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Abstract 
The aim of the present fMRI-study was to investigate the 

influence of different word prosodies on the activation of the 
auditory cortex (AC) of 24 subjects. Pseudowords and 
semantically neutral words were presented with neutral 
prosody in experiment I and with emotional prosodies in 
experiment II. We applied two lexical tasks i.e. detecting 
words or pseudowords. The control task was to detect pure 
tones. In both studies there was a typical left lateralized 
activation for speech perception on planum temporale (T3). 
This territory as part of Wernicke’s area is specifically 
involved in speech perception. 

A right lateralization simply dependent on prosodic versus 
neutral content of speech stimuli, as suggested by some 
literature, is not supported by the current results. In our 
experiments the emotional information was task-irrelevant 
and even distracted from the lexical task. Namely, the 
performance in the detection of words and pseudowords was 
significantly better in the prosodically neutral condition. 
Thus, the current results contribute to the clarification of the 
controversial issue whether prosodies lateralize brain 
activation to the right, i.e. if lexical rather than prosodic 
information is in the focus of a task involving prosodic 
material, a right hemisphere dominance cannot be expected. 

1. Introduction 
For the study of prosody perception different methods are 

used. Including dichotic listening tests, functional non-
invasive brain imaging, and clinical studies e.g. on brain 
damaged patients [1; 11]. Based on these investigations, 
different theories regarding the laterality of prosody 
processing are discussed: 
1. Acoustic hypothesis (bottom up) 

• Pitch differences are processed primarily in the 
right hemisphere, durational parameters, on the left side 
[19; 27; 30]. 
• The fundamental frequency is processed in the right 
hemisphere and integrated with semantic and syntactic 
information from the left hemisphere via the corpus 
callosum. It is assumed that the acoustic parameter 
duration is processed in the left hemisphere. [17] 
• Deficits in the processing of spectral and temporal 
acoustic information are responsible for the disturbed 
perception of prosody [8] 

2. Functional hypothesis (top down) 
• Emotional aspects of prosody are processed in the 
right hemisphere whereas linguistic aspects of prosody are 
processed on the left side [4] 

• Prosody processing takes place in right hemisphere 
regions which on the left side are responsible for language 
processing. [22; 17; 26; 23] 
Non-uniform results were found regarding the functional 

role of the hemispheres in prosody processing. One important 
reason for this may be the use of language material. In most 
studies on prosody, semantic and syntactic processing 
involves a stronger activation of the left hemisphere. This 
additional activation of the left hemisphere could possibly 
conceal the processing of prosodic features in the right 
hemisphere [1]. A further reason for these inconsistencies 
may be methodological differences between the studies. 
Often, the prosodic stimulus material is not sufficiently 
validated [19], so that the intended emotion can not be 
identified even by healthy control subjects [25]. 

For the reasons stated above, it is presently unclear 
whether the processing of prosody is a dominant function of 
one hemisphere or only a gradual difference in the 
effectiveness of the processing between the hemispheres. 

The aim of the present study was to test the lateralization 
of activation in auditory cortex in a lexical decision task 
involving speech stimuli with either neutral or emotional 
prosody taken from a prosody corpus developed and 
evaluated in our lab. 

2. Corpus 
In a communicational situation the interpretation of 

prosodic expressions are influenced by factors like gestures, 
facial expression, and conversational context. In studies on 
auditory processing of prosody perception all these aspects of 
a communicational situation lead to additional, confounding 
brain activation. Therefore, it is not possible to disentangle 
the effect produced by the auditory processing of prosody. 
Hence, stimuli for such studies must be suitable for prosody 
and speech perception tests without communication context. 

Therefore, we developed the “Corpus of spoken words for 
studies of auditory speech and emotional prosody processing” 
(WaSeP©) for the investigation of speech and prosody 
perception under the special requirements of non-invasive 
brain imaging [29]. 

2.1. First Part - words 

The first part of the corpus contains more than 3000 two-
syllabic German nouns with one master morpheme in 
nominative singular form, spoken by an actor and an actress 
in standard German pronunciation. All stimuli were recorded 
in an acoustically controlled environment. All nouns of 
WaSeP© were evaluated for there lexical emotional 
connotation by 36 German native speakers (from 19 to 52 



years). For each noun, the number of allocations to the 
different semantic categories (positive, neutral, negative) was 
registered and a rank scaling was generated. Those nouns, 
which occupied the first one hundred ranks of either the 
positive, neutral, or negative scale, were encoded [encoding - 
2] to convey the target emotions joy, sadness, anger, fear, and 
disgust. 

2.2. Second Part - pseudowords 

The second part of corpus consists of 222 two-syllabic 
pseudowords, which resulted from permutations of the two-
syllabic German nouns from the first part. These 
pseudowords, which were phonetically balanced and 
corresponded to the phonological, phonotactic and phonetic 
rules of German language, were spoken by the actors with the 
following prosodies: neutral, joy, sadness, anger, fear, and 
disgust. The emotional prosodic expressions of these stimuli 
were evaluated by a phonetically untrained group of 74 native 
German listeners (age 18 to 62 years) [decoding – 2]. 

All emotional prosodic expressions were identified by 
more than 70% of all listeners. There were no significant 
differences with respect to the gender of the listeners or the 
speakers. 
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Figure 1: Decoding emotional prosodies of the untrained 
group (74). 

3. Method 

3.1. Subjects 

Twenty four healthy, normal hearing native German 
speakers (12 female and 12 male, age 21 – 40), participated in 
the experiments. They gave written informed consent to the 
study which was approved by the ethics committee of the 
University of Magdeburg. 

3.2. Data acquisition 

Before the fMRI session, participants answered the 
hearing questionnaire from the WaSeP© and thus were 
familiar with the stimuli. Furthermore, they were experienced 
in the scanning procedure due to previous participation in 
several other fMRI studies. 

Low noise fMRI experiments were carried out in a 
BRUKER 3T/60 head scanner equipped with a quadrupolar 
birdcage head coil [24]. Pilot scans were used for orientation 
of 4 contiguous 8mm slices covering the superior temporal 

plane in both hemispheres by following the course of the 
sylvian fissure on both sides as closely as possible. 

 

Figure 2: Slice orientation at fMRI experiments. 

During functional imaging, pseudowords and 
semantically neutral words from the WaSeP© were presented 
binaurally with neutral prosody in experiment I and with 
emotional prosodies in experiment II via electro-dynamic 
headphones [3]. The control task was to detect pure tones 
(440 Hz). Each stimulus block of 24 sec consisted of words, 
pseudowords and pure tones in randomized order and 
alternated with silence blocks of 24 sec. 
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Figure 3: Block design of both experiments. 

For each experiment, 215 functional images of each slice 
were acquired in 17 min12 sec using a FLASH sequence (TE: 
32 ms; TR: 179.25 ms; flip angel: 15°; matrix size: 64x46; 
field of view: 18 cm). We used the keyhole technique to 
increase data acquisition rate (keyhole-factor: 0.5, keyhole-
block-size: 5). 

3.3. Data processing 

Each functional data-set was subjected to a quality check. 
The data processing was monitored using the AIR package. 
Images were corrected for 2D-movements using the AIR 
package. Functional data were analyzed with the software 
package KHORFu [13]. Activated voxels (p < 0.001) were 
assigned to the four territories TA, T1, T2, and T3 which were 
defined in each individual subject by using a combination of 
anatomical landmarks and clusters of fMRI activation [6]. 
The intensity weighted volume (IWV), as the product of the 
number of activated voxels and their mean BOLD signal 
intensity change, was computed. 

For stimulus presentation and recording of behavioral 
responses the software Presentation (Neurobehavioral 
Systems, Inc.) was used. During the fMRI experiments, the 
reaction time (key pressing), number of correct responses, 
false alarms, misses, and correct rejections were recorded. 
From these data, the sensitivity index - d’ was computed for 
each subject. 



4. Results 

4.1. Experiment I 

The sensitivity index revealed significant differences in 
performance in the detection of words and pseudowords 
(p<0.001) as well as words and pure-tones (p<0.05). Subjects 
detected words significantly better than pseudowords and 
pure tones.  
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Figure 5: Sensitivity index in study I. 

All three conditions led to bilateral auditory cortex (AC) 
activation with respect to silence blocks significantly stronger 
activation in left than in right AC. 
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Figure 6: Activation in auditory territories in study I.  

This effect was mainly due to a significantly left 
lateralized activation of territory T3 on planum temporale 
(words: p<0.001, pseudowords: p<0.05, pure tones: p<0.001). 

4.2. Experiment II 

The sensitivity index revealed significant differences in 
performance in the detection of words and pseudowords 
(p<0.001) as well as pseudowords and pure-tones (p<0.001). 
Subjects detected pseudowords significant worse than words 
and pure-tones.  

The fMRI activation in auditory cortex was similar to that 
of experiment I. Again, all three conditions led to 
significantly stronger activation in left than in right AC 
(p<0.05) which was mainly due to left lateralized activation in 
T3 (words: p<0.001, pseudowords: p<0.01, pure tones: 
p<0.05). 
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Figure 7: Sensitivity index in study II. 
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Figure 8: Activation in auditory territories in study II. 

4.3. Comparison between Experiment I and II 

The sensitivity index revealed significant differences in 
performance of experiment I and II. The detection of words as 
well as pseudowords in experiment II was significant worse 
(p < 0.001). The detection of pure tones, however, was not 
significantly different between the experiments. 

The differences in performance in the lexical decision 
tasks are not reflected in the activation of the auditory cortex 
(AC). There were no significant differences between 
experiment I and II, neither for the global activation nor for 
any individual territory. 

5. Conclusions / Discussion 
In both experiments, all three conditions led to left-

lateralized activation in auditory cortex (AC). This was 
mainly due to activation in auditory territory T3 on planum 
temporale which is part of the Wernicke’s area. This sensory 
speech area has recently been described as being involved in 
further processing of perceived auditory stimuli and 
integration into available knowledge [5; 10]. 

Activation of left and right AC was also independent of 
the stimuli being prosodically modulated or neutral. On the 
one hand it is possible, that prosodic information processing is 
not strongly lateralized to the right hemisphere as suggested 
by some authors [11; 18; 20] describing a bilateral network 
for the processing of prosodic information. On the other hand 
the stimulus independent results may be due to the fact that 
solving the tasks did not rely on the emotional prosodies but 
only on the lexical information of the tones. This finding is 
consistent with results from our lab showing that fMRI 
activation is strongly task dependent [7]. There it was shown 



that presenting exactly the same set of stimuli with two 
different tasks can lead to a shift in laterality of auditory 
cortex activation. Categorization of the direction of 
frequency-modulated tones (rising vs. falling) strongly 
involved the right auditory cortex whereas categorization of 
the duration of the same stimuli mainly involved the left 
auditory cortex. Thus, it has to be tested in further 
experiments whether a task involving the identification of 
specific emotional prosodies of the same speech stimuli used 
in the present study would lead to a stronger activation of the 
right auditory cortex. 
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