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Syntactic processing of spoken speech often involves prosodic clues
processing. In the present PET and ERP study, subjects listened to
phrases in which different prosodic segmentation dramatically changed
the meaning of the phrase. In the contrast of segmented vs. non-
segmented phrases, PET data revealed activation in the right dorso-
lateral prefrontal cortex and in the right cerebellum. These brain
structures, therefore, might be part of the syntactic analysis network
involved in prosodic segmentation and pitch processing. ERP results
revealed frontal negativity that was sensitive to the position of the
segmenting pause, possibly reflecting prosody-based semantic predic-
tion. The present results are discussed in the context of their relation to
brain networks of emotions, prosody, and syntax perception.
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Introduction

The way in which words are thematically related in a sentence is
conveyed by syntactic structure. The neuroanatomical basis of
syntactic parsing is believed to include the left perisylvian
associative cortex, with possible contribution of the homologous
contralateral cortex, as suggested by brain lesion studies (Grodzin-
sky, 1990, 1995; Berndt et al., 1996; Caplan et al., 1996). Broca’s
area seems to be the most frequently mentioned candidate for the
key brain structure of syntactic analysis (Swinney and Zurif, 1995;
Swinney et al., 1996). The activation level of Broca’s area
correlated with syntactic complexity in some PET studies for both
visual (Just et al., 1996; Stromswold et al., 1996) and auditory
(Caplan et al., 1998; Caplan et al., 1999) sentence presentation. It
is also interesting that areas adjacent to Broca’s area were shown to
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subserve syntactic errors detection (Indefrey et al., 2001; Friederici
et al., 2003). In numerous studies, the processing of syntactic
structures was also associated with some ERP components—e.g.,
P600 and the so-called left anterior negativity (LAN), which has its
maximum above Broca’s area (e.g., Neville et al., 1991; Kluender
and Kutas, 1993). It should be noted that the literature includes
discussion on the nature of these ERP components (e.g., Friederici,
2002; Ullman, 2004).

However, the regions in the right hemisphere, homologous to
Broca’s and Wernicke’s areas, were also implicated during syntactic
processing (Just et al., 1996). Humphries et al. (2001) found bilateral
activations in the anterior temporal cortex during speech sounds, as
opposed to non-speech sounds. In their PET study, Mazoyer et al.
(1993) showed that the bilateral anterior temporal cortex was the
only structure specifically activated by listening to sentences,
whereas Broca’s area was activated not only by sentence listening
but also by hearing separate words. Friederici et al. (2000) also
showed that syntactic processing of speech bilaterally influenced
anterior temporal cortex activation. Thus, syntactic processing
seems to be subserved by the cross-hemispheric neural networks.

According to Homae et al. (2002), activation in the left inferior
frontal gyrus during sentence processing does not depend on
sensory modality. Still, the brain processing of oral speech
peculiarities remains mostly unclear. Natural language perception
and oral speech syntax are based primarily on the auditory
modality—in particular, on such prosodic features as changes in
pace, tone, and loudness (Shattuck-Hufnagel and Turk, 1996).
Further understanding of oral speech processing requires an
investigation of its prosodic mediation (Friederici, 2002). Studies
of prosodic processing have suggested the involvement of either
the right hemisphere or both hemispheres (Baum and Pell, 1999;
Meyer et al., 2002, 2004; Kotz et al., 2003), whereas modality-
independent syntactic processing is usually associated with the left
hemisphere (e.g., Chernigovskaya and Deglin, 1986; Caplan et al.,
1998, 1999; Indefrey et al., 2001; Roder et al., 2002). However, an
interaction between the structural conditions and prosodic con-
ditions was observed bilaterally in the anterior temporal lobe along
the superior temporal gyrus (Humphries et al., in press). ERP
studies have revealed some commonalities in prosody and syntax
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processing: the same electrophysiological phenomenon accompa-
nied the processing of prosodic boundaries in spoken speech and
the processing of commas during silent reading (Steinhauer, 2003;
Steinhauer et al., 1999). Generally, though the direct interaction of
prosody and syntax is proved, the existing data do not allow
judgment on the specific brain mechanisms of the prosody/syntax
interface. Despite the theoretical and methodological complexities
of tackling this problem, it is an intriguing question for further
neurolinguistic studies.

The main aspect of this problem is how the existing data on
syntax processing correspond to the necessity of using prosodic
clues for spoken speech syntactic parsing. One prosodic cue,
important for syntactic analysis of spoken phrases, is the position of
a segmenting pause (accompanied by the appropriate pitch and
syllable duration changes), which corresponds to the comma in
writing. The aim of the present study was to investigate the brain
mechanisms of such segmentation of spoken phrases, with the
hypothesis that they activate the prosody/syntax interface neural
networks. Russian appears to be an appropriate language to use in
this study because it allows a much higher degree of freedom in the
order of words than English or the Roman languages. Word order is
frequently not informative in Russian; thus, prosody in spoken
language (pauses, stress, pitch, duration) and punctuation in written
language remain the only means to distinguish between the
completely different meanings of two otherwise identical sentences.

Our stimuli were designed so that the perceived syntactic
structures depended exclusively on the prosodic cues. Thus, the
prosody/syntax interface was expected to be activated at most
while comparing segmented phrases with non-segmented. The
positron emission tomography (PET) technique was used to
determine the brain areas recruited in this mechanism, and the
event-related potentials (ERP) technique was implemented to
specify the timing of this recruitment.

Methods
Subjects

Twelve volunteers (men, aged 18—35 years) participated in the
PET study. Eighteen volunteers (10 men, 8 women, aged 18—30
years) participated in the ERP study. None had a past history of
psychiatric or neurological diseases, and none was on any
medication. All subjects were native Russian speakers, with at
least a secondary school education, and all were right-handed.
Written informed consent was obtained from each subject in a form
approved by the Ethical Committee of the IHB and in agreement
with the Declaration of Helsinki (1975).

PET and ERP data acquisition and analysis

PET data were acquired with a Scanditronix PC2048-15B
tomograph providing 15 slices in 9.7 cm axial field of view with 5—
6 mm inplane resolution (Holte et al., 1989). A transmission scan
with rotating pin source was performed for each subject right after
head positioning and immobilization in order to correct emission
PET data for attenuation. An individually fitted thermoplastic mask
was used to maintain the same position of subject’s head inside of
the tomograph. A catheter for tracer administration was placed in
the subjects’ right antecubital vein. Prior each emission scan, a
bolus injection of 40 mCi of ['*O]-water was administered through

the catheter. Four 60-s scans were performed for each subject (2
scans per condition). Emission data acquisition started automati-
cally at the moment of enough events rate, detected by the PET
camera, that is approximately 15—20 s after the injection. The
minimal time interval between scans was 15 min. Stimulation
started 10 s before the injection and lasted for 100 s enough to cover
the scanning period.

The emission PET data were reconstructed into images using 7
mm Hanning filter. Then, a statistical parametric mapping (SPM99,
Wellcome Department of Cognitive Neurology, London, UK)
software was used for further data analysis including realignment,
spatial normalization to the Montreal Neurological Institute (MNI)
brain template, smoothing with 16 mm isotropic Gaussian kernel,
and statistical assessment (Friston et al., 1994). Differences in
global flow were removed by proportional scaling of value in each
gray matter voxel of an image to image’s mean. In order to test for
inter-condition activation differences, pair-wise subtractions (con-
trasts) between corresponding images were performed using ¢
statistics. The ensuing images (SPM-t maps) were estimated using
a voxel-level threshold ¢ = 4.83 that corresponded to P < 0.05 false
positive probability with correction for multiple non-independent
comparisons (Worsley et al., 1996). Anatomical localization of
cluster maxima was performed using the Talairach and Tournoux
(1988) brain atlas after accounting for a spatial difference between
the MNI brain template and the atlas brain by nonlinear coordinate
transformation, as provided by the MRC Cognition and Brain
Sciences Unit (http://www.mrc-cbu.cam.ac.uk/Imaging/Common/
mnispace.html).

EEG data were recorded with 19 Ag/AgCl electrodes, mounted
according to the “10—207 system, referenced to the ears. The signals
(0.03—100 Hz) were continuously recorded and sampled at 250 Hz.
Trials with eye artifacts (>75 puV) were rejected (20—30% of
epochs), the threshold was set in each channel. The signals were
digitally filtered (band pass 2—30 Hz), baseline correction was
applied, using the 100 ms prestimulus interval. ERPs were averaged
for each presented sentence. The analysis epoch was 1600 ms,
including the 100 ms prestimulus interval. However, because the
pause positions differed in the compared phrases, the compared
phrases had different timing structures. Since the effect of the
different pause positions in a phrase was the object of the study, a
direct comparison of the ERPs for the whole phrases was
methodologically inappropriate. To solve this problem, parts of
the resulting epochs, corresponding to a particular word, differently
located in a sentence, were compared. An epoch length for the
compared words was limited to 400 ms, so that the differing parts of
stimuli following these words were not included in the comparison.
Differences in the ERP amplitudes were assessed using two-way
MANOVA (electrode, the word position, P < 0.05) for the 20 ms
time intervals around the maximum of the observed differences; P
values underwent a modified Bonferroni correction to reduce the
risk of Type 1 errors.

Stimuli

The speech stimuli were 60 phrases, recorded by a female
professional speaker who was instructed to read them neutrally
(without emotional load) at a pace of about 100 words/min. Half of
the phrases were segmented by the intonational pause (accompa-
nied by the appropriate pitch and syllable duration changes) in the
speaker’s voice. Depending on its position, the intonational pause
changed the meaning of a sentence (e.g., “The teacher said, ‘A
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student’” and “‘The teacher,” said a student”). The remaining phrases
werenotsegmented by the pause (e.g., “Fatherboughthimacoat™). These
non-segmented sentences were lexically different from the segmented
ones. Phrases recorded by the speaker were then equalized by their
averaged RMS power, duration of the semantic pauses (110 £ 10 ms),
and full time of a phrase (2.5 £ 0.5 s), preserving the natural sound
of the phrases. During the experimental sessions, the phrases were
delivered through loudspeakers at a volume chosen by the subject to
obtain maximum speech perception comfort.

Visual stimuli were word strings presented in white letters on a
black background, using a 17-in. computer screen in the center of
the subject’s field of view, at a distance of 1.5 m from the subject’s
eyes. The visual and acoustic stimulations were performed using
“Presentation” software (Version 0.40, http://www.neuro-bs.com).

Stimulation time structure

At the beginning of each trial, a question and two variants of
response appeared, as illustrated by Fig. 1. Then, after a random
interval in the range of 200—600 ms, a phrase started to sound. As
soon as an answer was chosen, the subject was to press either the
left or the right response button. The response changed the screen
to display a white central fixation cross on the black background
(Fig. 1). Then, the next trial started, and the same process
continued for all trials. This paradigm was the same for both of
the conditions used in the study.

Preliminary testing of the experimental conditions

The above-described timing structure of the present PET
experiment was developed in a preliminary behavioral study on a
separate group of 12 subjects and aimed to include the maximum
number of phrases in a scan. Though the subjects qualified all the
phrases as natural sounding, only phrases with the mean error rate
of less than 25% were selected for the actual PET study. Eleven
segmented phrases were rejected: although these phrases sounded
natural, the speaker did not articulate the required prosodic clues
distinctly. There was no significant difference in error rate and
reaction time between the opposite variants of phrases (e.g., “The
teacher said, ‘A student’” and “‘The teacher,” said a student”).

In order to check for the possible emotional reactions to changes
in the complexity of tasks, galvanic skin response (GSR) and heart-
beating rate (HBR) were registered during the preliminary study.

Experimental conditions
In the PET study, each of the two experimental conditions was

repeated twice in a series of four scans for each subject. The order
of conditions was counterbalanced between subjects.

one needs to

stand run

A s ¢ b F

Fig. 1. Timing of the auditory and visual stimulation. Time intervals: AB
and EF—a cross on the black background: 300—600 ms; BC—the task
presentation before the phrase sounding 200—600 ms; CD—the phrase
sounding; DE—choosing a correct answer by a subject.

“Segmented” condition

Phrases with segmentation were presented binaurally. Subjects
were to choose the correct meaning of a phrase from the two
given on the screen and to press the relevant key with their right
hand. For example, the phrase sounded “To run, not to stand”; on
the screen was written “One needs to: stand/run” or the phrase
was “Peter, said Ivan”; on the screen was written “It was said by:
Ivan/Peter.”

“Non-segmented” condition (control to the “Segmented”
condition)

Phrases without segmentation were presented binaurally. Sub-
jects were to choose the correct meaning of a phrase from the two
given on the screen and to press the relevant key with their right
hand. For example, the phrase sounded “Father bought him a
coat”; on the screen was written “Father bought him: a coat/a
watch.”

All the Russian phrases and questions presented in the study
were grammatically and syntactically sound. Prior to PET
scanning, each subject was trained to perform the above-described
tasks, using an extra set of phrases that were not used in the actual
PET experiment.

It was supposed that the pair comparisons of the corresponding
test and control conditions would extract brain areas involved in
analysis of the prosody-related syntactic structure of the utterances.

The ERP study involved presentation of four phrases in which
the placement of the pause and the corresponding comma in
writing dramatically changed the meaning:

To chop not, to saw. (in Russian: “Rubit nelzya, pilit.”)
To chop, not to saw. (“Rubit, nelzya pilit.”)
To saw not, to chop. (“Nelzya pilit, rubit.”)
To saw, not to chop. (“Pilit, nelzya rubit.”).

These four phrases were selected from 60 phrases presented in
the PET study. The criterion of selection was that the words contain
only stop consonants. It was subjectively confirmed by reaction
time and by error rate that all of the presented phrases’ syntactic
structures were equally natural in Russian. The sounding of a
phrase started at the beginning of each trial, while the central
fixation cross on the black background was presented visually.
When the sounding of the phrase was over, a question and two
variants of response (one on the left side and one on the right side
of the screen) appeared for 2 s. A subject was to press either the left
or the right response button, according to the chosen variant on the
screen. The four phrases were presented at random, 150 times
each; the whole ERP study lasted 40 min.

Results
Behavioral results

No difference in error rate was revealed between the “Seg-
mented” and “Non-segmented” conditions (P > 0.05, ¢ test),
although the reaction time was significantly longer for the
condition “Segmented” (Table 1, confidence interval indicated
for the means at P < 0.05). Neither the GSR nor the HBR
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Table 1
The reaction time (RT) and error rate (ER) for the presented types of stimuli

Condition Mean RT, s (P < 0.05) Error rate, % (P < 0.05)
Segmented 3.8+0.1 16 +4
Non-segmented 2.8 £0.07 15+3

demonstrated a significant difference between the test conditions
and the control conditions (P > 0.05, ¢ test).

PET results

Table 2 summarizes the obtained results in terms of peak values
and anatomic location.

The “Segmented” condition elicited significantly higher
activation than the “Non-segmented” condition in the right
dorsolateral prefrontal cortex (DLPFC), with its peak approxi-
mately at the junction of Brodmann areas (BAs) 44, 45, and 9.
Another activation was found in the medial posterior part of the
right cerebellum (Fig. 2).

Areas of CBF increase in the “Non-segmented” as compared to
the “Segmented” condition were found in the deep posterior
Sylvian cortex, bilaterally close to the primary auditory cortex,
with extension to BA 40 on the left side (Fig. 3).

ERP results

Significant negativity in the frontal and central electrodes was
observed for the word “saw” (“pilit”) when it preceded the
intonational pause (i.e., “To saw, not to chop”), as compared to the
same word when it ended the sentence (i.e., “To chop not, to
saw”). In a comparison of the symmetrical electrodes, this
negativity differed for only the inferior frontal electrodes: it was
significantly higher in the right inferior frontal (F8) electrode than
in the left inferior frontal (F7) electrode ( P < 0.05). The latency of
the negativity was 250—350 ms, corresponding to the offset (at 310
ms) of the word “saw” (“pilit”) (Fig. 4). A comparison of this
negativity for the first and the second half of the presented stimuli
(75 first and 75 last stimuli) did not reveal a significant difference
(P > 0.05). Although there was a tendency for a similar negativity
in response to the word “chop” (“rubit”) in the position before the
pause as compared to the end of the sentence, it did not reach the
level of significance (P > 0.05). The amplitude of the N100
(measured in the interval of 100—120 ms) and P200 (measured in
the interval of 190—210 ms) components was significantly larger

Fig. 2. Activation areas obtained when the segmented phrases were actively
analyzed (rCBF increase in the “Segmented” condition vs. the “Non-
segmented” condition). The right prefrontal and cerebellar activations are
shown as projections to the right and posterior brain surfaces, respectively.
For the purpose of better illustration, an uncorrected P < 0.0001 voxel-
level threshold was used for this figure.

in the central electrodes for the words “saw” (“pilit”) and “chop”
(“rubit”) when they preceded the intonational pause, compared to
the same words when they ended the sentence (P < 0.05).

Discussion

The present study used phrases segmented into syntagmas
(groups of words united by a uniform intonational contour). This
segmenting was based on two main cues—the pause itself and
pause-related pitch changes in the syntagmas. Several sentences of
the same kind were presented in the PET experiment, but only one
set of four sentences was presented many times in the ERP
experiment (due to the timing limitations of the ERP methodology,
each of the phrases used for PET could not be repeated 150 times
to get ERPs). In this study, phrases with prosody-based syntactic
complexity (“Segmented”) elicited more activation in the right
dorsolateral frontal cortex and the right cerebellum, as compared
with less complicated phrases (“Non-segmented”). In the ERPs,
the word immediately preceding the critical pause, which indicated
the meaning of the sentence, yielded more ERP negativity with a
maximum in the right frontal electrodes, as compared with the
same word at the end of the sentence (i.e., when the meaning of the
sentence was already clear).

Our ERP results suggest the key role of the syntagma when it
precedes the pause in the brain analysis of such segmentation. Since
in the ERP design, the same stimuli must be repeated many times,
ERP studies of speech perception, of course, do not reflect natural

Table 2
Peak values and anatomic locations of the observed PET activations
Contrast [brain region, Brodmann area (BA)] P corr. t value Coordinates (mm)

x y z
“Segmented” vs. “Non-segmented”
R. mid. frontal gyrus/inf. frontal sulcus, BA 9/46/44 0.013 5.24 48 22 28
R. cerebellum 0.037 4.92 10 —84 =36
“Non-segmented” vs. “Segmented”
L. Sylvian sulcus, BA 42/40/13 0.002 5.79 -50 —-22 20
L. Heschl gyrus BA 41/42 0.010 5.30 -50 -22 10
R. Heschl gyrus, BA 41 0.016 5.17 42 —-26 8

The corrected voxel-level P values, ¢ values, and the location of the local maxima in terms of the brain structures, Brodmann areas, and stereotactic coordinates
are presented. Abbreviations: L = the left hemisphere; R = the right hemisphere; inf. = inferior; mid = middle.
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Fig. 3. Areas of rCBF increase in the “Non-segmented” condition as
compared to the “Segmented” condition. The white line on the rendered
right hemisphere surface depicts the level of the horizontal slice shown on
the right side of the figure. The letters L and R indicate the left and right
sides of the slice, respectively. As for Fig. 1, the uncorrected voxel P <
0.0001 threshold was used here for illustration purposes.
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speech processing; they present only a model that emphasizes some
aspects of speech processing. In the present study, one phrase was
repeated many times, forming the short-term and activating the
long-term memory prosody-related traces. This repetition helped
decrease the activity of the online brain lexical analysis, revealing or
emphasizing the anticipatory function of the brain, based on the
remembered prosodic features of the presented phrases. Using
prosodic anticipation, a subject who had heard the first syntagma
could already predict the second one. This phenomenon can be
defined as prosody-based semantic prediction. Our assumptions
about the predictive role of prosody in speech perception are based
on the recent cognitive model of Hawkins (2003) where the author
considers the multi-purpose function of phonetic information and
the polysystemic nature of speech within language, so that the
meaning of an utterance may be interpreted directly from the global
sound pattern. Since prosody in our study is a clue to syntactic
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Fig. 4. ERPs to the word “saw” (“pilit”) before the segmenting pause and at the end of the sentence. The initial time point corresponds to the beginning of the
word. Negative amplitude is plotted downward. In the position before the pause, the word “saw” (“pilit”) elicited negativity with the latency of 250—350 ms
(marked with arrow in Fz).
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structuring, we apply here the term “semantic” to syntactic
structures, basing it on a number of linguistic and psycholinguistic
studies on syntactic semantics (see Kako and Wagner, 2001 for the
review). The observed ERP negativity (Fig. 4) might be an indicator
of this prosody-based semantic prediction at the neural level. The
negativity before the critical pause may be interpreted as
preparatory activity of the brain in anticipation of important
prosodic information. This preparatory activity occurs in response
to the change of pitch that always precedes a pause in natural
speech. The nature of the increased N100 and P200 components for
the words before the pause can be the same, but still another
interpretation is possible. When the word before the pause is in the
middle of the sentence, the word-onset components for it could be
higher than for the same word at the end of the sentence. However,
this could be part of the same psycholinguistic mechanism because
a word at the end of the sentence is not so useful for linguistic
anticipation. Though no distinct Closure Positive Shift (CPS)
(Steinhauer, 2003) was observed in this study, the ascending part of
the negativity preceding the pause may be considered part of the
CPS mechanism. The relationship of the negativity preceding the
pause to CPS seems to be an interesting issue for further research.

Since prosody in this study was regarded as a clue to
understanding syntactic structure, an increase in prosodic complex-
ity was accompanied by an increase in syntactic complexity. Such
close interaction of prosody and syntax in our study was supposed
to activate the brain mechanisms of the prosody/syntax interface,
which can differ to some extent from the known data on purely
syntactic and purely prosodic processing. Thus, the relation of our
results to the literature data should be considered in an effort to
understand whether there is such a difference for the interface
mechanism and to what extent.

The right-sided DLPFC was previously shown to participate in
facial expression identification (Nakamura et al., 1999; Kesler-
West et al., 2001), affective prosody perception (Buchanan et al.,
2000), pitch discrimination (Zatorre et al., 1992; Hsieh et al., 2001;
Klein et al., 2001), prosodic modulations perception (Meyer et al.,
2002, 2004), and syntactic analysis (Just et al., 1996; Embick et al.,
2000). Such functional diversity, observed in a single area, seems
to be quite natural from the developmental point of view: the child
begins to categorize facial emotions very early (Kotsoni et al.,
2001); then, obviously, the child compares these facial expressions
with speech sounds, gradually learning to understand some aspects
of emotional prosody for what pitch analysis is obligatory. The
acquired skills for prosodic clues perception can be used later to
judge prosodic clues for sentence parsing (Shattuck-Hufnagel and
Turk, 1996). The development of these abilities takes place in the
highly overlapping brain areas. The known principle of correla-
tional learning (Hebb, 1949) suggests that synchronously activated
neurons should link into cell assembles and brain areas with similar
functions are often neighboring or symmetrical. Even while
syntactic structures are visually presented, the corresponding
intonational patterns are reproduced in inner speech, and the
prosodic analysis of such “self-hearing” might contribute to the
activation of the same areas (e.g., the right DLPFC, as in our
study). We suppose that a substantial functional overlap and only
relative specialization (or functionally mosaic structure) of neural
populations take place in this multi-functional brain area.

Unfortunately, the poor temporal resolution of experiments with
a blocked design (which is still the only one possible for PET)
prevents the distinction between activation related to early phases
and that related to late phases during a trial. In the present

experiment, the activation differences among conditions could
possibly be due to the sentence processing, to the task perform-
ance, or both. Considering these methodological limitations, Plante
et al. (2002) argued that frontal activations in language tasks are
often related to memory and planning demands. Applying this idea
to the right DPLFC area activated in our study may lead to a better
understanding of its functioning. Identification of the perceived
prosody patterns is based on comparing them with the long-term
memory prosody patterns for different types of sentences. It might
be suggested that, in an active task, attention enhances this process
of comparison, increasing the extent of the specific memory usage
and, consequently, the level of activation of the observed areas. We
believe that prosody/syntax interface functioning is highly related
to the interaction of the different memory types, helping to map
what is heard to what is known, and can be understood with the use
of previous linguistic experience as a basis. This idea comes close
to the Ullman (2004) model of complimentary interactions between
declarative and procedural memory as underlying language
abilities. Prosody processing is not explicitly treated in this model;
but, following the general logic of the model, prosody may be
mainly subserved by the procedural memory system.

The observed right cerebellar activation might be related to the
perception of speech timing. Indeed, the cerebellum is often
believed to be a key structure for timing estimation, which is
important for many sensory, motor, and cognitive activities
(Ackermann et al., 1999; Ivry and Richardson, 2002; Salman,
2002). It is also possible that the right cerebellar activation is
related to estimating phonetic and semantic borders of syntagmas
or to keeping the phrase structure in the working memory during
processing (see Marien et al., 2001 for a review).

Reverse contrasts are often difficult to interpret. However, an
increase of CBF in the left perisylvian cortex in the “Non-
segmented” control condition, compared with the “Segmented”
condition in our study, might be explained by the prefrontal
modulation (suppression) of the sensory cortex activation, shown
in some PET and brain lesion studies (Frith et al., 1991; Knight et
al., 1999).

The possible differences in difficulty level and emotional state
between the test and control conditions were addressed by the
analysis of the behavioral (RT) and physiological (GSR and HBR)
parameters, registered during the preliminary session. Although a
significant difference in RT existed between the “Segmented”
condition and the “Non-segmented” condition, this difference was
unlikely to be an objective criterion of the non-specific task
difficulty and might easily have been caused by additional cognitive
components, which involve more neural circuits and thus demand
more time for their processing. The error rate seems to be a more
reliable indicator of the non-specific difficulty in neurocomputa-
tional systems (Basheer and Hajmeer, 2000). Since there was no
significant difference in the error rate between the “Segmented”
and “Non-segmented” conditions, the PET data were unlikely to be
influenced by the change in task difficulty. The preliminary study
also showed no significant inter-conditional differences in emo-
tional state, as indicated by the GSR and the HBR recordings.

Conclusions
The right posterior prefrontal cortex and the right medial

posterior cerebellar area participate in the brain network of spoken
speech syntactic parsing, being involved in the prosody/syntax
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interface. The acquired ERP data support the idea that prosody-
based semantic prediction is important for such processing.
Furthermore, comparing our results with other brain mapping
studies, we conclude that the right posterior prefrontal cortex might
represent the functional overlap of brain networks of emotions,
prosody, and syntax perception.
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