formation about the emotional state of 

the speaker. Not only what is said but 

also how it is said gives significant infor-

mation about the speaker’s true commu-

nicative intent and is therefore crucial for 

proficient social interaction (Mitchell and 

Crow, 2005).  

 

Studies examining the neural substrate of 

emotional prosody perception have re-

vealed a network including bilateral re-

gions in superior and middle temporal 

gyri and orbital and inferior frontal re-

gions. Some studies have also implicated 

sub cortical structures such as the amyg-

dala (Phillips et al., 1998; Sander et al., 

2005) and the basal ganglia (Pell and 

Leonard, 2003;Cancelliere and Kertesz, 

1990). Lesion and imaging studies have 

suggested that processing of affective 

prosodic information may be differentially 

lateralized when compared to linguistic, 

semantic processing. Whereas (in right-

handers) the left hemisphere seems to be 

specialized for semantic and syntactic 

components of speech, the right hemi-

sphere appears to be dominant in non-

lexical components, such as affective 

prosody and gestural signs in communi-

cation (Ross et al., 2001;Ross, 2003). 

Lesion and imaging studies show, how-

ever, discrepant data to the extent of 

“right lateralization” of emotional prosody 

processing. A study that directly com-

pared emotional prosody discrimination 

against discrimination of emotional se-

mantics revealed right lateralized activity 

during detection of emotional prosody 

and left lateralized activity as a response 

to emotional semantics (Mitchell et al., 

2003). A number of imaging studies have 

also shown right lateralised activity du-

ring the perception of emotional prosody 

(Phillips et al., 1998; George et al.,  

1996;Wildgruber et al., 2005;Mitchell et 

al., 2003; Beaucousin et al., 2007; Imai-

zumi et al., 1997;Buchanan et al., 2000). 

Other imaging studies on emotional pro-

sody perception have however shown 

neural responses in both right and left 

hemispheres (Morris et al., 1999; John-

stone et al., 2006; Wildgruber et al., 

2002; Kotz et al., 2003;Meyer et al., 

2002; Ethofer et al., 2008; Ethofer et al., 

2006; Wildgruber et al., 2004). Deficits in 

emotional prosody perception have also 

been found after left hemisphere lesions 

(Adolphs et al., 2002; Hornak et al., 

2003).  
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To further define the exact neural sub-

strate of emotional prosody perception 

and the extent of its lateralization, we 

used transcranial magnetic stimulation 

(TMS), a brain mapping technique that 

allows causal inferences between neural 

activity and performance at a behavioural 

level (Pascual-Leone et al., 2000; Ku-

charska-Pietura et al., 2003).  

 

A recent TMS study provided evidence of 

right-hemisphere involvement in emo-

tional prosody discrimination (van Rijn et 

al., 2005). Increased reaction times were 

observed after 12 min of 1 Hz TMS (90% 

of the motor threshold) over the right 

fronto-parietal operculum relative to a 

left-hemisphere sham condition. This ef-

fect was specific for emotional prosody 

discrimination and was not found for dis-

criminating emotional semantics. Detec-

tion of withdrawal emotions and not of 

approach emotions in prosody was de-

layed significantly by TMS, in accordance 

with accounts of the neural implementa-

tion of approach and withdrawal systems 

(d'Alfonso et al., 2000). 

 

The region of interest, the right fronto-

parietal operculum, in the study of van 

Rijn et al., was based on a lesion study 

from Adolphs et al. (Adolphs et al., 2002; 

van Rijn et al., 2005). The present ex-

periment was a sequel and extension to 

the study of van Rijn (van Rijn et al., 

2005). The target regions of our study 

were not based on lesion studies but on 

imaging studies revealing an association 

with bilateral inferior frontal gyri (Ethofer 

et al., 2006;Buchanan et al., 2000). We 

used on-line TMS in order to test the fol-

lowing hypotheses. First, both left and 

right inferior frontal gyri are critically in-

volved in emotional prosody perception. 

Second, emotional semantics and emo-

tional prosody can be dissociated at a 

neuro-anatomical level. And three, there 

is a difference in lateralization between 

withdrawal (fear) and approach (anger) 

emotions. 

 

Methods  

Participants 

Ten subjects (6 females, 4 males), stu-

dents from the University of Groningen 

aged between 18 and 26 years (s.d. 2.6 

years) participated in the study. Right-

handedness was confirmed using the E-

dinburgh Handedness Inventory. They 

had an adequate understanding of Dutch 

(comprehension and reading). Partici-

pants were screened for TMS exclusion 

criteria (Wassermann, 1998) and MRI 

exclusion criteria. None had a (family) 

history of psychiatric or neurological 

problems or implants. They were given 

extensive written and oral explanation of 

the procedures and signed an informed 

consent.  

 

Experimental setup 

Structural scanning was done on a Philips 

Intera 3T MR-system with active covered 

whole body gradients scanner at the BCN 
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Neuroimaging Center, Groningen. The 

regions of interest were drawn in MRIcro 

a few days before the TMS experiment by 

the primary investigator and checked by 

another researcher until the two reached 

consensus. Number of voxels per region 

of interest was ± 120, 1 to 2 cm, conform 

the size of the region TMS affects (Walsh 

and Cowey, 2000). The bilateral inferior 

frontal gyrus was defined as BA 45/ 46 

conform Ethofer et.al. (2006).  

 

For the TMS procedure, subjects were 

seated in a comfortable chair, in front of 

a computer screen and a keyboard with 

coloured response keys. A neural naviga-

tor (NeNa) was used to reliably localize 

the desired stimulation areas, of the par-

ticipant (Neggers et al., 2004). This 

frameless stereotaxy device allows using 

a subject’s structural MRI scan to navi-

gate a TMS coil to the proper location on 

the skull. At the beginning of each TMS 

session the left and right inferior frontal 

gyri were marked on a tightly fit rubber 

head cap.  

 

For TMS, we used a MagStim Rapid mag-

netic stimulator (MagStim Co, Whitland, 

UK) with a figure of eight coil with a di-

ameter of 70 mm for each loop. The coil 

was tightly maintained in a constant posi-

tion with a special developed arm. The 

orientation of the coil was set with the 

handle pointing downwards, making an 

angle of 90° with the midline of the head. 

 

Vocal emotion classification task 

The vocal emotion classification task con-

sisted of two conditions, prosody, and 

semantics. These were matched in de-

sign. In the affective prosody condition 

subjects had to attend to the intonation 

of the voice and ignore the neutral con-

tent. The sentences of neutral content 

are pronounced in an emotional (anxious, 

angry) or neutral tone of voice by two 

professional actors, a male and a female 

voice, to control for individual and/or 

gender differences in affective prosody. 

All sentences were Dutch. Examples of 

the sentences with neutral content are, 

“The old car drives through the streets of 

the capital” and “Jan has been going to 

the hairdresser”. In the semantics condi-

tion, subjects had to attend to the emo-

tional (anxious, angry) or neutral con-

tent, and ignore the neutral intonation. 

Examples of sentences with an emotional 

content are, “Desperately he threw the 

glass from the table” and “The face 

stared with a pale face”. The sentences 

were selected from two different vali-

dated prosody tests (Vroomen et al., 

1993;Vingerhoets et al., 2003). The digi-

tized stimuli for both conditions were all 

of approximately equal length (about 

seven words) and presented through two 

computer sound boxes (duration varying 

from 1560 to 3050 msec).  

 

The task was developed and presented 

using Eprime software (Schneider et al., 

2002). During listening, the emotions to 
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be discriminated, anger, fear or neutral, 

were presented on the computer screen. 

The visual presentation of the answer 

choices was included to aid subjects as to 

which categories they were to choose 

from. Without the visual presentation, 

subjects would have to memorize the 

different categories, and the task would 

have a stronger working memory compo-

nent. As soon as participants identified 

the emotion expressed in the tone of 

voice, they were required to use the in-

dex finger of their right hand to make a 

“fear” response on a keypad, the middle 

finger to make an “angry” response or 

the thumb for a “neutral” response. 

Speed and accuracy were stressed.  

 

TMS Procedure  

At the beginning of each TMS session, 

subjects completed the positive and 

negative affect schedule (PANAS), to as-

sess their current affective state (Watson 

et al., 1988). Then, individual motor 

thresholds of the left hemisphere were 

determined using the thumb (abductor 

pollicis brevis) movement procedure 

(Pridmore et al., 1998). Before the TMS 

stimulation started, participants per-

formed a practice task for one of the two 

conditions (semantics or prosody) to get 

used to the task.  

 

An on-line task design was employed, i.e. 

participants completed the tasks during 

the TMS stimulation. The design used was 

described in a recent study on covert 

speech arrest induced by rTMS, done by 

Aziz-Zadeh et al. (2005). The experiment 

ran in three blocks of the same length, 

corresponding to two stimulated scalp 

positions and a sham condition; the areas 

of stimulation were the left and right infe-

rior frontal gyrus (IFG). A third condition 

concerned the sham control condition, 

which was over the right IFG. In the 

sham condition we used a placebo coil, of 

which the manifestation and the clicking 

sound are similar to a real coil.  

 

During (sham) stimulation of each area 

48 stimuli, consisting of 24 trials of each 

task condition, resulting in 8 trials per 

emotion (anger, fear or neutral) were 

presented. Order of conditions and TMS 

stimulated scalp positions were counter-

balanced across subjects. RTMS during 

the auditorally presented stimuli con-

sisted of a train of 12 pulses at 5 Hz. The 

train was delivered starting 200 msec 

prior to stimulus presentation. A new 

stimulus was presented every 10 sec. The 

time interval between the TMS trains was 

7600 msec. The TMS blocks were sepa-

rated by at least 30 min in order to 

minimize the possibility of carry-over ef-

fects (Kosslyn et al., 1999). Stimulation 

intensity was set at 90% of the motor 

threshold, mean stimulation intensity was 

52.1 % (s.d. 3.1). In one subject the 

stimulation intensity had to be decreased 

from 59 to 54 because of an uncomfor-

table feeling while stimulating the right 

inferior frontal gyrus. In another subject 
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we could not succeed in determining the 

motor threshold, for this subject the 

stimulation intensity was set at 50. Par-

ticipants were instructed to respond as 

quickly and as accurately as possible by 

pressing one of three coloured keys on a 

keypad. The entire procedure took 160 

min at maximum in one session.  

 

Statistical Analysis 

Statistical analyses were performed using 

Statistical Package for the Social Sciences 

14.0.0 (2005). Accuracy, described as 

percentage correct, and reaction times 

for detection of emotion in semantics and 

prosody were chosen as dependent vari-

ables. As participants performed highly 

accurately (prosody condition 90 % on 

average (s.d. 4.7), semantics condition 

92% (s.d. 7.9)), only reaction times for 

correct trials were included in the analy-

ses.  

 

In the design used in this study, every 

experimental trial was accompanied ei-

ther by real TMS or sham stimulation. 

Reaction times and accuracy scores were 

normalized to the sham condition to cor-

rect for differences in performance be-

tween subjects in the sham condition. 

Thus all reaction times for the three con-

ditions were divided by the reaction times 

in the sham condition per subject. The 

same was done for accuracy scores. A 2 x 

3 x 3 repeated measures ANOVA with 

task condition (prosody, semantics), TMS 

condition (left inferior frontal gyrus, right 

inferior frontal gyrus or sham) and emo-

tion (fear, anger or neutral) as within 

subject factors and ‘order of TMS condi-

tions’ as between subjects variable was 

used to test the effect of TMS on distinct 

location on the two tasks for the three 

emotions. Given that we used a within-

subjects design in which subjects re-

ceived different TMS (or sham) conditions 

in one session, we had to take into ac-

count learning effects as a result of re-

peated testing. Learning effects due to 

repeated testing have been shown in a 

variety of neuropsychological tests 

(Wilson et al., 2000) and can be so large 

that they might obscure experimental 

effects. Therefore, the variable ‘order of 

TMS conditions’ was included as a be-

tween subjects factor in the repeated 

measures ANOVA, to control for the order 

of TMS conditions. One subject scored a 

percentage correct of 38% in the sham 

condition of the semantics task; we ex-

cluded her results from the analysis be-

cause this percentage is close to chance 

level. Results from nine subjects were 

included in the analysis. 

 

Results 

 

No relation was found between the TMS 

conditions and the PANAS positive and 

negative scales. Therefore it is unlikely 

that differences in reaction times and 

accuracy scores between the TMS condi-

tions can be accounted for by changes in 

mood. There was no speed-accuracy 
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trade off effect: no correlation was found 

between reaction times and accuracy 

scores. Results also did not reveal lear-

ning effects; accuracy scores were equal 

per subject over the conditions. All effects 

were tested at a significance level of p 

<.05.  

 

Accuracy 

With regard to accuracy, no significant 

differences between the TMS conditions 

or any interaction effects.  

 

Reaction times 

For reaction times, a main effect of task 

was found, F (1, 4) = 52, 13, p < .05. 

Longer reaction times were found in the 

semantics condition than in the prosody 

condition, mean reaction times were 

2412 msec (s.d. 629 msec) and 2063 

msec (s.d. 443 msec) respectively. Fur-

thermore, an interaction effect between 

task and TMS condition was found, F (2, 

8) = 4, 82, p < .05. This indicates that 

the effect of TMS condition depends on 

the type of task condition. To break down 

this interaction, contrasts were performed 

comparing the two task conditions on 

differences between the three TMS condi-

tions. This revealed that prolonged reac-

tion times in the left IFG condition and in 

right IFG condition as compared to sham, 

were significantly larger in the prosody 

condition than in the semantics condition, 

F (1,4) = 8. 37, p < .05 and F (1, 4) = 

16. 54, p < .05 respectively.  

Post-hoc tests showed an effect of TMS 

condition for the prosody task condition, 

F (2, 8) = 32.79, p < .001. If all other 

variables are ignored, reaction times 

were different between the three TMS 

conditions. Contrasts revealed that reac-

tion times were longer after rTMS over 

both left and right inferior frontal gyrus 

as compared to sham, F (1, 4) = 30.21, p 

< .01 and F (1, 4) = 53. 63, p < .01 re-

spectively. There was no difference be-

tween TMS over left inferior frontal gyrus 

and TMS over right inferior frontal gyrus, 

F (1, 4) = 0.87, p = .40. There was how-

ever, also an interaction between TMS 

condition and order of TMS conditions, F 

(8, 8) = 44.42, p < .001. This indicates 

that differences in reaction times between 

the TMS conditions (left IFG, right IFG 

and sham) depend on the order of TMS 

conditions. Although this interaction was 

found, the results shown in Fig. 1 and the 

main effect of TMS condition show that 

reaction times were longer after both left 

and right TMS, after correction for order 

of TMS conditions. The estimated means 

show that reaction times after real TMS 

are longer, if the sham condition is in-

cluded as second or third condition.  

 

Analysis on the reaction times in the se-

mantics task condition, with TMS condi-

tion and Emotion as within subjects’ vari-

ables and order of TMS conditions as be-

tween subjects’ variable revealed no sig-

nificant differences between TMS condi-

tions and no interaction effects.  
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Figure 1 Mean intrasubject-normalized reaction times on the emotional prosody task 

corrected for order of TMS conditions. Value 1 at Y-axis is the mean reaction time in 

sham condition. ‘ < 1’ means shorter RTs than in sham condition and ‘ > 1’ longer RTs 

than in sham condition. 

 

Discussion 

 

Our results showed that participants were 

slower in correctly classifying emotion 

from prosody during TMS over left inferior 

frontal gyrus and over right inferior fron-

tal gyrus as compared to a sham condi-

tion. This indicates that both the left and 

the right inferior frontal gyrus are cru-

cially involved in emotional prosody per-

ception. Our findings thus support a re-

cent theoretical framework, proposed by 

Schirmer and Kotz (2006). These authors 

argue that both left and right are involved 

in the processing of emotional prosody, 

albeit with different roles. More specifi-

cally, the right inferior frontal gyrus 

would be involved in evaluative judg-

ments, while the left inferior frontal gyrus 

would sub serve the integration with 

other co-occurring processes (Schirmer 

and Kotz, 2006). The target regions of 
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the present study were based on an ima-

ging study of Ethofer et al. (Ethofer et al., 

2006). This study has lent support for a 

cooperation of the left and right inferior 

frontal gyrus in affective prosody percep-

tion, by testing their effective connec-

tivity (Ethofer et al., 2006). These au-

thors performed a connectivity analysis 

which indicated a flow of information 

along parallel projections from the right 

posterior superior temporal cortex to the 

bilateral inferior frontal cortices (Ethofer 

et al., 2006). In our study stimuli in the 

prosody condition consisted of sentences 

with a neutral semantic content. Both 

evaluative judgment of the prosodic into-

nation and integration with co-occurring 

processes, like the integration with emo-

tional semantic meaning from earlier ex-

periences, were needed to be able to 

choose the correct emotion. Inhibiting 

one of these two areas is enough to dete-

riorate reaction times on this task. Ap-

parently, imaging studies have already 

shown the involvement of both left and 

right frontal areas in emotional prosody 

perception.  

 

As far as we know, this is the first study 

with TMS showing the crucial involvement 

of left and right inferior frontal gyrus in 

emotional prosody perception, which 

gives a stronger test of causal involve-

ment. This finding leaves open a possible 

rightward asymmetrical activation at a 

temporal level, as has been found in im-

aging studies (Beaucousin et al., 2007; 

Mitchell et al., 2003;Wildgruber et al., 

2005;Ethofer et al., 2006). No effects 

were found on accuracy measures, this is 

as expected, because virtual lesions in-

duced by TMS generally manifest in reac-

tion times rather than in percentages 

correct (Wassermann et al., 2008). Our 

data did not show significant involvement 

of the left inferior frontal gyrus in emo-

tional semantics. This is in contradiction 

with other studies examining the neuro-

anatomical substrate of processing emo-

tional information from semantics (van 

Rijn et al., 2005;Mitchell et al., 

2003;Baum and Pell, 1999). This might 

be explained by the high inter-subject 

variability and the sensitivity of the se-

mantics condition. It could have been 

that the sentences used as stimuli and 

the number of emotions (the two emo-

tions anger and fear and neutral) in the 

semantics condition was too easy.  

 

The differential involvement of the right 

hemisphere in emotional prosody and of 

the left hemisphere in emotional seman-

tics that was found in an imaging study 

(Mitchell et al., 2003) was not supported 

by our data. Our study could not dissoci-

ate the processing of emotional seman-

tics and emotional prosody at a neuro-

anatomical level. Furthermore, no diffe-

rence was found between the withdrawal 

(fear) and the approach (anger) emotions 

with regard to lateralization. Performan-

ces on both emotions in the prosody con-

dition deteriorated after rTMS over left 
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and over right inferior frontal gyrus. Re-

sults of the study of van Rijn (van Rijn et 

al., 2005) did show a difference between 

withdrawal and approach emotions. In 

that study however, a different brain area 

was targeted (fronto-parietal operculum) 

and that study lacked a left TMS condi-

tion. Furthermore, more emotions were 

included, not only anger and fear, as in 

our study, but also happiness and sad-

ness. This could have made the task 

more sensitive and did result in more 

trials after splitting in withdrawal and 

approach emotions.  

 

Some limitations of this study should be 

noted. The first concern is the use of a 

placebo coil. Although its manifestation 

and the clicking sound are similar to a 

real coil, it does not give the same sensa-

tions as real TMS. That is, sensations are 

absent for the placebo coil. We can not 

exclude general TMS induced effects on 

attention as a consequence of the sensa-

tions. Other sham conditions however, 

also have drawbacks. It has been shown, 

that tilting the coil by 45 to 90 degrees, 

which is the most frequently used sham 

condition, might still affect brain activity 

(Loo et al., 2000). Another option is to 

include an active control condition, a re-

gion that has never been related to the 

function of interest. This method can also 

not be regarded as an unaffected base-

line, because it may cause the general 

TMS induced effects on attention. Inclu-

sion of temporal cortex regions in the 

design could give a stronger test of late-

ralization of emotional information pro-

cessing in both (Ethofer et al., 2006) se-

mantics and in prosody. 

 

In summary, our data lend evidence from 

TMS for a crucial involvement of both 

right and left inferior frontal gyrus in 

emotional prosody perception consistent 

with earlier fMRI findings (Ethofer et al., 

2006). Future research should investigate 

whether the left and right play a differen-

tial role and complement each other, e.g. 

in the integrated processing of linguistic 

and prosodic aspects of speech, respec-

tively (Schirmer and Kotz, 2006). 
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Chapter 3  

 

Time course of the involvement of the right anterior 

superior temporal gyrus and the right fronto-parietal 

operculum in emotional prosody perception* 

Marjolijn Hoekert, Leonie Bais, René S. Kahn, André Aleman 

Abstract  

In verbal communication, not only the meaning of the words conveys information, but 

also the tone of voice (prosody) conveys crucial information about the emotional state 

and intentions of others. In various studies right frontal and right temporal regions 

have been found to play a role in emotional prosody perception. Here, we used triple-

pulse repetitive transcranial magnetic stimulation (rTMS) to shed light on the precise 

time course of involvement of the right anterior superior temporal gyrus and the right 

fronto-parietal operculum. We hypothesized that information would be processed in 

the right anterior superior temporal gyrus before being processed in the right fronto-

parietal operculum. Right-handed healthy subjects performed an emotional prosody 

task. During listening to each sentence a triplet of TMS pulses was applied to one of 

the regions at one of six time points (400-1900 ms). Results showed a significant 

main effect of Time for right anterior superior temporal gyrus and right fronto-parietal 

operculum. The largest interference was observed half-way through the sentence. This 

effect was stronger for withdrawal emotions than for the approach emotion. A further 

experiment with the inclusion of an active control condition, TMS over the EEG site 

POz (midline parietal-occipital junction), revealed stronger effects at the fronto-

parietal operculum and anterior superior temporal gyrus relative to the active control 

condition. No evidence was found for sequential processing of emotional prosodic 

information from right anterior superior temporal gyrus to the right fronto-parietal 

operculum, but the results revealed more parallel processing. Our results suggest that 

both right fronto-parietal operculum and right anterior superior temporal gyrus are 

critical for emotional prosody perception at a relatively late time period after sentence 

onset. This may reflect that emotional cues can still be ambiguous at the beginning of 

sentences, but become more apparent half-way through the sentence.  

 

*PLoS One 3 (2008) e2244 
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Introduction 

Besides the semantic meaning of words, 

features such as intonation, loudness and 

accents in speech may convey crucial 

information about the emotional state of 

the speaker. The term emotional prosody 

describes these non-linguistic cues in 

spoken language. The ability to perceive 

emotional prosody is crucial for under-

standing someone’s true communicative 

intent and thereby for adequate social 

functioning (Mitchell and Crow, 2005).  

 

Emotional prosody depends on intact 

functioning of the right hemisphere, al-

though some studies suggest that it may 

also involve left hemisphere regions 

(Morris et al., 1999;Adolphs et al., 2002; 

Wildgruber et al., 2002;Kotz et al., 2003; 

Hornak et al., 2003;Wildgruber et al., 

2004). Imaging and patient studies have 

yielded discrepant data with respect to 

lateralization and location of brain regions 

contributing to the process of emotional 

prosody perception. Most of these studies 

show right (inferior or orbital) frontal 

(Adolphs et al., 2002;Hornak et al., 

2003;Wildgruber et al., 2004;Phillips et 

al., 1998;Johnstone et al., 2006; George 

et al., 1996;Wildgruber et al., 2005; 

Mitchell et al., 2003;Buchanan et al., 

2000) and right temporal regions (Kotz et 

al., 2003;Wildgruber et al., 2004;Phillips 

et al., 1998;Johnstone et al., 2006; Wild-

gruber et al., 2005;Mitchell et al., 2003; 

Gorelick and Ross, 1987; Heilman et al., 

1975;Tucker et al., 1977; Ethofer et al., 

2006b;Ethofer et al., 2006a;Beaucousin 

et al., 2007;Wiethoff et al., 2008;Meyer 

et al., 2002). Others show bilateral fron-

tal (Morris et al., 1999;Adolphs et al., 

2002;Wildgruber et al., 2002;Kotz et al., 

2003;Hornak et al., 2003;Wildgruber et 

al., 2004;Meyer et al., 2002), left tempo-

ral (Adolphs et al., 2002;Johnstone et al., 

2006) and right inferior parietal lobule 

(Wildgruber et al., 2002;Buchanan et al., 

2000) involvement.  

 

To further delineate the network of emo-

tional prosody recognition, in the present 

experiment both a frontal and temporal 

location were targeted with transcranial 

magnetic stimulation (TMS). In TMS, brief 

magnetic pulses are delivered that pene-

trate the skull and disrupt neural pro-

cessing in a non-invasive, reversible way 

(Walsh and Pascual-Leone, 2003). Exact 

TMS sites for the present study were 

based on imaging studies that used sen-

tences as stimuli and on a recent TMS 

study (van Rijn et al., 2005). In the latter 

study increased reaction times were ob-

served after modulation of the right 

fronto-parietal operculum (van Rijn et al., 

2005). This was a specific effect, only 

observed for a condition requiring emo-

tional prosody discrimination, and not for 

a condition that required discriminating 

emotional semantics. Involvement of the 

right fronto-parietal operculum in the 

perception of emotional prosody was also 

found in other studies (Adolphs et al., 
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2002;Kotz et al., 2003;Wildgruber et al., 

2004;Meyer et al., 2002).  

 

The right fronto-parietal operculum forms 

part of the secondary somatosensory 

cortex. It has been suggested that 

knowledge about emotions expressed by 

other people might rely on a situation of 

body states associated with that emotion 

in the perceiver (Damasio, 1994). 

According to this theory, explicit 

recognition of an affective state in others 

depends on recruitment of one’s own 

somatic expression representation 

associated with such emotion (Damasio, 

1994). Activation of the somatosensory 

representation allows the observer to 

simulate the perceived emotion and 

evaluate and ‘feel’ it. The involvement of 

right somatosensory cortices in emotion 

recognition has been argued to occur 

irrespective of modality and of specific 

emotion (Anderson and Phelps, 2000). 

Recent evidence from TMS studies shows 

that right somatosensoric areas, like the 

fronto-parietal operculum, may be 

specifically involved in evaluating 

withdrawal emotions (van Rijn et al., 

2005;Pourtois et al., 2004).  

 

Not only the right fronto-parietal opercu-

lum but also the right anterior superior 

temporal gyrus seems to play a role in 

the perception of emotional prosody 

(Adolphs et al., 2002;Mitchell et al., 

2003;Meyer et al., 2002). The anterior 

part of the superior temporal gyrus has 

been found to be a voice-selective area 

(Belin et al., 2000). Regions along the 

anterior superior temporal gyrus show 

greater response to human voices as 

compared to non-vocal sounds (Belin et 

al., 2000). This region has also been 

shown to be involved in both the produc-

tion and perception of singing (Callan et 

al., 2006). 

 

Although a large number of studies have 

tried to elucidate the brain regions in-

volved in emotional prosody perception 

(resulting in discrepant data), only a few 

studies have looked at the time pattern of 

emotional prosody processing. To help in 

reconciling the controversial data from 

previous patient and imaging studies, we 

focused on both right fronto-parietal o-

perculum and right anterior superior tem-

poral gyrus in order to investigate their 

potentially different roles in the process 

of emotional prosody perception. Indeed, 

both right fronto-parietal operculum and 

right anterior superior temporal gyrus 

might be critical for the processing of 

emotional prosody, albeit possibly not for 

the same functional reasons. The multi-

step process of emotional prosody per-

ception has been described by Schirmer 

and colleagues, comprising the following 

mental processes in temporal order: 1) 

analyzing the acoustic elements of vocali-

zations, 2) deriving emotional significance 

from a set of acoustic cues, 3) applying 

emotional significance to higher order 

cognition (Schirmer and Kotz, 2006).  
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A fourth component could be the integra-

tion of emotional prosody in language 

processing.  

 

Sack and colleagues introduced a proce-

dure to map time points at which dif-

ferent brain regions are critical for 

information processing (Sack et al., 

2005). This procedure allowed us to shed 

light on the precise time course of the 

contribution of the right anterior superior 

temporal gyrus and the right fronto-

parietal operculum in emotional prosody 

perception. We expected to find the 

following time course of involvement of 

the two areas that were focused on in the 

present study. The right anterior superior 

temporal gyrus has been assumed to 

have a prominent role in the extraction of 

slow acoustic elements (Wildgruber et al., 

2002; Beaucousin et al., 2007;Belin et 

al., 2000;Schirmer and Kotz, 2006; 

Kriegstein and Giraud, 2004). This area 

will be involved at the beginning of the 

time-path in step 1 of the multi-step 

process described above. Later the 

perceived emotion is represented in the 

somatosensory right fronto-parietal 

operculum where simulation provides 

information about the specific emotion 

(Adolphs et al., 2002; Adolphs, 2002), 

part of step 2. 

 

Aim of the present study was to analyze 

the effect of triple-pulse TMS over the 

right anterior superior temporal gyrus 

and the right fronto-parietal operculum at 

different time intervals from stimulus on-

set on the perception of emotional pro-

sody. An additional active control TMS 

condition was included to test whether 

the effect is specific to the targeted re-

gion. 

 

Materials and Methods 

 

Subjects 

Fourteen healthy subjects (aged 19 to 41, 

7 females) participated in the first two 

conditions (right anterior superior tempo-

ral gyrus and right fronto-parietal opercu-

lum). Ten (aged 19 to 29, 6 females) of 

these 14 also participated in the third 

active control condition (midline parietal-

occipital junction EEG site, POz). All were 

right-handed, measured with the Edin-

burgh Handedness Inventory and had an 

adequate understanding of Dutch (com-

prehension and reading). Participants 

were checked for TMS and MRI exclusion 

criteria. They were given extensive writ-

ten and oral explanation of the proce-

dures and signed an informed consent. 

The experiment was conducted in accor-

dance to the Declaration of Helsinki and 

with local ethics committee approval 

(University Medical Centre Groningen).  
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Figure 1 This figure shows the two TMS locations that are targeted in the present 

study drawn in MRIcro, the fronto-parietal operculum and the anterior superior 

temporal gyrus.  

 

Experimental setup 

A neural navigator (NeNa) was used to 

locate the intended stimulation areas of 

each participant (Neggers et al., 2004). 

This frameless stereotaxy device uses a 

structural MRI scan of a person’s head to 

guide a TMS coil to the proper region on 

the skull. Anatomical MRI scans were 

made on a Philips Intera 3 Tesla MR-

system at the BCN-Neuroimaging Center, 

Groningen.  

 

Regions of interest were drawn in MRIcro 

a few days before the TMS experiment by 

the primary investigator and checked by 

another researcher until the two reached 

consensus (see figure 1). Number of vo-

xels per region of interest was ca. 120, 1 

to 2 cm2, in accordance with the size of 

the region TMS affects (Walsh and 

Cowey, 2000). The fronto-parietal oper-

culum was defined as the inferior peri-

central sulcus area, at the border of the 

frontal and parietal lobes, marked by the 

central sulcus, situated at the bottom of 

the central sulcus (covering both precen-

tral as well as postcentral regions) above 

the lateral sulcus, in accordance with the 

study of van Rijn (Adolphs et al., 2002; 

van Rijn et al., 2005). Talairach coordi-

nates were ca. (53, -6, 14) (Talairach and 

Tournoux, 1988). The right anterior supe-

rior temporal gyrus was defined as ap-

proximately 1.5 cm posterior to the tem-

poral pole, under the precentral sulcus, 

bordered by the lateral sulcus and supe-

rior temporal sulcus, based on imaging 

studies (Kotz et al., 2003;Beaucousin et 

al., 2007), Talairach coordinates ca. (52, 

-4, -4) (Talairach and Tournoux, 1988). 

The additional TMS condition, EEG loca-

tion POz could be marked on an EEG cap 

using the international 10-20 system, 

therefore no anatomical determination 
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was needed. Talairach coordinates for 

this electrode location were approxi-

mately (0, -95, 16) (Talairach and Tour-

noux, 1988). At the beginning of the TMS 

sessions the right fronto-parietal opercu-

lum and the right anterior superior tem-

poral gyrus were targeted and marked on 

an EEG-cap (MedCat B.V., 2007). Mean 

distance between right fronto-parietal 

operculum and right anterior superior 

temporal gyrus measured on the EEG cap 

was 28 mm (SD 4.9 mm). Triple-pulse 

TMS (tpTMS) was applied using a Med-

tronic MagPro X100 stimulator (Med-

tronic, Skovlunde, Denmark) with a figu-

re-of-eight coil (diameter 75 mm), with a 

dynamic cooling device (Cool-B65). The 

coil was maintained in a constant position 

with the Medronic coil arm. The orienta-

tion of the coil was set with the handle 

pointing downwards, making an angle of 

90° with the midline of the head.  

 

TMS Procedure 

At the beginning of each TMS session, 

subjects completed the positive and 

negative affect schedule (PANAS), to 

assess their current affective state 

(Watson et al., 1988). This self-

assessment questionnaire consists of 10 

positive (inte-rested, excited, strong, 

enthusiastic, etc.) and 10 negative affects 

(distressed, upset, guilty, etc). All items 

have to be rated on a scale from 1 to 5, 

based on the strength of emotion where 

1= “ very slightly or not at all,” and 5 = 

“extremely”.  

Participants were seated in a comfortable 

chair, in front of a computer screen and 

fitted with an EEG cap to allow marking of 

stimulation sites. First, individual motor 

thresholds (MT) of the (preferable) left 

hemisphere were determined using the 

thumb (abductor pollicis brevis) 

movement procedure (Pridmore et al., 

1998). Stimulation intensity was set at 

90% MT (mean 45.6 (SD 6.9)). Then, 

participants completed a training session 

of 6 sentences. The entire procedure was 

completed in three sessions on separate 

days, around the same hour. Order of the 

experimental blocks and the two brain 

areas of interest (right fronto-parietal 

operculum and right anterior superior 

temporal gyrus) were counterbalanced 

over subjects. The extra active control 

condition was included later (in 10 

subjects), this area was always 

stimulated in the last session.  

 

A triplet of TMS pulses was given at vari-

ous onset times per stimulus to identify 

the time points at which right anterior 

superior temporal gyrus and right fronto-

parietal operculum are critical for proc-

essing emotional prosody. In every 

tpTMS run, the TMS coil was placed over 

the area of interest while the prosodic 

discrimination of emotion task was com-

pleted. During each trial, a triplet of three 

single TMS pulses was applied with an 

inter-pulse-interval of 100 ms, based on 

a recent TMS study (Sack et al., 2005). 

In an event-related potential study, a 
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peak was found around 360 ms, under 

voluntary processing of emotional pro-

sody in words (Wambacq et al., 2004). In 

a pilot study mean reaction time for de-

tection of emotions was 2389 ms (SD 

884) without TMS. Duration of response 

preparation is ±400 ms. Based on these 

data, the onset times of tpTMS in the 

present study varied between 400 and 

1900 ms, in steps of 300 ms. There was a 

total of 8 experimental blocks of the 

same length during which tpTMS was 

applied at different pseudo-randomized 

time points on the scalp positions. The 

number of sentences per emotion per 

time-point was 8. Every ten seconds a 

new sentence was presented. Minimum 

time between triplets of pulses was 8.5 

seconds, enough to avoid carry-over ef-

fects (Walsh and Pascual-Leone, 2003). 

The procedure for the right fronto-

parietal operculum and right anterior su-

perior temporal gyrus TMS sessions took 

90 minutes at maximum.  

 

The same design was used in an extra 

session, for the active control condition, 

i.e. real TMS was performed to this area 

but we did not expect effects on the task, 

because this area is not related to emo-

tion in language. During this condition, 

stimulation was applied with the centre of 

the coil at the POz electrode site, the du-

ration was 60 minutes. This is 30 minutes 

less than in the other two TMS conditions, 

because no neuronavigation was needed.  

 

Emotional prosody task 

Sentences of neutral content pronounced 

in an emotional (anxious, sad or happy) 

tone of voice by male and female actors 

were used as stimuli. The task was de-

veloped and presented using Eprime 

software (Schneider et al., 2002). These 

were selected from three different vali-

dated prosody tests (Vroomen et al., 

1993; Vingerhoets et al., 2003;Bos et al., 

2005). All sentences were Dutch, exam-

ples are, “The old car drives through the 

streets of the capital” and “Jan has been 

to the hairdresser”. The sentences were 

tested by ten separate subjects. The digi-

tized stimuli were of approximately equal 

length and presented through two com-

puter sound boxes (mean duration 2042 

ms (SD 755)). During listening, the 

names of the emotions to be discrimi-

nated were presented on the computer 

screen. The visual presentation of the 

answer choices was included to aid sub-

jects as to which categories they were to 

choose from. Without the visual presenta-

tion, subjects would have to memorize 

the different categories, and the task 

would have a stronger working memory 

component. Participants were instructed 

to use the index finger of their right hand 

to make a ‘fear’ response on a keypad, 

the middle finger to make a ‘sad’ res-

ponse or the thumb for a ‘happy’ res-

ponse as soon as they identified the emo-

tion expressed in the tone of voice. Speed 

and accuracy were stressed as objectives.  
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Results

Reaction times and percentages correct 

were analyzed by repeated measures 

ANOVA, in which the factors were Site of 

stimulation (anterior superior temporal 

gyrus (STG), fronto-parietal operculum 

(FPO), POz), Time (6 points, varying from 

400 to 1900ms, with 300 ms in between) 

and Emotion (fear, sad, happy). Only 

reaction times for correct trials were 

included in the analyses. Due to a high 

percentage correct over all subjects 

(84%) the results are based on the 

majority of data collected. Post hoc 

analyses were performed using pair-wise 

comparisons. Effects were tested at a 

significance level of p<.05.  

 

At the beginning of each transcranial 

magnetic stimulation (TMS) session sub-

jects were asked to complete the positive 

and negative affect schedule (PANAS) to 

evaluate their current affective state 

(Watson et al., 1988). This was done to 

be able to correct for potentially different 

affective states that could influence the 

performance on an emotion task. A 3 x 2 

repeated measures ANOVA with Site of 

stimulation (aSTG, FPO, POz) and scores 

on the PANAS scale (positive scale, nega-

tive scale) revealed no significant diffe-

rences between the three TMS sessions, F 

(2,18 ) = 1.22, p = .32. This means that 

we can assume that there was no signifi-

cant effect of mood on the reaction times 

(Watson et al., 1988). Differences in re-

action times during TMS conditions were 

not attributable to differences in mood 

state between the TMS conditions.  

 

Gender was added as a between subjects 

factor in the repeated measures ANOVA, 

but no significant differences were found 

across gender groups, F (1, 8) = .47, p = 

.51.  

 

Reaction times during triple-pulse 

rTMS at the fronto-parietal 

operculum and the anterior superior 

temporal gyrus 

 

A 2 x 6 x 3 repeated measures ANOVA 

with Site of stimulation (aSTG, FPO), 

Time (6 points, from 400 to 1900ms) and 

Emotion (fear, sad, happy) as independ-

ent variables, showed that there was no 

significant difference in reaction times 

between the two sites of stimulation, F 

(1,13) = .79, p = .39. There was a main 

effect of Time, F (5, 65) = 31.3. p < 

.001. In addition, the quadratic term was 

highly significant, F (1, 13) = 69.4, p< 

.001. The quadratic trend reflects a peak 

in reaction times at a certain time point. 

Post hoc analysis revealed most strong 

interference of the triplet of TMS pulses 

at 1300 ms from onset of the stimulus. At 

this onset time the mean reaction time 

was significantly larger than at all other 

time points, mean differences varied from 

114 ms to 346 ms, (p< .05).  
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Figure 2  

Reaction times on emotional prosody task during triple-pulse rTMS at different time-

point at the right anterior superior temporal gyrus (aSTG, n=14 subjects), the fronto-

parietal operculum (FPO, n=14 subjects) and at the POz-EEG location (n=10 subjects) 

for detection of emotional intonations.  

A: reaction times for perception of fearful intonations, B: reaction times for perception 

of sad intonations and C: reaction times for detection of happy intonations. 
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The analysis also revealed a main effect 

of Emotion F (2, 26) = 7.3, p<.010. 

Longest reaction times were found for the 

detection of the emotion fear. Contrasts 

revealed that the difference between re-

action times for correctly classifying ‘fear’ 

sentences compared to ‘happy’ sentences 

was significant F (1,13) = 26.04, 

(p<.05). Subjects were faster in the de-

tection of happiness from intonations 

than in the detection of fear. The differ-

ence between performance on ‘fear’ sen-

tences and ‘sad’ was also significant F 

(1,13) = 5.20, (p <.05). Subjects re-

sponded faster on ‘sad’ sentences than on 

‘fear’ sentences.  

 

Furthermore there was a significant inter-

action between Emotion and Time F 

(10,130) = 6.1, p < .001. This indicates 

that the time of delivering the triplet of 

TMS pulses had a different effect depend-

ing on which emotion was expressed. To 

explain this interaction, reaction times 

per emotion over the 6 time-points were 

analyzed. Time of stimulation significantly 

affected reaction times for the Emotions 

‘fear’ and ‘sad’, F (5, 65) = 12.7, p < 

.001 and F ( 5, 65) = 28.4, p < .001 re-

spectively. For the Emotion ‘happy’ Time 

of stimulation was also significant but 

with a larger p-value, F (5, 65) = 2.6, p 

< .05. Whereas the strongest interfer-

ence for ‘fear’ and ‘sad’ stimuli was ob-

served at 1300 ms, this was not apparent 

for happy (see figure 2 ).  

Reaction times during triple pulse 

rTMS with the inclusion of active con-

trol condition POz 

To test whether the results described in 

the above section are a real TMS effect, 

an additional active control condition over 

the occipital cortex (POz electrode loca-

tion) was included. We can assume that 

this brain area is not related to emotional 

prosody. Inclusion of condition POz (10 

participants), revealed a main effect of 

Site of stimulation F( 2,18) = 4.7, p < 

.05. Contrasts revealed that both right 

anterior superior temporal gyrus and 

right fronto-parietal operculum differed 

significantly from POz, F (1, 9) = 6.5, p < 

.05 and F (1, 9) = 8.9, p < .05 respec-

tively. There was also a main effect of 

Time F (5, 45) = 21.2, p < .001 and a 

main effect of Emotion F (2, 18) = 8.6, p 

< .01 as was found in the anterior supe-

rior temporal gyrus versus fronto-parietal 

operculum analysis. Analyzing the data 

for separate emotions, revealed a signifi-

cant effect of Site of stimulation for ‘fear’ 

F (2, 18) = 4.2, p < .05, and for ‘happi-

ness’ F (2, 18) = 6.5, p < .01, but not for 

‘sadness’ F (2, 18) = 2.6, p= 0.10. As 

can be seen in Table 1, reaction times 

were shorter for all three emotions in the 

POz condition, as compared to anterior 

superior temporal gyrus and fronto-

parietal operculum. The interaction be-

tween Site of stimulation and Time was 

significant, F (10, 90) = 1.9, p = .05, 

with stronger effects of Time in the ante-

rior superior temporal gyrus and fronto-
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parietal operculum conditions than in the 

POz condition (see figure 2). There was 

no interaction between Site of stimulation 

and Emotion. 

 

With regard to accuracy of responses, 

inclusion of the active control condition 

did not reveal significant effects of Site of 

stimulation, indicating that on accuracy 

measures no differences were found be-

tween the Sites. A significant interaction 

between Emotion and Time was found, 

paralleling the results for the reaction 

times analysis, F (10, 90) = 5.7, p < 

.001. This reflects that the time of deli-

vering the triplet of pulses had a different 

effect depending on which emotion was 

expressed. Data are presented in table 2. 

.  

 

 

Table 1  

No significant differences were observed between fronto-parietal operculum (FPO) 

and anterior superior temporal gyrus (aSTG) with regard to reaction times. Reaction 

times on POz were significantly different from both FPO and aSTG. Reaction times 

after triple-pulse rTMS at 1300ms after onset of the sentence were significantly 

higher than at all other time-points.  

 
Table 2  

No significant differences were found on percentages correct between the three sites, 

fronto-parietal operculum (FPO), anterior superior temporal gyrus (aSTG) and POz 

(EEG electrode site). 

Table 2.   Emotion identified correctly (%) during triple-pulse rTMS for the three conditions 

 
aSTG (n=14) FPO (n=14) POz (n=10) 

 fearful sad happy fearful sad happy fearful sad happy 

400 ms 75.1 (24.9) 96.9 (7.2) 95.4 (9.4) 78.0 (14.1) 89.0 (9.9) 96.1 (6.3) 76.6 (21.6) 93.9 (8.7) 97.6 (5.1) 

700 ms 64.5 (15.3) 90.4 (12.9) 84.7 (12.4) 70.9 (13.6) 92.1 (9.2) 86.6 (11.4) 69.5 (18.8) 86.4 (13.7) 95.2 (6.2) 

1000 ms 60.1 (14.8) 92.1 (10.5) 89.4 (8.3) 62.7 (15.4) 93.0 (9.4) 90.4 (10.0) 66.5 (11.9) 91.4 (10.2) 90.2 (9.8) 

1300 ms 69.4 (15.4) 92.9 (8.0) 85.6 (10.1) 65.7 (22.3) 96.6 (5.6) 86.7 (11.4) 71.5 (18.6) 95.2 (6.2) 85.0 (12.8) 

1600 ms 75.2 (25.3) 87.9 (6.9) 84.9 (14.8) 81.4 (18.8) 84.1 (13.3) 82.9 (17.5) 85.3 (14.1) 81.4 (12.1) 83.6 (14.7) 

1900 ms 75.2 (21.8) 94.7 (9.4) 96.6 (5.6)   72.4 (18.3) 99.1 (3.2) 97.3 (5.4) 74.9 (22.8) 97.6 (5.1) 95.2 (6.2) 

 

Table 1. Reaction times during triple-pulse rTMS for the three conditions 
 

aSTG (n=14) FPO (n=14) POz (n=10) 

 fearful sad happy fearful sad happy fearful sad happy 

400 ms 2264 (461) 2037 (570) 2051 (391) 2347 (537) 2198 (549) 2152 (364) 2100 (444) 1837 (561)  1760 (430) 

700 ms 2295 (449) 1923 (519) 2195 (412) 2358 (615) 2102 (497) 2238 (461) 1919 (514) 1790 (516) 1970 (566) 

1000 ms 2618 (537) 2293 (669) 2268 (506) 2571 (648) 2323 (655) 2320 (421) 2212 (643) 1875 (605) 1848 (434) 

1300 ms 2687 (398) 2490 (741) 2186 (399) 2793 (636) 2660 (732) 2309 (467) 2295 (623) 2107 (695) 1732 (421) 

1600 ms 2381 (497) 2215 (527) 2256 (432) 2415 (530) 2334 (519) 2339 (556) 2024 (513) 1998 (601) 2080 (566) 

1900 ms 2518 (552) 2428 (592) 2207 (532) 2528 (595) 2583 (681) 2176 (454) 2182 (568) 1919 (634) 1940 (617) 
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Discussion

To our knowledge, this is the first study 

investigating the time course of pro-

cessing emotional prosody in natural 

sentences. This study demonstrates that 

triple-pulse transcranial magnetic 

stimulation (TMS) over the right anterior 

superior temporal gyrus as well as the 

right fronto-parietal operculum interferes 

at critical time points with the process of 

emotional prosody recognition from 

spoken sentences. This effect was 

significantly stronger after TMS over the 

fronto-parietal operculum and the 

anterior superior temporal gyrus than in 

the active control condition, stimulation 

over the occipital cortex. The most critical 

time point was at 1300 ms after sentence 

onset. This effect was apparent for 

withdrawal, but not for the approach 

emotion. The strong delay in response 

times at 1300 ms was found for detection 

of vocally expressed ‘fear’ and ‘sadness’, 

but not for ‘happiness’. We did not find a 

difference between right anterior superior 

temporal gyrus and right fronto-parietal 

operculum. Results showed a similar time 

pattern for both brain areas.  

 

Our results are consistent with those of a 

recent study that targeted a right soma-

tosensory area close to the fronto-

parietal operculum but a bit higher, using 

TMS to investigate the perception of facial 

emotion expression (Pourtois et al., 

2004). Interestingly, this study found 

that TMS over that area interfered with 

the recognition of fear (a withdrawal 

emotion), but not with the recognition of 

happy (approach emotion) facial expres-

sions (Pourtois et al., 2004). Our findings 

are also a replication and extension of the 

study by Van Rijn and colleagues, who 

targeted the right fronto-parietal opercu-

lum with TMS and measured the effect on 

emotional prosody perception. They also 

found an effect on the recognition of 

withdrawal emotions (fear and sadness) 

but the performance on approach emo-

tions (happiness and anger) was unaf-

fected (van Rijn et al., 2005). We have 

replicated the findings of these TMS stud-

ies on the effects of TMS at the right 

fronto-parietal operculum for detection of 

withdrawal emotions in emotional pro-

sody (van Rijn et al., 2005). In addition, 

however, we investigated the time course 

of the TMS interference. 

 

Given previous evidence for the time 

course of emotional prosody recognition, 

1300 ms after sentence onset seems 

rather late. However, the earlier studies 

used single words and syllables as sti-

muli. Results from an event-related po-

tential study revealed that P200 is an 

event-related potential correlate of vocal 

emotional processing. Vocal emotions 

elicited a P200 smaller than neutral ex-

pressions, representing early differentia-

tion of basic vocal emotional expressions 

and neutral vocal expressions (Paulmann 

and Kotz, 2008). In another event-
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related potential study that tested pre-

attentive, vocal emotion processing using 

an oddball paradigm, emotionally (angry 

and happy) and neutrally spoken sylla-

bles ‘dada’ were presented as standards 

and deviants (Schirmer et al., 2005). The 

difference in mismatch negativity ampli-

tude between emotional and neutral vo-

calizations peaked around 350 ms, sug-

gesting that at this time point the pri-

mary acoustic information and derived 

emotional significance had been inte-

grated. In an event-related potential 

study using words, results suggested that 

emotional prosody is processed around 

360 ms (Wambacq et al., 2004). In this 

study, the duration of the stimuli was 

around 761 ms on average, and there 

were only two emotional categories spo-

ken by one female actress. It is expected 

that under natural circumstances, as in 

the present study, the time window is 

prolonged. We used complete sentences 

with a mean duration of 2042 ms, three 

emotional categories and spoken by mul-

tiple male and female actors. It is note-

worthy that in both studies, the peak of 

the process takes place halfway through 

the stimuli. 

 

Our results did not reveal different time 

patterns of involvement of both brain 

areas, i.e., right anterior superior tempo-

ral gyrus and right fronto-parietal opercu-

lum. One possible explanation is that the 

processes ‘extraction of slow acoustic 

elements’ and ‘simulation of the per-

ceived emotion’, ascribed to the right 

anterior superior temporal gyrus and the 

right fronto-parietal operculum respec-

tively, take place at the same time. These 

processes then interact with the puta-

tively more frontal process of categoriza-

tion. Stimulation of one site would result 

in widespread activation along the func-

tional network and thus in activation of 

the other site as well. ‘Recurrent neural 

networks’ have been found for visual in-

formation processing (Roelfsema et al., 

2002) and consist of a feed-forward-

system, e.g. anterior superior temporal 

gyrus to fronto-parietal operculum, and a 

feedback system, e.g. fronto-parietal o-

perculum to anterior superior temporal 

gyrus. Auditory information can be ex-

changed very quickly between the ante-

rior superior temporal gyrus and the 

fronto-parietal operculum. In this way 

both areas can be crucially involved in 

the process of emotional prosody percep-

tion at the same time.  

 

A functional network of brain areas in-

volved in phonological processes has 

been described in a recent meta-analysis 

on left hemisphere language areas 

(Vigneau et al., 2006). In this study an 

area that corresponds to the fronto-pa-

rietal operculum, the rolandic operculum, 

has been described as part of the audio-

motor loop. In this audio-motor loop the 

rolandic area is in charge of a motor rep-

resentation of auditory stimuli to guide 

comprehension (Vigneau et al., 2006). 
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The fronto-parietal operculum forms part 

of the somatosensory cortex comprising 

representations of the lips, jaw and 

tongue. In emotional prosody perception 

these representations may be evoked to 

simulate the perceived auditory emotion. 

This simulation guides the comprehension 

of the acoustic properties of the human 

voice, that are processed in the anterior 

superior temporal gyrus at the same 

time. A recent imaging study provides 

evidence that the fronto-parietal opercu-

lum acts in an audio-motor loop to guide 

comprehension of emotional prosody. 

This study demonstrated that passive 

listening to nonverbal emotional vocaliza-

tions activates a network of pre-motor 

cortical regions involved in the control of 

facial movement (Warren et al., 2006). 

This is consistent with Damasio’s concep-

tualization of an “as-if body loop”, i.e. a 

neural internal simulation that uses the 

brain’s body maps, but bypasses the ac-

tual body (Damasio, 1999). 

 

Another explanation could be inadvertent 

stimulation of the non-targeted area due 

to proximity of the right anterior superior 

temporal gyrus and the right fronto-

parietal operculum. The mean distance 

between the two sites of interest was 

however 28 mm with a small SD of 4.9 

mm, which is large enough to assume 

that stimulating one area does not di-

rectly affect the other (Wassermann et 

al., 1996).  

 

Finally, it should be taken into account 

that the clicking sound of the TMS coil 

may have distracted the subject from the 

task and that this lowered performance. 

We cannot rule out this possibility, but 

there is enough reason to believe that 

there was (also) a real TMS effect. The 

results of our study provide evidence that 

the clicking alone cannot completely ex-

plain the delays in reaction times. Al-

though the anterior superior temporal 

gyrus is closer to the ear, reaction times 

to stimulation of the right fronto-parietal 

operculum were even slower than with 

stimulation to the anterior superior tem-

poral gyrus. A possible effect of the click-

ing sound can not explain this sufficiently. 

Moreover, the time pattern was not found 

for all emotions, if slower performances 

would be a result of acoustic interference 

of the clicking sound, we may have ex-

pected generalized effects. Van Rijn and 

colleagues also stimulated the right 

fronto-parietal operculum and observed a 

difference in emotional prosody recogni-

tion between sham stimulation (no mag-

netic stimulation but with the characteris-

tic ‘click’) and real stimulation (van Rijn 

et al., 2005). This suggests that the TMS-

effect is distinct from a mere effect of the 

click-sound. The inclusion of the active 

control condition also suggests that the 

effect we found should be attributed to 

the direct magnetic stimulation of the 

brain. Reaction times in the active control 

condition were significantly shorter than 

in two areas that have been related to 
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emotional prosody processing. Stimula-

tion of right anterior superior temporal 

gyrus and right fronto-parietal operculum 

resulted in longer reaction times than 

stimulation of an area that has not been 

associated with emotional prosody.  

 

The present study confirms that both the 

right anterior superior temporal gyrus 

and the right fronto-parietal operculum 

are involved in the process of emotional 

prosody perception. Moreover, the results 

reveal a relatively late critical time of in-

volvement of both regions for recognizing 

emotional prosody in entire sentences. 

This may reflect that emotional cues can 

still be ambiguous at the beginning of 

sentences but become more apparent 

half-way through the sentence. Our study 

forms the first step in disentangling the 

temporal involvement of different brain 

areas in the process of emotional prosody 

recognition in natural speech.  
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Chapter 4  

 

Impaired recognition and expression of emotional 

prosody in schizophrenia: review and meta-analysis* 

 

Marjolijn Hoekert, René S. Kahn, Marieke Pijnenborg, André Aleman 

 

Abstract  

Background Deficits in emotion processing may be one of most pervasive disturbances 

in schizophrenia that may contribute to social isolation. In this report, we focus on 

vocal emotion processing. This function bears upon two corner stones of social func-

tioning, language and emotion, which have both been found to be impaired in schizo-

phrenia. Methods We used meta-analysis to integrate findings of studies published 

between 1980 and June 2007 on perception of emotional prosody in schizophrenia. 

Seventeen studies provided sufficient information to be included. A mean weighted 

effect size was computed in the random effects model. Publication bias was tested 

using funnel plots and fail-safe number of studies. Seven studies were included in an 

analysis on the expression (i.e. production) of emotional prosody in schizophrenia. 

Results A significant and stable mean weighted effect size was found for the percep-

tion of emotional prosody, d= -1.24, 95% CI = -1.55 to - 0.93. The effect was also 

found in the early stages of the illness. Expression of emotional prosody was also sig-

nificantly impaired, d=-1.11, 95% CI = - 1.78 to - 0.43. Conclusions Results indicate 

that individuals with schizophrenia are impaired in the perception and expression of 

emotional prosody, with a large effect size. As a growing body of evidence shows that 

impaired social cognition in schizophrenia may be an important predictor of social out-

come, training programs that aim at the recognition of emotional prosody should be 

developed. 
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Introduction

Schizophrenia patients have deficits in a 

large number of functional domains, in-

cluding social skills and social cognition. 

These social impairments consist of diffi-

culties in perceiving, understanding, an-

ticipating and reacting to social cues that 

are crucial for normal social interaction. 

Social skills like developing and maintai-

ning social networks are deficient (Yager 

and Ehmann, 2006). Disturbances in so-

cial cognition are thought to explain im-

pairments in social functioning (Pinkham 

et al., 2003). Social cognition indicates 

aspects of cognition that potentially have 

an independent link to social behaviour 

and social function. It includes processes 

as theory-of-mind skills, social percep-

tion, and attributional style (Pinkham et 

al., 2005). Clearly, vocal emotion percep-

tion is an aspect of social cognition. Defi-

cits in facial and vocal emotion perception 

may lead to decreased social skills, like 

misunderstandings and inappropriate so-

cial responses (Pinkham and Penn, 2006; 

Kee et al., 2003).  

 

Emotional abnormalities in SCZ have 

been categorized under the headings of 

positive (hyperarousal), negative 

(blunted affect) and cognitive (impair-

ments in affect recognition) symptoms 

(Aleman and Kahn, 2005). Vocal emotion 

perception refers to the evaluation of 

emotional prosodic information of spoken 

sentences. The term prosody denotes 

non-lexical cues in spoken language and 

can be divided into emotional and lin-

guistic prosody. Linguistic prosody implies 

decisions about semantic meaning, for 

example, stressing essential parts of a 

sentence, or presenting information as a 

statement or a question. Emotional pros-

ody concerns the emotional tone of voice 

and is important for the perception of the 

emotional state and intentions of others 

(van Rijn et al., 2005;Edwards et al., 

2002). Perception of emotional prosody 

contributes to our understanding of what 

is known as the pragmatic meaning of 

speech, the intended between-the–lines 

meaning (Murphy and Cutting, 1990). In 

order to understand verbal messages, 

one should not only pay attention to what 

is said, but also to how it is said (van Rijn 

et al., 2005). For example, a man hearing 

his wife say, “you are a workaholic”, can 

receive completely different messages 

depending on whether the tone of her 

voice is angry or playful.  

 

Impaired emotional processing may affect 

functional outcome independently of 

symptoms (Kee et al., 2003). Based on 

clinical observations it has been hypothe-

sized that individuals with schizophrenia 

might suffer from impairments in the per-

ception of emotional prosody. In contrast 

to the volume of research on facial emo-

tion perception in schizophrenia, the li-

terature on vocal emotion perception re-

mains sparse. In a review of the litera-

ture, the authors conclude that the evi-
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dence of impairment in emotional pro-

sody perception in schizophrenia remains 

unclear, (Edwards et al., 2002;Edwards 

et al., 2001). Over the last five years, 

however, more articles have been pub-

lished on emotional prosody perception in 

schizophrenia. Most of these articles re-

ported significant impairments (Murphy 

and Cutting, 1990;Kerr and Neale, 1993; 

Haskins et al., 1995;Ross et al., 2001; 

Hooker and Park, 2002; Kucharska-Pietu-

ra et al., 2005; Leitman, 2005; Rossell, 

2005; Bozikas et al., 2006). According to 

some studies the deficit in vocal emotion 

perception is as pronounced as in brain 

damage patients with right hemisphere 

lesions (Ross et al., 2001; Borod et al., 

1989). In some the results showed 

smaller impairments (Kee et al., 

2004;Edwards et al., 2001;Leentjens et 

al., 1998).  

 

Other issues regarding schizophrenia and 

emotional prosody perception that remain 

to be clarified are whether the ability to 

decode emotional prosodic information 

remains stable over years and whether 

chronic patients with schizophrenia show 

greater impairment than acutely ill pa-

tients do. Preliminary evidence suggests 

that emotion recognition deficits are ap-

parent at early stages of the disorder 

(Edwards et al., 2001) and are signifi-

cantly larger in chronic patients as com-

pared to early stage patients (Kucharska-

Pietura et al., 2005). Deficits in emotional 

prosody have also been identified in chil-

dren and adolescents with early-onset 

schizophrenia (Baltaxe and Simmons, 

1995). Subtle deficits in emotion percep-

tion are detectable in unaffected siblings 

of schizophrenia patients and may be 

direct indicators of vulnerability factors 

(Kee et al., 2004).  

 

Further unanswered questions are 

whether medication may account for a 

portion of the impairment and whether 

number of years of hospitalization plays a 

role and wether there is a relationship 

between the ability to perceive emotional 

prosody and positive or negative symp-

toms. Indeed, there have been reports of 

a negative association between emotion 

discrimination and severity of negative 

emotions (Schneider et al., 1995).  

 

We conducted a meta-analysis to evalu-

ate the consistency and strength of the 

impairment in perception of emotional 

prosody in schizophrenia, using a quan-

titative review of published experimental 

studies. Our study had three aims: 

1) To review the literature on perception 

of emotional prosody in schizophrenia,  

2) To determine, by meta-analysis, the 

magnitude, and nature of impairments in 

perception of emotional prosody in 

schizophrenia and  

3) To identify factors that significantly 

affect the magnitude of the impairment. 
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Method 

 

Literature search 

Relevant articles were found through a 

broad literature search in the compu-

terized databases, Pubmed and Web of 

Sciences in the period between 1980 and 

June 2007. The starting- point of this 

time period was chosen because the most 

influential diagnostic system for schizo-

phrenia, DSM-III, was introduced in 

1980, leading to better uniformity in di-

agnosis than what is found in earlier 

years (American Psychiatric Association 

et al., 1980). The following combination 

of words were used as search terms 

combined with “schizophrenia”: ”pro-

sody”, “vocal emotion”, “emotion percep-

tion”, “emotional information processing”, 

“affect perception” and “vocal affect re-

cognition”. In addition manual searches 

of the reference lists of the selected arti-

cles and the review of Edwards were con-

ducted (Edwards et al., 2002). The 

search produced 487 studies of which we 

selected 17 articles that met our inclusion 

criteria as presented below. The studies 

included in the meta-analysis are sum-

marized in table 1. Impairments in vocal 

emotion recognition are not specific for 

schizophrenia, but are also reported in 

other clinical groups. Our literature 

search identified three reports that pro-

vided comparisons with other clinical 

groups. We were also interested in the 

expression of emotional prosody in 

schizophrenia. Research terms for the 

inclusion of articles for this supplemental 

analysis were: “emotion expression”, 

“emotion production”, “affect expression” 

and “vocal affect expression” and ”vocal 

affect production”, combined with 

“schizophrenia”.  

  

Study selection 

The identified studies had to meet the 

following criteria: First, patients had a 

diagnosis of schizophrenia according to 

the criteria of DSM-IV, DSM-III-R, DSM-

IV, Research Diagnostic Criteria (RDC), 

ICD-9 or ICD-10 (International classifica-

tion of Disease) or Schedule for Affective 

Disorders and Schizophrenia (SADS). 

Studies on patient groups consisting of 

both schizophrenia and schizoaffective 

disorder patients were also included 

(Haskins et al., 1995;Leitman, 2005; 

Leitman et al., 2007;Rossell, 2005;Shea 

et al., 2007). Second, the study had to 

report on a behavioural measure of emo-

tional prosody. Behavioural measures of 

emotional prosody perception typically 

consist of a number of audiotaped sen-

tences (or sometimes words) with a lin-

guistically neutral content, e.g., “He 

tossed the bread to the pigeons”, or “The 

boy went to the store” (items from the 

Voice Emotion Identification Test (VOICE-

ID) (Kerr and Neale, 1993). These sen-

tences are spoken aloud by an actor to 

convey an emotion in the intonation. In 

most studies participants are given a 

piece of paper with the emotions listed 

and are asked to decide which of the 



                 Impaired recognition and expression of emotional prosody in schizophrenia 

 63 

listed emotions best describes the 

speaker’s tone of voice. Third, studies 

had to compare the performance of 

schizophrenia patients with that of 

healthy comparison subjects who were 

not at increased risk for schizophrenia or 

psychosis. Fourth, studies had to be pub-

lished in English-language international, 

peer reviewed journals. Finally, studies 

had to report sufficient data for the calcu-

lation of a d-value. This implies that 

means and standard deviations, exact p-

values, t-values, or exact F-values and 

relevant means had to be reported (cf. 

(Aleman et al., 1999)).  

 

Calculation of effect sizes and data 

analysis 

Effect sizes (Cohen’s d) for the difference 

in perception and in production of emo-

tional prosody performance between 

schizophrenia patients and a healthy con-

trol subjects were calculated on the basis 

of reported statistics. When mean and 

standard deviations were reported for 

both treatment (schizophrenia) and com-

parison (healthy control) group, Cohen’s 

d was calculated with the effect size com-

putation program developed by D. Wilson 

(http://mason.gmu.edu/~dwilsonb/ma.ht

ml). If studies did not report means and 

standard deviations, effect size d was 

calculated with reported t or F statistics 

or the significance values. One of the 

studies in this analysis included more 

than one behavioural measure of emo-

tional prosodic comprehension (Rossell, 

2005). In addition, in one study more 

than one group of schizophrenia patients 

was included (Kucharska-Pietura et al., 

2005;Leitman et al., 2007). In both 

situations we calculated one pooled effect 

size estimate. For the moderator variable 

analyses these studies were split on basis 

of the variable of interest. After computa-

tion of the effect sizes for the individual 

studies, meta-analytic analyses were per-

formed with the Comprehensive Meta-

analysis computation program (Boren-

stein et al., 2005). A combined effect size 

with corresponding confidence intervals 

(95%), which indicated the magnitude of 

the effect across all studies was calcu-

lated cf. (Aleman et al., 1999). In addi-

tion, the homogeneity Qw statistic refers 

to the heterogeneity of studies within 

categories. In the case of significant he-

terogeneity, further analyses were per-

formed in search for potential moderators 

of effect size (Lipsey and Wilson, 2001). 

A few studies did not provide sufficient 

statistical data to be included in the 

meta-analysis. To obtain a representative 

impression of the studies done on emo-

tional prosody in schizophrenia, a vote 

count analysis was also carried out in-

cluding all studies (cf. (Sommer, I, 

2004)). For this analysis, we counted the 

number of all studies and the sum of pa-

tients included in these studies that re-

ported a worse performance for schizo-

phrenia patients on an emotional prosody 

task as compared to healthy controls and 

all studies that reported no difference in 
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performance between the two groups 

with the total number of patients in these 

studies. In the study that applied two 

tasks measuring the perception of emo-

tional prosody, these two were taken to-

gether as one value. The studies selected 

for the vote count analysis are described 

in table 1 and 2, for perception and ex-

pression respectively.  

 

Publication bias/File drawer Analysis 

Publication biases influence the reliability 

of mean effect sizes. Studies with non–

significant findings remain unpublished, 

which has been termed the “file-drawer 

problem” (Rosenthal, 1979). In order to 

identify and deal with publication bias, we 

calculated the fail-safe number and visu-

alized a funnel plot. A fail-safe number of 

studies estimates the number of non-

significant, unpublished studies that 

would need to be added to a meta-

analysis to reduce an overall statistically 

significant observed effect to non-

significance (Rosenthal, 1979;Rosenberg, 

2005). In a funnel plot effect size esti-

mates are plotted against sample size 

(Egger et al., 1997). The funnel plot is 

based on the fact that precision in esti-

mating the effect of underlying variable of 

interest becomes larger with the increase 

of the sample size. Thus, at the bottom of 

the plot, where the sample sizes are 

smaller, the scatter should be wider and 

becomes smaller going the top of the 

plot. If there is bias this inverted funnel 

will often be skewed and asymmetrical, 

because studies with smaller sample sizes 

and non significant results remain unpub-

lished (Egger et al., 1997).  

 

Moderator Variables 

The literature suggests a number of fac-

tors that may affect the performance of 

schizophrenia patients in the perception 

of emotional prosody. To investigate this, 

categorical values were entered in the 

meta-analysis program and analyses 

were performed (Borenstein et al., 2005). 

The potential moderator variables we 

evaluated were either clinical or metho-

dological; The clinical variables were: age 

of the patients, patient status, duration of 

illness and medication status, methodo-

logical variables were: group size, 

whether schizophrenic and comparison 

group were matched for age, sex and 

level of education, task difficulty (number 

of stimuli and of emotions), task quality 

and validation, sex of the speaker of the 

stimuli used in the task and whether ex-

pressed emotional intonations were nega-

tive or not (i.e. positive or neutral). Un-

fortunately, sex differences, negative and 

positive symptoms and severity of psy-

chopathology could not be studied, be-

cause of the very small number or com-

plete lack of included studies reporting 

exact results for these variables. In the 

moderator analyses, the Qb statistic re-

flects a test difference between catego-

ries. This between- group homogeneity 

statistic is analogous to the F statistic.
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Table 1 Characteristics and main findings of the studies included in the meta- and 

vote count analysis on the perception of emotional prosody 

Author, 
year 
 

Pa 
ticipants     
(Male)               

Mean  
age  
(yrs)               

Characteristics of the 
task.  
 
 
 

Score 
for the 
quality 
of the 
task                               

Authors 
report worse 
performance 
for SCZ as 
compared to 
C. 

Effect size 
(95%  CI) 
or reason for 
exclusion 

Borod et 
al, 1989 

P: 6 (M:?)              
C: 4 (M:?)              

P: 39 
C: 35 

16 sentences, 1 male 
actor, 4 emotions, vali-
dated, response format: 
4 choices, no practice 
items.                                                                     

3 Yes  Excluded, insuf-
ficient data.  

Borod et 
al, 1990 

P: 20 (M: 19)         
C: 21 (M: 11)         

P: 57 
C: 39 

Same task as Borod et 
al, 1989          
                                                                                                              

3 Yes Included, d=-
1.20  
(- 1.86 to -0.53) 

Murphy & 
Cutting, 
1990 

P: 15 (M: 10)         
C: 15 (M:8)            

P: 28 
C: 38 

10 sentences, 1 male 
author,  4 emotions, no 
validation, response 
format:4 choices, no 
practice items.                         

1 Yes Included, d=-
1.73  
(-2.57 to -0.89) 

Kerr & 
Neale, 
1993  
 

P: 29 ( M:25)        
C: 23 (M: 19)         

P: 38 
C: 39 

21 stimuli, 4 different 
sentences, 3 male and 3 
female students, 6 emo-
tions, self made task, 
validated, response 
format: circle on a re-
sponse sheet, no practice 
items (VOICE-ID).                                     

1 Yes Included, d=-
1.64  
(-2.27 to -1.01) 
 

Whittaker 
et al, 1994 

P: 16 (M:?)               
C:11 (M:?)               

? 
? 

Same task as Murphy & 
Cutting, 1990.                                                
                                                                                                                

1 No Excluded, insuf-
ficient data. 

Haskins et 
al, 1995 

P: 47 (M: 26)         
C: 51 (M: 22)         

P: 34 
C: 36 

12 stimuli, 3 different 
sentences, 4 emotions, 
no validation, response 
format: circle on a re-
sponse sheet, no practice 
items, comprehension 
checked.                                                                           

1 Yes Included, d=-
0.96  
(-1.38 to -0.54) 

Leentjens 
et al, 1998 

P:26 (M:7)             
C:24 (M:12)           

P: 41 
C: 40 

25 sentences, one actor, 
5 emotions, self made, 
no validation.  
                                             

2 Yes Included, d=-
0.70  
(-1.27 to -0.13) 

Shaw et 
al, 1999 

P: 30 (M:30)          
C:normal 
control data 

P: 42 
C: ? 

20 sentences, spoken by 
?, 5 emotions, validated, 
(Florida Affect Battery).                                                                                                 

2 Yes Excluded, insuf-
ficient data. 

Edwards 
et al, 2001 

P: 29 (M:22)          
C: 24 (M:15)          

P: 22 
C: 22 

60 stimuli, 16 different 
sentences, three actors, 5 
emotions, validated, 
single emotion response 
format, three practice 
items.                            

4 Yes Included, d=-
0.59  
(-1.14 to -0.04) 

Ross et al, 
2001 

P: 37 (M:?)               
C: 19 (M:7)            

P: ? 
C: 46 

72 stimuli, sentences 
+words+ monosyllables, 
6 emotions, no valida-
tion, response format, 1 
of 6 choices.                                           

1 Yes Included, d=-
1.80  
(-2.45 to -1.15) 
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Author, 
year 
 

Participants    
(Male)               

Mean  
age  
(yrs)               

Characteristics of the 
task.  
 
 
 

Score 
for the 
quality 
of the 
task                               

Authors 
report worse 
performance 
for SCZ as 
compared to 
C. 

Effect size 
(95%  CI) 
or reason for 
exclusion 

Hooker & 
Park, 2002 

P: 20 (M:15)          
C: 27 (M:14)          

P: 40 
C: 34 

24 stimuli, 1 sentence, 
spoken by 11 year old 
girl, 4 emotions, vali-
dated, response format; 
circle 1 of 4 emotions.                               

3 Yes  Included, d=-
1.27  
(-1.90 to -0.64)  

Kee et al, 
2004 
 

P: 58 (M: 55)         
C: 49 (M: 24)         

P: 43 
C: 36 

Task developed by Kerr 
and Neale (Kerr and 
Neale, 1993) (VOICE-
ID).                                                                                                         

1 No Included, d=-
0.42  
(-0.80 to -0.04) 

Mitchell et 
al, 2004 

P:12 (M:12)                           
C:13 (M:13)           

P: 46 
C: 32 

 60 stimuli, sentences 
with emotional content, 
experienced phonetician, 
2 emotions, validated, 
respond when emotional 
tone is happy.                                   

3 No Included, d= -
2.39  
(-3.42 to -1.36) 

Cher-
nigovskay
a et al, 
2004 

P: 100(M:52)       
C: 60 (M:28)       

P: 31 
C: 29 

Number of sentences ?, 
number of complex 
emotions ? (surprise, 
condemnation, bewil-
derment etc.),1 female 
professional announcer, 
1 of 2 choices.                                                                                                

1 No Excluded, task 
too different 
from other tasks. 

Kuchar-
ska-
Pietura et 
al, 2005 

P: 100(M:51)       
C: 50 (M: 24)         

P: 32 
C: 37 

35 stimuli, 5 different 
sentences, 1 male actor, 
7 emotions, self made, 
validated, response 
format; circle on an 
answer sheet.                          

2 Yes Included, d=-
2.46  
(-2.90 to -2.02) 

Leitman, 
2005 
 

P: 43 (M: 33)         
C: 34 (M: 14)         

P: 39 
C: 36 

Task developed by Kerr 
and Neale (Kerr and 
Neale, 1993). 
                                                            

1 Yes Inlcuded, d=-
1.66  
(-2.17 to -1.14) 

Rossell, 
2005 
 

P: 40 (M: 24)         
C:26 (M: 13)          

P: 39 
C: 37 

Same task as Hooker   
And a new task: 196 
stimuli, 22 different 
sentences, 1 female 
voice, 7 emotions, pilot 
tested, keyboard re-
sponse                                                              

3 
 
3 

Yes Included, d= -
0.77  
( -1.28 to -0.26) 

Bozikas et 
al, 2006 
  

P:36 (M: 22)          
C:32 (M: 23)          

P: 37 
C: 34 

30 stimuli, 5 different 
sentences, 1 male actor, 
6 emotions, validated, 
response format; list of 
options, training trials.                               

2 Yes Included, d=-
0.82  
(-1.31 to -0.32) 

Shea et al, 
2007 
 

P: 67 (M:46)          
C: 31(M:20)           

P: 42 
C: 37 

45 stimuli, 15 sentences, 
2 male+2 female actors, 
3 emotions, validated, 
response format; 7 point 
Likert scale, practice 
items.            

4 Yes Included, d=-
0.74  
(-1.18 to -0.30) 
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Table 1 Continued 

 

 

 

 

 

 

Effect size cohen’s d, negative, indicates worse performance in patients with schizo-

phrenia. Participants, P means patients, C: controls, M: number of male participants. 

Age is given in years. A score for the quality of the task is given in a separate column, 

ranging from 0 to 4, with 4 as the best score. 

 

 

 

 

Table 2 Characteristics and main findings of the studies included in the meta- and 

vote count analysis on the expression of emotional prosody 

 

 

 

Author, 
year 

Participants 
(Male)             
                      

Mean 
age 
(yrs)                

Characteristics of the task 
 
 

Authors 
report worse 
performance 
for SCZ as 
compared to 
C. 

Effect size 
(95%  CI) 
or reason 
for exclu-
sion  

Levin et al, 
1985 
 

P:23 (M:23)            
C: 8 (M: 8)                

P: 36 
C: 37 

Were asked to speak about three experi-
ences in their lives that made them 
happy,/ sad / angry. Validated (method of 
Hall/Levin) rated by 100 undergraduates. 

No Included, 
d=0.87 (0.03 
to 1.70) 

Borod et al, 
1989 

P: 6 (M:?)                  
C: 4 (M:?)                 

P: 39 
C: 35 

16 sentences, 1 male actor, 4 emotions, 
validated, response format: 4 choices, no 
practice items.                                                                                                                         

Yes Excluded, 
insufficient 
data. 

Borod et al, 
1990 

P:20 (M:19)                
C: 21(M:11)             

P: 57 
C: 39 

2 sentences, each read out in 8 different 
emotions, rated on Likert scale by 4 
normal adults, validated. 

Yes Included,  
d=-1.80  
(-2.52 to  
-1.07) 

Murphy & 
Cutting, 
1990 

P: 15 (M:10)             
C: 15 (M: 8)              

P: 28 
C: 38 

10 sentences, read out in 4 emotions, 
analyzed by 4 normal raters, no valida-
tion. 

Yes Included,  
d=-0,90       
(-1.65 to  
-0.15) 

Whittaker 
et al, 1994 

P: 16 (M:?)                  
C:11  (M:?)                  

P: ? 
C: ? 

Same task as Murphy & Cutting, 1990.                                                
 

Yes Excluded, 
insufficient 
data. 

Haskins et 
al, 1995 
 

P: 47 (M:26)              
C: 51(M:22)             

P: 34 
C: 36 

10 min. interview to elicit emotional 
responses, 2 raters, validated.  

Yes Included, 
 d=-1.95  
(-2.43 to  
-1.47) 

 

Author, 
year 
 

Participants    
(Male)               

Mean  
age  
(yrs)               

Characteristics of the 
task  
 
 
 

Score 
for the 
quality 
of the 
task                               

Authors 
report worse 
performance 
for SCZ as 
compared to 
C. 

Effect size 
(95%  CI) 
or reason for 
exclusion 

Leitman et 
al, 2007 

P: 24 (M: 21)         
C: 17 (M: 14)         

P: 38 
C: 38 

Task developed by Kerr 
and Neale (Kerr and 
Neale, 1993) (VOICE-
ID).                                              

1 Yes Included, d=-
1.60  
(-2.32 to -0.89 

Pijnenborg 
et al, 2007 

P:20 (M: 14)          
C:20 (M: 11)          

P: 30 
C: 34 

24 stimuli, 16 sentences   
+ 8 syllable structures, 1 
male +1 female actor, 6 
emotions, validated, 
response format; multi-
ple choice, practice 
items.                                                                                                     

2 Yes Included, d=-
0.98  
(-1.64 to -0.33) 
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Author, y 
ear 

Participants 
(Male)             
                      

Mean 
age 
(yrs)                

Characteristics of the task 
 
 

Authors 
report worse 
performance 
for SCZ as 
compared to 
C. 

Effect size 
(95%  CI) 
or reason 
for exclu-
sion  

Leentjens 
et al, 1998 

P: 26 (M:19)             
C:24(M: 12)           

P: 41 
C: 39 

Repetition of 10 affect laden sentences, 
scored blindly by speech therapist. 

Yes Included,  
d=-1.19  
(-1.79 to 
 -0.59) 

Shaw et al, 
1999 

P:30 (M:30)               
C:Normal 
control data 

P: 42 
C: ? 

20 min. interview, in which they describe 
happy, sad and neutral experiences, 
computerized acoustic voice analysis 
(VOXCOM, Alpert et al. 1986). 

Yes Excluded, 
insufficient 
data. 

Alpert et 
al., 2000 

P:46 (M: 46)              
C:20 (M: 20               

P: 41 
C: 41 

Asked to describe a happy and a sad 
experience, each 3 to 5 min. 
computerized acoustic voice analysis 
(VOXCOM, Alpert et al. 1986). 

Yes Excluded, no 
data on 
correctness, 
other meas-
ures of pros-
ody are used: 
emphasis 
and inflec-
tion.  

Ross et al, 
2001 

P: 29 (M: ?)                 
C: 19 (M: 7)              

P: ? 
C: 46 

12 word, 12 monosyllabic, 12 sentence 
repetition, 6 different emotions, no vali-
dation, F0 variation analyzed by PC. 

Yes Included,  
d=-1.20  
(-2.70 to  
-1.30) 

Putnam et 
al, 2007 

P: 26 (M:26)             
C: 20(M:20)             

P: 40 
C: 37 

Asked to read out 16 stimuli, 4 different 
sentences, 4 different emotions, scored 
by trained raters, validated.  

Yes for some 
but not all 
emotions 

Included,  
d=-0.61  
(-1.20 to  
-0.01) 

 

Effect size Cohen’s d, negative, indicates worse performance in patients with schizo-

phrenia. Participants, P means patients, C: controls, M: number of male participants. 

Age is given in years.  

Results 

Twenty-one studies had been selected 

that had measured the perception of 

emotional prosody in both a group of 

schizophrenia patients and a group of 

healthy controls. Characteristics and data 

are provided in Table 1. Eleven studies 

were selected that had measured the 

expression of emotional prosody, in 

schizophrenia patients compared with 

healthy controls.  

 

Results of the meta-analysis 

From these studies, 17 studies could be 

included in the meta-analysis. Figure 1 

shows the forest plot with results of the 

meta-analysis of schizophrenia and com-

parison group differences in performance 

on perception of emotional prosody tasks. 

The magnitude of the overall effect size 

was large: -1.240 (range -0.42 to -2.46), 

implying worse performance in patients. 

All effect sizes, including confidence in-

tervals were below zero. The total group 

size of patients of these 17 studies was 

623 (range 12 to 100) (Table 1). The 

homogeneity statistic showed significant 

heterogeneity among studies: Q = 82.0, 

df =16, p<0.0005. The funnel plot (figure 

Table 2 Continued 
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2) shown in a scatterplot of effect size by 

sample size, reveals a weak indication of 

a publication bias: no studies were identi-

fied with a small effect size and a small 

sample size, although there was a study 

with a relatively low effectsize and a large 

sample size. We can however assume 

that an unpublished study with a low ef-

fect size and small sample size, would not 

significantly affect the overall mean effect 

size. Orwin’s fail-safe number was 88 for 

the studies on perception of emotional 

prosody, which means that 88 studies 

reporting a null result are needed to re-

duce the effect size to a negligible effect 

(d=0.20) (Orwin, 1983). This is suffi-

ciently large to lend credence to the ro-

bustness of our mean effect size. Three 

studies were found that compared other 

clinical groups with schizophrenia pa-

tients, on measures of emotional prosody 

perception (Murphy and Cutting, 1990; 

Borod et al., 1990;Mitchell et al., 2004). 

Statistical data were insufficient to be 

included in a meta- analysis. Borod con-

cluded that individuals with schizophrenia 

showed a much stronger impairment in 

emotional prosody perception as com-

pared to patients with unipolar depres-

sion (Borod et al., 1990). Another study 

found similar impairments for depressive 

and manic patients and schizophrenia 

patients in the perception of emotional 

prosody (Murphy and Cutting, 1990). 

Mitchell and colleagues found no signifi-

cant difference between individuals with 

schizophrenia, individuals with bipolar 

disorder and healthy controls, this is 

however probably due to a simple task, 

made for fMRI studies (Mitchell et al., 

2004) . With regard to the expression of 

emotional prosody in schizophrenia, 11 

studies were found that compared per-

formances of schizophrenia patients and 

healthy controls on an emotional prosody 

expression task. Of these 7 studies could 

be included in a meta-analysis, with a 

total group size of 186 patients (range 15 

to 47) (Table 2). The overall mean effect 

size was large: -1.11 (range 0.87 to -

2.0), Q = 44.8, df = 6, p<0.0005. Fail 

safe N was 32.  

 

Potential moderators 

None of the potential clinical moderator 

variables (patient status, age, duration of 

illness and medication status) showed a 

significant effect on the magnitude of the 

effect size. Likewise for all methodological 

variables; the group size and whether 

schizophrenic and comparison group were 

matched for age, sex and level of educa-

tion did not make a difference. To inves-

tigate whether task complexity would be 

an important variable, we compared 

studies with more than four emotions 

included in the task, with studies looking 

at four or less emotions. Furthermore, we 

compared subgroups of studies based on 

the number of stimuli that were included. 

Both analyses did not show significant 

results. Contrasting studies using estab-

lished and validated tasks with studies 

with new “self made” tasks was also not 
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significant. We also hypothesized that the 

quality of the task could make a diffe- 

rence in the assessment of the perception 

of emotional prosody. Therefore we rated 

all tasks on 4 points; the first was the 

number of emotions, three to five emo-

tions was scored with one point, more 

emotions increases task difficulty and 

cognitive demands, which may mask im-

pairments in affect perception. Second 

issue was by whom the sentences were 

spoken, spoken by actors or other profes-

sional announcers, was one point, other-

wise, no points were given. The third 

evaluation factor was psychometric 

value; one point was given if a task had 

information about validation or reliability, 

if nothing was mentioned about this, no 

points were given. Fourth issue is the 

number of items per emotion, 1 point 

was given when at least 6 stimuli per 

emotion were included in the task. The 

maximum score for the quality was 4, 

minimum score was 0. All scores are pre-

sented in table 1. The studies were di-

vided in two groups, one with low quality 

scores (0 to 2 ) and the other with high 

quality score (3 and 4), no significant 

difference emerged. We must however 

conclude that the quality of the tasks dif-

fers, with only two studies rated with 4 

points (Shea et al., 2007;Edwards et al., 

2001) and nine studies with a score of 1. 

An example of a task that received just 1 

point, is the one developed by Kerr and 

Neale (Kerr and Neale, 1993). Also used 

in three other studies included in this 

quantitative review (Kee et al., 2004; 

Leitman et al., 2007;Leitman, 2005). The 

task is validated, but includes 6 emo-

tions, which makes it more a working 

memory task, i.e. by imposing strong 

working memory load, patients may be 

deficient on the task for other reasons 

than deficient emotion processing. Fur-

thermore only 3 or 4 stimuli for each 

emotion were presented and the sen-

tences were spoken by students. Four 

points were given for a task that was 

validated, presented 12 stimuli for each 

of the 5 emotions and sentences were 

spoken by actors (Edwards et al., 2001).  

 

Results of the vote count analysis 

All 21 studies were included in the vote 

count analysis, providing data on 775 

schizophrenia patients. From these 17 

studies reported a significantly worse 

performance of the schizophrenia patients 

as compared to the healthy controls. Four 

studies reported finding no significant 

difference. One of these studies (Kee et 

al., 2004) did not report a significant dif-

ference between the two groups, but the 

difference between the performance of 

schizophrenics and healthy controls ap-

proached significance. The vote-count 

revealed a score of 589 for studies that 

reported worse results for schizophrenia 

patients as compared to healthy controls, 

on a task measuring the perception of 

emotional prosody. The score for no dif-

ference between the two groups was 186. 

We must mention that Chernigovkaya 
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(Chernigovskaya et al., 2004) measured 

complex emotions, very different from 

the other studies. They found no diffe- 

rence in error percentages between 

healthy controls and patients, but the 

response time was significantly higher in 

the schizophrenics than in the healthy 

subjects. Results from the vote count 

analysis imply that the total number of 

schizophrenia patients with a reduced 

performance on emotional prosody per-

ception tasks was three times higher than 

the total number of patients that showed 

no difference in performance as com-

pared with healthy controls. From the 

eleven studies on the expression of emo-

tional prosody, nine studies reported a 

worse performance in schizophrenics, and 

one found a worse performance, but not 

for all emotions. One study found even a 

better performance for schizophrenics 

than healthy controls (Levin et al., 1985). 

This can be explained by positive schizo-

phrenics being highly responsive to de-

mands of a story context, resulting in a 

exaggerated intensity of expressed emo-

tions, that was rated as a better score 

(by undergraduate volunteers). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Forest plot with mean effect size (d) and confidence intervals for the studies. 

Magnitude of the symbols depicting the individual effect sizes is proportional to the 

number of subjects included in the study. SCZ = patients with schizophrenia, C = 

healthy control subjects. 

 

 

 



Chapter 4 

 
 

 72 

 

 
Figure 2 Funnel plot of the studies included in the analysis on studies on the percep-

tion of emotional prosody in schizophrenia: The effect size d (x-axis) is plotted 

against the sample size (y-axis) of each study. The vertical line points to the mean 

weighted effect size. 

 

 

Discussion

Our meta-analysis revealed impaired 

processing of emotional prosody in 

schizophrenia. The effect size can be con-

sidered as a very large effect (-1.2), ac-

cording to the nomenclature of Cohen 

(Cohen, 1988). Thus, the performance of 

schizophrenia patients was more than 

one standard deviation lower than that of 

healthy control subjects on tasks of emo-

tional prosody perception. This was not 

only the case for perception, the separate 

analysis for studies reporting on the pro-

duction of emotional prosody, revealed 

an almost identical effect size. When we 

compare this d value to the effect sizes 

reported in previous meta-analyses of 

cognitive function in schizophrenia, it 

would rank among “The most powerful 

and reliable neuroscience findings in 

schizophrenia research” (Heinrichs, 

2001). Summing all cognitive effect sizes, 

listed as such by Heinrichs, gives an av-

erage d-value of 0.99, which is lower 

than the effect size we found for emo-

tional prosody perception in schizophrenia 

in this meta-analysis. The results thus 

support the view that emotional abnor-

malities may be a key dysfunction in 

schizophrenia (Aleman and Kahn, 2005). 

 

It can be argued from these results that 

the impairment in emotional prosody per-
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ception is a trait deficit as opposed to a 

state deficit. Two studies have shown 

that the deficit already exist in the early 

years of the illness (Kucharska-Pietura et 

al., 2005;Edwards et al., 2001). Addi-

tionally, Kee and colleagues showed that 

subtle deficits in emotion perception are 

detectable in healthy siblings of schizo-

phrenia patients, when multiple measures 

and both vocal and affect perception were 

taken together (Kee et al., 2004). This 

means that the idea that emotional pro-

sodic comprehension deficits may be an 

artefact of duration of illness or institu-

tionalisation was not supported, the defi-

cit seems to be stable over time. Fur-

thermore, a general prosodic comprehen-

sion deficit can be ruled out, patients with 

schizophrenia have no difficulty compre-

hending non-emotional prosody (Murphy 

and Cutting, 1990;Pijnenborg et al., 

2007). Recent work suggests that schizo-

phrenia patients have a deficit in the 

early processing of  acoustic features un-

derlying the impairments in decoding 

emotion based on speech intonation 

(Matsumoto et al., 2006;Leitman, 2005). 

Future studies are needed to further cla-

rify the relation between a deficit in ana-

lyzing fundamental acoustic features and 

its contribution to the impairment in the 

recognition of emotional prosody in 

schizophrenia. 

 

Limitations inherent to any meta-analysis 

are also present with in this study. The 

analysis was limited by the number and 

quality of studies available. In this re-

spect the heterogeneity of tasks used in 

the studies stands out. As was noted 

above, the tasks were different on seve-

ral aspects. Number of emotions, stimuli, 

and (sex of) speakers are factors that 

influence task complexity. With the in-

crease of task difficulty, cognitive (se-

mantic or attentional) demands increase 

as well, which may overestimate impair-

ments in affect perception. This was 

shown in the study of Rossell, who used a 

task with 7 different emotions and found 

that not only schizophrenia patients made 

a large number of errors on this task, but 

also normal controls, showing a mean 

percentage correct of 64.5% (Rossell, 

2005). Future research should consider 

using less affective categories when 

studying schizophrenia groups (Rossell, 

2005). It is also advisable to include at 

least 6 trials per emotion to ensure 

enough measurements for statistical 

analysis. Practice items should also be 

included. Other methodological shortco-

mings with the included studies are that 

reliabilities of the tests are less than op-

timal. A number of them did not report 

on psychometric characteristics. Further-

more, looking at individual emotions and 

valence of emotions could reveal further 

insight in the deficit.  

 

It has been shown that the right hemi-

sphere is involved in the processing of 

emotional prosody (van Rijn et al., 

2005;Adolphs et al., 2002). Similar dis-
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turbances in the perception of emotional 

prosody that have been described in 

schizophrenia patients, have also been 

reported in right hemisphere damage 

patients (Ross et al., 2001). Our findings 

support the hypothesis that symptoms in 

schizophrenia can be consequences of not 

only left but also right-hemisphere ab-

normalities (Cutting, 2006;Mitchell and 

Crow, 2005). Unfortunately, the included 

studies did not provide all information to 

be able to analyze all the moderator vari-

ables of our interest. It would be interes-

ting to further analyze the influence of 

severity of psychopathology and negative 

and positive symptoms. Future studies 

should examine relationships between 

affect recognition and symptom clusters 

and subtypes. Furthermore, the relation-

ship between affect recognition and func-

tional outcome such as vocational func-

tioning, social skills and community func-

tioning should also be investigated.  

 

Despite these limitations, our results re-

veal that deficits in emotional prosody 

perception can be regarded among the 

most prominent cognitive deficits in 

schizophrenia and should thus be taken 

seriously in both its diagnosis and treat-

ment. This is probably also the case for 

the expression of emotional prosody in 

schizophrenia, although we have to be 

cautious here, due to the limited number 

of studies. Because of the severity of the 

impairments that emerged from our 

meta-analysis, we stress the importance 

of assessing emotional prosody percep-

tion impairments in clinical settings. Fur-

thermore, as a growing body of evidence 

shows that impaired social cognition in 

schizophrenia may be an important pre-

dictor of social outcome (Couture et al., 

2006), training programs that aim at the 

perception of emotional prosody should 

be developed. While perception of facial 

emotions was trained successfully in 

schizophrenia (Wolwer et al., 2005;van 

der Gaag et al., 2002), to our knowledge, 

the perception and expression of emo-

tional prosody was not incorporated in 

the cognitive rehabilitation of schizophre-

nia until now. 
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Chapter 5 

 

The relation between impaired emotional prosody 

perception and symptom dimensions in schizophrenia 

 

Marjolijn Hoekert, Marion R.M. Scholten, Ans Vercammen, René S. 

Kahn, Rikus Knegtering, André Aleman 

 

Abstract  

Objective: Schizophrenia patients are impaired in identifying emotions. The relation of 

these impairments with symptom dimensions merits further clarification. Negative and 

positive symptoms in schizophrenia, have been associated with deficient emotional 

processing The present study tested the hypothesis that impairments in emotion per-

ception from speech would correlate with the severity of negative and positive symp-

toms in schizophrenia. Method: Eighty-three patients with schizophrenia performed an 

emotional language task with two conditions: prosody and semantics. A five-factor 

model of the PANSS was used to test whether symptom dimensions correlate with 

accuracy scores on the emotional language task. Results: Severity of positive and dis-

organization symptoms correlated with the number of errors in identifying negative 

emotions from prosody. Furthermore, overall severity of symptoms correlated with the 

number of errors in evaluating emotion from both semantics and prosody. Conclusion: 

These findings suggest disorganized and/or positive symptoms in patients with schizo-

phrenia correlate with more problems in identifying emotional prosody. The correlation 

between disorganized and/or positive symptoms with problems in understanding vocal 

communication may explain in part the problems in social interactions.  
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Introduction 

Many studies have shown that patients 

with schizophrenia are impaired in the 

perception of emotion in others (Edwards 

et al., 2001;Hoekert et al., 2007). Defi-

cits in emotion perception have been 

suggested to contribute to impaired social 

skills, such as difficulties in perceiving, 

understanding, anticipating and reacting 

to social cues that are crucial for normal 

social interaction (Pinkham and Penn, 

2006;Ihnen et al., 1998). Emotion recog-

nition performance has a predictive value 

for successful employment and indepen-

dent living (Kee et al., 2003;Hofer et al., 

2009). Emotion perception impairments 

and problems in social and occupational 

functioning are important features of 

schizophrenia, and may contribute to so-

cial isolation.  

 

The majority of studies on emotion re-

cognition concerned disturbances in emo-

tion perception of facial expressions. In 

addition a growing body of studies focus 

on impairments in the recognition of 

emotion from speech (Edwards et al., 

2002;Hoekert et al., 2007). Emotions in 

speech constitute of the wording as well 

as in the prosody of speech (Mitchell and 

Crow, 2005). Prosody denotes non-lexical 

cues in spoken language, such as the 

emotional tone of voice. In order to un-

derstand intentions and the emotional 

state of others, one should not only pay 

attention to the exact meaning of the 

words but also to how these words are 

pronounced (van Rijn et al., 2005; Ed-

wards et al., 2002).  

 

Schizophrenia is characterized by deficits 

in emotion perception (Edwards et al., 

2002;Hoekert et al., 2007;Aleman and 

Kahn, 2005). However, the relationship 

between emotional prosody perception 

and symptom dimensions in schizophre-

nia has infrequently been studied, with 

mixed results (Poole et al., 2000;Ross et 

al., 2001;Bozikas et al., 2004;Leitman et 

al., 2005;Rossell and Boundy, 2005;Shea 

et al., 2007;Bach et al., 2009).  

  

Negative symptoms, which partly reflect 

social problems, in patient with schi-

zophrenia have been related to deficits in 

social cognition (Rocca et al., 2009;Kurtz, 

2006;Bowie et al., 2008;Hoffmann and 

Kupper, 1997). Most studies investigating 

the relationship between symptom di-

mensions and emotion perception have 

found a relationship between negative 

symptoms and emotion perception from 

facial expressions (Schneider et al., 

1995;Mueser et al., 1996;Hofer et al., 

2009;Van't Wout et al., 2007) or prosodic 

speech cues (Bach et al., 2009;Leitman 

et al., 2005). Brunet-Gouet and Decety 

(2006) argue that aberrant (emotion) 

perception leads to anxiety and discom-

fort, prompting patients to avoid social 

interaction. Subsequently, social training 

and the opportunity to confront their ab-

normal cognitions with reality and other 
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people's cognitions will be reduced. Pa-

tients may therefore end up in a vicious 

circle (Brunet-Gouet and Decety, 2006). 

Based on this theory, a reciprocal rela-

tionship is expected between aberrant 

emotion perception and social with-

drawal. Particularly misperceptions of 

threat related emotions are expected to 

result in social avoidance. In line with 

this, a number of studies have shown 

that patients with schizophrenia are more 

impaired in the recognition of negative 

emotions compared to positive emotions 

(Kohler et al., 2003;Hall et al., 2008; 

Bozikas et al., 2006;Pijnenborg et al., 

2007;Huang et al., 2009; Premkumar et 

al., 2008). 

 

With regard to the positive symptom-

cluster, Cutting hypothesized that in pa-

tients with auditory hallucinations a mis-

attribution of inner speech may occur as 

a result of impairments in prosody pro-

cessing (Cutting, 1990). He proposed 

that hearing hallucinatory voices results 

from inner speech. The misattribution of 

inner speech may be the consequence of 

impairments in emotional prosody per-

ception in patients that experience audi-

tory hallucinations (Cutting, 1990). Ac-

cordingly, positive symptoms have been 

reported to correlate with prosodic emo-

tion perception impairments (Poole et al., 

2000;Rossell and Boundy, 2005;Shea et 

al., 2007).  

 

However, other studies found no clear 

relationship between symptom clusters 

and facial emotion perception (Addington 

and Addington, 1998;Bellack et al., 

1996;Edwards et al., 2001) or with emo-

tional prosody perception (Edwards et al., 

2001;Kucharska-Pietura et al., 2005;Ross 

et al., 2001). These mixed findings, may 

be partly attributed to the use of three 

factor models of the PANSS in these stu-

dies, which symptoms clusters show 

overlap.  

 

In the present study the relationship be-

tween symptomatology as evaluated with 

the PANSS and emotional perception was 

studied. A recent five-factor model of the 

PANSS was used (van der Gaag et al., 

2006). This model was the result of a 

ten-fold cross-validation over a large 

sample of in- and outpatients with 

schizophrenia (van der Gaag et al., 

2006), which generated five stable fac-

tors with little overlap, reflecting: positive 

symptoms, negative symptoms, disor-

ganization symptoms, excitement and 

emotional distress. Emotion perception 

was measured with an emotional lan-

guage task consisting of a prosody condi-

tion and a semantics conditions. The lat-

ter condition was included as a measure 

of general cognitive ability. Based on the 

theoretical considerations described 

above, we hypothesized that impairments 

in the recognition of emotional prosody 

would be related to the severity of nega-
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tive symptoms, as well as to severity of 

positive symptoms.  

 

Methods 

Participants 

Eighty-three patients (42 females, mean 

age 33 (SD 9.5)) with a DSM-IV diagnosis 

of schizophrenia were recruited from dif-

ferent psychiatric care centres in the 

Netherlands. Forty-six patients were out-

patients at the Schizophrenia Research 

Unit at Utrecht University Hospital as par-

ticipants in a study of emotion processing 

in schizophrenia (Scholten et al., 2008). 

Thirty-seven patients were recruited from 

in- and outpatient facilities of four local 

psychiatric hospitals in the north of the 

Netherlands (Mental Health Care Centers 

of the provinces Drenthe, Groningen and 

Friesland, and the Department of Psy-

chiatry at the University Medical Center 

Groningen). Diagnosis was confirmed by 

a structured diagnostic interview, the 

Comprehensive Assessment of Symptoms 

and History (CASH) (Andreasen et al., 

1992) or Schedules for Clinical Assess-

ment in Neuropsychiatry (SCAN) (World 

Health Organization, 1999). Most of the 

subjects fulfilled the criteria of the para-

noid subtype of schizophrenia. Patients 

with mental retardation or with predomi-

nantly negative symptoms were not in-

cluded in the study. Patients participated 

while clinically stable. Extensive written 

and oral descriptions of the procedures 

were provided and informed consent was 

obtained. The experiment was conducted 

in accordance to the Declaration of Hel-

sinki and local ethics committee approval 

(University Medical Centre Groningen and 

University Medical Centre Utrecht).  

 

Procedure 

After completing the Positive and Nega-

tive Syndrome Scale (PANSS) was ad-

ministered (Kay et al., 1987) patients 

completed an emotional language task 

with a prosody and a semantics condition. 

The emotional language task was devel-

oped and presented using Eprime soft-

ware (Schneider et al., 2002). At the be-

ginning of each task condition, patients 

completed four practice trials. During 

presentation of the sentences, the emo-

tions to be classified were presented on a 

cardboard sign. The visual presentation of 

the answer choices was included to aid 

subjects as to which categories they were 

to choose from and to prevent that me-

mory would influence task performance. 

As soon as participants identified the 

emotion expressed in the prosody or in 

the content of the spoken sentences, they 

were required to press the appropriate 

key on a standard keypad. Speed and 

accuracy were stressed equally.  

 

Instruments 

 

The Positive and Negative Syndrome 

Scale  

The 30-item Positive and Negative Syn-

drome Scale (PANSS; (Kay et al., 1987)) 

was administered by trained research 
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staff members. Each of these semi-

structured interviews was conducted by 

two researchers who scored all items un-

til they reached consensus. The five clus-

ters of symptoms of schizophrenia psy-

chopathology were calculated according 

to the five-factor model (van der Gaag et 

al., 2006). : Positive (delusions, halluci-

nations, unusual thought content, suspi-

ciousness, grandiosity, somatic concern, 

lack of judgment and insight, active social 

avoidance and mannerism), Negative 

(lack of spontaneity, blunted affect, emo-

tional withdrawal, apathetic social with-

drawal, motor retardation, poor rapport, 

active social avoidance, uncooperative-

ness, disturbance of volition and concep-

tual disorganization), Disorganization 

(stereotyped thinking, poor attention, 

disorientation, conceptual disorganiza-

tion, difficulty in abstraction, mannerism, 

lack of judgment and insight, disturbance 

of volition, preoccupation and unusual 

thought content), Excitement (poor im-

pulse control, excitement, hostility, unco-

operativeness, grandiosity, poor rapport, 

tension and active social avoidance) and 

Emotional distress (anxiety, depression, 

guilt, tension, suspiciousness, somatic 

concern, preoccupation and active social 

avoidance) (van der Gaag et al., 2006).  

 

Scores on these five clusters of PANSS 

items and the total score on the PANSS 

were correlated with accuracy scores on 

the vocal emotion classification task in 

the group of 83 schizophrenia patients.  

Emotional language task  

The emotional language task, has been 

described and validated by Vingerhoets et 

al. (2003). The task consisted of two 

conditions. In the affective prosody con-

dition subjects had to attend to the into-

nation of the voice and ignore the neutral 

content. The sentences of neutral content 

were pronounced in an emotional tone of 

voice by a male and a female professional 

actor, to control for individual and/or 

gender differences in affective prosody. 

All sentences were in Dutch. Examples 

are, “The old car drives through the 

streets of the capital” and “Jan has been 

going to the hairdresser”. In the seman-

tics condition, subjects had to attend to 

the emotional content, and ignore the 

neutral intonation. Examples are, “He 

shakes his wife hard together” and “Panic 

was created in the dark tunnel”. The digi-

tized stimuli were of approximately equal 

length (2500 ms) and presented by a 

computer at a rate of one sentence per 

10 seconds through two speakers. As 

soon as the subjects identified the emo-

tion expressed in the sentence, they were 

required to indicate the corresponding 

response on a standard computer key-

pad. The computer recorded the reaction 

times and number of correct answers. 

Each task condition consisted of 24 sen-

tences; the duration of the task was 4 

minutes. At the University Medical Centre 

Utrecht, the emotional prosody task con-

sisted of four different emotions (anger, 

fear, sadness and happiness), and there 
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were six sentences per emotion, per task 

condition. At the University Medical Cen-

tre Groningen, three emotions were in-

cluded (anger, fear and neutral), and 

there were eight sentences per emotion 

per task condition. For both tasks sen-

tences from the same set were used 

(Vingerhoets et al., 2003). Fear and an-

ger were included in the analysis, as we 

were primarily interested in threat-

related emotional stimuli, and these data 

were available for the full sample of sub-

jects.  

 

Analyses 

Statistical analyses were performed using 

Statistical Package for the Social Sciences 

15.0.0 (SPSS Inc, Chicago, Illinois, 

2006). Spearman correlation coefficients 

were computed between the five PANSS 

factors (van der Gaag et al., 2006) and 

the total score on the PANSS on the one 

hand, and accuracy scores on the emo-

tional language task (semantics and 

prosody) on the other hand. Accuracy 

scores were analyzed per emotion (anger 

and fear), to reflect the ability to cor-

rectly identify negative emotions. Corre-

lations were regarded as significant with 

p < .05, two-tailed. Results were checked 

for outliers using Cook's D statistic 

(Chatterjee and Hadi, 1988), which iden-

tifies data points that exert a dispropor-

tionate influence on the model.   

 

Results  

For patient characteristics, see table 1. 

Table 2 presents an overview of the mean 

accuracy scores on the emotional lan-

guage task. 

 

 

 

Table 1 Characteristics of all participants (n= 83) 

Age mean (SD)   33.0 (9.5) 

Sex distribution (number of patients f: m)   42 : 41 

Mean education level1   2.1 (0.9) 

Duration of illness (years) mean (SD)   10.1 (8.8) 

Medication2 Atypical antipsychotics 

                 Classical antipsychotics 

                 No medication 

  80 

  1 

  1 

Age at first psychosis, mean (SD)   23.4 (6.8) 

Number of hospitalizations   2.3 (2.3) 

PANSS scores (SD) 

           Positive symptoms3 

 

  14.1 (6.5) 

           Negative symptoms3   16.1 (6.2) 

           Disorganization symptoms3   16.5 (5.6) 

           Excitement3   11.7 (2.6) 

           Emotional distress3   15.5 (5.5) 

           Total score   55.4 (15.1) 
1 Education was measured on a 4 – point scale, low (1); middle (2); high (3); univer-

sity (4) 
2 From one patient the information on medication was missing.   
3 Mean scores (SD) on five PANSS factors according to the five factor model of van der 

Gaag et al. (2006) . 
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Table 2 Mean percentages (SD) correct 

on emotional language task 

Prosody, anger 88.5 (17.5) 

Prosody, fear 59.9 (24.6) 

Semantics, anger 86.6 (17.7) 

Semantics, fear 82.2 (18.7) 

 

 

The recognition of emotional prosody in 

relation to symptom dimensions  

Severity of positive symptoms correlated 

with the number of errors in identifying 

an angry tone of voice, r = .47, p < .01 

(figure 1). Severity of disorganization 

symptoms correlated with the number of 

errors made in the detection of anger and 

fear, r = .32, p < .01 and r = .22, p < 

.05 respectively (figures 2 and 3). The 

overall severity of symptoms correlated 

with more errors in detecting anger from 

prosody, r = .30, p < .01. No relationship 

was found between severity of negative 

symptoms, and impairments in identify-

ing emotional prosody. The observed 

Cook's d values were less than 1. This 

result confirms that there was no dispro-

portionate influence of single data points.  

 

The recognition of emotional semantics in 

relation to symptom dimensions 

No significant correlations were found 

between any of the five factors or the 

total score of the PANSS and percentages 

correct on the semantics task.  

 

 

 

 

 

 

 
 

Figure 1 Scatterplot of the significant 

correlation between the positive factor of 

the PANSS (van der Gaag et al., 2006) 

and the percentage of correctly classify-

ing anger from prosody. 

 

 

 

 

 

 

Figure 2 Scatterplot of the significant 

correlation between the disorganization 

factor of the PANSS (van der Gaag et al., 

2006) and the percentage of correctly 

classifying anger from prosody. 
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Figure 3 Scatterplot of the significant 

correlation between the disorganization 

factor of the PANSS (van der Gaag et al., 

2006) and the percentage of correctly 

classifying fear from prosody. 

 

Discussion 

The aim of the present study was to ex-

amine the relationship between percep-

tion of emotional prosody and semantics 

on the one hand and symptomatology 

dimensions as measured by five factors 

of the PANSS on the other hand (van der 

Gaag et al., 2006). Based on theoretical 

considerations described by Brunet-Bouet 

et al. (2006) and Cutting’s hypothesis 

(1990), it was hypothesized that the se-

verity of positive and negative symptoms 

would be related with more problems in 

the recognition of emotional prosody per-

ception.  

 

Consistent with this hypothesis, severity 

of positive symptoms was related with 

more errors in the recognition of anger 

from emotional prosody in a group of 83 

in- and outpatients with schizophrenia. 

This is in line with the hypothesis of Cut-

ting, that deficits in prosody processing 

may contribute to misattribution that 

seems to occur in auditory hallucinations 

(Cutting, 1990). Furthermore the relation 

between emotion perception and positive 

symptoms is in line with the proposal of 

Brunet-Gouet and Decety (2006). They 

describe a vicious circle with aberrant 

(emotion) perception leading to social 

withdrawal, which ultimately leads to less 

social training and thus less opportunity 

to correct delusions and unusual thought. 

Other studies have also shown this rela-

tion (Rossell and Boundy, 2005;Shea et 

al., 2007;Poole et al., 2000). The finding 

that only the perception of anger from 

prosody and not fear was related with 

positive symptoms in our sample may be 

explained by the clinical observation that 

both hallucinations and delusions often 

have an angry content and form, which 

might lead to underestimating anger in 

real voices.  

 

Results revealed an unpredicted relation-

ship between impairments in the percep-

tion to perceive both fear and anger from 

the tone of voice and the severity of dis-

organization symptoms. A relationship 

between emotional prosody perception 

and clusters of disorganization symptoms 

was however also found in other studies 

(Bozikas et al., 2004;Leitman et al., 

2005;Poole et al., 2000). Bozikas et al. 

(2004) found a relationship between 

emotional prosody recognition and cogni-

tive symptoms as measured by the 

PANSS. The cluster of symptoms measu-
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ring cognitive impairment in their study 

consisted of difficulty in abstract thinking, 

stereotyped thinking, conceptual disor-

ganization, disorientation, and poor at-

tention. The Disorganization factor in our 

study includes the same items and addi-

tionally: mannerisms, lack of judgment 

and insight, disturbance of volition, pre-

occupation and unusual thought content 

(van der Gaag et al., 2006). This factor 

thus not only measures disorganization of 

speech and thinking, but includes also 

items with regard to disorganized beha-

viour. Apriori, we did not expect a rela-

tionship with disorganization symptoms. 

This link may partly be explained by the 

inclusion of the item ‘disturbance of voli-

tion’. A recent study has highlighted the 

central role of this symptom, that can 

also be described as amotivation, in 

schizophrenia, particularly with regard to 

functional outcome (Foussias and Rem-

ington, 2008). Other items of this factor 

such as stereotyped thinking, conceptual 

disorganization, mannerisms and lack of 

insight can also be understood to have a 

relation with emotion perception based 

on the theory of Brunet-Gouet and De-

cety (2006). The vicious circle they pro-

pose as a consequence of aberrant per-

ceptions leading to social withdrawal and 

thus less social training and opportunity 

to confront abnormal cognitions with rea-

lity and other people's cognitions (Bru-

net-Gouet and Decety, 2006) may also 

enhance or induce uncontrolled behavi-

our, lack of judgment and insight and 

conceptual disorganization. 

 

Contrary to our expectations, no associa-

tion was observed between the cluster of 

negative symptoms and the ability to per-

ceive negative emotional prosody. This 

negative finding might be explained by 

the characteristics of our patient sample. 

Most patients had a diagnosis of paranoid 

subtype of schizophrenia, in which nega-

tive symptoms are not dominant. Conse-

quently, the variance of negative symp-

toms may have been too small to detect 

a consistent relationship. Future studies 

should include patient samples with a 

larger variance in negative symptoms in 

order to verify the potential link between 

negative symptoms and emotional pro-

sody perception. 

 

The lack of a relationship between symp-

tom dimensions and the detection of 

emotion from the content of speech sug-

gests that the results can not be ex-

plained by a general cognitive deficit.  

 

The overall severity of symptoms corre-

lated with more errors in the recognition 

in both emotional prosody and semantics. 

This in line with at least one other study 

(Penn et al., 2000) and with the vicious 

circle as proposed by Brunet-Gouet and 

Decety (2006). 

 

Our results are consistent with the fin-

dings from Poole et al. (2000), but ex-
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tend these results in a larger group of not 

only outpatients but also inpatients. Poole 

et al. reported a correlation between “af-

fect recognition” on the one hand, a com-

bined measure of both facial and prosodic 

emotion perception, and disorganization 

as well as positive symptoms on the 

other hand, and likewise failed to find a 

link with negative symptoms (Poole et al., 

2000).  

 

In sum, our findings suggest that schizo-

phrenia patients with primarily disorgan-

ized and positive symptoms can be ex-

pected experience problems in social in-

teraction when it comes to vocal commu-

nication. Although the relationship be-

tween these symptom clusters and emo-

tion perception suggests that improve-

ment on these symptoms may result in 

improvements in emotion perception, we 

argue that emotion perception should be 

a target of intervention itself. Psychoso-

cial intervention studies should always 

include training sessions on emotion per-

ception. This may break the vicious circle 

as described by Brunet-Gouet and Decety 

(2006).  
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Aberrant attribution of emotional salience to neutral 

vocal and facial expressions predicts symptomatology 

in schizophrenia patients* 

 

Marjolijn Hoekert, Ans Vercammen, René Kahn, Rikus Knegtering, 

André Aleman* 

 

Abstract  

Although the attribution of aberrant salience to neutral stimuli has been mainly impli-

cated in the genesis and persistence of positive symptoms of schizophrenia, we hy-

pothesized that such misattributions of salience to neutral expressions may also affect 

other symptom dimensions in schizophrenia. Thirty-seven schizophrenia patients per-

formed vocal and facial emotion classification tasks. Regression analyses revealed that 

misclassifying neutral expressions as angry or anxious predicted severity of 3 out of 5 

PANSS factors: Disorganization symptoms, Excitement and Emotional distress. This 

finding could not be explained by general deficits in attention. 
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Introduction

Schizophrenia patients are impaired in 

affect recognition from both facial and 

vocal expressions, already in the early 

stages of the disorder (Edwards et al., 

2001;Hoekert et al., 2007). Deficits in 

emotion perception have been hypothe-

sized to underlie impaired social skills, 

like misunderstandings and inappropriate 

social responses (Pinkham and Penn, 

2006; Kee et al., 2003;Hofer et al., 2009; 

Mueser et al., 1996). Furthermore, stu-

dies have shown that emotion recognition 

performance has a predictive value for 

successful employment and independent 

living (Kee et al., 2003;Hofer et al., 

2009). However, the relationship between 

misperception of emotion and clinical 

variables merits further clarification.  

 

According to an influential theory, psy-

chosis is a hyperdominergic, dysregulated 

state of the brain, contributing to aber-

rant attribution of salience to internal and 

external stimuli (Kapur, 2003). Such ab-

errant salience would primarily be related 

to positive symptoms, such as hallucina-

tions and delusions. We tested the novel 

hypothesis that, for the domain of emo-

tion perception, misattribution of salience 

would also be related to symptom dimen-

sions that compromise social functioning. 

We suggested that a tendency to misclas-

sify neutral expressions as displaying 

negative emotion could result in in-

creased emotional distress, social with-

drawal and less structured behaviour due 

to misunderstanding of the social envi-

ronment. Therefore, we expected that 

misattribution of negative emotion would 

be associated with the PANSS dimensions 

of emotional distress, negative symptoms 

and disorganization (Abdel-Hamid et al., 

2009). 

 

Methods 

 

37 Patients (19 females) fulfilling DSM-

IV(American Psychiatric Association, 

1994) criteria for schizophrenia, con-

firmed by the Schedules for Clinical As-

sessment in Neuropsychiatry (SCAN), 

were recruited from in- and outpatient 

facilities of four local psychiatric hospitals 

(Mental Health Care Centers of the pro-

vinces Drenthe, Groningen and Friesland, 

and the Department of Psychiatry at the 

University Medical Center Groningen, The 

Netherlands): Mean age, 35.4 years 

(s.d.= 12); years in full-time education, 

13.8 (s.d.=1.9); duration of illness 13.3 

(s.d.= 11.1). All patients had chronic 

auditory hallucinations (P3 item mean 

4.9, s.d.=0.7), and participated in an 

rTMS treatment trial that began after the 

measurements reported in this paper. All, 

but one of the patients received stable 

doses of antipsychotic medication (mean 

chlorpromazine equivalent 588 mg/day 

(s.d.=398), 34 patients were taking 

atypical medication, one was taking typi-

cal antipsychotics, one patient was off 

medication and data from one patient 
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were unavailable. Before the start of the 

experiment, oral and written consent was 

obtained. The experiment was conducted 

in accordance to the Declaration of Hel-

sinki and local ethics committee approval 

(University Medical Centre Groningen).  

 

Symptoms were assessed using the Posi-

tive and Negative Syndrome Scale 

(PANSS; (Kay et al., 1987)). Patients 

performed two emotion classification 

tasks and a syllable counting task, which 

was used as a measure of general atten-

tional performance. Stimuli were pre-

sented using Eprime software (Schneider 

et al., 2002). During presentation of the 

stimuli, the emotions to be classified 

(fear, anger and neutral) or the number 

of syllables (three, four and five) were 

presented on a cardboard sign. Partici-

pants were instructed to indicate their 

response as soon as they identified the 

emotion or number of syllables by pres-

sing one of three response buttons 

(F/G/space bar) on a standard keyboard. 

Both speed and accuracy were stressed.  

 

In the prosodic emotion classification task 

sentences pronounced by a female and a 

male actor, were presented with a neutral 

content and an emotional intonation of 

voice (Vingerhoets et al., 2003). Subjects 

had to attend to the intonation and ignore 

the content. For the facial emotion classi-

fication task photographs were used, se-

lected from the Karolinska Directed Emo-

tional Faces set (Lundqvist et al., 1998). 

There were eight trials per emotion con-

dition, resulting in 24 trials per task. The 

syllable counting task was included as a 

measure of general cognition, relying on 

attention and language processing. This 

task consisted of neutral words of three, 

four or five syllables, 20 of each cate-

gory, presented visually on a computer 

screen. Participants were asked to count 

the number of syllables.  

 

Stepwise regression analysis was used to 

assess the best predictors for symptom 

clusters, defined by the five factors of the 

PANSS (van der Gaag et al., 2006). 

These five factors were clustered items 

measuring Positive, Negative Disorgani-

zation, Excitement or Emotional distress 

symptoms. The number of neutral stimuli 

recognized as fearful or angry was calcu-

lated. For the first analysis these were 

taken together as a measure of “negative 

emotion attribution”. In instances where 

misattributions of negative emotions ex-

plained more variance than the ‘cognition 

measure’, we conducted a post-hoc re-

gression, with the misattribution for fear 

and angry separately.  

 

Results 

PANSS factors (van der Gaag et al., 

2006): mean Positive symptoms 17.7 

(s.d.=6.4); Negative symptoms 15.5 

(s.d.=5.6); Disorganization symptoms 

18.2 (s.d.=6.1), Excitement 11.8 

(s.d.=2.8) and Emotional distress 16.8 

(s.d.=6.1).  



Chapter 6                          

 

 92 

Percentages correct: mean prosody task 

77% (s.d. =13%), facial task 87% (s.d. 

=13%) and syllable counting task 80% 

(s.d. =16%).  

 

With regard to the prosodic emotion clas-

sification task, 31% of the variance of 

Disorganization symptoms could be ex-

plained by misattributions of fear and 

anger to neutral prosody, R=0.55, F (1, 

33) =14.5, p < .05. 18% of the variance 

of severity of Excitement could be ex-

plained by misattributions of fear and 

anger to neutral prosody, R=0.43, F (1, 

33) =7.4, p <.05. 18% of the variance of 

Emotional distress could be explained by 

the number of misattributing fear or an-

ger to neutral prosody, R=0.42, F (1, 33) 

=7.1, p < .05. More specifically, misat-

tributing fear to neutral prosody was the 

best predictor of Emotional distress, R2 

=0.13, F (1, 35) = 5.2, p <.05. 

 

With regard to facial expressions, 29% of 

the variance of Disorganization symptoms 

could be explained by misattributing fear 

or anger to neutral faces, R = 0.54, F (1, 

32) = 12.9, p <0.05. Misattributing fear 

to neutral faces was the best predictor of 

variance in Disorganization, R2 = 0.23, F 

(1, 34) = 10.3, p <.01. 17% of the vari-

ance of Excitement could be explained by 

misattributing fear or anger to neutral 

faces, R=0.41, F (1, 32) =6.5, p < .05. 

Misattributing fear to neutral faces was 

the best predictor of Excitement, R2 = 

0.14, F (1, 34) = 5.6, p <.05.  

Variance in negative or positive symp-

toms could not be predicted by the num-

ber of misattributing fear or anger to 

neutral expressions. 

 

Discussion 

 

We hypothesized that the misattribution 

of emotional salience to neutral expres-

sions in face and voice in schizophrenia 

would affect dimensions of emotional dis-

tress, negative symptoms, and disorgani-

zation. Consistent with our hypothesis, 

patients who more often misidentified 

neutral prosodic or facial expressions as 

being fearful or angry reported more se-

vere levels of disorganization. Further-

more, more often misattributing fear or 

anger to neutral prosodic expressions 

predicted higher levels of emotional dis-

tress (e.g. anxiety, depression). In con-

trast to our hypothesis, however, nega-

tive symptoms were not related to misat-

tributing salience to neutral expressions. 

This might be explained by items such as 

‘blunted affect’ and ‘poor rapport’ in-

cluded in the negative symptoms factor. 

These reflect reduced emotional arousal, 

which is expected to result in attributing 

less instead of more emotions to expres-

sions. Positive symptoms could also not 

be predicted by the number of misattribu-

ting salience to neutral expressions. This 

might be explained by little variance in 

severity of positive symptoms as all pa-

tients in our sample had high levels of 

positive symptoms (specifically chronic 
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hallucinations). The unpredicted relation 

with excitement can be understood clini-

cally. Misattribution of negative emotional 

value to neutral expressions could result 

in higher levels of excitement (e.g. poor 

impulse control, hostility and uncoopera-

tiveness). These results suggest a role for 

attribution biases in the symptom dimen-

sions emotional distress, disorganization 

and excitement, extending the relevance 

of salience misattribution schizophrenia 

dimensions other than positive symp-

toms.  
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Neural basis and lateralization of 

emotional prosody 

In verbal communication, not only the 

meaning of the words conveys informa-

tion, but also the tone of voice (prosody). 

Specifically, from the tone of voice we 

can learn about the emotional state and 

intentions of others. The understanding of 

the emotional tone of speech is highly 

important for successful social interaction 

(Mitchell and Crow, 2005). Regarding the 

neural substrate and the lateralization of 

emotional prosody perception, studies 

have shown discrepant results. On the 

one hand, it has been argued that the 

right hemisphere is dominant for emo-

tional prosody; on the other hand, it has 

been suggested to be a function of both 

right and left hemisphere. This means 

that the extent of lateralization of emo-

tional prosody perception is still a matter 

of debate. 

 

To further disentangle the neural network 

involved in emotional prosody perception 

and its degree of lateralization, we con-

ducted TMS studies in healthy controls. 

Based on imaging studies on emotional 

prosody, regions of interest were chosen 

for a transcranial magnetic stimulation 

study. The involvement of both right and 

left hemispheres was highlighted by a 

review on emotional prosody perception 

(Schirmer and Kotz, 2006). A recent im-

aging study revealed an association be-

tween emotional prosody perception and 

the left and right inferior frontal gyrus 

(Ethofer et al., 2006). These brain areas 

were the regions of interest for our first 

TMS study in healthy subjects, described 

in chapter 2. We designed an online TMS 

study to temporally reduce the activity of 

the left inferior frontal gyrus and the right 

inferior frontal gyrus separately to be 

able to examine whether these brain re-

gions are critically involved in the pro-

cessing of emotional prosody and of se-

mantics in healthy subjects. The results 

showed significantly longer reaction times 

on the emotional prosody task condition 

after rTMS over both the right and the 

left inferior frontal gyrus as compared to 

sham stimulation and after controlling for 

lear-ning effects associated with order of 

condition. There was no difference in ef-

fect on reaction times between the right 

and left stimulation. These results sup-

port a bila-teral involvement of inferior 

frontal gyri in emotional prosody percep-

tion. In a further study described in 

chapter 3, we assumed that emotional 

prosody perception is a multistep pro-

cess, with different brain being responsi-

ble for each step. As in various studies 

the right frontal and right temporal re-

gions have been found to play a role in 

emotional prosody perception, these were 

target regions for this study. We used 

triple-pulse repetitive transcranial mag-

netic stimulation (rTMS) to shed light on 

the precise time course of involvement of 

the right anterior superior temporal gyrus 

and the right fronto-parietal operculum. 
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We hypothesized that information would 

be processed in the right anterior supe-

rior temporal gyrus before being pro-

cessed in the right fronto-parietal opercu-

lum in right-handed healthy subjects. 

During listening to each sentence, a trip-

let of TMS pulses at 10 Hz was applied to 

one of the regions at one of six time 

points (400-1900 ms). The study con-

firmed that both the right anterior supe-

rior temporal gyrus and the right fronto-

parietal operculum are involved in the 

process of emotional prosody perception. 

No evidence was found for sequential 

processing of emotional prosodic informa-

tion from right anterior superior temporal 

gyrus to the right fronto-parietal opercu-

lum, but the results suggested parallel 

processing. The results showed that both 

areas were critically involved in the pro-

cess at the same time. This time point 

was after 1300 ms of onset of the sen-

tence. The effect was stronger for with-

drawal emotions than for the approach 

emotions. This is in accordance with the 

approach-withdrawal hypothesis, which 

states that the pattern of brain asymme-

try is dependent on the type of the stimu-

lus, the right hemisphere being specia-

lised for processing withdrawal emotions 

and the left hemisphere dominant for 

processing approach emotions (Davidson 

et al., 1990; Davidson, 1995). Our results 

suggest that emotional cues expressed in 

the tone of a voice can be ambiguous at 

the beginning of sentences, but become 

more apparent half-way through the sen-

tence. This study forms the first step in 

disentangling the temporal involvement 

of different brain areas in the process of 

emotional prosody recognition in natural 

speech.  

 

Based on the findings from chapter 2 

and 3 and earlier findings, we propose 

that emotional prosody perception is a 

multistep process. For each step, other 

brain areas are involved and the extent of 

lateralization differs. Extending on a 

model postulated by Wildgruber et al. 

(Wildgruber et al., 2006), we propose 4 

successive stages to be included in the 

process of affective prosody perception. 

These stages follow after the acoustic 

information has come in via the thalamus 

(number 1 in figure 1) and the primary 

auditory cortex (2), pictured in figure 1, 

and consist of;  

A) Extraction of acoustic cues of 

vocalizations, this takes place in 

the right middle and anterior su-

perior temporal gyrus (STG) (3),  

B) Identification of prosodic se-

quences in the right posterior STG 

(4) (this region has not been in-

cluded in our studies),  

C) Discrimination of emotional ex-

pressiveness from a set of acoustic 

cues, in the right FPO (5) and  

D) Classifying or labelling the 

emotional cues as a specific emo-

tion (e.g. fear or anger) in the bi-

lateral inferior frontal gyri (6).  
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Figure 1 Model of emotional prosody perception as a multi-step process. Adapted from 

Wildgruber et al. (2008). A 1 = primary auditory cortex, STG = superior temporal 

gyrus, FPO = fronto-parietal operculum, IFG = inferior frontal gyrus. A = anterior. The 

process of emotional prosody perception includes four stages that follow after the 

acoustic information has come in via the thalamus (1) and the primary auditory cortex 

(2). The four stages are: A) Extraction of acoustic cues of vocalizations, this takes 

place in the right middle and anterior superior temporal gyrus (STG) (3), B) Identifi-

cation of prosodic sequences in the right posterior STG (4) (this region has not been 

included in our studies), C) Discrimination of emotional expressiveness from a set of 

acoustic cues, in the right FPO (5) and D) Classifying or labelling the emotional cues 

as a specific emotion (e.g. fear or anger) in the bilateral inferior frontal gyri (6). Re-

sults from chapter 3 revealed parallel processing instead of sequential. 

 

Overall, it can be concluded that the 

process of emotional prosody perception 

is bilateral but asymmetrical, with a pre-

dominance of the right hemisphere. The 

different steps need to be studied further 

to disentangle the brain areas responsible 

for each step. This could also be of inter-

est for patient groups who show impair-

ments in vocal emotion perception. They 

might be impaired in one of the sub-

processes, while others might be intact. 

Some studies have already concluded 

that patients with schizophrenia have a 

deficit in the early processing of acoustic 

features underlying the impairments in 

decoding emotion based on speech into-

nation (Matsumoto et al., 2006;Leitman 

et al., 2005). This might point to an ab-

normality at the level of temporal areas 

more than in frontal areas. Future studies 

are needed to further clarify the relation 

between a deficit in analyzing fundamen-

tal acoustic features and its contribution 

to the impairment in the recognition of 

emotional prosody in schizophrenia. Fur-

thermore, studies should be designed to 

examine which of the sub-processes are 

impaired, and which are intact in schizo-

phrenia. Clarifying this may help in find-

ing ways to ameliorate the ability to cor-

rectly identify emotional prosody percep-

tion. 
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Emotional prosody perception in 

schizophrenia 

 

Results from chapter 2 and 3 have 

shown that the neural basis of emotional 

prosody perception includes frontal and 

temporal areas, with a predominance of 

the right hemisphere in healthy subjects. 

Furthermore, an important characteristic 

of emotional prosody processing is its 

temporal pattern (chapter 3 and 

(Schirmer and Kotz, 2006; Wildgruber et 

al., 2006). Abnormalities in frontal and 

temporal regions and their connections 

have been shown in schizophrenia 

(Sommer et al., 2001;Mitchell et al., 

2004;Dollfus et al., 2005). For example, 

fMRI studies revealed decreased lan-

guage lateralization in schizophrenia as 

compared to healthy controls (Sommer et 

al., 2001;Weiss et al., 2006). Interes-

tingly, also with regard to emotional pro-

sody, a reduced degree of the normal 

right-lateralised temporal lobe response 

has been shown in schizophrenia (Mitchell 

et al., 2004). As specialization of one 

hemisphere for a certain function has 

been theorized to be important for the 

speed and clarity of information proces-

sing (Hugdahl and Westerhausen, 

2009;Hugdahl, 2000), reduced lateraliza-

tion of emotional prosody perception is 

expected to result in impairments in this 

function.  

 

Chapter 4 describes a quantitative re-

view on emotional prosody perception in 

patients with schizophrenia. Understan-

ding the intonation in speech is crucial for 

social communication. It gives informa-

tion about the feelings and intentions of 

others. Being impaired in this function 

may contribute to miscommunications.  

 

A growing body of evidence shows that 

patients with schizophrenia are impaired 

in emotion processing. This might even 

be one of the most pervasive distur-

bances in schizophrenia, which may con-

tribute to social isolation. Our meta-

analysis revealed a large effect size (d = 

1.2) for the perception of emotional pro-

sody. This indicates that the performance 

of patients with schizophrenia was more 

than one standard deviation lower than 

that of healthy control subjects on tasks 

of emotional prosody perception. When 

we compare this d value to the effect 

sizes reported in previous meta-analyses 

of cognitive function in schizophrenia, it 

would rank among “The most powerful 

and reliable neuroscience findings in 

schizophrenia research” (Heinrichs, 

2001). We also found a large effect size 

(d = 1.1) for the expression of emotional 

prosody in schizophrenia, although the 

interpretation of the result due to the 

limited number of studies included, must 

be done with some reserve. The results 

support the view that emotional abnor-

malities may be a key dysfunction in 

schizophrenia (Aleman and Kahn, 2005). 

Furthermore, emotional prosody percep-

tion seems to be a trait deficit as opposed 
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to a state deficit. Two studies have shown 

that the deficit already exists in the early 

years of the illness (Kucharska-Pietura et 

al., 2005; Edwards et al., 2001). Addi-

tionally, Kee and colleagues showed that 

subtle deficits in emotion perception are 

detec-table in healthy siblings of schizo-

phrenia patients, when multiple measures 

of both vocal and affect perception were 

taken together (Kee et al., 2004). This 

means that emotional prosodic compre-

hension deficits cannot be merely an ar-

tefact of duration of illness, treatment or 

institutionalisation as the deficit seems to 

be stable over time. Studies have shown 

that a general prosodic comprehension 

deficit in patients with schizophrenia can 

be ruled out as they have no difficulty 

comprehending non-emotional prosody 

(Murphy and Cutting, 1990;Pijnenborg et 

al., 2007).  

 

Similar disturbances in the perception of 

emotional prosody that have been de-

scribed in patients with schizophrenia, 

have also been reported in right hemi-

sphere damage patients (Ross et al., 

2001). The studies that were included in 

our meta-analysis did not provide enough 

information to be able to analyze the in-

fluence of severity of psychopathology 

and symptom clusters on the ability to 

identify emotional prosody. This relation-

ship was studied in chapters 5 and 6. 

 

 

 

Clinical correlates of emotion per-

ception in schizophrenia 

 
Chapter 5 describes a study examining 

the relationship between the ability to 

identify emotional prosody and symptom 

clusters in schizophrenia. In our meta-

analysis only studies were included that 

compared a group of schizophrenia pa-

tient with a group of healthy controls, 

based on these studies nothing could be 

concluded with regard to the relation be-

tween symptom clusters and emotion 

perception. Studies examining this rela-

tionship have however been published, 

these are studies that did not include 

healthy control groups. Their results are 

however mixed. Some studies on emo-

tional prosody perception and symptoma-

tology found a relationship with negative 

symptoms (Bach et al., 2009a;Leitman et 

al., 2005;Edwards et al., 2001). Positive 

symptoms (Poole et al., 2000;Shea et al., 

2007;Rossell and Boundy, 2005) and dis-

organization symptoms (Poole et al., 

2000;Bozikas et al., 2004;Leitman et al., 

2005) have however also been related to 

emotional prosody perception. Others, 

however, found no relationship between 

vocal affect recognition and symptoms 

(Ross et al., 2001;Kucharska-Pietura et 

al., 2005). To further clarify the clinical 

correlates of emotional prosody percep-

tion in schizophrenia, we investigated a 

group of 83-patients, who performed an 

emotional language task with a prosody 

and a semantics condition, including two 
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emotions: anger and fear. Symptomato-

logy was described by the five clusters of 

symptoms of schizophrenia psychopa-

thology according to the five-factor mode 

resulting from a ten-fold cross-validation 

study of the scores of a large sample of 

Dutch and Belgian in and out patients 

with schizophrenia: Positive, Negative, 

Disorganization, Excitement and Emo-

tional distress (van der Gaag et al., 

2006). Results showed that patients with 

more Positive symptoms and patients 

with more Disorganization symptoms 

were more impaired in correctly identify-

ing negative emotions from the intonation 

of voice. No relation was found between 

severity of negative symptoms and the 

ability to understand emotional prosody. 

These findings suggest that patients with 

disorganized symptoms and with positive 

symptoms are expected to have trouble 

in social interaction when it comes to vo-

cal communication. This demonstrates 

that the associations of vocal affect re-

cognition with cognitive and behavioural 

features of schizophrenia, are not simply 

a by- product of social withdrawal and 

blunted affect.   

 

When studying emotion perception in 

schizophrenia, it is also interesting to look 

at misattribution patterns: what emotion 

do patients perceive if they do not per-

ceive the correct emotion? More specifi-

cally, in chapter 6 misattribution pat-

terns are studied for neutral facial ex-

pressions and neutral prosodic expres-

sions that are misperceived as being 

emotional. In this study we tested the 

hypothesis of aberrant salience on misat-

tribution patterns in emotion perception 

(Kapur, 2003). Although the attribution of 

aberrant salience to neutral stimuli has 

been mainly implicated in the genesis and 

persistence of positive symptoms of 

schizophrenia, we hypothesized that such 

misattribution in emotion perception 

would also affect other symptom dimen-

sions, e.g. disorganization symptoms, 

negative symptoms and emotional dis-

tress. Thirty-seven patients with schizo-

phrenia performed vocal and facial emo-

tion recognition tasks. Symptomatology 

was again described by the 5 factors of 

the PANSS according to the five-factor 

model of Van der Gaag et al. (2006). Re-

gression analyses revealed that misclassi-

fying neutral expressions as angry or 

anxious predicted severity of symptoms 

in 3 out of 5 PANSS factors (van der 

Gaag et al., 2006): Disorganization 

symptoms, Excitement and Emotional 

distress. This could not be explained by 

difficulties in attention and working mem-

ory. The unpredicted relation with ex-

citement may be understood clinically. 

Misattribution of negative emotional value 

to neutral expressions could result in 

higher levels of excitement (e.g. poor 

impulse control, hostility, and uncoopera-

tiveness). These results suggest a con-

tributing role for attribution biases in the 

symptom dimensions Disorganization, 

Emotional distress, and Excitement, 
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which might be explained by an internal 

salience generator. 

 

Clinical implications: treatment of 

emotional prosody perception 

From the literature, including our studies, 

it is clear that deficits in emotional pro-

sody perception can be regarded among 

the most prominent cognitive deficits in 

schizophrenia (Chapter 4). Emotion per-

ception is one of the domains of social 

cognition. Social cognition concerns all 

information processing underlying social 

interaction (Brothers, 1990). Schizophre-

nia patients are known to have deficits in 

other domains of social cognition as well, 

such as attributional style and theory of 

mind. A recent review found clear and 

consistent relationships between func-

tional outcome measures and domains of 

social cognition, especially between social 

and emotional perception and functional 

outcome (Couture et al., 2006). Social 

functioning is thought to be the most im-

portant outcome measure of schizophre-

nia. Findings on the relationship between 

social outcome and impairments in emo-

tion perception stress the importance of 

taking emotional prosody perception seri-

ously. Therefore, we recommend defining 

social cognition, including emotion per-

ception in others, as an important aspect 

of schizophrenia and thus as one of the 

primary treatment targets within psychi-

atric rehabilitation. Emotion perception 

should be taken into account in diagnosis, 

treatment and clinical guidance. If emo-

tion perception can be reliably improved 

it may lead to better interpersonal rela-

tionships, social competence and com-

munity functioning (Combs et al., 2008). 

 

Impairments in emotion perception have 

also been found to be predictors of low 

tolerance for emotional distress (Hooker 

and Park, 2002;Hodel et al., 2004). Fur-

thermore, in schizophrenia, low stress 

tolerance might deteriorate already exis-

ting psychopathology (Nuechterlein et al., 

1992). Results from our studies described 

in chapter 5 and 6, revealed that im-

pairments in emotion perception are re-

lated to different symptom dimensions, 

instead of merely with symptoms reflect-

ing social withdrawal and flat affect. Be-

cause of these relationships between 

emotion perception and symptoms di-

mensions, impairments in emotion pro-

cessing might improve, at least at a cer-

tain extent, in reaction to medication or 

other interventions targeting symptom 

clusters.  

 

Recent investigations on the neural sub-

strate of affective dysfunction in schizo-

phrenia show abnormal amygdala activa-

tion during emotion recognition tasks  

(Pinkham et al., 2008;Hall et al., 2008) 

and during social decision-making (Baas 

et al., 2008). Such findings indicate that 

normalization of amygdala responses 

may help to ameliorate emotion proces-

sing.  
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Another possible treatment option could 

be to directly target the social cognitive 

deficits by intervening at the level of so-

cial cognition. Various studies have been 

described on the effectiveness of psycho-

social interventions that target different 

domains of social cognition, these have 

been reviewed elsewhere (Kern et al., 

2009;Kurtz and Mueser, 2008;McGurk et 

al., 2007;Mueller et al., 2009). Relatively 

few of these treatment programs also 

targeted emotion perception. A recent 

meta-analysis reviewed the efficacy of 

social cognitive skills training (Kurtz and 

Mueser, 2008). Moderate average effect 

sizes were found for improving commu-

nity or institutional functioning and for 

negative symptoms, supporting the effi-

cacy of social skills training to improve 

psychosocial functioning (Kurtz and Mue-

ser, 2008). The meta-analysis of Kurtz 

and Mueser did not include emotion per-

ception as a therapeutic component of 

the social cognitive remediation ap-

proaches (Kurtz and Mueser, 2008). An-

other meta-analysis on efficacy of social 

cognitive remediation in schizophrenia 

patients did embrace social emotional 

perception among other social cognitive 

areas, this domain was however not ana-

lyzed separately (Mueller et al., 2009). 

Conclusions from this meta-analysis were 

again that social cognitive remediation, in 

combination with various other treatment 

modalities, does lead to improvements of 

social cognitive skills. Moreover, genera-

lizability to other domains of functioning 

and symptoms through social cognitive 

remediation was found (Mueller et al., 

2009).  

 

Searching through the literature, nine-

teen studies were found that investigated 

the efficacy of psychosocial interventions 

in schizophrenia on the ability to correctly 

identify emotions in others. As proposed 

by Penn, these interventions can be con-

ceptualized as either “targeted”, focus-

sing on a specific ability, here emotion 

perception, or “broad-based”, including 

cognitive remediation (Penn et al., 2005). 

To begin with the targeted interventions, 

a first hopeful conclusion is that emotion 

perception can be improved by treatment 

sessions. Methods like mimicry (Penn and 

Combs, 2000;Frommann et al., 2003), 

training discrimination with or without the 

verbalization of the characteristic features 

of facial affect (Frommann et al., 

2003;Wolwer et al., 2005;Russell et al., 

2006;Russell et al., 2008) all improved 

emotion perception directly after treat-

ment. Factors that seemed to enhance 

the effects of training were monetary 

reinforcement (Penn and Combs, 2000), 

attentional prompts (Combs et al., 

2006;Combs et al., 2008), repetition 

(Marsh et al., 2009) and integration into 

real world situations (Frommann et al., 

2003;Wolwer et al., 2005). Interestingly, 

one training session was found to be 

enough to improve emotion perception 

(Penn and Combs, 2000). With regard to 

the durability of these effects on emotion 
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perception and the generalizability to so-

cial functioning, not much can be con-

cluded from the studies describing inter-

ventions targeting emotion perception. 

The studies that did report on durability 

of the improvements, showed sustained 

improvements of emotion perception af-

ter one week, with weak generalizability 

to other emotional tasks (Combs et al., 

2006;Combs et al., 2008;Russell et al., 

2008). When evaluating the efficacy of 

the broad-based interventions, some of 

the studies were promising. Results from 

these studies highlight some important 

characteristics for durability and gener-

alizability of improvements in emotion 

perception and social functioning. First, 

the training should be longer than twelve 

weeks (Hodel et al., 2004;Sanz et al., 

2009). Second, maintenance sessions are 

necessary to sustain improvements. 

Third, the treatment program should en-

compass in vivo exercises. Fourth, based 

on the findings described in chapter 6 

we recommend to also include neutral 

expressions, because these are found to 

be often misperceived as being emotional 

by people with schizophrenia. This has 

been conceptualized as the aberrant sali-

ence hypothesis; In the absence of effec-

tive treatment, patients with a psychosis 

related to schizophrenia exhibit aberrant 

salience (Kapur, 2003). Furthermore, 

motivation and attention are always im-

portant to enhance treatment effects. 

Social cognition has been conceptualized 

as consisting of three components:   

1) Emotion perception (the ability to 

identify the affect expressed by others) 

and social perception (the ability to as-

certain social cues from behaviour pro-

vided in a social context, which includes, 

but is not limited to, emotion cues), 2) 

Attributional style (causal explanations 

given for positive and negative outcomes) 

and 3) Theory of mind ( the ability to 

understand others’ intentions or perspec-

tives) (Couture et al., 2006;Penn et al., 

2007). Emotion perception and social 

perception are often grouped together as 

they are both closely tied to social knowl-

edge (Couture et al., 2006). Equal atten-

tion should be paid to all three domains 

in social cognition training programs. Not 

only facial emotion but also vocal emotion 

perception should be included in the 

treatment program. Understanding emo-

tional prosody gives us crucial informa-

tion of emotions and intentions of others. 

If the perception of emotions and inten-

tions in others can be improved, this may 

lead to improved social functioning and a 

better quality of life for persons with 

schizophrenia (Green et al., 2005). Re-

sults from social cognitive skills trainings 

are promising, they should be more ex-

tensively implemented and tested in ran-

domized controlled trials with the inclu-

sion of a training of emotion perception.  

 

To be able to develop proper intervention 

methods, future studies should aim at 

clarifying the neurocognitive processes 

underlying the deficits of emotion percep-
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tion in schizophrenia. To this end, studies 

should also use designs that are more 

similar to real-world situations. The ex-

perimental condition should not only in-

clude standardized sentences, but also 

real-world conversations. As far as we 

know one study has been published with 

this purpose (Huang et al., 2009). 

 

Avenues for future research 

 

Findings from our studies in healthy con-

trols revealed that frontal and temporal 

brain regions are implicated in emotional 

prosody perception with a predominance 

of the right hemisphere (chapter 2 and 

3). Patients with schizophrenia have been 

shown to have severe impairments in this 

function (chapter 4). These findings in 

combination with the relationships that 

were found with certain symptom dimen-

sions (chapter 5 and 6) might indicate 

that the neural basis of these symptom 

clusters may be overlapping with the 

neural basis of emotional prosody pro-

cessing, i.e. including temporal and fron-

tal areas. The exact neural bases of both 

emotional prosody perception and symp-

tom clusters, however, remain to be in-

vestigated. 

 

Furthermore, impairments in emotional 

prosody perception in schizophrenia 

(chapter 4) indicate that alterations in 

the right hemisphere might play a role in 

schizophrenia as this hemisphere has 

been shown to be important for emotional 

prosody (chapter 2 and 3 and (van Rijn 

et al., 2005;Adolphs et al., 2002)). These 

findings support the hypothesis that 

symptoms in schizophrenia can be conse-

quences of not only left but also right-

hemisphere abnormalities (Cutting, 2006; 

Mitchell and Crow, 2005). This means 

that the influential theory on the genesis 

of schizophrenia that links abnormalities 

of left hemisphere functions to the deve-

lopment of psychosis (Crow, 2000) may 

be complemented by abnormalities in 

right hemisphere (social) functions. A few 

imaging studies have indeed shown aber-

rant activation during emotional prosody 

perception in schizophrenia patients as 

compared to healthy controls (Mitchell et 

al., 2004;Bach et al., 2009b). Their re-

sults however, are contradictory. One 

study reported a reversal of the normal 

right-lateralized temporal response to 

emotional prosody in patients with 

schizophrenia as compared to healthy 

controls (Mitchell et al., 2004). Bach et 

al. however concluded the opposite 

(2009b), patients in their study showed 

an increased right-lateralization of proso-

dy processing at the level of the temporal 

and parietal cortex. Our group is cur-

rently working on a combined functional 

Magnetic Resonance Imaging (fMRI) 

guided – Transcranial Magnetic Stimula-

tion (TMS) study to clarify the neural 

substrate and extent of lateralization of 

emotional prosody perception in schizo-

phrenia patients.  

 



Chapter 7                          

 

 106 

Another syndrome that has been associ-

ated with anomalous lateralization of lan-

guage function (van Rijn et al., 2008) and 

increased risk of psychosis (Hyde and 

Lewis, 2003) is Klinefelter Syndrome 

(KS). KS is characterised by the presence 

of an extra X chromosome in males (47, 

XXY karyotype). Both left and right hemi-

spheric language functions have been 

shown to be impaired in KS. A recent 

study found relative difficulties in a group 

of KS in the recognition of emotional 

prosody and in the recognition of emo-

tional semantics (van Rijn et al., 2007). 

Van Rijn et al. also found that men with 

KS show high levels of schizophrenia 

spectrum pathology (2006). Difficulties in 

recognizing social cues together with the 

structural brain abnormalities associated 

with the XXY karyotype, suggest that a 

genetic mechanism involving genes on 

the X chromosome might lead to distur-

bances in the development of social cog-

nition in XXY men. To further study a re-

lation between the X-chromosome and 

the degree of lateralization of language 

functions, we are currently conducting a 

combined fMRI-TMS study to test the 

extent of lateralization of emotional pro-

sody perception in KS. If men with Kline-

felter show the same pattern of laterali-

zation of emotional prosody perception as 

schizophrenia patients, which is what we 

predict, this would gives clues about a 

genetic basis of this aberrant lateraliza-

tion, namely, located on the X-

chromosome. This shared genetic basis, 

located on the X-chromosome, would 

underlie social dysfunction in both 

schizophrenia and Klinefelter Syndrome. 

With these studies, we hope to further 

elucidate the neural underpinnings and its 

genetic basis of emotional prosody per-

ception in schizophrenia and in Klinefelter 

Syndrome, in order to be able to develop 

proper intervention methods in the fu-

ture. 
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Meer dan woorden zeggen; emotionele prosodie,  

neurale basis en de relevantie voor schizofrenie 

 

Samenvatting 

Emotionele prosodie is de intonatie, klemtoon en het ritme van gesproken taal die sa-

men een emotie uitdrukken. Deze signalen geven ons cruciale informatie over de emo-

tionele toestand en intenties van de ander. De neurale basis van emotionele prosodie 

is nog niet precies in kaart gebracht. Onderzoeksresultaten in dit proefschrift tonen 

aan dat emotionele prosodie voornamelijk door hersengebieden in de rechter hersen-

helft, maar ook door gebieden in de linker hersenhelft, verwerkt wordt. Veel mensen 

met schizofrenie hebben problemen met emotionele prosodieperceptie en -expressie. 

Om beter zicht te krijgen op deze problemen en hoe deze samenhangen met sympto-

men die mensen met schizofrenie ervaren, werden twee studies gedaan. Resultaten 

gaven aan dat patiënten die meer last hadden van het horen van stemmen en wanen, 

slechter waren in emotionele prosodieperceptie. Ook patiënten met desorganisatie 

symptomen, zoals verminderde aandacht en moeite met abstract denken hadden 

meer stoornissen in het herkennen van emotionele prosodie. Vervolgens werd gevon-

den dat patiënten die vaker neutrale gezichts- en stemexpressies als boos of angstig 

herkenden, meer last hadden van desorganisatie, van rusteloosheid en van angst en 

depressie. Dit geeft aan dat stoornissen in de herkenning van emoties samen kunnen 

hangen met verschillende symptomen en niet alleen met emotionele problemen. Effec-

tieve behandeling van deze symptomen kan emotieperceptie verbeteren. Echter ook 

emotieperceptie zelf zou getraind kunnen worden in psychosociale interventies. Hier-

mee kan de vicieuze cirkel, waarin schizofrenie symptomen en problemen in emotie-

perceptie elkaar versterken, doorbroken worden om beter deel te kunnen nemen aan 

sociale interacties. 
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Emotionele prosodie en het brein 

 

Bij verbale communicatie, is niet alleen 

de betekenis van woorden belangrijk, 

maar ook de prosodie van de stem. Emo-

tionele prosodie is de intonatie, het ritme 

en de klemtoon van de stem die samen 

een emotie uitdrukken. De emotionele 

prosodie in een stem geeft ons informatie 

over de emotionele toestand en intenties 

van de ander. Om goed te kunnen begrij-

pen wat anderen tegen je zeggen, is het 

belangrijk de emotionele prosodie correct 

te herkennen. 

 

Welke hersengebieden een rol spelen bij 

de perceptie van emotionele prosodie is 

nog niet helemaal duidelijk. Studies ge-

ven verschillende gebieden in de herse-

nen aan. De meeste aspecten van taal, 

zoals de syntax (grammatica) en de be-

tekenis, worden door gebieden in de lin-

ker hersenhelft verwerkt. Vooral de her-

sengebieden aangeduid als Broca en 

Wernicke zijn hierbij belangrijk. Wanneer 

een functie door één van beide hersen-

helften, hemisferen genoemd, uitgevoerd 

wordt, heet dit lateralisatie van een func-

tie. Syntax en betekenisverwerking vin-

den vooral in de linker hersenhelft plaats 

(links gelateraliseerd). Bij de verwerking 

van emotionele prosodie daarentegen, 

zijn (ook) gebieden in de rechter hersen-

helft (hemisfeer) betrokken. Sommige 

onderzoekers beweren dat emotionele 

prosodie vrijwel uitsluitend rechts gela-

teraliseerd is. Anderen zijn van mening 

dat beide hemisferen betrokken zijn bij 

de verwerking van emotionele prosodie. 

Dit wil zeggen dat de mate van lateralisa-

tie van emotionele prosodie nog niet dui-

delijk is. Fundamenteel onderzoek, waar-

bij de rol van hersengebieden in kaart 

gebracht wordt, draagt bij aan een beter 

begrip van de hersenen in het algemeen 

en kan inzicht geven in ziektebeelden 

waarbij bepaalde hersengebieden zijn 

aangedaan.  

 

Schizofrenie 

 

Schizofrenie is een ernstig psychiatrisch 

ziektebeeld waarvan verschillende ui-

tingsvormen bestaan. Bij schizofrenie 

kunnen verschillende soorten symptomen 

bestaan en variëren in te tijd. Ook de 

ernst hiervan kan variëren. De belang-

rijkste verschijnselen van schizofrenie 

zijn:  

1. Positieve symptomen: het hebben van 

hallucinaties en problemen in het denken, 

zoals wanen.  

2. Negatieve symptomen: weinig spre-

ken, minder initiatieven, vlak in gevoels-

uitingen (affect), sociaal en emotionele 

teruggetrokkenheid en weinig energie.  

3. Cognitieve problemen zoals geheugen-

problemen en verminderde concentratie. 

Mede door bovengenoemde problemen 

vormt het sociaal en beroepsmatig func-

tioneren voor veel mensen met schizofre-

nie een groot probleem. De onderzoeken 

in dit proefschrift hebben vooral betrek-

king op problemen in sociaal functione-

ren.  
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Tegenwoordig denkt men dat problemen 

in sociaal functioneren voornamelijk ont-

staan door problemen in sociale cognitie. 

Onder sociale cognitie wordt verstaan, 

alle informatieverwerking die sociale in-

teracties betreffen, waardoor we het ge-

drag van anderen (intenties en disposi-

ties) kunnen begrijpen. Ieder begrip van 

wat een ander precies bedoelt en wat zijn 

of haar intenties hierbij zijn, is sociale 

cognitie. Het herkennen van emoties van 

de ander uit gezichtsexpressie, woorden 

en prosodie behoren tot sociale cognitie.  

 

Schizofrenie ontstaat meestal tussen het 

20e en 30e levensjaar en treft ongeveer 

1% van de bevolking. Opgroeien in een 

stad, mannelijk geslacht, het hebben van 

een oude vader, migratie, problemen in 

en rond de zwangerschap, trauma tijdens 

de jeugd en cannabis gebruik in de jeugd 

vergroten het risico op het ontstaan van 

schizofrenie. Naast omgevingsfactoren 

speelt ook erfelijkheid een rol bij het ont-

staan van schizofrenie. Wanneer iemand 

bijvoorbeeld een eerstegraads familielid 

heeft met schizofrenie is het risico dit zelf 

ook te ontwikkelen 5 tot 7 maal zo hoog. 

Een biologische kwetsbaarheid schizofre-

nie te ontwikkelen, maakt iemand gevoe-

liger voor stress.  

 

Ook afwijkingen in de hersenen kunnen 

bijdragen aan het ontstaan van schizofre-

nie. Zo is gevonden dat sommige mensen 

met schizofrenie, vergrote hersenkamers 

hebben. Ook veranderingen in de voorste 

hersengebieden (prefrontale cortex) en in 

de slaapkwab zijn gevonden.  

 

Tegenwoordig wordt veel onderzoek ge-

daan naar mogelijk verstoorde verbindin-

gen (connecties) tussen verschillende 

hersengebieden. Niet een enkel gebied, 

maar een heel netwerk van hersengebie-

den is betrokken bij een bepaalde functie. 

Bij mensen met schizofrenie zijn verschil-

lende veranderingen gevonden in de ma-

nier waarop hersengebieden met elkaar 

verbonden zijn. Zowel te sterke verbin-

dingen tussen sommige hersengebieden 

alsook verminderde verbindingen tussen 

andere hersengebieden zijn in studies 

aangetoond. Van belang voor de onder-

zoeken beschreven in dit proefschrift, zijn 

bevindingen die aantonen dat bij mensen 

met schizofrenie, lateralisatie van taal 

afwijkend kan zijn. Zoals hierboven be-

schreven wordt bij gezonde mensen taal 

voornamelijk in de linkerhersenhelft ver-

werkt. Studies hebben echter laten zien, 

dat wanneer mensen met schizofrenie 

een taaltaak in de scanner maken, niet 

alleen gebieden in de linker hemisfeer 

actief worden, maar ook vaak méérdere 

gebieden in de rechter hemisfeer activi-

teit laten zien.  

 

Emotionele prosodie bij mensen 

met schizofrenie  

 

Meerdere onderzoeken hebben aange-

toond dat mensen met schizofrenie slech-

ter zijn in het herkennen van emotionele 
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prosodie. Dit leidt tot misverstanden in 

sociale interactie. Niet alleen emoties in 

stemmen maar ook emoties in gezichts-

expressies worden minder goed herkend 

door mensen met schizofrenie, in verge-

lijking met gezonde mensen. Schizofrenie 

patiënten hebben ook vaak problemen in 

sociaal functioneren. Problemen in sociale 

communicatie leiden tot problemen op 

meerdere gebieden, zoals werk en het 

maken en behouden van vrienden. Wan-

neer iemand niet in staat is een stabiel 

sociaal netwerk en werkomgeving te ont-

wikkelen kan dit leiden tot een sociaal 

isolement. 

 

Methode 

 

Bij de studies maakten we gebruik van 

Transcraniële Magnetische Stimulatie 

(TMS). Dit is een methode waarbij een 

spoel op het hoofd van de proefpersoon 

wordt gehouden. Deze spoel geeft mag-

netische pulsen die door de schedel gaan 

en onderliggend hersengebied tijdelijk 

verstoren. Voorafgaand aan de TMS werd 

een Magnetisch Resonantie Imaging 

(MRI) scan gemaakt. Op de plaatjes van 

het brein, verkregen uit de MRI, werden 

de hersengebieden waarin we geïnteres-

seerd waren voor de studies ingetekend. 

Wanneer de proefpersoon vervolgens 

kwam voor de TMS sessie, konden deze 

gebieden met behulp van een speciaal 

(neuronavigatie) programma heel precies 

gevonden worden met de TMS spoel. Het 

hersengebied van interesse werd met 

behulp van TMS tijdelijk verstoord. Ver-

volgens vroegen we de proefpersoon een 

aantal taken op de PC te maken. Wat bij 

TMS studies geanalyseerd wordt, zijn de 

reactietijden en accuraatheid van de ant-

woorden van de proefpersonen in ver-

schillende condities. Op deze manier kun-

nen we nagaan of na tijdelijk minder ac-

tief maken van een bepaald gebied, de 

reactietijden langer worden. Indien TMS 

boven een bepaald gebied de reactietijd 

langer maakt is de conclusie dat dit ge-

bied voor die gemeten taak belangrijk is.  

 

Een taak die in de meeste studies in dit 

proefschrift gebruikt werd, was een emo-

tionele prosodietaak. Hierbij krijgen 

proefpersonen zinnen te horen uit luid-

sprekers, die qua inhoud neutraal zijn, 

bijvoorbeeld ‘Hij legt de sleutel op de ta-

fel’. Deze zinnen zijn door acteurs inge-

sproken met een bepaalde emotionele 

intonatie; bang, boos, droevig of blij. Aan 

de proefpersoon werd gevraagd zo snel 

mogelijk aan te geven welke emotie hij of 

zij herkent.  

 

Het onderzoek en de resultaten 

 

Neurale basis en lateralisatie van 

emotionele prosodie 

Om de hersengebieden die betrokken zijn 

bij de perceptie van emotionele prosodie 

beter in kaart te brengen, hebben we 

twee studies uitgevoerd bij gezonde con-

troles. Bij het experiment dat beschreven 

is in hoofdstuk 2, zijn twee gebieden 
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gekozen in de voorste delen van de her-

senen (frontale cortex): de linker én 

rechter inferieur frontale gyrus. Deze ge-

bieden zijn zo gekozen omdat beide actief 

bleken te zijn in een recente studie, 

waarbij proefpersonen in de MRI scanner 

werd gevraagd op de emotionele prosodie 

van zinnen te letten. Het gekozen gebied 

komt bijna overeen met het gebied van 

Broca.  

 

Van een groep studenten werd eerst een 

MRI scan gemaakt. Daarna werden zij 

teruggevraagd voor TMS sessies. In deze 

studie kozen we voor een online design. 

Dat wil zeggen dat proefpersonen tijdens 

de emotionele prosodietaak TMS pulsen 

op een van beide hersengebieden kregen. 

Op deze manier weten we zeker dat de 

informatieverwerking in een bepaald her-

sengebied verstoord is tijdens de functie 

die gemeten wordt. Bij deze studie was 

de vraag of deze gebieden betrokken zijn 

bij de verwerking van emotionele proso-

die.  

 

Uit de analyses bleek dat beide gebieden 

evenzeer betrokken zijn bij deze functie. 

Proefpersonen waren trager in het her-

kennen van de emotie uit de prosodie 

zowel na TMS over het linker frontale 

gebied, als na TMS over het rechter fron-

tale gebied, in vergelijking met een con-

ditie zonder TMS. Deze resultaten geven 

aan dat emotionele prosodie ter hoogte 

van de frontale cortex, niet rechts-

gelateraliseerd is, maar door beide he-

misferen verwerkt wordt.  

 

In de studie beschreven in hoofdstuk 3, 

gingen we ervan uit dat de waarneming 

(perceptie) van emotionele prosodie be-

staat uit meerdere subprocessen. Bij ie-

der subproces zijn andere hersengebie-

den betrokken. Om dit nader te onder-

zoeken hebben we hier twee hersenge-

bieden gekozen waarvan in andere stu-

dies is gevonden dat ze betrokken zijn bij 

verwerken van emotionele prosodie. Bei-

de gebieden liggen in de rechter hemis-

feer. Het ene gebied is het rechter fronto-

parietaal operculum (figuur 1), iets meer 

naar achter dan het voorste (frontale) 

hersengebied gekozen in de hiervoor be-

schreven studie. Het andere gebied is de 

“anterieur superieur temporale gyrus” 

(figuur 1), dit hersengebied ligt schuin 

boven het oor. Ook in deze studie hebben 

we een online design gebruikt. Er werd 

een treintje van drie (triplet) van TMS 

pulsen gegeven binnen een bepaald tijds-

venster ten opzichte van het begin van 

een zin die werd gepresenteerd via spea-

kers van de computer. Op basis van re-

sultaten van andere onderzoeken is te 

verwachten dat deze hersengebieden 

ergens tussen de 400 en 1900 millise-

conden na de start van een zin actief be-

trokken zijn bij de herkenning van de 

emotionele prosodie van de zin. Terwijl 

de proefpersoon een zin te horen kreeg 

met een bepaalde emotionele prosodie, 

werden tijdens deze zin drie pulsen snel 



Nederlandse samenvatting 

 

 116 

na elkaar gegeven op een tijdstip binnen 

genoemd tijdsvenster.  

 

We verwachtten dat informatie eerst ver-

werkt zou worden in de rechter anterieur 

superieur temporale gyrus en later in het 

rechter fronto-parietaal operculum. De 

onderzoeken werden bij gezonde rechts-

handige proefpersonen gedaan, omdat bij 

linkshandige mensen de taalgebieden 

anders over de hemisferen verdeeld kun-

nen zijn.  

 

De resultaten bevestigden dat beide her-

sengebieden betrokken zijn bij emotione-

le prosodieperceptie. Beide hersengebie-

den bleken echter niet op verschillende 

tijdstippen, maar op hetzelfde tijdsmo-

ment een rol te spelen bij de perceptie 

van de emotie uit de prosodie. Er lijkt 

meer sprake te zijn van parallelle dan 

sequentiële processen. Het tijdstip waar-

op de emotionele prosodie werd herkend 

was relatief laat; wanneer een triplet van 

pulsen werd gegeven 1300 milliseconden 

na het begin van de zin, werd de grootste 

vertraging in reactietijden gevonden. Het 

type emotie maakte uit. Voor ‘terugtrek’-

emoties, zoals bang en droevig, was het 

effect sterker dan voor de ‘toenaderings’-

emotie blij. Dit is in lijn met de ‘ap-

proach-withdrawal’ hypothese die stelt 

dat terugtrekemoties door de rechter 

hemisfeer verwerkt worden, terwijl toe-

naderingsemoties door de linker hemis-

feer verwerkt worden. 

 

De resultaten geven aan dat de emotio-

nele betekenis van een zin uitgedrukt in 

intonatie, onduidelijk (ambigu) kan zijn 

aan het begin van een zin en pas halver-

wege een zin duidelijker wordt. Deze stu-

die is een eerste stap in het ophelderen 

van de meerdere subprocessen met 

daarbij betrokken hersengebieden, waar-

uit emotionele prosodieverwerking be-

staat. Wanneer deze deelprocessen met 

bijbehorende hersengebieden beter in 

kaart gebracht zijn, kan dit helpen bij het 

begrijpen van stoornissen in het begrip 

van emotionele prosodie, zoals dit bij 

verschillende ziektebeelden gezien wordt. 

Er zijn studies uit andere onderzoeks-

groepen die hebben aangetoond dat 

mensen met schizofrenie stoornissen ver-

tonen in de vroegste deelprocessen van 

het herkennen van emotionele prosodie. 

De gebieden die we in de studies be-

schreven in hoofdstuk 2 en 3 gestimu-

leerd hebben, staan weergegeven in fi-

guur 1. Dit is een horizontale dwarsdoor-

snede van de hersenen.  

 

De hier besproken studies wijzen erop dat 

de verwerking van emotionele prosodie 

een proces is waar beide hemisferen 

(hersenhelften) bij betrokken zijn (een 

bilateraal proces) met een grotere rol 

voor de rechter hemisfeer. In de rechter 

hemisfeer lijken meerdere deelgebieden 

betrokken te zijn om emotionele prosodie 

te verwerken. 
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Figuur 1 Model van de perceptie van emotionele prosodie als een meerstaps proces. 

Dit figuur is gebaseerd op een figuur van Wildgruber et al. (2008). Rechts is de voor-

kant van de hersenen. De gebieden van interesse voor hoofdstuk 2 zijn: LIFG, linker 

inferieur frontale gyrus en RIFG, rechter inferieur frontale gyrus. In hoofdstuk 3 zijn 

de gebieden die geTMSt zijn: RFPO, rechter fronto-parietaal operculum en a STG, an-

terieur superieur temporale gyrus. Wanneer we emotionele prosodie verwerken gaat 

dat mogelijk volgens de volgende stappen met bijbehorende gebieden: De auditieve 

informatie komt binnen via de thalamus (1) en daarna auditieve cortex (2). Hierna 

volgen 4 stappen: A) Extractie van akoestische cues van het stemgebruik in de rechter 

middel en anterieur superieur temporale gyrus (3). B) identificatie van prosodische 

sequenties in de rechter posterieur superieur temporale gyrus (4), C) onderscheiden 

van emotionele uitingen van een set van akoestische cues in het rechter fronto-

parietaal operculum (5) en D) het labellen van de specifieke emotie in de bilaterale 

inferieur frontale gyri (6). Volgens de resultaten beschreven in hoofdstuk 3 zijn deel-

processen A en C parallel, zij vinden rond het zelfde tijdstip plaats.  
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Schizofrenie en het herkennen van 

emotionele prosodie 

 

Hoofdstuk 4 is een meta-analyse over 

de perceptie van emotionele prosodie bij 

mensen met schizofrenie. In deze meta-

analyse zijn alle bekende studies bij el-

kaar gezet die de perceptie van emotio-

nele prosodie bij mensen met schizofre-

nie, hebben vergeleken met een gezonde 

controle groep. Over de gegroepeerde 

data zijn statistische analyses gedaan. De 

resultaten uit de meta-analyse bevesti-

gen dat mensen met schizofrenie signifi-

cante problemen hebben emotionele in-

tonaties correct te herkennen en zelf te 

uiten.  

 

Voor de klinische praktijk is het belangrijk 

problemen in emotionele prosodie per-

ceptie en expressie te herkennen. Begrip 

voor deze verborgen handicap is van be-

lang bij de behandeling, advisering en 

begeleiding van mensen met schizofrenie 

en mensen uit hun leefomgeving.  

 

Schizofrenie symptomen in relatie tot 

emotionele prosodie  

In de twee hierop volgende hoofdstukken 

werd de relatie tussen bepaalde sympto-

men van schizofrenie en emotionele pro-

sodie herkenning nader bekeken. In 

hoofdstuk 5 werd onderzocht welke 

symptoomclusters het sterkst samenhan-

gen (gecorreleerd zijn) met stoornissen in 

emotionele prosodie. Volgens een onder-

zoek uit 2006 van Van der Gaag en colle-

ga’s, zijn de symptomen van schizofrenie 

onder te verdelen in vijf clusters (2006):  

1. Positieve symptomen 

2. Negatieve symptomen  

3. Desorganisatie symptomen  

4. Rusteloosheid 

5. Emotionele problemen 

Positieve symptomen zijn onder andere 

het hebben van wanen en hallucinaties. 

Onder negatieve symptomen worden vlak 

gevoel (affect) en sociaal en emotioneel 

teruggetrokkenheid gerekend. Desorgani-

satie kan zich uiten in gedrag en denken, 

symptomen in dit cluster zijn verminder-

de aandacht, moeite met logisch; samen-

hangend en/of abstract denken. Ruste-

loosheid uit zich in slechte impuls-

controle en opwinding. Emotionele pro-

blemen kunnen bestaan uit angst en de-

pressie.  

 

Aan 83 mensen met schizofrenie werd 

gevraagd een emotionele prosodietaak te 

maken. Tevens werd bij deze groep een 

interview afgenomen, waarmee aanwe-

zigheid en ernst van huidige klachten in 

kaart gebracht kunnen worden. Dit inter-

view is de PANSS, de positieve en nega-

tieve symptomen schaal. Volgens een 

recente theorie van Brunet-Gouet and 

Decety (2006) leiden stoornissen in emo-

tieherkenning bij anderen, tot angst en 

zich ongemakkelijk voelen in sociale situ-

aties (discomfort). Hierdoor zijn patiënten 

geneigd sociale interactie te vermijden. 

Op deze manier vindt geen sociale trai-

ning meer plaats en kunnen anderen ab-
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normale denkbeelden (wanen) niet meer 

corrigeren. Patiënten belanden zo in een 

vicieuze cirkel. Op basis van deze theorie, 

is te verwachten dat patiënten die zich 

meer terugtrekken van sociale interacties 

en die meer last hebben van wanen, 

meer stoornissen in emotie herkenning 

hebben. Volgens een andere hypothese, 

van Cutting et al. (1990), is er een relatie 

tussen het horen van stemmen en emoti-

onele prosodieperceptie. Deze hypothese 

stelt dat bij patiënten met auditieve hal-

lucinaties een verkeerde interpretatie van 

de bron (misattributie) van innerlijke 

spraak kan plaatsvinden als gevolg van 

stoornissen in prosodieverwerking (Cut-

ting, 1990). Volgens deze theorie is het 

horen van stemmen het gevolg van in-

nerlijke spraak die ten onrechte wordt 

herkend als stemmen van anderen. Deze 

misattributie zou het gevolg van stoornis-

sen in emotionele prosodieverwerking 

zijn. Op basis van deze theorie verwacht-

ten we dat patiënten met meer positieve 

symptomen, zoals het horen van stem-

men, meer fouten maken in het herken-

nen van emotionele prosodie.  

 

De resultaten waren gedeeltelijk in over-

eenstemming met de verwachtingen. Pa-

tiënten die meer last hadden van het ho-

ren van stemmen en wanen, maakten 

inderdaad meer fouten bij het herkennen 

van de emotionele intonatie. Ook werd 

een relatie gevonden tussen desorganisa-

tie symptomen en het herkennen van 

emotionele prosodie. Dit laatste was niet 

voorspeld.  

 

Deze resultaten geven ons meer zicht op 

klachten die mensen met schizofrenie 

ervaren en hoe deze met elkaar samen-

hangen. In eerder onderzoek werd ver-

ondersteld dat problemen in het herken-

nen van emoties bij anderen, voorname-

lijk samenhangen met het zich terugtrek-

ken uit de samenleving en met stoornis-

sen in emotie, zoals depressie. Onze re-

sultaten geven echter een andere relatie 

aan.  

 

Voor de begeleiding van patiënten en 

familie is het belangrijk zich te realiseren 

dat patiënten met desorganisatie symp-

tomen en met positieve symptomen pro-

blemen kunnen hebben in het herkennen 

van emotionele intonaties. Actief psycho-

tische patiënten hebben moeite met her-

kennen van ironie en humor (waar emo-

tionele prosodie belangrijk is), door hier 

in de begeleiding rekening mee te houden 

kunnen problemen worden voorkomen. 

 

Het behandelen van deze symptomen kan 

tot verbetering van emotieperceptie lei-

den. Echter ook emotieperceptie zelf zou 

getraind kunnen worden in psychosociale 

interventies. Hiermee zou de eerder be-

schreven vicieuze cirkel doorbroken kun-

nen worden en kunnen patiënten wellicht 

beter deelnemen aan sociale interacties. 
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In hoofdstuk 6 is een studie beschreven 

over de relatie tussen psychotische symp-

tomen bij mensen met schizofrenie en 

het ten onrechte toeschrijven van emoti-

onele waarde aan spraak met neutrale 

prosodie en neutrale gezichtsexpressies.  

 

Volgens de hypothese van ‘aberrant-

salience’ is er bij een psychose sprake 

van een ontregeld overschot van dopami-

ne in het brein (Kapur, 2003). Dopamine 

is een neurotransmitter die onder andere 

betrokken is bij de eerste waardering van 

stimuli. Dit proces wordt ‘appraisal’ ge-

noemd. Bepaalde aspecten van wat we 

waarnemen krijgen veel aandacht en an-

dere minder. Een ontregeling en over-

vloed van dopamine zorgt voor afwijkin-

gen in het toewijzen van waarde aan in-

terne en externe waarnemingen (stimuli). 

Wanneer er sprake is van een overschot 

en ontregeling van het dopamine sys-

teem, kunnen stimuli die eigenlijk neu-

traal zijn, een emotionele lading krijgen. 

Er kan een verhoogde staat van waarne-

ming en emotionaliteit ontstaan. Deze 

hypothese heeft oorspronkelijk betrek-

king op positieve symptomen, dat wil 

zeggen hallucinaties en wanen. In het 

onderzoek beschreven in hoofdstuk 6 

hebben we deze hypothese getoetst bij 

een groep schizofrenie patiënten met op 

voorgrond tredende positieve sympto-

men. We hebben gekeken of bij patiënten 

die stemmen horen de misattributie van 

emotionele waarde aan neutrale stimuli 

niet alleen aan positieve symptomen 

maar ook aan andere symptomen gerela-

teerd is. 

 

Zevenendertig patiënten maakten een 

emotionele prosodietaak en een taak 

waarbij zij emotionele gezichtsexpressies 

te zien kregen. Bij beide taken was de 

vraag zo snel mogelijk aan te geven wel-

ke emotie zij herkenden. Ook werd een 

psychiatrisch interview afgenomen (de 

positieve en negatieve syndromen schaal 

(PANSS)) om de symptomen in kaart te 

brengen. De resultaten gaven aan dat 

patiënten die vaker neutrale expressies 

van gezichten en in intonaties als boos of 

angstig herkenden, meer last hadden van 

desorganisatie, van rusteloosheid, zoals 

verlies van impulscontrole en vijandigheid 

en van angst en depressie. Deze resulta-

ten geven aan dat de invloedrijke theorie 

van ‘aberrant-salience’ niet alleen het 

horen van stemmen en hebben van wa-

nen kan verklaren, maar ook betrekking 

kan hebben op andere symptomen van 

schizofrenie. Deze resultaten geven op-

nieuw het belang aan van het verbeteren 

van het begrip van emotionele uitingen 

van anderen. Wanneer patiënten neutrale 

uitingen van anderen als emotioneel er-

varen, draagt dit bij tot het vormen van 

psychotische symptomen en problemen in 

het sociaal contact. 

 

In het laatste hoofdstuk, hoofdstuk 7, 

zijn de resultaten en inzichten samenge-

voegd om er een overzichtelijke en duide-

lijke samenvatting van te geven. Tevens 
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wordt het onderzoek in een breder per-

spectief geplaatst en worden ideeën voor 

toekomstig onderzoek gegeven.  

 

De uitkomsten van de studies bij gezonde 

controles, beschreven in dit proefschrift, 

geven aan dat frontale en temporale ge-

bieden betrokken zijn bij de perceptie van 

emotionele prosodie met een grotere rol 

voor de rechter hemisfeer. De hierop vol-

gende hoofdstukken laten zien dat schi-

zofrenie patiënten ernstige problemen 

kunnen hebben in het herkennen van 

emotionele prosodie. Vervolgens werd 

gevonden dat deze problemen samen-

hangen met bepaalde symptoomclusters. 

Deze bevindingen samen kunnen erop 

wijzen dat het neurale netwerk dat be-

trokken is bij deze symptoomclusters, 

overlap vertoont met dat van emotionele 

prosodie. De exacte neurale netwerken 

van beide moeten echter nog verder on-

derzocht worden. In onze studies hebben 

we alleen hersengebieden onderzocht die 

dicht aan de oppervlakte van de hersenen 

liggen. Er zijn studies die hebben aange-

toond dat dieper gelegen structuren ook 

betrokken zijn bij emotionele prosodie-

perceptie.  

 

Wanneer we de bevindingen samen ne-

men, kan geconcludeerd worden dat bij 

mensen met schizofrenie sprake is van 

afwijkingen in de rechter hemisfeer. 

Hiermee kan de invloedrijke theorie van 

Crow, die het ontstaan van psychoses in 

verband brengt met afwijkingen in taal-

functies van de linker hemisfeer, aange-

vuld worden met afwijkingen in (sociale) 

functies van de rechter hemisfeer (Crow, 

2000). Deze mogelijke samenhang tussen 

afwijkingen van sociale functies van de 

rechter hemisfeer, zoals emotionele pro-

sodie, zijn we momenteel in vervolgstu-

dies aan het onderzoeken bij zowel pati-

enten met schizofrenie als ook bij man-

nen met het Klinefelter (XXY) syndroom. 

Bij laatstgenoemd syndroom zijn zowel 

aanwijzingen voor verminderde lateralisa-

tie als ook een verhoogd risico op psy-

choses gevonden. Verminderde lateralisa-

tie betekent dat een functie meer door 

beide hemisferen dan door één hemisfeer 

ondersteund wordt. Wanneer wij hiervoor 

opnieuw bewijs kunnen vinden, kan 

hiermee mogelijk een genetische basis 

gevonden worden voor lateralisatie en 

psychoses, namelijk op het extra X chro-

mosoom. Met deze studies hopen we het 

neurale substraat en de genetische basis 

van emotionele prosodieperceptie bij 

schizofrenie en bij Klinefelter nader te 

onderzoeken om uiteindelijk bij te dragen 

aan meer begrip en betere interventie-

methoden voor beide ziektebeelden.  
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English summary 

 

Beyond what is being said  

Emotional prosody: its neural basis and its relevance 

for schizophrenia 

 

Layman’s summary 

Emotional prosody is a paralinguistic aspect of language, consisting of features inclu-

ding intonation, stress, pitch, and volume. It is also known as the emotional melody of 

speech. These cues are crucial for the understanding the intentions and emotional 

state of the other. The neural basis of emotional prosody has not been elucidated 

completely. Studies in this thesis have shown that different areas in the right hemi-

sphere but also some areas in the left hemisphere are involved in emotional prosody 

perception. Many patients with schizophrenia show impairments in the perception and 

expression of emotional prosody. Two studies were done to examine how these im-

pairments with schizophrenia relate to symptom clusters. Results showed that patients 

with more severe hallucinations and delusions made more errors emotional prosody 

perception. Severity of disorganisation symptoms such as problems with concentration 

and abstract thinking was also related to problems in the detection of emotional pro-

sody. Furthermore, patients misinterpreting neutral faces and neutral prosody as fear-

ful or angry, had more desorganisation problems, more hostility and depression and 

fear. These results lead to the conclusion that problems in the the recognition of emo-

tions in others, can be related to different symptoms instead of solely with emotion 

disorders. Treatment of these symptoms may indirectly improve emotion perception. 

Emotion perception should however also be a target itself in psychosocial interven-

tions. Improving emotion perception may break the vicious circle in which schizophre-

nia symptoms and problems in emotion perception are related and may reinforce each 

other, eventually leading to a better participation of social interactions. 

 

 



 



Acknowledgments 

 Dankwoord 

 

 

 



Dankwoord 

 
 

 126 

Op het moment dat ik een brief schreef 

om te solliciteren op het project “Brain 

asymmetry for emotional prosody in 

people at risk for psychosis”, dacht ik dat 

het project in Utrecht zou gaan starten. 

Het sollicitatiegesprek en dus ook de 

baan bleken echter in Groningen plaats te 

vinden. Na wat heimwee naar Amsterdam 

en vooral mijn vrienden daar, heb ik het 

heel leuk gevonden. In deze vier jaren 

heb ik veel geleerd en kunnen doen. Een 

aio–project kent zijn pieken en dalen, zo 

was het ook voor mij. Ik kijk zeker terug 

op vier voornamelijk leuke jaren. Met 

heel leuke collega’s, heel aardige proef-

personen, veel interessante congressen 

op mooie lokaties en veel kansen om van 

alles te leren. Het laatste half jaar heb ik 

het allerleukst en boeiendst gevonden; 

toen zijn de patiënt studies gestart. Ik 

ben erg blij dat ik hier nog een deel van 

heb kunnen uitvoeren.  

 

Nu, na vier jaar is er een proefschrift! 

Daarbij heb ik veel mensen kunnen 

betrekken ☺. Die wil ik hier allemaal1 

bedanken.  

 

Allereerst wil ik mijn promotoren André 

Aleman en René Kahn hartelijk bedanken 

dat zij mij de mogelijkheid hebben 

geboden een zo interessant project uit te 

voeren. André, bedankt voor de 

inspirerende POs, waarin je steeds weer 

nieuwe plannen voorstelde en vaak weer 

een nieuwe visie op resultaten had. Ik 

heb veel kunnen leren van de manier 

                                                 
1 ‘Allemaal’ is niet precies gelukt. Er zijn zeker 
meer mensen die me op eniger wijze goed 
geholpen hebben. Mijn excuses en ook dank 
aan hen die ik onterecht niet heb genoemd.  

waarop je resultaten van studies van ons 

vanuit jouw zeer grote theoretische 

kennis kon belichten. Ook bedankt voor 

het mogen bezoeken van zoveel 

congressen. René Kahn, de afstand 

Groningen-Utrecht maakte dat we elkaar 

niet vaak hebben gezien, maar bedankt 

voor het snelle doornemen van en de 

kritische vragen bij wat ik schreef, dat 

heeft de manuscripten zeker beter 

gemaakt. Rikus, wat goed dat je 

copromotor wilde worden. Ik wil je 

bedanken voor je goed meedenken en 

geven van snelle en goede feedback! Ook 

wil ik de leescommissie bedanken voor 

het beoordelen van mijn manuscript, 

professor J.M. Bouma, professor W.H. 

Brouwer en professor J. Vroomen.  

 

Leonie, bedankt voor jouw zo zorgvuldige 

en prettige manier van samenwerken. We 

hebben samen heel wat obstakels 

overwonnen. Na je stage ben je nog 

blijven werken op het NiC en ik ben blij 

dat jij nu weer verder gaat met de 

patiëntstudies die ik niet af heb kunnen 

maken. Simone, jij kwam als een 

geschenk uit de hemel, ik kan het niet 

anders zeggen en precies op het juiste 

moment. Je vroeg of je stage bij ons kon 

lopen, maar toen je er was, bleek je een 

zeer kundig Brainvoyager gebruiker en 

onderzoeker te zijn, die ook nog reuze 

goed en geduldig naar mij kon luisteren. 

Je hebt me enorm geholpen! Daarvoor 

veel dank! Hanneke, ook jij hartelijk dank 

voor je medewerking aan de studies. In 

de tijd dat ik mijn boekje moest schrijven 

heb jij veel proefpersonen naar de 

scanner begeleid en me zo dingen uit 
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handen genomen. Elly, jou wil ik 

bedanken voor je extra hulp en 

flexibiliteit. Annerieke, jij bent ook nog 

bijgesprongen om te helpen bij TMS en 

dataverwerking, hartelijk bedankt!  

 

In de vier jaren waren er genoeg 

technische raadsels om daarbij allerlei 

hulp in te schakelen. Peter Albronda, 

bedankt voor je hulp en ontwerpen van 

apparaatjes om apparatuur te verbinden, 

waarbij je ook nog leerzame uitleg gaf. 

Ook wil ik graag Remco bedanken. Waar 

zouden we zijn op het NiC zonder jou! Je 

hebt me vele malen uitleg gegeven op 

begrijpelijke manier (knap!), waardoor 

ineens veel meer mogelijk bleek te zijn. 

Ruud, “de TMS-UD”, maar dan wel micro, 

jij ook hartelijk dank voor het meedenken 

en helpen oplossen van raadsels en ook 

voor het zo zorgvuldig doornemen van 

manuscripten! Af en toe kon ik ook nog 

wat andere handige mensen aanspreken 

om te helpen, zoals Luca, Dave en Cris. 

Jullie hebben me goed geholpen. Anita en 

Judith, jullie wil ik heel erg bedanken 

voor het scannen, waarbij jullie zo goed 

ook ietwat angstige of bijna van te groot 

formaat zijnde proefpersonen, in de 

scanner hebben gekregen.  

 

Medewerkers van 7500, jullie heb ik veel 

gesproken, bedankt voor het oplossen 

van allerlei computerproblemen, Fester, 

Erwin, Ardy, Henk, Jeroen, Kor, Ineke, 

Elles en Dick. Gerry, jij hebt heel wat 

mailtjes en papieren van me gekregen, 

bedankt voor je prettige en snelle manier 

van reageren. Eerder Tinie en later 

Hedwig, bedankt voor jullie goede 

zorgen. Ook eerder was Rob er, die 

dingen goed heeft opgemerkt en veel 

hulp heeft geboden. Gert, ook jij bedankt 

voor de nuttige antwoorden op vragen 

van mij, daar heb ik zeker wat aan 

gehad. Nynke, Janine, Diana en Evelyn 

van BCN, jullie hebben gezorgd voor de 

mogelijkheid velerlei lezingen en 

cursussen te kunnen volgen om zo in 

contact te komen met aio’s van andere 

disciplines. Bedankt!  

 

En dan wil ik ook mijn leuke 

kamergenoten bedanken: Ans, Marte, 

Lisette en Edith, wat is het belangrijk 

geweest dat jullie er waren deze jaren. 

We hebben veel over leuke en een beetje 

over minder leuke dingen kunnen praten. 

Ja zeker véél gepraat. Bedankt voor al 

jullie luisteren, ik realiseer me, er waren 

tijden dat ik misschien niet goed kon 

relativeren. Jullie hebben me daarbij goed 

geholpen. Lisette en Marte, leuk dat jullie 

mijn paranimfen zijn! Ik vertrouw 

helemaal op jullie ☺. Ans, ik weet nog 

precies dat ik jou zag zitten toen ik op 

mijn eerste werkdag op het NiC kwam; je 

was meteen een prettige collega. Bedankt 

dat ik een beetje mee mocht werken aan 

jouw patiëntstudies; dat heeft voor mij 

de eerste jaren een stuk veelzijdiger 

gemaakt. Eerst waren we nog maar met 

z’n tweeën. Al snel is de groep explosief 

gegroeid. De andere cognies wil ik 

bedanken voor de leuke congressen en 

etentjes en praatjes in de gang: Esther, 

Betty, Marieke, Thomas, Hedwig, 

Branislava, Ruud, Katharina, Ramona, 

Gemma, Vero-ni, Piotr, Jozarni en 

Annerieke. Collega’s van de gang, ook 
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jullie hebben gemaakt dat het bijna altijd 

prettig was om naar het NiC te komen. 

Martijn, bedankt voor het beantwoorden 

van al mijn vragen over al dan niet 

neurologische aandoeningen. Sophie van 

Rijn, wat heb je veel vragen beantwoord 

en geholpen bij de opzet van studies, 

bedankt! Marion Scholten, we hebben 

elkaar eigenlijk nooit ontmoet, ik wil je 

bedanken dat je me meerdere malen 

nette bestanden met jouw data 

toestuurde, zodat we nu samen een 

artikel hierover hebben kunnen schrijven. 

Ook de collega’s van het psychosenclus-

ter van het Universitair Centrum 

Psychiatrie wil ik hartelijk bedanken voor 

de prettige samenwerking, waardoor het 

goed mogelijk is patiëntgebonden 

onderzoek te doen. Frans, bedankt dat ik 

betrokken mocht zijn bij de analyse van 

een emotie-fMRI-dataset van jouw groep. 

Hierdoor kon ik even een beetje bij een 

andere (mannen-) onderzoeksgroep 

horen en kon ik meer ervaring op doen 

met SPM. En Thera Links, hartelijk dank 

dat je met ons samen wil werken aan de 

Klinefelter emotionele prosodiestudie! 

Door jouw inzet konden we in korte tijd 

een groot aantal mannen met Klinefelter 

bereid vinden mee te doen aan onze 

fMRI-TMS studie. Dit is zeker een van de 

boeiendste deelprojecten van mijn jaren 

in Groningen! Ik kan deze studie niet 

meer zelf afronden, maar ik blijf er graag 

bij betrokken. 

 

Tijdens een congres in Venetië, zat ik bij 

een diner tegenover Cees Slooff, ineens 

was geregeld dat ik een dag per week 

een werkervaringsplek kon krijgen in 

Assen bij het psychosecircuit van GGZ 

Noord Drenthe. Wat is dat een mooie 

kans geweest! Heel hartelijk dank, Cees 

en Frederiec; jullie hebben me 

enthousiast gemaakt om te gaan werken 

als psycholoog in de psychiatrie. Ik heb 

heel veel van jullie geleerd! Ook Henk 

Jan, Eliane, Annet, Gonny, Ria, Dineke en 

Evelyn bedankt voor jullie extra geregel 

waardoor ik de donderdagen bij jullie kon 

werken en zoveel ervaring op kon doen. 

 

Dita, Suzanne, Simon, Rosa, Adrian, 

Simon, Maryam, Evelinda, Sanne, 

Christien, Yasser, Tjerk, Maaike, Kristel, 

Hans, Arjen, Anne-Marie, Willemijn, JP, 

John, Floris, Laureline, Marije, Ronald en 

Martine, gelukkig was voor jullie het hoge 

noorden niet te ver! Bedankt voor jullie 

bezoeken, luisteren en goede tips, 

waaronder het idee eventueel te 

relativeren ☺. Ook heb ik gelukkig in 

Groningen nieuwe mensen leren kennen; 

o. a. Esther, Jelly, Rick, Robin, Lidewij, 

Jozarni, Jessica en Marten. Leuk waren de 

avonden in café ’s en etentjes bij elkaar 

thuis! Komen jullie op bezoek in 

Amsterdam?! En ik kom graag weer eens 

naar het noorden. Verder wil ik mijn 

medebewoners van het mooie hofje aan 

de Haddingestraat bedanken. Wat was 

het prettig om zo midden in de stad op 

een zo rustige plek te wonen, met 

prettige buren! 

 

Broers en schoonzussen, Wichert en 

Jasper, Suzanne en Lily, bedankt voor het 

luisteren naar praatjes over onderzoek 

doen. Suzanne, wat knap bedacht, de 

praatwolk op de voorkant! “Ome” Anton, 
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bedankt dat ik van een gedicht van jou 

enkele strofes voorin mijn proefschrift 

mocht zetten. Deze omslag en dit gedicht 

maken het proefschrift een stuk leuker, 

hartelijk dank! Papa en mama, bedankt 

voor het leuke ouders zijn. Jullie hebben 

me op een prettige manier altijd in alles 

gesteund en gestimuleerd. En dan nu wel 

eens het boekje lezen hè? Helaas kan ik 

mijn lieve oma niet meer bedanken, maar 

anders zou ik willen zeggen: u deed me 

geloven dat ik het allemaal wel kon. Ook 

andere familieleden bedankt voor de 

interesse en aandacht. En natuurlijk lieve 

René!: dat waren nou best enerverende 

maanden, waarin we allebei ons 

proefschrift schreven. Ik ben je heel 

dankbaar voor al je geduldige luisteren 

en je prettige kijk op dingen. Uit cellen 

kruipende eiwitten onderzoeken blijkt 

toch ook gelijkenissen te vertonen met 

MRI en TMS onderzoek bij proefpersonen. 

Nu kom ik snel naar je toe in Amsterdam!  
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laude af, waarna zij haar promotieonderzoek begon aan de Rijksuniversiteit Gronin-

gen. Het onderzoek dat zij deed onder supervisie van Prof. André Aleman, Prof. René 

Kahn en dr. Rikus Knegtering heeft geresulteerd in het voorliggende proefschrift. In 

het laatste jaar van haar promotie heeft zij ervaring opgedaan als psycholoog bij GGZ 

Drenthe in Assen. Vanaf 1 november 2009 is zij aangesteld als psycholoog bij GGZ 

Noord-Holland-Noord in Heiloo, waar zij de GZ-opleiding gaat doen. Ook blijft zij be-

trokken bij patiëntstudies die een vervolg zijn op de onderzoeken beschreven in dit 

proefschrift.  



 


