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Language lateralization in healthy people with auditory 
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Language lateralization in schizophrenia has been reported to be decreased, which is due to increased 
language activity of  the right hemisphere. Furthermore increased right hemisphere language activity is 
correlated to the severity of  auditory verbal hallucinations (AVH) in schizophrenia, and could possibly be 
a predisposing factor for AVH. However, schizophrenia is a complex syndrome consisting of  psychotic, 
cognitive and negative symptoms. In order to learn whether decreased lateralization plays a causal role in the 
pathophysiology of  AVH, the isolated form of  AVH should be investigated, which can be found in healthy 
subjects with AVH. Language lateralization was measured in 10 healthy subjects with AVH and compared 
to 10 schizophrenia patients and 10 healthy controls matched for age, handedness and education. Subjects 
were scanned while covertly performing a paced letter fluency task. A significant main effect for group was 
revealed with respect to the right hemisphere. This was due to increased activation in the right hemisphere 
of  the schizophrenia patients relative to the healthy controls. Differences in language lateralization between 
schizophrenia patients, healthy subjects with AVH and healthy controls did not reach significance. However, 
mean lateralization indices were lower in both hallucinating groups. This difference is likely to become 
significant when sample size increases
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1. Introduction

Although auditory verbal hallucinations (AVH) 
occur with a lifetime prevalence of  10 to 15% in 
persons without neuropsychiatric diseases (Van Os, 
2000; Aleman et al., 2001) they are most common in 
schizophrenia, with an average prevalence of  60% 
(Nayani & David, 1996). Therefore, recent models 
of  AVH are generally based on results gained from 
studies in patients with schizophrenia.

A consistent finding is the more bilateral 
cortical representation of  language functions in 
schizophrenia patients as compared to controls 
(Bruder et al, 1999; Loberg et al, 1999; Ragland et al, 
1992; Lewis et al, 1992; Artiges et al 2000; Spence et 
al., 2000; Crow, 2000; Sommer et al., 2001, 2003, 2004; 
Weiss 2004, 2006; Kircher et al., 2002; Dollfus et al, 
2005). Reports of  an inverse correlation between the 
degree of  language lateralization and the severity of  
AVH (Sommer et al. 2001, 2003; Weiss et al., 2006; 
Green et al., 1994) are suggestive of  an association 
between decreased lateralization and AVH.  Possibly, 
language activity derived from cortical areas in two 
hemispheres is more difficult to identify correctly as 
inner speech than language activity originating from 
the dominant hemisphere only. 

Schizophrenia, however, is a complex syndrome 
consisting of  psychotic, cognitive and negative 
symptoms. Therefore, reduced language lateralization 
could also be linked to other symptoms or to the 
general cognitive decline. In order to learn whether this 
deviation plays a causal role in the pathophysiology 
of  AVH, the isolated form of  hallucinations should 
be investigated. This can be achieved by studying 
healthy subjects who experience AVH, without other 
psychotic or cognitive symptoms and who have no 
history of  hospitalisation or chronic medication 
use. 

In this study, language activation is assessed in 
healthy individuals who experience isolated AVH 
compared to schizophrenia patients with AVH and 
healthy controls without AVH. It is hypothesized that 
the healthy subjects with AVH and the schizophrenia 
patients exhibit decreased language lateralization 
compared to the healthy controls. This decrease is 
expected to be due to increased activation in the 
right hemisphere language regions.  

2. Method

2.1 Participants

Ten healthy controls without any psychotic 

experiences, ten healthy subjects with frequent 
AVH and ten schizophrenia patients were included.  
Participants from the first and the second group were 
informed about the study through a website built for 
this purpose. Attention to the website was drawn by 
means of  flyers, internet links and media attention. 
On the website, subjects were asked to fill out an 
electronic questionnaire. The website contained 
only sparse information about the study since it 
could influence the answers to the questionnaire. 
The questionnaire consisted of  6 items relating to 
auditory hallucinations. Based on their scores on 
these items subjects were contacted and screened 
by telephone. When subjects fulfilled the criteria 
concerning age and the absence of  substance abuse, 
they were asked to come to the UMC Utrecht where 
the final screening took place. 

The following inclusion criteria were used for both 
groups. All subjects had to be aged 18-65, have no 
history of  drug or alcohol abuse and no diagnosis of  
a psychiatric disorder. These criteria were addressed 
in detail during the screening at the UMC Utrecht. 
Screening for psychiatric diseases was performed 
on the basis of  DSM-IV as determined by an 
independent psychiatrist and one of  the researchers 
using the Comprehensive Assessment of  Symptoms 
and History (CASH) interview (Andreasen et al., 
1992). The presence of  AVH was further assessed 
with the Launay Slade Hallucination Scale (LSHS) 
(Laroi et al. 2004, Aleman et al. 2001). 

Schizophrenia Patients were asked to participate 
by an independent psychiatrist. All were diagnosed 
on the basis of  DSM-IV as determined by an 
independent psychiatrist using the CASH interview 
(Andreasen et al., 1992). All patients were using 
antipsychotic drugs at adequate levels, but continued 
to experience AVH at a frequent (daily) base. 

All groups were matched for age and handedness. 
Healthy subjects with and without AVH were also 
matched for their years of  education. The latter was 
not measured for the schizophrenia patients, since the 
onset of  their disease interfered with their education. 
For safety reasons the following exclusion criteria 
were used: metal objects in or around the body that 
could not be removed (i.e. cochlear implant, surgical 
clips, piercings, cardiac pacemaker), history of  eye 
trauma with a metal object, professional metal 
workers, alcohol abuse and possibility of  pregnancy. 

Participants had to fill out an informed consent 
for participation in the study. They received an 
honorarium and a compensation for their traveling 
expenses. This study has been approved by the local 
hospital Medical Ethics Committee. 
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voxelsize 4 mm isotropic. After completion of  the 
functional scans, a high resolution anatomical scan, 
with the following parameters TR/TE: 25/ 1.68 ms, 
1x1x1 voxels, flip angle 30°, was acquired to improve 
localisation of  the functional data. A mirror allowed 
the participant to view a screen, which facilitated 
the presentation of  the letter fluency paradigm 
via a LCD projector outside the RF cabin. Head 
movement was minimized by a forehead strap and 
subjects wore noise insulated ear protectors.

2.4 Data Analysis

FMRI data were analyzed using statistical 
parametric mapping (SPM2; Welcome Department of  
Cognitive Neurology, London, UK). Preprocessing 
included reorientation and within subject image 
realignment with rigid-body transformations using 
the first image as reference. This procedure corrected 
images for any three-dimensional head movement 
that occurred between scans, and hence improved 
the sensitivity of  analyses by reducing the amount 
of  artefactual signal intensity changes present in 
the image series due to movement. Afterwards, 
coregistration of  the functional and anatomical 
image took place, followed by spatial normalization 
to a standard template. 

2.5 Statistics

2.5.1 Main effects 

Functional images were analyzed on a voxel 
by voxel basis using multiple regression analysis 
(Worsley and Friston 1995) with one factor coding 
for activation (task versus rest), and 6 for movement 
related activation extracted from the realignment 
parameters. The threshold corresponded to a p-
value of  0.001. The 6 movement related regressors 
were used as covariates in the analysis.  

	
2.5.2 Language lateralization

In order to determine language laterality, a mask 
was created, comprising the main areas where language 
processing is thought to be mediated (Maldjian 

Group N Age   Sex  Handedness   Years of  Education
Mean/(SD) M F L R

Controls 10 45/(13) 4 6 1 9    6.5/ (.5)
AVH 10 44(11) 1 9 1 9    5.3/  (2)

Schizophrenia 10 39(11) 10 0 1 9

2.2 Experimental task 

All participants were scanned using the same 
design and set-up. The experimental task consisted 
of  a paced letter fluency task. Letter fluency is 
a classical neuropsychological task of  language 
production, which involves the generation of  words 
beginning with a specified letter. In this paradigm 
the subjects were asked to covertly generate a word 
starting with a letter displayed on the screen in front 
of  the subject. Since it is harder to use these letters 
to form words, the letters X, Q and C were excluded. 
Stimuli were presented in 8 activation blocks, each 
block lasting 30 seconds. In each activation block 10 
letters were displayed at a rate of  one letter every 3 
seconds. As a reference condition for functional MRI 
image analysis, a baseline condition was presented in 
which a cross was projected on the screen in order 
to correct for visual input. Activations blocks were 
alternated with the reference condition. Presentation 
of  letters was randomized in each block. Apart from 
the covert word generation of  the experimental 
trial a short trial consisting of  only two blocks, in 
which subjects had to generate words overtly, was 
used in order to measure behavioral performance of  
the subjects while subjects were still in the scanner. 
Subjects thought these blocks were part of  the actual 
study in order to keep their performance steady. All 
participants performed the task correctly. However, 
the change from covert articulation to overt 
articulation was confusing for the schizophrenia 
patients. Therefore these behavioral blocks were 
not used during patient scans. Patients were trained 
extensively before the actual scanning started. Only 
patients capable of  performing the task correctly 
were included. 

2.3 Stimuli

Activation maps were obtained using a Philips 
Achieva 3 Tesla Clinical MRI scanner at the 
University Medical Centre (UMC) in Utrecht. 400 
weighted echo-planar images, depicting BOLD 
contrast, were acquired with the following parameter 
settings: 20 (axial) slices EPI, TE/TR 1200/35 ms , 
flip angle 35° , FOV 256x80x208, matrix 64x64x20, 

Table 1. Demographic variables of the participant groups.
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et al., 2003, 2004; Springer et al, 1999). Language 
areas consisted of  Broca’s area and its contralateral 
homologue (Brodmann area, BA, 44 and 45) , the 
dorsolateral prefrontal cortex (BA 9 and 46), middle 
temporal gyrus (BA 21), superior temporal gyrus 
(BA 22, 38, 41, 42 and 52), supramarginal gyrus (BA 
40), angular gyrus (BA 39) and the inferior temporal 
gyrus (BA 20). 

Subsequently, the number of  active voxels in 
each selected region was determined. Laterality 
was compared by means of  multivariate analysis 
of  variance (MANOVA) in which all three groups 
were compared on the amount of  activated voxels 
in language regions in the entire brain, the left 
hemisphere and the right hemisphere. 

Apart from this a lateralization index was 
calculated for each subject separately. Lateralization 
indices were defined as the difference in number of  
active voxels in the left versus the right hemisphere 
(within the selected language regions) divided by the 
total sum of  activated voxels in both hemispheres. 
Following this, differences in lateralization index 
between the clinical subgroups were compared by 
means of  analysis of  variance (ANOVA). 

3. Results

3.1 Phenomenology of AVH

A comparison between the AVH reported by 
the schizophrenia patients and the AVH reported 
by the healthy subjects revealed both differences 
and similarities. Statements are based on the CASH 
interview (Andreasen et al., 1992). Therefore they are 
mostly qualitatively instead of  quantitatively. Both 
groups reported that the voices they experienced 
sounded very real, as coming from a person standing 
next to them. In addition both the schizophrenia 
patients and the healthy subjects with AVH localized 
the voices as coming form ‘the outside world’. Also all 
subjects experienced up to 6 different voices, mostly 
the voices of  relatives, friends or other acquaintances. 
Differences were apparent in the frequency of  the 

experienced hallucinations, the amount of  positive 
versus negative content and the control the subjects 
could execute over their hallucinations. While the 
frequency of  the hallucinations varied from multiple 
times per hour till once every three months in the 
healthy subjects with AVH, the schizophrenia 
patients experienced hallucinations almost 
constantly. Furthermore, all of  the schizophrenia 
patients reported that the hallucinations made them 
either anxious or uncomfortable. Only one of  the 
healthy subjects reported the hallucinations to be 
fearful occasionally. The same person reported the 
content of  the voices to be negative sporadically. 
For the schizophrenia patients the content of  the 
voices was negative, regularly. Moreover, the healthy 
subjects with AVH claimed to be able to execute 
come control over their hallucinations, meaning 
they could stop the hallucinations whenever they 
interfered with their daily activities. This wasn’t the 
case for the schizophrenia patients. The only control 
they could execute was by focusing their attention on 
something different in which they succeeded rarely 

During the verbal fluency task both groups 
reported no occurrence of  hallucinations. 

3.2 Language lateralization

The multivariate analysis of  variance (MANOVA) 
was conducted with group as the between subjects 
factor (healthy controls, healthy subjects with AVH 
and schizophrenia patients) and the amount of  
activated voxels in the selected regions for the entire 
brain, the left hemisphere and the right hemisphere 
as the independent variables. Means and standard 
deviations are displayed in table 2.  With respect 
to activity in the right hemisphere a significant 
main effect for group was revealed (F(2) = 3,485, 
p < 0.045). This was due to increased activation in 
the right hemisphere of  the schizophrenia patients 
relative to the healthy controls (post-hoc test Tukey 
HSD: p < 0.042). There was no main effect for 
group with respect to the left hemisphere (F(2) = 
0.111, p < 0.233) and the entire brain (F(2) = 1.538, 
p < 0.896).  

Healthy controls 
(n = 10)

Healthy subjects with 
AVH (n = 10)

Schizophrenia patients 
(n=10)

Mean SD Mean SD Mean SD
Left Hemisphere 109,7 42,52 121,10 72,84 133,50 44,90

Right Hemisphere 32,3 20,99 48,10 54,49 87,00 58,41
Total 142 58,57 166,40 96,05 200,50 64,70

Table 2. Mean activation and standard deviations in the selected language regions for the left hemisphere, 
right hemisphere and the entire brain for the controls, the patients and the subjects with AVH.
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The mean lateralization index was 0.57 (SD 
0.18) for the healthy controls, 0.48 (SD 0.43) 
for the healthy subjects with AVH and 0.38 (SD 
0.40) for the schizophrenia patients. The one way 
ANOVA with group as between subject factor and 
lateralization index as the depended variable revealed 
no significant main effect for group (F(2) = 0.720, 
p < 0.496). Lateralization indices for the separate 
language regions are not shown since activity 
measured in certain regions consisted of  only one 
active voxel, yielding unrepresentative lateralization 
indices of  around 1 or -1.  By combining activity in 
the separate regions, thus establishing one measure 
of  language-related activity for each hemisphere, 
this shortcoming could be resolved. 

4. Discussion

This study is the first study to assess language 
lateralization in healthy subjects experiencing AVH. 
We examined this group in order to be able to study 
this symptom in isolation. Language lateralization 
was somewhat lower in both groups with AVH as 
compared to controls without AVH, but significance 
was not reached in this sample. Yet, the increase in 
right hemisphere language activation in schizophrenia 
patients compared to the healthy controls did reach 
significance. In contrary, healthy subjects with 
AVH didn’t differ significantly on right hemisphere 
language activity as compared to the other two 
groups. Furthermore left hemisphere language 
activity and language related activity in the entire 
brain didn’t differ significantly between the three 
groups.  With respect to differences in lateralization 
indices our results are not in agreement with previous 
studies establishing significant decreases in language 
lateralization in schizophrenia patients compared to 
healthy controls (Bruder et al, 1999; Loberg et al, 
1999; Ragland et al, 1992; Lewis et al, 1992; Artiges 
et al 2000; Spence et al., 2000; Crow, 2000; Sommer 
et al., 2001, 2003, 2004; Weiss 2004, 2006; Kircher et 
al., 2002; Dollfus et al, 2005).

However, since the present study consisted of  a 
pilot study, the sample size was rather limited. In an 
attempt to establish a good estimate for an appropriate 
sample size, power values were calculated, yielding 
a sample size of  45 participants per group. Given 
that the mean language lateralization was somewhat 
lower for both the healthy subjects with AVH and 
the schizophrenia patients, combined with the small 
sample of  10 patients per group, enlarging the sample 
size would expectedly lead to a significant effect in 
both groups.  A different explanation is that the 
decrease in lateralization noticed in schizophrenia 
patients is related to other disease related symptoms 
for example Formal Thought Disdorder (FTD). 
This candidate symptom is suggested by Kircher et 
al. (2002). Kircher et al. (2001, 2002) found reversed 
temporal language lateralization, due to increases in 
right hemisphere superior temporal gyrus and middle 
temporal gyrus in schizophrenia patients with FTD. 
Since the schizophrenia patients participating in this 
study were not selected based on the presence of  
this symptom, the absence of  a significant decrease 
in language lateralization could be explained by the 
relative lack of  FTD in these patients. 

The increase in right hemisphere language 
activation is in line with previous neuroimaging 
studies (Sommer et al., 2001, 2003, 2004; Weiss 
2004, 2006; Kircher et al., 2002).  Increased activity 
of  the right hemisphere was established as the 
source of  abnormal lateralization rather than being 
brought about by decreased lateralization of  the left 
hemisphere. Nonetheless our finding contradicts 
the findings of  several other studies reporting 
decreased language activation of  the left hemisphere 
in schizophrenia patients as the source for abnormal 
lateralization (Lewis et al., 1992; Dollfus et al., 2005). 
It has been suggested that decreases in left hemisphere 
language activity are related to performance deficits 
rather than being linked to AVH (Weiss et al., 2004). 
Test performance can be a confounding factor in 
studies with schizophrenia patients and will typically 
result in a bias towards reduced brain activation in 
poorly performing patients (Ramsey et al., 2002; 
Calicott et al., 2000). In order to compensate for 
performance artefacts Frith et al. (1995) studied 
schizophrenia patients in comparison to healthy 
controls matched for performance. Their results 
showed no decreases in frontal-activity (Frith et al., 
1995). Furthermore Weiss et al. (2004) reported that 
high-functioning schizophrenia patients in clinical 
remission and healthy controls were found to display 
similar patterns of  language activation except that 
the activation was primarily in the left hemisphere in 
the controls while for patients it was more bilateral. 

Figure 1. SPM (T)’s for the healthy controls, healthy 
subjects with AVH and the schizophrenia patients.
(Images are in neurological orientation). 

Healthy controls subjects with AVH Schizophrenia 
patients
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Based on these findings it is presumed that decreases 
in left hemisphere language activity are caused by 
deficits in performance rather than being related to 
AVH.  

Apart from the small sample size, this study has 
another limitation. The group of  schizophrenia 
patients existed of  9 males and only one female 
participant, while the group of  healthy people 
with AVH comprised only one male participant. 
This was due to the fact that most schizophrenia 
patients volunteering were males and almost all 
healthy participants that responded to our website 
females. Furthermore, of  the schizophrenia patients 
volunteering for this study, all but one woman had to 
be excluded because of  scanner anxiety. Considering 
the healthy subjects experiencing AVH, the 
researchers are not aware whether the higher amount 
of  women volunteering was due to a response bias 
or whether the percentage of  women experiencing 
AVH without meeting the criteria for a psychiatric 
diagnose, is actually higher. A future study should 
attempt to seek out which is the case. Still, a study 
by Weiss et al. (2003) showed that men and women 
that did not differ significantly in verbal fluency task 
performance showed a very similar pattern of  brain 
activation. Also differences in language lateralization 
between men and women are absent in a study by 
Sommer et al. (2004). 

4.1 Suggestions for future research 

Some comments can be made on the applied 
method. The common method for determining 
lateralization indices is by calculating the total 
amount of  activated voxels above a chosen threshold 
in predefined regions of  interest in the left versus 
the right hemisphere divided by the total sum of  
activated voxels in both hemispheres (Binder et al., 
1996). Yet, this doesn’t take into account the strength 
of  activation above the threshold chosen. A different 
method used is to calculate a lateralization index based 
on the magnitude of  signal change without choosing 
a predefined activation level. (Adcock et al, 2003). 
In a recent review by (Jansen et al., 2006) various 
methods for determining lateralization indexes were 
compared. The main focus of  this study was to 
identify a method that could yield robust as well as 
reproducible results. The authors concluded that the 
best method for calculating a lateralization index was 
to use signal intensity changes in a region of  interest 
that exceeded a predefined activation level. A future 
study should make use of  this method in order to 
achieve both robust and reliable results. 

In summary, we can conclude that healthy subjects 

with AVH don’t display a significant decrease in 
language lateralization. Yet, since mean lateralization 
index was somewhat lower in this group compared 
to the healthy controls and since the sample size 
was rather limited, the results are likely to become 
significant when the sample size increases. 
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