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ABSTRACT

The syllabary, a knowledge base which is accessed by the
speaker during phonetic encoding, comprises gestural
scores of frequent syllables of a language. It is a crucial
part of the direct route of phonetic implementation of an
utterance. Psycholinguistic evidence shows that the direct
route is faster and more accurate than the assembly of
syllables from gestural atoms (indirect route). We present
preliminary results of a fMRI study aimed to test the
neuro-cognitive differences between the two ways of pho-
netic encoding. The analysis of functional imaging data
from one subject shows that access to the syllabary during
speech production activates an additional region in the left
frontal part of the brain.

1. INTRODUCTION

One of the main changes in recent developments of
Levelt's language production model [1] is an additional
knowledge base which is accessed by the speaker during
phonetic encoding. It provides the speaker with an alter-
native, direct route to the phonetic implementation of an
utterance. The indirect route requires composition of
larger units (syllables) from segmental or subsegmental
atoms. The direct route, on the other hand, is based on
retrieval of stored syllable templates. The knowledge base,
which is called ‘syllabary’, comprises gestural scores of
frequent syllables of a language. Its integration in the pro-
duction model is based on psycholinguistic evidence pro-
vided by Crompton [2], Levelt & Wheeldon [3], and
others. Syllables which are retrieved from the syllabary
are produced faster, are less vulnerable for speech errors,
and are more coherent (greater degree of intrasyllabic co-
articulation [4]) compared with rare syllables which are
assembled on-line from gestural atoms (see Figure 1).

Our study is aimed to test the neuro-cognitive difference
between the two components of the dual-route-model of
phonetic encoding. We assume that the patterns of brain
activity differ depending on the mode of syllable imple-
mentation. The indirect route is characterized as rule-
based assembly and depends heavily on on-line processing
capacities of the human brain. The direct route utilizes
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al from a mental lexicon and requires much less
ssing capacities. This leads to the hypothesis, that the
activation patterns observed during the production of
ary-syllables and during the production of non-
ary-syllables differ in the amount of the observed
ty as well as in the localization of active neural clus-
he first condition - production of syllabary-syllables
ld result in a generally decreased activation of re-
which are involved in phonetic encoding and speech
 control compared to the second condition. Further-
 the first condition should activate at least one addi-
 region, i.e. the region which accommodates the
ary storage.

e functional Magnetic Resonance Imaging (fMRI) to
ne task-dependent variations of neural activity dur-
peech production. This method utilizes the blood
n level-dependent (BOLD) contrast effect as an indi-
arker of brain activation. Local neuronal activity

rise to a decline in blood oxygenation which, in turn,
s an increase of blood flow. The hemodynamic re-
e outweights the oxygen demand yielding accumula-
f oxyhemoglobin within the respective region. Since
etic properties of oxyhemoglobin are different from
f deoxyhemoglobin, imaging sequences allow to
 the change of MR signal within the activated areas.
 is non-invasive and doesn’t involve radiation.

2. METHODS

ATERIALS

peech material comprised two lists of 2-syllabic non-
words: (1) words composed of two syllables both

very high frequency in German ('syllabary words')
) words composed of two syllables both with very
equency in German ('non-syllabary words'). We used
nse words in order to reduce the influence of mor-
gical and lexical-semantic processing during meas-
nts. The frequency classification of syllables was
 on probabilistic syllable classes induced from mul-
te clustering [5, 6]. The clustering algorithm was
d to a corpus of 31 million words and considered
imensions: segmental structure of onset, nucleus,

oda (dimension 1-3), position of a syllable in poly-



syllabic words (dimension 4), and stress status of a sylla-
ble (dimension 5). This procedure results in more realistic
frequency counts than simpler methods which are based
exclusively on segmental structure, because the probabil-
ity of a syllable to occur highly depends on position and
stress status. For instance, the syllable [lIx] is very fre-
quent in German if unstressed and word-final (over-all
probability in the corpus: 0.003); unstressed and word-
initial the probability of [lIx] is much lower (0.00009)
and even lower if the syllable is stressed and in word-final
position (0.000007).

Syllables for the words in list I (syllabary words) were
among the 1000 most frequent syllables in German (mean
probability according to the algorithm described above:
0.00004), syllables for the words in list II (non-syllabary
words) were among the 1000 rarest syllables in German
(mean probability: 0.00000000001). The 2-syllabic words
for both lists were assembled randomly from their respec-
tive 1000 syllable subset. Words which existed in German
and words which were similar to existing words were ex-
cluded. Both word lists were controlled for syllable com-
plexity and consisted of 200 items each (see Table 1).

In preparation for a reading task 100 items of each list
were transliterated; adequacy of the transliteration was
tested in a pilot study. The remaining 100 items of each
list were spoken in isolation by a male speaker and re-
corded under sound proof conditions using high quality
equipment in preparation for a repetition task.
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Figure 1: The two routes of phonetic encoding.
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tudy recruited 14 healthy native german subjects
 females, seven males, mean age 25 years). All par-

nts were right-handed as determined by standardized
tory, and none of them had a history of neurological
ers. Informed consent had been obtained from each
t. Subjects were paid for the participation in the

iment.

ROCEDURE

tudy was made up of two different reaction para-
, overt and inner speech, and two different presenta-
odes, auditory and visual,  which were applied in an
onal design. The resulting four tasks were accom-
d in separate sessions:

n 1: overt reading (visual presentation, overt speech)
n 2: inner reading (visual presentation, inner speech)
n 3: overt repetition (auditory presentation, overt

h)
n 4: inner repetition (auditory presentation, inner

h)

session consisted of 50 stimuli - 25 from list I and 25
ist II – presented in random order. In the visual pres-

on mode stimuli were presented for 3 seconds, the
timulus interval was 18 seconds in both presentation

s. The subject’s utterances were recorded during ses-
1 and 3 (overt speech conditions) in order to analyze
ioral data (error frequency, reaction times).

UNCTIONAL IMAGING

cts lay supine in the MR scanner (1.5 T whole body
er, Siemens Vision), the heads secured by means of a
rubber in order to minimize movement artifacts.

ty-eight parallel axial slices (thickness = 4mm,
 1mm) were acquired across complete brain volumes
ans of multi-slice echoplanar imaging sequence T2*
TE = 39ms, TR = 3s, α = 90°, FOV = 192mm, 642

). The fMRI data from our experiment was proc-
by means of the SPM99 software package [7]. Mean
ages were coregistered with high-resolution struc-

images and movement correction procedures (rea-

ble structure List I List II

C-CCVC N=26 N=30

C-CVCC N=24 N=20

C-CVCC N=46 N=50

C-CCVC N=4 N=0

l N=200 N=200

n probability 0.00004 0.00000000001

ability threshold > 0.000009 < 00000000004

le 1: Complexity and probability characteristics of
llables in list I (frequent) and list II (infrequent).



Figure 2: Productions of syllabary words minus productions of non-syllabary words: enhanced activation in the pre-
central gyrus of the left hemisphere.  SPM99, single subject, p < 0.001 (uncorr.); sagittal, coronal and axial sections (left

to right).
lignment) have been performed. The functional images
were spatially smoothed (Gaussian filter, six millimeter
full width half maximum [FWHM]).

3. PRELIMINARY RESULTS

Data acquisition of all 14 subjects is completed but due to
technical problems the analysis of data was massively
delayed. In the following section we will present prelimi-
nary results of a single subject. These results show some
very interesting tendencies, but so far of course without
statistical significance.

We calculated contrasts within each presentation/reaction-
pair as well as one global contrast independent of presen-
tation mode and reaction paradigm. The global contrast
(productions of syllabary words minus productions of non-
syllabary words) revealed a single spot of enhanced neural
activity in the precentral gyrus of the left hemisphere (BA
44, see Figure 2) which reappeared also in the specific
contrasts (Talairach coordinates x = 44.6, y = 14, z = 8.5,
Z = 4.67). The inverted subtraction (productions of non-
syllabary words minus productions of syllabary words)
revealed no result which means that the direct route of
phonetic encoding involving syllabary retrieval seems to
depend on the activity of on an additional brain region
compared to the indirect route.

Analyses of regions-of-interest (ROI), which are necessary
to test the hypothesis of task dependent activation decrease
in specific areas of the brain, were not conducted so far.
The complete data will be presented at the conference.
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