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Abstract

In this article we motivate the use of speech synthesis as a tool for research on dialectal
prosody. The general architecture of our speech synthesis systems (LAIPTTS) is presented
and the choice of data for building a dialectal system is justified. First analyses of the data
for one speaker each of Bernese and Zurich German show that differences in timing cannot
be related to differential phoneme distribution in the two dialects. We thus have good rea-
sons to assume that rhythm and intonation do differ between these dialects. In our data,
differences of segment duration affect mostly vowels. Our data also indicate that accentua-
tion as well as the grammatical vs. lexical status of the containing word affect the realisa-
tion of a segment differently in Bernese than it does in Zurich German. Another salient
difference can be noted in the way phrase boundaries are marked in the two dialects. The
speaker of Bernese German marks phrase boundaries mainly by a lengthening of the ele-
ments of phrase-final syllables, whereas the speaker from Zurich shows less lengthening of
phrase-final syllables, but greater lengthening of elements in phrase-initial syllables. De-
spite these first results that suggest truly prosodic differences between Bernese vs. Zurich
German, further research is necessary in order to clearly identify dialectal features and to
distinguish them from idiolectal or stylistic ones.

1. Introduction

In this article we present first insights into Bernese and Zurich German prosody that have
been obtained in a Swiss National Fund study on dialectal prosody. These two dialects are
each centres of a wider dialect area with clearly distinct dialectal features on the segmental
level, in morphology, in syntax and in the lexicon that are described in the Linguistic Atlas
of German speaking Switzerland (SDS 1962–1997). With respect to prosody, there is only
one description of Bernese intonation compared to northern German intonation patterns
(Fitzpatrick-Cole 1999). The aim of our study is to lay the foundations for a systematic
investigation of the contribution of different aspects of prosody to the peculiarity of a dia-
lect. Initially, it consists of building two modular synthesis systems, one for Bernese and
one for Zurich German. On the one hand, these systems will let us compare globally the
prosody of the two dialects. On the other hand, they will let us change (synthesised) utter-
ances in a consistent fashion to investigate dialectal variation of phrasing, timing and into-
nation. We are currently still in the analysis phase of the overall project, but we wish to
present some initial results here concerning timing.
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The article is organised as follows: Section 2 motivates the use of speech synthesis as a
tool for research on dialectal prosody. Section 3 introduces the general architecture of the
speech synthesis systems developed at the LAIP, which will also be the base for the dia-
lectal speech synthesis. In section 4 we justify the choice of the data for our dialectal speech
synthesis. Section 5 presents a first analysis of timing aspects of these Bernese and Zurich
German data. Finally, section 6 concludes the paper with an outlook concerning the use of
the emerging dialectal speech synthesis system in linguistic experiments.

2. Speech Synthesis as a Tool for Linguistic Research

The traditional scientific procedure for obtaining information consists of analysing data and
explaining the findings concerning a certain phenomenon. The advantage as well as the
disadvantage of this procedure is that apparently non-relevant phenomena are excluded.

For instance, most research in the field of prosody puts timing phenomena aside and fo-
cuses on intonation. As a consequence, it deals mainly with f0 contours, without taking
possible interactions between rhythm and intonation into account. Specific contours are
selected from a corpus, they are described and compared to other contours in similar and
different environments. They are classified into highs and lows, early and late highs, and
boundary tones. After some hard work, a sophisticated description of a specified aspect of
intonation is obtained, but quite often the repercussions that rhythmic or segmental phe-
nomena may have on such f0 contours are neglected.

Using synthesis as a scientific method allows us, indeed forces us, to model all aspects
of the domain, as well as interactions between the different subsystems that are typically set
aside in an exclusively analytic procedure. For the investigation of prosody, this means that
the design of a synthesis system has to take into account rhythmical phenomena just as
much as intonation, and that it has to reflect the interrelation between the different linguistic
levels. Therefore a speech synthesis system can be used to test the interplay of segmental
and suprasegmental information, of phrasing, timing and intonation.

It is in this sense that we wish to use speech synthesis for conducting research on dia-
lectal prosody. In a synthesis system, each prosodic parameter can be modified independ-
ently of all others, while maintaining the interactions between different aspects of prosody.
This allows us to test hypotheses concerning the relevance of these different aspects for the
naturalness of speech as well as claims as to their language-specific or language-
independent nature. Sound examples can be generated with different models at each lin-
guistic level, and their importance can be evaluated by submitting them one by one to per-
ception tests.
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3 Architecture of the LAIPTTS Systems

As the design of our dialectal synthesis systems will follow the 'LAIP tradition' of speech
synthesis concerning major theoretical decisions, we will briefly present the basics of the
psycholinguistically and statistically motivated models of phrasing, timing, intonation and
their interplay that Keller and Zellner Keller elaborated for French (Keller and Zellner
1996) and that Siebenhaar subsequently adapted to German (Siebenhaar et al. 2001). They
are at least in part implemented in the French speech synthesis system LAIPTTS_F and in
its German counterpart LAIPTTS_D. Since the first adaptation from French to German was
reasonably successful, we are now building the Bernese and Zurich German synthesis sys-
tems along the same lines.

The input to our prosodic module is the phonetic chain, annotated for word and syllable
boundaries, as well as for the grammatical or lexical status of words. This phonetic chain is
split up into prosodic phrases. Augmented with information concerning phrase boundaries,
it is the basis for the calculation of the duration of the single segments. As a final step, the
f0 contour is calculated on the basis of the phonetic material, the corresponding durations
and phrase boundaries.

Thus it is assumed in our systems that the phrasing component precedes the temporal
calculation component, and that the temporal calculation component precedes the intona-
tion component. This conception is based on the fact that any human action process is nec-
essarily embedded in a temporal structure. Furthermore it has been demonstrated that the
durational domain is subject to more rigid constraints than the f0 domain. For example, it
was shown by Keller (1994, based on data by Caelen-Haumont 1991) that within a given
syllable, duration correlates much more between speakers than f0.

Due to this linear succession of speech generation modules, our speech synthesis models
can represent influences of phrasing on segment duration, and influences of timing on into-
nation. But there is no influence from intonation to phrasing or segment duration in this
architecture. The model is therefore a linear model without recursivity. The different com-
ponents of the model will now be explained in detail.

3.1 Phrasing

Speaking is constrained by human cognitive and physiological abilities. For this reason,
human beings structure utterances into intelligible parts that can be handled by these abili-
ties. The most evident structuring elements in speech are pauses, both silent ones, where
there is a complete absence of sound, and pauses that are filled by hesitation or respiration
sounds. However, prosodic phrases are not necessarily separated by pauses; they can also
be marked in the temporal structure of the utterance by the speeding up or slowing down of
syllables. In the speech flow of people without disabilities, these structuring elements tend
to occur at specific places (Zellner 1992, for review of literature see Zellner 1994 and Zell-
ner 1998).

Psycholinguistic tests for English and French (Gee and Grosjean 1983; Keller et. al
1993; Zellner 1994, 1996, 1997a, 1997b, 2002) have shown that phrasing can only partially
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be predicted from syntax. A more adequate prediction is achieved with a psycholinguisti-
cally motivated model that splits up sentences into rhythmically balanced phrases. This
means that phrases tend to be of similar length and can hardly ever be longer than a certain
number of syllables, which seems quite a plausible assumption, considering cognitive and
articulatory constraints. For French, this number rarely exceeds 12 (Zellner 1997b, 1998),
and according to our data the same holds for German and the Swiss German dialects. That
does not mean that syntactic and psycholinguistic aspects are in complete disaccord, but
where the principles are in conflict, the psycholinguistic model is often more adequate
(Zellner 1997a).

Based on statistical tests of these psycholinguistic principles, Keller and Zellner Keller
developed the following word grouping algorithm for French (Keller et al. 1993; Keller and
Zellner 1996), which was refined for different speech rates (Zellner 1998) and adapted for
German by Siebenhaar (Siebenhaar et al. 2001).

A minor phrase boundary is inserted after every lexical word (noun, verb, adjective, ad-
verb) followed by a grammatical word (preposition, conjunction, determiner…). For a cer-
tain number of special phenomena (fixed expressions, negations, complex verbal expres-
sions, etc.), there are a few additional rules, which can insert additional boundaries or move
existing ones. In LAIPTTS_D, the German system, a further rule is used, which inserts a
minor boundary in front of the inflected verb form in V2 position. This rule helps us to
improve the phrasing model for German considerably. Although this phenomenon still
awaits a precise theoretical psycholinguistical explanation, it is possible that the frequently
complex relational and inflectional process on the German verb form introduces a slight
hesitation in a place where in French, such hesitations are not systematically found. In this
view, momentary processing difficulty would introduce certain surface phenomena (slow-
ing, short pausing) that are typical of phrase boundaries.

Next, major phrase boundaries are set, first of all at punctuation marks. In longer sen-
tences, where the resulting phrases between major boundaries exceed the critical number of
syllables, additional major boundaries are introduced. In fact, the minor boundary that is
closest to the middle of the sentence is upgraded to major boundary status, and this proce-
dure is iterated for each phrase between major boundaries until no such phrase is longer
than about twelve syllables.

3.2 Temporal Calculation

For the calculation of the segment durations, we rely mainly on statistical models built on
manually labelled corpora. These are general linear models (GLM) that use input parame-
ters such as the durational class of the current segment and the surrounding segments, the
structure of the syllable the segment occurs in, the grammatical status of the word, the po-
sition of the segment within the syllable, within the word and within the prosodic phrase
(Keller et al. 1993; Keller and Zellner 1996; Zellner 1998, Siebenhaar et al. 2001). De-
pending on the language these parameters may differ somewhat. A statistical analysis first
has to select these parameters among all variables that are supposed to have a potential
influence on segment durations. Part of such an analysis for the dialectal synthesis system
is presented in section 5.
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3.3 Intonation

F0 contours are calculated with a superpositional Fujisaki model (first presented in Fujisaki
and Hirose 1982). The model implements relatively slow phrase commands to determine
the general intonation contour in a prosodic phrase on the one hand, and relatively fast
accent commands on the other. The resulting curves of both kinds of commands are
summed up and result in the final f0 contour. The position, duration and slope of these
commands have been obtained from a copy-synthesis-analysis and statistical classification
of the respective parameters.

4 Building a Speech Synthesis System for Dialectal Variants

These models are now being adapted to a synthesis of Bernese and Zurich German. As
these Swiss German dialects are not written standard languages as are French and German,
the new model will simulate quite a different style of speech, however. The ‘neutral’ news
reading style modeled by the French and the German system would not be natural in these
varieties. Hence, not only are we dealing with new varieties, but we also have to model a
different style of speech, which probably has a considerably greater inherent variation in
prosodic terms than the ‘neutral’ news reading style.

The style we have decided to analyze in order to build our synthesis models for Bernese
and Zurich German is the one of public interviews. Its main advantage is to be naturally
embedded in a communication situation while at the same time being characterized by a
certain degree of formality that prevents excessively ‘exotic’ prosodic patterns. In our
opinion, this style thus combines naturalness and a certain degree of formal control of the
language.

More precisely, the data we are now using to build our models are an interview in Ber-
nese of about 20 minutes and two interviews of about 50 minutes altogether with a speaker
of Zurich German. All three interviews were recorded in a studio which resulted in a style
that was spontaneous but still formal. Nevertheless, the two speakers differ stylistically in
that the speaker from Zurich deliberately talks with many pauses, but with few self-
corrections, while on the other hand, the speaker from Berne formulates less carefully and
has many self-corrections.1

We are aware of the fact that it is problematic to rely on a single speaker for each dialect.
Prosody, even within a single variety, is characterised by a great variability, whose causes
can be interindividual or intraindividual. In analytic work, researchers mostly investigate a
representative sample of speakers in order to average out those factors. Speech synthesis on

—————
1 With the result that the speaker from Zurich speaks slower than the speaker from Berne. This

observation is in contrast to the stereotype that the Berne dialect is a slower dialect than the Zurich
dialect, a stereotype that is supported by duration measurements by Löffler (1984) of texts re-
corded in the 1940s (Der sprechende Atlas, published again: Phonogrammarchiv 2000) .
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the other hand usually relies on one or a few typical cases. This corresponds to the refer-
ence speaker method of traditional dialectology, which excludes interindividual variation.

For any work based on an individual source, the selection of the source is one of the
most delicate issues. As long as we have only little data on the prosody of Bernese and
Zurich German, let alone securely representative data, the choice of the source can hardly
be justified. Consequently we have simply taken two speakers whose dialects are clearly
assigned to one of the two dialectal areas on the segmental level, and who comply with the
traditional dialectological criteria.

5 Bernese and Zurich German Timing - Comparison of Timing Aspects

This section shall present first results from the analysis of two speakers of Bernese (BE)
and Zurich (ZH) dialect. The results of these analyses will be the basis for the dialectal
speech synthesis system. The data for the analysis are the recordings mentioned above.
These recordings were labeled with the help of an automatic aligning programme and were
then corrected manually. They comprise 8475 segments for the Bernese part and 16’422
segments for the Zurich German part.

5.1 Syllable Structure

The structure of the syllable a segment occurs in has an influence on its duration as will be
shown later. That is why we first present the distribution of different syllable types in our
data. Table 1 and 2 show the percentages of C-initial vs. V-initial syllables and of open vs.
closed syllables respectively.

Table 1
Distribution of CV(C) / V(C)-syllables

Total percent BE percent ZH percent
CV(C) 89.50 87.88 90.39
V(C) 10.50 12.12 9.61
Total 100.00 100.00 100.00

Table 2
Distribution of (C)VC / (C)V-syllables

Total percent BE percent ZH percent
(C)VC 44.15 42.19 45.24
(C)V 55.85 57.81 54.76
Total 100.00 100.00 100.00
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The Bernese recording shows a slightly higher proportion of syllables beginning with
vowels (table 1). The difference is weak, but statistically significant2. Swiss German does
not show the glottal stop so, in contrast to standard German, VC-syllables are possible, if
relatively rare because of a general tendency towards CV-syllables. Every so often an
originally syllable-final consonant is ‘pulled over’ to the next originally vowel-initial sylla-
ble, where it becomes the syllable onset and thereby turns it into a CV(C) syllable. This
principle of syllable structures is of higher priority than in standard German. In standard
German, the morphological or even word structure is mostly maintained while in Swiss
German, the tendency to CV-syllables quite often breaks the morphological and word
structure.

Table 2 shows that open syllables are a somewhat more frequent in Bernese German
than in Zurich German, a difference that is not significant, however. Consequently, we do
not expect it to have an influence on segment durations.

Table 3
Distribution of vowels/consonants

Total percent BE percent ZH percent
Consonants 66.74 65.34 67.47
Vowels 33.26 34.66 32.53
Total 100.0 100.00 100.00

Table 3 shows the distribution of consonants and vowels in both recordings. Bernese
German has a slightly higher proportion of vowels than Zurich German. The correlation is
significant, but very weak.3

—————
2 Contingency coefficient = .039, Chi-square-p = .0008.
3 Contingency coefficient = .02, Chi-square-p = .0012.
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Table 4
Frequency distribution of the single vowels

Total % BE % ZH % Frequency relation
(100 = no difference)

\ 21.841 19.180 23.320 82.25
i /ˆ 20.824 21.729 20.321 106.93
a 15.674 18.293 14.218 128.66
o /ø 8.781 10.384 7.890 131.61
u / ¨ 7.368 6.430 7.890 81.50
e/´ 7.131 7.280 7.047 103.31
æ 5.559 5.580 5.548 100.58
y / Á 3.631 3.215 3.863 83.23
Diphthongs 3.565 4.398 3.103 141.73
Falling diphthongs 2.483 1.035 3.287 31.49
ø/œ 2.113 1.220 2.609 46.76
Syllabic consonants .832 .998 .740 134.86
Nasalized vowels .198 .259 .164 157.93
Total 100.000 100.000 100.000

Table 4 shows that the individual vowel classes in both dialects are similarly distributed.
The table does not take into account differences in phonological systems. Because of the
different distribution of open and closed vowels in the two dialects, the variants of the con-
cerned vowels are taken together. The most remarkable difference between the dialects
appears with the schwa. Schwa occurs approximately 4 % more frequently in Zurich than in
Bernese German and it is hardly ever compensated by syllabic consonants. Other differ-
ences show up only in the smaller classes further down in the table containing diphthongs,
falling diphthongs, with ø/œ, the syllabic consonants and nasal vowels.

With consonants, differences in the frequency distribution are even smaller (table 5).
This reflects the relative stability of the consonant system for all Swiss German dialects4.
Only the category of the semivowels shows an important difference. This difference is due
to the vocalisation of /l/, a typical feature of most western Swiss German dialects, which
the Bernese dialect belongs to. Besides, Bernese German shows a higher proportion of
fortis fricatives.

—————
4 The wordbook of Swiss German dialects (Schweizerdeutsches Wörterbuch 1882 ff.) does not enter

the words in alphabetical order because of the many vowel differences between the dialects. The
words are ordered following their consonant skeleton, that is much more similar among the dia-
lects. The atlas of Swiss German dialects (SDS 1962–1997) shows differences in the vowel system
in one and a half volumes while differences in the consonant system only covers half a volume.
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Table 5
Frequency distribution of the single consonant classes

Total % BE % ZH % Frequency relation
(100 = no difference)

Fortis fricatives 18.526 20.259 17.651 114.78
Lenis plosives burst 14.176 14.885 13.817 107.73
Lenis plosives occlusion 13.169 12.963 13.273 97.66
Nasals 12.366 11.924 12.589 94.72
Fortis plosives/affricates
occlusion

12.287 11.120 12.876 86.36

Fortis plosives burst 8.424 8.119 8.578 94.65
r 9.181 8.688 9.429 92.14
Affricates 4.014 3.412 4.319 79.00
l 3.659 3.216 3.883 82.82
Lenis fricatives 2.869 2.765 2.922 94.63
Semivowels 1.270 2.589 .604 428.64
Aspirated plosives .059 .059 .059 100.00
Total 100.000 100.000 100.000

Thus it becomes clear that differences in prosody cannot be attributed to a fundamentally
different relationship of the individual sounds. Such differences do exist, but they are only
of marginal importance. Hence, prosodic differences must be explained by other aspects, as
a different control of timing and intonation.

5.2 Timing

In order to represent the differences in the segment duration between the dialects, analyses
of variance (ANOVA) were carried out. These require normally distributed data. The fol-
lowing histogram (figure 1 left) with the duration of the individual segments, however,
shows a strongly left-steep distribution.
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Figure 1: Histogram of segment durations in ms (left) / in log ms  (right)
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Many studies have shown that segment durations are approximately normally distributed in
the logarithmic space. Figure 1 (right) shows that this is also the case with our data. We
thus continue with the analysis of the logarithmic values of our data.

Our analysis shows that intrinsic segment duration can explain a great part of general
timing variation. First we will present the duration distribution of some selected phoneme
classes and then continue with influences of suprasegmental aspects on syllable, word and
phrase level.

5.2.1 Segmental Level

We already pointed out that the subject from Zurich speaks more carefully than the Bernese
speaker. So, against the stereotype, the segment durations of the Zurich German recording
are significantly longer than the ones of the Bernese recording. The difference does not
affect all segments to the same extent. Figure 2 shows that differences occur particularly
between vowels, while the consonants are much more similar in duration5.
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Figure 2: Mean and 95% confidence interval in log ms: Segment duration by sound class
(vowel/consonant) and by dialect (BE/ZH).

Figure 3 shows the duration of the plosives. Lenes and fortes are depicted separately and
for both, occlusion and burst are separated. Both lenes and fortes have an occlusion that is
longer than the burst. The Zurich speaker differs from the Bernese speaker in all aspects
except of the burst of the lenes (oblique crosses). In spite of the generally longer segment
durations of the Zurich speaker, his occlusions of fortes and lenes are significantly shorter
than those of the Bernese speaker (triangles and upright crosses), while the burst of the
fortes is shorter for the Bernese speaker (circles)6. A particularly interesting thing to notice
is the relationship between the bursts of fortes and lenes. The Zurich speaker distinguishes
fortes and lenes not only in the occlusion, but also in the burst. For the Bernese speaker
bursts of lenes and fortes coincide, but on the other hand the difference in the duration of
the occlusion is clearer.

—————
5 The difference between the two speakers is not significant for consonants (t-test: p = .052), while it

is highly significant for vowels (t-test: p < .001).
6 For fortis and lenis in Zurich German see Willi (1996).
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Figure 3: Mean and 95% confidence interval in log ms: Duration of the plosives by
fortes/lenes (Fo-/Le-) plosives(-Pl-) and each burst and occlusion (-Bu/-Ok) by dialect
(BE/ZH)

Figure 4 shows the distribution of the vowel durations by phonological length. The Zu-
rich speaker shows four different classes, while the Bernese speaker makes no difference
between diphthongs and long vowels7. Comparing the speakers, the differences are signifi-
cant for short vowels and diphthongs. Schwa-vowels and long vowels do not differ. So the
slower speech rate of the Zurich speaker is mainly due to longer short vowels and diph-
thongs.
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Figure 4: Mean and 95% confidence interval in log ms: Segment duration of vowels by
phonological length and by dialect (BE/ZH).

5.2.2 Syllable Level

Figure 5 shows the differences in the realization of consonants and vowels by accentuation.
Preliminary examination has shown that it is useful to distinguish syllables with schwa,
non-accented syllables with full vowels, and accented syllables with full vowels. This dia-
gram points out that the differences between the Bernese and the Zurich speaker are not
very important concerning consonants. Both speakers realize consonants in schwa syllables
significantly shorter than in syllables with full vowels. Consonants in accented and non-
accented syllables are not differentiated. The situation looks different with regard to the

—————
7 Differences between single classes are highly significant (p <.001), only long vowels and diph-

thongs of the Bernese speaker show no significant difference.
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vowels: While schwas are equally long for both speakers, the durations between accented
and non-accented syllables differ significantly. In both cases the realisations of the Zurich
speaker are significantly longer than those of the Bernese speaker. 8

1,6

1,7

1,8

1,9

2

2,1

2,2

Ce
ll 
M
ea
n

C,
   
sc
hw
a

C,
  u
na
cc
en
te
d

C,
 a
cc
en
te
d

V
,  
 s
ch
w
a

V
,  
un
ac
ce
nt
ed

V
, a
cc
en
te
d

Cell

ZH
BE

Figure 5: Mean and 95% confidence interval in log ms: Segment duration by
vowel/consonant for each dialect (BE/ZH) and by accentuation.

Figure 6 shows the length of the consonants by position in the syllable. As in other lan-
guages and varieties (French: Keller & Zellner 1996, German: Riedi 1998, 52; Siebenhaar
et al. 2001, 169) consonants in Swiss German are shorter in syllable onsets than in syllable
codas. The figure reveals that this difference is much stronger for the Zurich speaker than
for the Bernese speaker. The two speakers do not differ with respect to the consonants in
the onset, the difference in the coda, however, is highly significant.
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Figure 6: Mean and 95% confidence interval in log ms: Segment duration of the consonants
by position in the syllable (Onset/Coda) and by dialect (BE/ZH)

—————
8 t-test for difference between Bernese and Zurich speaker in schwa-syllables: for consonant dura-

tion p = .60; t-test for vowel duration p = .54. t-test for difference between Bernese and Zurich
speaker in unaccented-syllables: for consonant duration p = .0490; t-test for vowel duration p <
.0001. t-test for difference between Bernese and Zurich speaker in accented-syllables: for conso-
nant duration p = .0090; t-test for vowel duration p < .0001.
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5.2.3 Word Level

In most languages the distinction between lexical and function or grammatical words is an
important factor for segment duration. This is also true for the two dialects examined: As
usual, segments are shorter in grammatical words than those in lexical words. Figure 7,
which only considers vowel duration, confirms the difference between vowels in lexical
and grammatical words for both dialects.
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Figure 7: Mean and 95% confidence interval in log ms: Segment duration of vowels by
grammatical/lexical words (g/l) and by dialect (BE/ZH).

In addition, the diagram gives an impression of the fact that the Bernese speaker makes a
greater difference between vowels in lexical and grammatical words than the Zurich
speaker. Beyond the general tendencies, finer differences appear when the accentuation of
the syllables is taken into account. From figure 8 it can be picked out that depending on
word accent, both speakers arrange the relation of the vowel durations in lexical and gram-
matical words differently.

1,64

1,66

1,68

1,7

1,72

1,74

1,76

1,78

Ce
ll 

M
ea

n

BE ZH
Cell

1,78
1,8

1,82
1,84
1,86
1,88

1,9
1,92
1,94
1,96
1,98

2

Ce
ll 

M
ea

n

BE ZH
Cell

1,85

1,9

1,95

2

2,05

2,1

2,15

2,2

Ce
ll 

M
ea

n

BE ZH
Cell

l
g

Figure 8: Mean and 95% confidence interval in log ms: Segment duration of schwa-vowels
(left), of non-accented vowels (center), of accented vowels (right) by grammatical/lexical
words (g/l) and by dialect (BE/ZH).

The Bernese speaker differentiates segment duration between the two word classes more
than the Zurich speaker does. For the Bernese speaker these differences are highly signifi-
cant for schwa syllables and non-accented syllables, for stressed syllables they are signifi-
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cant. For the Zurich speaker the difference is significant only for non-accented syllables.
The fact that the values collapse for the Zurich speaker can be explained by his more care-
ful articulation. This careful articulation puts up a resistance to a stronger reduction of syl-
lables also in the grammatical words.

5.2.4 Phrase Level

The phrasing, the structuring of an utterance into prosodic phrases, to a great part influ-
ences the global impression of the prosody of a language. Here we only look at major
phrases. For our study we defined these phrases perceptually on the basis of perceived
pauses and of the resetting of the intonation curve. Table 6 shows that the Zurich speaker
has significantly shorter phrases than the speaker from Berne.

Table 6: Phrases: Count, mean number of syllables, standard deviation, standard error

Count Mean nr. of syllables Std. Dev. Std. Err.
BE 609 4.48 2.81 .114
ZH 1265 3.83 2.55 .072

The distribution of the phrase length shows some differences (Figure 9 left for Berne,
right for Zurich). The mode for the both speakers is at 2 syllables. The steeper distribution
of the Zurich speaker conforms to the data of table 6. They show that the Zurich speaker
has a smaller amount of longer phrases and therefore a lower mean of phrase duration.
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Figure 9: Histogram syllables/phrase Berne dialect (left), Zurich dialect (right)

Phrasing influences segment durations, as syllables at the end of a phrase normally are
lengthened. So one could expect that the differences shown up to now are due to the fact
that the Zurich speaker has shorter phrases and therefore more syllables with phrase-final
lengthening. Comparing vowel length with respect to the syllable position in the phrase
shows that these differences remain. Figure 10 depicts that for any position, one-syllable
phrases, first, middle, penultimate and last syllables of a phrase, the vowels of the Zurich
speakers are longer than those of the Bernese speaker. In the penultimate position, these
differences are significant, while they are even highly significant in any other position. So
we can state that the Zurich speaker really has a slower speech rate - a fact that does not
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reflect the stereotypes. The picture however also reflects that both speakers show similar
behaviour in vowel lengthening. Compared to the phrase middle syllables, the last and the
next to last syllables are lengthened. For both speakers the differences of these three posi-
tions are significant. For the Zurich speaker the change between the three positions is simi-
lar. For the Bernese speaker the durations of vowels in the next to last syllable are closer to
those of the last syllable.

In phrase-initial syllables, vowels are also lengthened. The difference to the vowels in
phrase-medial syllables is clearer for the Zurich speaker than for the Bernese speaker. For
the Zurich speaker, vowels in phrase-initial syllables are almost as long as vowels in the
next to last syllables. For the Bernese speaker, vowels in phrase-initial syllables are very
distinctly shorter than vowels in penultimate syllables.

Single-syllable phrases show the longest vowels, it seems that final and initial lengthen-
ing are added.
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Figure 10: Mean and 95% confidence interval in log ms: Segment duration of the vowels
by position in the phrase and by dialect (BE/ZH).

This picture is not reflected 1:1 on the consonant level shown in figure 11. Compared to
the Bernese speaker, the consonants of the Zurich speaker are longer only in one-syllable-
phrases and in the first syllable of a longer phrase, while in other positions they are even
shorter than those of the Bernese speaker. The differences are significant for the single-
syllable phrases and the penultimate syllable9.
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—————
9 t-test for difference of consonant duration between Bernese and Zurich speaker: in single-syllable

phrases p = .0011, in penultimate syllables p >.0001.
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Figure 11: Mean and 95% confidence interval in log ms: Segment duration of the conso-
nants by position in the phrase and by dialect (BE/ZH).

The difference of consonant length cannot only be explained by the position of the sylla-
ble in the phrase. When taking into account the position of the consonants in the syllable as
well, it appears that the consonants in syllable coda position (figure 12) are quite similar
between the two speakers. In fact none of the distances is significantly distinctive.
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Figure 12: Mean and 95% confidence interval in log ms: Segment duration of syllable coda
consonants by position in the phrase and by dialect (BE/ZH).

With respect to syllable-initial consonants, however, the two speakers behave differently
(figure 13). The Bernese speaker has no significant lengthening of consonants in the sylla-
ble onset of phrase initial syllables. The Zurich speaker shows a clear lengthening in these
positions. On the other hand the final lengthening of syllables affects Bernese syllable ini-
tial consonants more than those of the Zurich speaker.

So the two speakers mark phrase boundaries in a slightly different way. They have a
similar behaviour for the syllable nucleus and especially for syllable final consonants. At
both edges of phrase boundaries both speakers lengthen these elements. So we do not only
find a final lengthening but also a phrase-initial lengthening. This result is in contrast to
findings on Swiss High German (Siebenhaar et al. 2001) and to findings on French (Zellner
Keller 2002), where phrase-initial syllables are reported to be accelerated. Byrd and Saltz-
man (1998) observe articulatory lengthening for both phrase-final and phrase-initial posi-
tions. For French there are also reports for articulatory initial lengthening of certain, mostly
consonantal segments (Fougeron 2001). For Korean (Cho/Jun2000) domain-initial
strengthening is observed for consonants. These results all are based on read speak or labo-
ratory speech of single sentences. The difference of the results may therefore be a stylistic
difference of read and spontaneous speech that may have some psycholinguistic basis in the
sense of increased semantic and syntactic processing times required by spontaneous utter-
ances.
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Figure 13: Mean and 95% confidence interval in log ms: Segment duration of syllable onset
consonants by position in the phrase and by dialect (BE/ZH).

The longest syllables in our data are those in single-syllable phrases. It seems that here
phrase-final and phrase-initial lengthening coincide.

One main difference between the speakers lies in the syllable onset consonants that are
generally shorter than syllable-coda consonants for both speakers. Moreover, the syllable-
onset consonants remain short in phrase-initial position for the Bernese speaker. At this
position the Zurich speaker shows the same lengthening as for vowels and syllable coda
consonants. On the other hand we have a contrary behaviour at phrase final syllables. Here
the Bernese speaker shows the 'normal' lengthening of syllable onset consonants while for
the Zurich speaker they remain rather short.

The other main difference in marking phrase boundaries concerns vowel lengthening.
While the Bernese speaker has a longer lengthening of the penultimate syllable, the length-
ening of the first syllable is smaller. The Zurich speaker on the other hand has a clear
lengthening of the first syllable nucleus, while the lengthening of penultimate nucleus is
less marked.

These aspects show that the Bernese speaker marks phrase boundaries more at the end
while the Zurich speaker favours a clearer marking of phrase-initial syllables.

6 Conclusion

After these initial analyses we come to a first conclusion. Because the data analysis is still
rather incomplete, these results are to be considered as preliminary and should only point
out some aspects of the analysis that have to be taken in to consideration for building a
speech synthesis system. However, it was possible to demonstrate that the temporal organi-
sation of speech of the Berne German speaker is quite different from the one of the Zurich
German speaker. Generally, the differences are greater for vowels than for consonants, be it
in the distinction of lexical and functional words, be it in the distinct accentuation or be it in
the distinct duration regarding the position in a phrase. But even for consonants we could
demonstrate some differences between the two speakers: for example the different relations
of occlusion and bursts in plosives or the distinct behaviour of syllable-initial consonants
dependent on the position of the syllable in the phrase. One of the most remarkably results
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concerns the marking of phrase boundaries. While the speaker of Bernese German mainly
marks the phrase boundary with a lengthening of the elements of phrase-final syllables, the
speaker from Zurich shows a less distinct lengthening of these phrase-final syllables but a
stronger lengthening of elements in phrase-initial syllables. Very often these differences are
only a few milliseconds. However, some informal tests with French vowels in our labora-
tory have shown that systematic temporal changes of as little as 2% can be noticed, so the
sum of these differences may well constitute a part of the audible difference of Berne and
Zurich German. But with the data of two speakers presented here it is not yet possible to
generalize the results and to make valid statements about the difference between two dia-
lects. These results characterise two speakers who have a different dialectal realisation.
Therefore it is not yet possible to distinguish between idiolectal and dialectal features of
prosody. Further data and further extended analyses will make such statements possible and
it will be possible to build the models for an automated generation of dialectal prosody.

In many articles of the last 10 years Brigitte Zellner Keller has pointed on the impor-
tance of temporal organisation for a natural sounding speech synthesis. Regarding our pre-
liminary results of Berne and Zurich German it hopefully became clear that for research on
dialectal prosody as well, not only intonation patterns but also the temporal organisation of
speech is worth an analysis.

For the ongoing work in view of a dialectal synthesis system the analyses presented here
are to be refined and will lead into a (statistical) model of segment durations for each dia-
lect. Moreover, models for phrasing and intonation are being built. After an implementation
of these algorithms, the completion of the dialectal diphone database and the new signal
generation module we will have the possibility to let our computer read dialectal texts. This
will let us verify the adequacy of our models, and we will have the possibility to compare
the prosody models of one dialect to the models of the other dialect.
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