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Figure 1: Vowel distributions of four speakers plotted in

F1/F2, and F1/F3 formant plane

ABSTRACT

Based on formant measurements of more than 10000 vow-

els from 16 German speakers, vowel quality di�erences

between the speakers have been analyzed. The main re-

sult of this investigation is that di�erent speakers show

not only di�erent formant values (as one would expect

due to individual di�erences), but exhibit di�erent ar-

rangements in their vowel systems. These di�erences are

demonstrated by examples from the general distribution

of vowels, the structure of vowel prototypes, and the dif-

fering number of degrees of tongue height for di�erent

speakers. The problem of vowel normalization for that

data will also be demonstrated and discussed.

1 INTRODUCTION

In [HWD95] we presented a database with vowel formant

data for more than 10000 German vowels from 16 Speak-

ers. Although all speakers can be considered as speakers

of standard German, they show perceptible regional dif-

ferences, as the recordings took place in Munich (south-

ern Germany), Bonn (middle Germany), Kiel (northern

Germany) respectively. These regional in
uences on the

speaking style lead to considerable di�erences in the struc-

tures of the vowel systems of the individual speakers,

which will be displayed in this paper.

As �gure 1 demonstrates, the general distribution pat-

terns of the vowels in formant planes exhibit clear di�er-

ences between the individual speakers. Speaker CSC and

KKO represent most clearly the two main classes found for

the distribution of the vowels in the F1/F2-plane: a kind

of triangular shape on the one hand, and a more heart

like shaped pattern, with left out edge between u- and i-

region on the other. These overall distribution di�erences

turned out to be closely connected to the distribution of

the vowel prototypes of the individual speakers.

2 VOWEL PROTOTYPE DIFFERENCES

As vowel prototypes we calculated the average formant

values over the realizations of one canonic vowel category.

A canonic vowel is the vowel which is to be expected in

careful realization of the words in question. For exam-

ple, \B�aren" (bears) is supposed to be produced with

the vowel /E:/ as opposed to \Beeren" (berries) which

is to be produced with the vowel /e:/. Many speakers

of northern varieties fo standard German do not produce

that vowel opposition. For those speakers we �nd for the

canonic vowel [E:] more or less the same formants as for

[e:]. So although the canonic vowel categories roughly

correspond to a phonemic representation, they still are

phonetic categrories, since they are de�ned as standard

production patterns and not via an abstract phonological

system of oppositions.

In his comparisons of \regional di�erences in the re-

alizations of standard German vowels", Antti Iivonen

([Iiv87]) mainly reports di�erences in the degree of cen-

tralization for the lax vowels between speakers of East

Middle German and speakers of Vienna German, �nding

that the tense-lax opposition for speakers from Vienna is

mainly a question of length and not vowel quality. Al-

though no speakers from Austria took part in our record-
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Figure 2: F1/F2-plane (bark scaled) with vowel proto-

types averaged over all speakers
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Figure 3: Vowel prototypes and F1-histogram for speaker

CSC

ings, this di�erence is found in our data too, but only

for one speaker (AWE) who comes from the south west-

ern area of Germany. This tendency of not centralizing

lax vowels is also visible in the scatter plot in �gure 1.

The distribution of the vowels for AWE exhibits a kind of

clearing in the central region. Speaker CSC (West Middle

German), shows a similar tendency. In his case the the

lax vowels (/I/,/Y/,/U/) are produced with almost the

same F1 as their tense counterparts.

Figure 2 shows a scatterplot of the vowel prototypes av-

eraged over all speakers in a F1/F2-plane, �gure 3 and �g-

ure 4 show the vowel prototypes for the speakers CSC and

KKO,respectively. Comparing the prototypes for CSC

and KKO one can see, that they display two di�erent

systems. There are di�erences not only in the speci�c

formant values, but also a lot of clear di�erences in the

relations between the vowels. For example, in the data

of CSC one �nds /y:/,/Y/, and /2:/ as one cluster in

the central high region (low F1, medium F2), for KKO

/Y/,/2:/,/@/, and /9/ cluster far away from /y:/ in the

front mid region (medium F1, high F2). Di�erences like

these are found for any pair of speakers in the database.

For a systematization of the many individual di�erences

it turned out to be useful to look at some key features of

the individual vowel systems.

3 TYPICAL DIFFERENCES

As already mentioned the di�erence in the realisation of

the \�a" as [E:] or [e:], is a long known marker for di�erent

types of vowel systems coexisting in standard German.

As displayed in �gure 3 and 4 speaker CSC does produce

an /E:/ as an [E:], while speaker KKO produces /E:/

almost like [e:] and not like [E]. Since both production

types occur at nearly the same frequency, averaging over

all speakers one consequently �nds the /E:/ in the middle

between /e:/ and /E/, as shown in �gure 2. This is also
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Figure 4: Vowel prototypes and F1-histogram for speaker

KKO

true for the two speakers HGP and MKN who use both

variants.

Another di�erence between speakers conveyed by the

data is a kind of backing for the rounded high front vow-

els (y: and 2:). Normally one would expect them to be

articulated in the front region, i.e to show F2-values which

lie nearer to /i:/ or /e:/ than to /u:/. Speaker KKO does

exhibit this expected pattern, but for 6 speakers we found

F2-values almost in the middle between /u:/ and /i:/,

what could be a result of either a backing of the tongue,

or more likely a di�erent degree of lip rounding. Anyway,

the realization of /y:/ and /2:/, too, can be regarded as a

marker for a categorial di�erence between the vowel sys-

tems of the speakers.

4 TONGUE HEIGHT

One outstanding characteristic of the vowel systems of

di�erent speakers is the uneven distribution of the vowel

prototypes along the F1-dimension, which is known to

correspond quite closely to tongue height.

According to phonetic descriptions of the German

vowel system, one could expect up to 7 possible degrees

of tongue height [PM95]: high ([i:],[u:],[y:]), half high

([I],[Y],[U]), upper mid ([e:],[2:],[o:]), mid ([@]), lower mid

([E:],[E],[9],[O]), half low ([6]), low ([a],[a:]). Although

none of the speakers really exhibits 7 distinct classes of

tongue height, each of the distinctions in the 7 degree

system is realized by at least some speakers.

Most speakers exhibit 4 degrees of tongue height, with

largely varying content, and some tend to exhibit only 3

degrees. Although it is hard to draw clear boundaries, the

di�erences in the distribution of F1-values for the vowel

prototypes of individual speakers seems to be a crucial

feature, since it cooccurs with many of the other di�er-

ences we found.

As a �rst way of distinguishing these distribution pat-

terns we do suggest the shape of F1-histograms for the

vowel prototypes (with a bin size of 0.5 bark) as plot-

ted beneath the vowel scatterplots. It is easy to see that
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Figure 5: F1-distribution for speaker SSC and UGA,

which are examples for distribution types G and TR.

Spk. e:/E: dist. y:/2: back F1-distr.

AWE + - TR

BMO + - G

CHK - - RS/TR

CSC + + RS

DLM - ++ G

HGP 0 0 G

HPT - - RS

KKO - - TL

KMA + - G

MKN 0 + TR

RTD - - TL

SAT + - G

SSC + - G

TPO + + TR

UGA - + TR

WSE - + G

Tab. 1: Vowel system features for the speakers in the

database

the di�erences in the distribution of the vowel prototypes

for speaker CSC and KKO lead to two distinct histogram

shapes: a right skewed curve for CSC and a peak in the

central regions with two side peaks for KKO. When in-

specting the histograms for all speakers we could single

out four class-building features for the shape of the F1-

histograms:

G � gaussian shaped distribution

TR � trough right of maximum

TL � trough left of maximum

RS � right skewed distribution

There is one trough right of the maximum found for al-

most every speaker, since the two a's (/a:/,/a/) always

form a kind of side peak, so TR means actually two

troughs right of maximum, as shown for speaker UGA

in �gure 5. The gaussian shaped distribution, again ne-

glecting the side peak for the a's, is, for example, found

for speaker SSC, as displayed in �gure 5. Speaker CSC

is an example for type RS and KKO for the type TL.

All speakers with the feature TL, show like KKO, a large

group of vowel prototypes in the central region, with dis-

tinct F1-values for the high tense vowels (/i:/,/y:/,/u:/).

5 VOWEL SYSTEM

The above mentioned features can be used to build up

a feature matrix for the vowel systems of the individual

speakers, which demonstrates the complete mixture of ef-

fects for the speakers. This suggests that the speakers of

standard German might reveal a mixture of di�erent di-

alectal or sociolectal in
uences. A reason for the rather

massive mixture of in
uences in this particular data might

be that the speakers | being students or university per-

sonnel | came from all over Germany and not just from

the three cities mentioned above, and have thus been ex-

posed to di�erent regional in
uences.

6 VOWEL NORMALIZATION

[PB52], [Tra81] and [SG86] suggest a method for vowel

normalization which is based on bark scale transformation

and on the observation that the formant values of di�erent

speakers covary with the F0-values of those speakers. The

quality of this kind of transformation is typically shown

with examples of vowels from male and female speakers,

which exhibit large formant di�erences. Figure 6 displays

the success of this method for our data, with formant

values averaged over male and female speakers.

Nevertheless, the di�erences of the individual vowel sys-

tems as presented above are resistent against this kind of

normalization, as demonstrated in �gure 7.

This ina�ectiveness of vowel normalization for reduc-

ing the observed di�erences supports the assumption that

these di�erences were not due to general shifting or trans-

formation, but result from inherent systematic structural

di�erences. Normalization can only work successfully to

reduce di�erences like those between between male and
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Figure 6: Tense vowel prototypes for male and female

speakers, in Hz-scaled formant plane and in normalized

formant plane
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Figure 7: Tense vowel prototypes for the speakers CSC

and KKO in hz-scaled and normalized formant plane

female speakers, since those can mainly be explained by

the physiological di�erences.

7 CONCLUSION

Structural di�erences of individual vowel systems have

been demonstrated and features for a �rst systematiza-

tion were suggested. The idea of a vowel feature system

seems to be useful for further research into regional dif-

ferences between these individual vowel systems, although

the impressionistic features proposed in this paper will of

course need re�nement. Future research might reveal new

features, methods for quanti�cation of the features, and

better knowledge about the connection of the features to

speci�c regional in
uences.

The failure of normalization shows that one has to dif-

ferentiate between di�erent formant patterns which nev-

ertheless result in identical vowel quality and di�erent for-

mant patterns which result in perceivable di�erent vowel

qualities. It will need further explorations of the possibil-

ities of modelling human perception of vowel quality, e.g

[P�95], to gain a better understanding of this di�erences.

As a method for explaining or modelling the percep-

tion of linguistic categories normalization seems not to be

useful, since as demonstrated, the speakers are quite free

in their ways of producing the linguistic categories. This

suggests that the connection (often proposed by phonolo-

gists) between linguistic categories and mental perception

or production categories might need more extensive clar-

i�cation.
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