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ABSTRACT

In this paper, an attemPt is made to outline a model for
cerman piosody. The model aims at generating the rhythm and
melody of German utterances, i.e. their temporal and tonal
strucLures, by starting frorn linguistic information in the
input and then applying phonological and phonetic ruIes. The
moãe1 consists of three main components: the basic temporal-
and tonal components where the basic temPoral and tonal struc-
tures of utterances are generated separately from each other
and the modification component l¡¡here the basic structures are
¡nodified in different ways according Èo various demands.
Starting out from an inherent duration of the segments spect-
rally dèfi-ned in the input, their basic durations are calcu-
lated as a consequence of various contextual factors' Opera-
tj-ng on the tonal prosodíc features of the input, pitch re-
writing rules transpose the linguistic features into a nota-
tion of tonal points or levels HIGH or LoW which are related
to spectral events and of the tonal range WIDE bound to the
HIGHè and LOWs. These tonal specifications are transferred
in a series of steps by the intonation atgorithm into phonetic
values. Drawing on acoustic data and on manipulations of the
pitch of utterances by means of speech synthesis, some con-
cepts of an intonation theory concerning German are discussed'

1. BACKGROUND AND AT!1I

In contrast to what is the case for a great number of langua-
ges. there does not seem to exist a model for German prosody

which is based on acoustic data and which, although qualita-
tively only, can qeneraCe the temporal and tonal structur:e of
utterances by means of rulesl. Prosody is used here in a some-

what limited sense; the component of voice quality and certain
segmentally bound features are excluded. Thus prosody means

simply the rhythm and melody of speech'



Rhythm i-s equivalent to the temporal- structure, namely the
durations of segments and their interrelationships within
larger units such as sy11ables, phrases, etc. Melody is equj_-
valent to Lhe tonal structure, expressed., for instance, as the
Fo-contour which is composed of tonal prosodic features such as
accenÈ, intonation type, emphasis. etc. The tonal structure of
utterances may be viewed from different angles. From the point
of view of the speaker, the tonal contours may be described
as either movements or points or levels representing tonal
targets. From the point of view of the lístener, the tonal
structure may be seen in terms of tones or tonal changes
associated with certain spectral events such as vowels, con-
sonants, and syl1ables.

It is the aim of this paper to present an outline of a model
for German prosody2. I would like to emphasize that this
cannot be more than just a first, simple, and incomplete
attempt; a great amount of work and research needs to be done
to enable us to achieve a more compl-ete and satisfactory
understanding of German prosody.

The present outline is based on an acoustic investigation
where several important parameters vTere varied within utter-
ances spoken as one breath grorrp3. The second basis for this
sketch is to be found in the various models for duration and
intonation which have been developed for some other languages
(see references). These model_s served as helpful guide-lines
for the more general aspects of the cerman prosody model.

2. SOME ACOUSTTC DATA OF GERMAN PROSODY

A relatj-vely large material which was read by three university
educated female speakers from Northern cermany served. as the
acoustic basis for the outline of the model for cerman prosody,
The material which is shown in Table 1 consisted of 14 basic
utterances4 the tength of which varied as a consequence of the
increasing number of accents from 1 to 8. The main syntactíc
phrase boundaries are indicated.

AII utterances were read by each speaker using the fol-lo\{ing
three intonation types: statement (final falling íntonation),
echo question (same word order, but expressing surprise and
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astonishment, final rising intonation), and information ques-

tion (Ínverted word order, final rising intonation) . The

speakers aimed at giving equaÌ hteight to each accent and at
producing each utterance as one prosodic phrase v¡ithout break-
ing up the longer utterances into several shorter phrases.
The utt.erances containing 2 to 7 accents appeared as pairs
dífferíng in the position of the syntactÍc phrase boundaries.
Each utterance \^ras embedded in an appròpriate context (cf.
Bannert 1983a and for the method Bruce 1977) and read 5 times-

For the sake of convenience, and before outlining the model

proper, some basic data concerning certain temporal and tonaf
aspects of German prosody will be given.

2. 1 Sentence and stress durations

It is welt known that segment durations are affected by a

number of segmental and prosodj-c factors. In this respect,
the followlng question is of inÈerest. Are the durations of
sentences and stress groups affected by the tonaf structurês
of the different intonation types? This question can only be

given a negative answer (for a detailed description cf.
Bannert 1983b). The durations of the units of sentence
(utterance) and stress group do not vary in a uniform way

across the intonation types and the three speakers. No syste-
matic patterns of variation emerge that can be interpreted
as a cornmon temporal behaviour reflecting specj.fic linguistic
demands shared by all the speakers.

The relationshíps between the sentence durations of the three
intonation types A (statement = reference) , E (echo question) ,

and I (information question), according to t$/o methods of
evaluation, can be summarized as fol-lows:

rsAsE
This means that the three sentence durations are either equal
or unequal, i.e. there may or may not be any signíficant
difference between them. If there is a difference, however,
the information question has the shortest and the echo ques-

tion the longest duration. Nevertheless, it should be remember-
ed that the relative di.fferences in sentence duration between

the intonation types and across the three speakers are rather

4



small. They vary in a non-systematic way between 0 and 98 of
the duration of the statement. As the differences in sentence
duration are not systematic and of minor magnitude only, it
may be assumed therefore that the differences observed may be

perceptualJ.y insignif icant.

The durations of the stress groups shor"¡ a similar picture.
They do not vary consistently between the three intonation
types and across the three speakers. Variation of stress qroup

durations are to be found over the whole utterance. They are
not confined to any specifie part of the utterance, e.g. the
final part where the tonal contour moves in opposite direc-
tions (statement vs. questions). Thus it is inierred that the
differences in sentence duration observed in the material are
the rêsu1t of a global" temporal change which is distributed
over the whole utterance.

By means of a graphic representation, the non-systemaÈic
ñãttêrñ ôf l-emrrôrâ1- variation aL the sentence ând stress qroup

Ievel becomes obvious. Speaker Brs data are used which are
also represenÈative of the th¡o other speakers. Figure 1a

shows the reLative mean differences of sentence duration
betr^reen the intonation types statement,/information question
and echo question/statement of all the 14 utterances. Figure
1b shows the relative mean differences of stress group dura-
tion between echo questj.on/state¡nent and their total mean of
the longest utterance with I accents for all three speakers.

In summary. then, it is concluded that the differences in
sentence and stress group duration between Èhe three intona-
tion types are relatively small and by no means systematic or
consistent. Therefore, it seems justified' at least as a first
approximation, to attribute no obligatory (linguistic) status
to the context feature "intonation type". Instead, the dura-
tion of intonation types may vary individual!-y. This variation
may therefore be considered optional to be incorporated as

such into a l-ater stage of the prosody model.

2.2 Fo-contours

As an illustration of the tonal- features and their systematic
characteristics, Figure 2a shows the normalized and suPer-
imposed Fo-conlours of the utterance wj-th 6 accents (Der

5
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lullende Mtilter ín Lingen will die längeren llänner

immer Lümmel nennen) as the three intonation types for

each speaker. ExcePt for one instance, the tonal expression
of each accent consists of a tonal rise starting from an Fo-

minimum in the consonant preceding the accentuated vowel and

ending in an Fo-maximum in the following unstressed syllable'
There is only one exception, namely the final accent of state-

ments which is manifested tonally as a fall. It wíll be re-
cognized that the tonal contour of the two final accents in

statements (rising-falling) equals the hat Pattern Èypical
for Dutch intonation ('t Hart and Cohen 19731. the tonal
differences between the intonation tyPes, above all, are to
be found locally at the end of the utterances. The statement

is characterized by a rather steep fa1l in the final accentua-

ted voÌ''el, continuing to the very end of the utterance and

ending in a very 1ow tone, the speakerrs absolute Fo-minimum'

The questions, on the other hand, end in a rising contour
reaching a ver!' high tone weII above thê tonal peaks of the
preceding accents. In general, the echo questions show an

increased tonal range in the accents, the size of which varies
between the speakers. Considering the three superinposed tonal

contours representing the three intonation types, one may get

the impression thaÈ the tonal movements started from a cornmon

tonal fl-oor. In most cases, the Fo-minima of aI1 three intona-
tion types differ only slight1y. The Fo-maxima, however, may

differ greatly, especiall-y for speaker B. In other words' Èhe

tonal range between intonation types and sPeakers varies con-

siderabl-y, the Fo-minima serving as a fixed f1oor.

It is very easy, starting from Figure 2ar to Predict the tonal

contours of the other utterances containing 1-5 anct 7-8

accents. The Fo-contour of the utterance with 1 accent (Die

Männer) by and large corresponds to the contour associated
with accent 6, i.e. the final" accent, in Figure 2a. The tonal
contours of utterances with 2 accents correspond to those of
accents 5 and 6 ¡ those with 3 accents to those of accents 4,

5, and 6, etc. To be added is the very beginning of the con-

tours, i.e. the initiat part preceding the Fo-minimum of the

first accent, as shown in Figure 2a (cf- also Bannert 1983a,

b).

9



The systematic nature of the tonal structure when the number
of accents is increased, and thus the length of the utterance
is also increased, is brought out very clearly in Figure 2b

where the normalized and superimposed Fo-contours of utteran-
ces with 1,2,3, and I accents for Speaker Brs intonation
types are shown. Going from 1 to 8 accents, the final part of
the contour, i.e. that contour which is associated with the
final accent, is maJ-ntained while rising-falling contours,
corresponding to each non-final accent, are added before the
final accent.

3. THE COMPONENTS OF THE PROSODY MODEL

It is the aim of the prosody model to generate the temporal
and tonal structure of a given utterance by means of rules,
i.e. by applying phonetic information in a systematic v¡ay to
a given input structure. In principle. this goal may be
achieved in different ways. Tr¡ro questions, however, should be
answered in advance as they have far-reaching implications for
the design of such a model.

FirstJ-y, the two-fold aim, namely to generate tv¡o structures -
one in tbe dimension of time and the other in the dimension
of funda¡nental frequency, which, in turn, is a function of
time -, represents some special difficulties in itself. From
the very start, the basic question has to be asked whether the
tvro structures exist each one in its own right, or if one of
them can be derived from the other. The answer to this ques-
tion must have great significance for the structure of the
model. If one of the two structures can be derived from the
other, then it qroul-d not only mean technical savings in the
design of the model, but such a relationship, above a1I,
\^tould capture the very nature of the relationship between the
temporal- and tonal dimensions j-n prosody.

Not until recently has this two-síded face of prosody a1-_tract-
ed the ínterest of the researchers of prosody. Models for
duration and intonation were aimed at generating ej_ther the
temporal or tonal structure. Over the past few years, hotrever,
some alleged connections of tonal movements with segmental
J.engthening have been reported, and a model which treats vowel

10



duration as a dependent variable of the change of Fo over this

segment was presented by Lyberg (1981).

Yet, attractive as this idea night be at first qlance and

fruitful as iÈ has been for prosodic research during the past
few years, it has to be stated that Lybergrs model, in prin-
ciple and in its absolute form, does not seem to hold against
evidence of various kinds presented for Central Swedish (Bruce

1981), central and Southern Swedish (Bannert 1982a1 ' German

(Bannert 1982b1, and Danish (Thorsen 1980). It is of course
true that nobody will doubt that there are cerlain dependencies

between parts of the temporal and tonal structures. I{owever'

their mutual effects are rather small and thei-r interrelation-
ships should be characterized as mutual rnodification rather
than dependence.

The second basic question concerns the input to the model '
especially its phonological information. VlhJ-ch phonological-

featuresaretobecontainedintheinputl^Thichisalinguis-
tically abstract structure showing, among other things' seman-

tic, syntactic, and pragmatic feature specifications? In this

instance' ùoo, different alternatives for a solution are

possible and plausible, depending on the degree of redundancy

that is to be allotted to the phonological structure'

For the present outline I assume that the input shows the

following characteristics: under the syntactic category

symbols, like N, ADJ, PRON, eÈc., discrete phonological

elements (segments, Phonemes) of the canonical lexical units

are ordered linearly and specified as to their spêctral-

features. Furthermore, the input contains the prosodic

featuressTREssandACCENTofsyllables,QUANTITYofvowels,
and intonation tl.pe COMPLETED of the v¡hol-e utterance' The

input also contains information on various boundaries and the

pragmatic features of CONTRAST of words and EMPHASIS of pro-

sodic phrases and PHRASE INTONATION which signals the division

of an utterance into minor prosodic units. the prosodic

phrases, conditioned by several factors such as tempo' syntac-

tic structure, etc. Thus the input, having the form of an

abstract,linguisticallydefinedstructure,containsallthe
necessary phonological features, both spectral and prosodic.

11



and various boundaries. The prosodic features oriqinate from
lexical, morphological, syntactic, semantic,and praqmatic
features and are inserted into the structure in their appro-
priate positions on different 1evels (segment, syllable, v/ord.
phrase, utterance, text) .

As we can see, the input, as a linguistic and pragmatÍc
structure, is abstract and therefore not specified in the
ternporal or tonal dimension. It is the task of the prosody
model, by applying ru1es, to generate the concrete temporal
and tonal structures in the time-fundamenÈal frequency-field.

Accepting these assumptions, a possible conception of the
prosody model is chosen which is shown in Figure 3. The model
consists of three main components: the basic temporal and

tonal components and the modífication component. They may

operate in the order mentioned. Thereby tvro aspects are
stressed. Firstly, the temporal and tonal components operate
separately, each of them generating a basic temporal and a

basic tonal structure. Second1y, tonal features or gestures
(tonal changes) l-ike rises and falls or the points or Ievels
HIGH and LOW, and the tonal range WIDE, only exist in refe-
rence to events in the time domain, i.e. tonal features are
only meaningful if they are associated with temporal units
like consonants, vowels, VC-boundaries or syllabl-es.

The basLc features of the prosody ¡nodel outlined here are not
unique for German but may also be valid for other languages.
Prosodic features that are typical for German, however, are
to be found in the phonology of German and in the rules proper
whi-ch are contained in the temporal and tonal components (the
re-writing rul-es and the intonation algorithm) and in the
modif ication component.

It is the task of the modification component to adjust the
basic temporal and tonal structures to their mutual character-
istics and demands, and to adjust for assimil-atÍons and tempo
constraints. Such adjustments are: temporal effects on the
tonal contour, for instance the number of unaccentuated
syllabl-es bet\,¡een tv¡o accentuated ones; conversely, tonal
effects on durations, for instance a rising tone may increase
segment duration to a certain degree; the so-called micro-

12
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prosody, the effects of the spectral features of the segments
on the Fo-contour; speech t.empo, reductions and assimifations
causing rather drastic alterations in the prosodic structure
(and, of course, in the spectral structure, too). ft is,
however, not self-evident to include tempo and assimilation
in the modífication component. They could operate separatel-y
as vtell. And, last but not least, a device is needed in order
to introduce certain optional (individual) features into the
prosodic structure.

As a concluding remark concerning general features of prosody
models, I would like to point out another possible conception
of a prosody model. Being totally different fron the present
outline, it does not generate the prosodic structure of an
utùerance in a linear, step-by-step fashion. Instead, this
model derives the target structure in an open procedure,
simultaneously on several levels, each level, at any moment,
having access to all information on all the other l-eve1s.
This hint at a dynamic sketch of a prosody model, however,
will not be pursued here, although this concept obviously
seems to be very attractive.

4. GENERATION OF THE BASTC TEMPORÀL STRUCTURE

As ï havê f ollowed a \^rel-I-knovùn approachs, the generation of
the basic temporal structure rril-l be sketched here only very
briefly. The segment is the basic unit of the temporal
structure and its duration is calculated with respect to the
different contexts and the domain it appears in.

In the temporal component of the model-r. the lj-nguistically
specified input is used to generate the basic temporal- struc-
ture in tv¡o steps. Firstl-y, the discrete spectral units are
assigned the inherent duration Do which is listed in the
catalogue of basic durations. Which inherent durations are
contained therein, has yet to be established (but cf. Rietveld
19751 . In any case I assume that two temporal vowel categories
have to be discerned as a consequence of the prosodic feature
of QUANTITY, speci-fied as +IONG in the lexical units.

In the second step, the inherent duration Do may be modified
as a consequence of certain context features. Such contexts

14



are the syltable features STRESS and ACCENT' phrase boundaries,
consonant clusters, CONTRAST and EMPHASIS of words and phrases'
position within stress groups and phrases. Each context may

have the effect of increasing or decreasing the inherent dura-
tions, and the size of this change can be expressed by a

factor. If several different context conditions are appli-
cable to a given segment or sy1lable, the final size of the
durational change is the sum of all these factors. Thus the
basic duration DB of a given segment is

D" = (a + b + c + d + ... + n) Do

As was shown above (section 2.1), the intonation tyPe has no

systematic effect on sentence and stress group durations.
Therefore, the context component contains no factor that
would apply to a given intonation type.

The concrete basic temporal structure is then added to the
original abstract structure of the input. Thus the structure

^^--^- !L- 1 ^^ññ^-^ñ! r¡ *ha {ñhrr+ +^w¡l¡ç¡l IcdvcÞ ur¡c uç¡rtPvta¿ uv¡trPvr¡ç¡¡e ÞE! vEÞ ¡¡.yue Ev

the tonal component. It contains the linguistic features of
the input and the phonetic temporal structure in the time
dlmension.

5. GENERATTON OF THE BASTC TONAL STRUCTURE

The generation of the basic tonal structure q¡iLl be dealt
with in more detail. This, in the first place, is due to
some novel features in the intonation algorithm. The basic
tonal component also operates j-n two steps6. Firstly, the
tonal prosodic features, such as accent, intonation type,
emphasis, etc., are transposed into a notation of tonal
points or levels and of range. Secondly, operating on this
information, the i-ntonation algorithm then generates the
tonal structure in the time-frequency-fiel-d in five steps,
thus expanding the amount of concrete information present ín
the total structure of the given utterance.

5.1 The tonal re-wri rules

Apart from the rhythnic (temporal) prosodic features STRESS

and QUANTITY of syllables and words, and different boundaries,
at least the foltowing tonal features have to be assumed for
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German. From a phonetic point of viev¡, they are described as
tonal points or levels HIGH and LOW and as tonal range WIDE:

e. Tgrel-egrE!g-gr--lgycIE
+AKZENT¡ Accent, manifested in the fundamental fre-

quency dimension, a tonal rj-se from an Fo-
minimum to an Fo-maximum throughout the accen-
tuated vowel. The final accent of a statement,
however, appears as a fall, thus reflecting
the superiority of the feature of intonation
type (sentence intonation) , namely a low
tonal end, over the syllable or r^¡ord feature
of accent,

+ABGESCHLOSSEN: Completed, feature of the intonation type
(sentence intonaùion) , dominating the syllable
or word feature of accent (and thus of a

smaller domain, lower in the þíerarchy),
rnanifested in the fundamental frequency dimen-
sion, maJ-nly local manifestation at the end
of an utteranaaT, low in completed utterances
(often statements), high in non-completed
utterances (utterances $rhere questioning is
signalled by tonal means).

B. ggge!-rersg

+KONTRÄST: Contrast, concerns one word, pointing out one
l-exical el-ement, manifested tonally by an en-
larged range of the Fo-change in the accentua-
ted syllable, accomplished by a heightened Fo-
rnaximu¡n.

+TEILNAHME: Involvement (enphasis) , concerns the larger
units of phrase and sentence, manifested
tonalLy by enlarged ranges of the Fo-changes
of all the accents, accomplishecl by heightened
Fo-maxima.

In the first step of the tonal component, a re-writing algo-
rithm transforms Èhe specification of the tonal- prosodic
features into a notation consisting of the points HTGH or LOIÍ

and the range WIDE. The following rules are to be applied

16



(the arrow mear¡s "re-wrj.te asr') :

At - Tonal points or levels

+AKZENT + H(IGH) in the pre-accentuaLed consonant,
applies to the final accent in completed
phrases (statements) onIY.

* L(OVl) in the pre-accentuated consonant'
otherwise.

+ABGESCHLOSSEN + L(OW) in the final vowel (or syllable)

-ABGESCHLOSSEN ---> H(IGH) in the final vowel (or syllable)

B'. IgÊel-leggg
+KONTRAST ..+ VI(IDE) in this LOW or HIGIT

+TEILNAHME --> !Í(IDE) in all non-sentence final LOWS

and HIGHS.

By applying the tonal re-writing rules. a tonal specification
is produced which also reflects the characteristic conirasts
betv/een the various prosodic conditions, for example intona-

tion type and involvement. The operation of the tonal re-

writing rules is illustrated by the fol-lowing example taken

from the material in the acoustic investigation. The sentence

"Der Milller in Lingen will die M¿inner immer LÍlmmel nennen"

containing four accents is shown as a statement and as an

information question (inverted word order):

INPUT

statement

an

f +ACC +ACC +ACC +Acc I
l_Oer 

Nütler in Lingen will die Männer ìmmer Lünrme1 nennell

formation <luestion

f +ACC +ACC +ACC +ACC I
l_wifr 

a"r Müller in Lingen die Männer immer Lümmel nennell

+C0MPL

1'7

.COMPL



TONAL RE-WRITING RULES

statement

l-LLLjiLl
l_ 

er ltütler in Lingen wiII die Männer immer Lümmel nennã11

information question

ILLLLHI
l_ltltt 

aer Müller in Lingen dìe I'länner immer Lümmeì nennel[

The tonal patterns, being the result of the tonal re-vrriting
rules, are novr altered Lnto concrete Fo-contours by the in-
tonation algoríthm.

5.2 The intonation rithm

The tonal patterns, specified in terms of L, H, and W and
tied to spectral events in the time dimension, are transformed
into Fo-values in the fundamental frequency dimension by the
intonation algorithm, the second part of the tonal component
of the model. This is done in five steps where the basic
temporal structure is the necessary prerequisite for the
operation of the j-ntonation algorithm. Thus the abstract
linguistic and the temporal phonetic structure (information)
of the utterance is extended by the addition of the concrete
tonal structure.

The intonation algorithm j-s designed in such a way as to
generate Èhe Fo-contour of an utterance from below, starting
from the tonal floor of the contour, i.e. its Fo-minima,
especially the absolute Fo-minimum.

The application of the intonation algorithm is shown in
Figure 4. The same sentence as above "Der M{iller in Lingen
will die Männer immer Ltfnmel- nennen" containing four accents
of equal weight, to be spoken as a one-phrase statement and

18
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Figure 4. The intonation algorithm illustratlng the generation
of the tonal structure for a sentence with 4 accents
as a statement and an inforrnation question.

.t9



information question, serves as an example. Vfhere the accent
pattern is concerned, this sentence corresponds to other sen-
tences, for instance, "Das Gemälde von Kandinsky ist gestern
versteigert worden. "

STEP 1

In the first step, certain tonal. targets (points or leve1s)
have to be determined in order to fix the frame of the Fo-
conÈour of the utterance, These target values are speaker-
specific and have to be defined. on an appropriate ".uI.8.
Three values correspond to accent minima (L) , the fourth
corresponds to the H of the question intonation:

1. Fo-Min :a The absolute Fo-minimum, the lowest point at
the end of a statement. It seems to represent
the anchor of the whole tonal structure, the
tonal- movements (the tonal changes) and the
tonal- relationships within a qiven utterance.

The final Fo-minimum, the loÍ/est point of the
final- accent of questions.

2

3

4

Fo-Min -:I

Fo-Min. :l-

Fo-Max -:r

The initial Fo-minimum, the lowest point of the
first accent. Thís Fo-val-ue is highest for the
statement and lowest for the echo question.

The final Fo-maximun, the highest point at the
end of questions. It may be equal to or higher
than the first Fo-maximum.

The tonal points 3 and 1 or 2 respectively deflne the range
of the Fo-minima, the bottom line, the tonal floor, throughout
the prosodic phrase. Al-l these points need not be reached in
every utterance observed (cf. step 3). rhey function first of
al-l as auxiliary points. As one gJ-obal- expression of the in-
tonaÈion type and i-nvolvement, point 3, the initial Fo-mininum
of the first accent varies. Compared to statements, this Fo-
minimum ís lower j"n information questions and lor¡¿est in echo
questions. As a result of this, the range of the botto¡n line,
5-.e. the declination, also varies.

STEP 2

fn the second step, the fundanental points of the Fo-contour
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2. lttore than
5 accents:

are inserted. These are the Fo-minima of the accents and the
end point of the utterance. The Fo-minima are located in the
middle of the consonant preceding the accentuated vowel. First
the following LOWS are specifíed from left to right in the
utterance: the first LOW is given the value of Fo-Mini (poínt
3) , the l-ast LOW is given the value of Fo-Mina in statements
(point 1) or the value of Fo-Min, in questions (point 2).

Second, assigning the int.ermediate Fo-minima, trdo cases are
to be distinguished depending on the number of accents in the
utterance:

1. Up to 5 accents¡ Divide the tonal interval between Fo-Min.
and Fo-Min or Fo-Min- into equal stepsar
and i-nsert these values into the inter-
mediate pre-accentuated consonants.

Divide the tonal intervåI of the bottom
Iine into equal steps. InserÈ these
values, except the l-ast but one, into the
intermediate pre-accentuated consonanLs.
Insert a higher value for the last but
one accent.

In questions, the value of Fo-Maxf l-s inserted for the final
HIGH (point 4).

STEP 3

Upon this t'onal floor, the tonal movements (rises) associated
vrith the accents are inserted. Thus each Fo-minimum, except
the Fo-Min- at the end of statements, represents the startinga
point of the tonal accent movement. Starting from a minimum,
the movemenÈ can only go upwards, i.e. it must be a tonal
rise, as the tonal floor is fj-xed.

These constant tonal movements are to be seen as tonal diffe-
rences or tonal steps between syllables. Startíng from an Fo-
minimum ín the consonant preceding the accentuated vowel, the
tonal movement ends in the following, unstressed vowel- (or in
the CV-boundary) . This is also true of the flnal accent of
statements, although manifested as a tonal fafl. The exact
positíon of the end point of the tonal movement may vary, due
to different temporal conditions such as the number of un-
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stressed syllables following the accent or quantity (cf.
Bannert 1 982b) .

There is, however, one accent movement that travels in the
opposite direction, namely the final accent faI1 of state-
ments- This finat tonat fall has to be seen as a natural con-
sequence of tezo factors: the high end point of the preceding
accent rise and the low end point of the tonal contour in
statements. Due to this tonal conditioning, the final accent
fall can be derived easily using the tonal information avail-
able at this stage. As is apparent from the Fo-contours in
Figure 2, Lr¡e starting point of the final accent fall shows

approximately the same Fo-value as the end point of the pre-
ceding accent rise9. Therefore this end point value is in-
serted into the final pre-accentuated consonant and the tonal
movement is directed downwards. It terminates in the following
unstressed syllable and shows the same speed of Fo-change as

the rising movements.

The Fo-change in the accentuated syllable will be expressed
by the factor v of a base unit, the absolute Fo-minimum
(Fo-Iìlin-) which seems to be the lovrest point or level- of the

d

nor¡nal speech register of a speaker. The factor v, hotltever,

is not to be taken as an exact and fixed valuei it is rather
to be thought of as a certain Fo-range or interval from which
values may be chosen for a given utterance.

If the specification WIDE appears r^rith an accent, the size of
the tonal movement v is increased by the factor w lthich also
is speaker-specific and greatly variable. This factor, Èoo,

constitutes an Fo-range rather than a fixed vaLue. Thus the
total tonal ¡novement VG in an accent specified for LOW and

WIDE is

VG (v + w) Fo"r'
a

The size of the tonal movements associated with the accents
may vary throughout an utterance. This variation, it seems,

expresses the concurrence of various features. In order to be

heard as an accent, the tonal- movement has to exceed a certain
minimal value, a tonal threshol-d, defined from a perceptual
point of view and dependent on certain contextual tonal cir-
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cumstances. Larger tonal excursions of the accent movements

are the resul-t of such concomitant tonal features as contrast '
emphasis, and phrase intonation. Therefore, the size of the
tonal movements may be considered the surn of all contribu-
tions of tonal features and, as is the case with the basic
durations (cf. section 4) , may be defined as

Vn = (v + v¡ + k + j + ... + n) FoMirr_

fhis means that the total tonal movement VG associated with
an accent is calculated with reference to the absolute Fo-

minj-mum of the speaker. The proportion of the reference value
is the sum of contributions of all the tonal features appear-
ing together with a given accent: the minimal movement of the
accent v, the range v¡ of the feature WIDE reflecting involve-
ment, etc. ¡lo$¡ever, given equally strong accents in an utter-
ance, I assume the tonal movements to be of equal size on an

audilory scale.

It seems obvious that every change in the size of this equal-

and constant tonal movement signaLs some prosodic information,
namel-y a deviation from the normaL, i.e. expected situation
of equal weight from accent to accent. A decrease of the
tonal movement means a weakening of the accent decreasing the
prominence of the semantic element; an increase, ho\,rever,

expresses a strengthening of the accent thus creating a

greater prominence for this semantic element. Data concerning
the tonaÌ differences in the accents and the position of the
Fo-rninima suggest a strong interrelationship between these
tonal features and the semanLic structure of (parts of) the
utterancel0. considering the utterances which contain the
Iocal adverbial in Lingen, it is found for a1l- three speakers

that the accent movement in Lingen is considerably larger
than that of the accent in Mül-ler. It is qui-te obvious that
the latter accent appears somewhat weakened. This inequality
bethreen accents is shown in Figure 5 for each intonation type
and for speaker B and is representative for all speakers. The

tonal structures of two sentences are shown which contain
seven accents but which differ in the posiLion of the phrase

boundaries: "Der lullende MüllerlF wiff die längeren Männer
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in der Menge immer lungernde Ltimmel- nennen" and "Der lullende
Mtil-1er in Lingen ff w:"ff di-e 1ängeren Männer immer lungernde
Lümme1 nennen". The subject of the first sentence consists of
a phrase containing two accents, that of the second sentence
consists of a phrase containing three accents (cf. Table 1 ) .
In part (a) of Figure 5, the tonal differences (AFo) in each

accent are shown, in part (b) the bottom line, the tonal floor
(Fo-minima) , and in part (c) the peak line, the tonal roof
(Fo-maxima) are to be seen. ft is evident that the tonal
differences associated with the second and third accents
(Mül1er and Lingen/längeren respectively) have implications
for all three tonal characteristics, namely the Fo-movements,

the bottom line, and the peak line. This entails a deviation
from the gradually falling or uniform basic tonal structure.

STEP 4

To complete the tonal skeleton, the starting point of the
whole Fo-contour is inserted. For statements and echo quest-
ions with an unstressed syllable preceding the first stressed
one, a value near the initial Fo-mj-nimum is chosen as a fi-rst,
rough approximalion. For the inforrnation question sho\.ring
inverted word order, the start5-ng point is chosen in relation
to the initial Fo-maximum in such a hlay that the starting
point equals the first Fo-maximum.

STEP 5

Finally, these fragments or basic eLements of the tonal
structure have to be connected together in order to arrive at
the compl-ete tonal contour of the given utterance. This can

be done by straíght lines as in Figure 4 which are smoothed

out later on or by a cosine function.

The output from the intonation algorithm, the generated basic
tonal contours, together with the basic temporal structure,
wilI then be adjusted in various Ítays in the modification
component. Hor"Tever, lhese adjustments are rather small where

size and degree are concerned. The basic features of the Fo-
contours, in principle, will not be altered. This means that,
in spi-te of all modifications, the basic character and fea-
tures of the prosodÍc structure are maintained.
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6. THE MODEL AND INTONATION THEORY

The prosody model presented in this outline, after due amend-

ments and completion, makes the claim of generating the tempo-
raI and tonal manifestations of the pure linguistic-prosodic
features of a given German sentence, excluding the expression
of emotions and other non-Iinguistic features. Operating on

the abstract linguistic information of a sentence, the model
components, step-by-step, will produce the concrete phonetic
structure in the time and fundamental frequency dimensions.

The linguistic input of this prosody model contains all the
prosodic features necessary to generate the prosodic struc-
ture of the given utterance. This does not mean, hor¡¡ever,

that there exists theoretical agreement about which prosodic
features are to be assumed for German and how they are distri-
buted in a sentence. Together with research into this issue
from a purely general linguistic point of view (cf. Klein and

von Stechow 1982, among others), the prosody model sketched
here permits controlled experiments to be conducted in order
to determine relevant prosodic features in a feed-back
fashion. Even at this early stage, however, it seems appropri-
ate to comment on some notions of intonation theory, especial-
Iy for cerman as it is described by von Essen (1956) .

There are no such independent features/elements like focus,
sentence accent, "Schwerpunkt" (centre of gravity) or "pro-
gredient" intonation (cf. von Essen 1956) in this model.
Rather they are dependent features since they are derived
from the model elem.nt"11. It seems plausible, however, that
there exists a difference bet$7een focus and contrast in
German.

Focus or sentence accent or rrschhrerpunktÍ is an automatic
result of accent and posltion. It ah.¡ays appears on the final
accent of an utterance, be it a completed intonation (state-
ment) or an uncompleted intonation (question) . vùhat is cru-
cial, however, is that the following part of the contour re-
mains undisturbed. No tonal movement (protrusion), except the
gradual-Iy falling or rising decllnation, may occur after the
focus movements. This final part of the utterance without any
accent-lLke tonal movement is called "Nachlauf". From a seman-
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ticpointof view, it is very often a mere repetition of seman-

tic elements and could readily be deleted. In other words,
there are no accents following the sentence accent. Sentence

accent is the final accent of a phrase, and together with the
rest of the contour, aì-so expressing intonation.type' it is
heard as "heavier, stronger" than the precedingr non-final
accents.

This effect is easily shown by manipulation of utterances by
means of speech synthesis. For instance, starting from an

utterance containing four accents of equal \,reight, e.g. "Der
französische König war ej-n launischer Gesel]-e" (The French
king was a capricious fellow) and moving the final fal1 for
the statemént or the rise for the question in the accent
positions to the left, whife keeping the Fo-range of this
final change constant, the focus (Schwerpunkt) is also moved

to the left. The result of this manipulation is a shiftíng of
weight or attention to different parts (semantic elements) of
Èhe utterances. Another effect is a shift of context for these
utterances. This shÍfting of focus is illustrated in Figure 6a

for statements and in 6b for questions.

In (1) of Figure 6a,the four accents of the statement are of
equal- weight. This statement may appear as the first sentence

of a text, presupposing the general knowJ-edge that there are
kings of different countries. Although the accents are equal,
each of them refÌecting new information, the final accent ís
heard as the focus. This might be due to two circumstances.
First, the final tonal movement (fa1l or rise) in a tone
contour fulfilIs a particular role in signalling the intona-
t5-on type and thus the globa1 structuring of discourse.
Second, on purely acoustic grounds, the tonal movement (being

Iocated in the lowest part of the tonal range of a statement)
is perceived as large. The final rise constitutes a relatively
large Fo-change from the lor^lest part of the Fo-range upwards.
Both Fo-changes thus give rise to the auditory impression of
a strong tonal element. The final tonal movement may be con-
sidered the combined result of two factors: the accent move-

ment proper and the movement towards the very end point of
the utterance.
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In (2) the focus is on l-aunisch, in (3), however, on franzö-
sisch. Shortened (elliptic) but equivafent versions of these
two statements htould be for (2) "Der französische König war

Iaunísch" and for (3) "Der französische". The repetitive parts
of the original complete sentences are put into parantheses
in Figure 6. The shortened versions could be uttered in the
following contexts: "was ftlr ein Geselle war der französische
König?" for (2) , where the quâlity of the French king is in
the semantic focus, and "Welcher König war ein Iaunischer
ceselle?" for (3) , where the nationality of the king who was

a capricious fellow is in the centre of interest. correspond-
ingly, the position of sentence accent is shifted to the left
in questions (1'), namely to launisch in (2r) and to franzö-
sisch in (3').

In contrast to the sentence accent, being the uttêrance-final
instance of several equal accents, a semantic element may

appear under contrast, vthich means that this element is parti-
cularly pointed out by the speaker either as a paradigmatic
device expressing a meaning not exPected or unusual in this
position or as a correction of a meaning in the ansv¡er to a

statement previousl-y uttered by the listener. The accent of
this emphasized semantic element is stronger than the preced-

ing ones, if there are any. Contrast on a word (a lexical
element) is signalled tona)-ly by a larger Fo-change associated
vrith the word accent I'rhich is achieved by a higher Fo-peak.

This is illustrated by the dashed line in Figure 6a, b (cf.

also Bannert 1982b, FigTure 1). A contrasting accent always

shows up as the last one in a phrase; there can be no pitch
protrusion in the Fo-contour following the contrastíve accent-
In order to bring out the contrast more clearly, the preceding

accents, if any, may be weakened.

Tf the whole utterance is to be stressed, this will be done

by means of emphasis, i.e. the r¡hol-e utterance (its accents

actually) will be spoken with high j-nvol-vement from the part
of the speaker. contrast and emphasis are expressed by the
same tonal means, namely increased tonal range, i.e. larger
tonal movements in the accents, achieved by raising the Fo-

maxima (cf. Figure 2). The only difference between these two

features, besides their function, is their domain. Contrast'
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emphasís, and sentence accent are illustrated in Table 2

In my intonation model, the so-called "progredient" intonation
(cf. von Essen 1956) does not have the same status as the in-
tonation types +COMPLETED rtrhich is the tonal feature of a

whole utÈerance contaj-ning one or more prosodic phrases.
'rProgredientt' intonation exists in certain contexts onLy: it
never appears finally in an utterance and Lt is optional.
This intonation seems rather to be a device for structuring
an utterance by dividing it into snaller units (prosodic
phrases) and thus signalling continuation within an utterance.
"Progredientl intonation al,so seems to be associated vrith a
clause boundary which also may be expressed by temporal- and
phonatory means. Therefore, in my model, "progredient" into-
nation corresponds to the feature of phrase intonation which
is connecteil with the phrasing of an utterance. However, the
tonal expression of phrase intonation is not yet quite clear,
although Èhere exisÈ some data in Delattre et aI. (1965).

Different strategies for the tonal expression of phrase into-
nation can be conceived of, namely a 1oca1 one and a global
one, and of course a combination of both. Local1y, there may
be a tonal jump from the high Fo-contour to the left of the
phrase boundary down to the low Fo-contour to the right of
the phrase boundary. In this case the abrupt tonal jump from
one phrase to anoÈher contrasts with the gradual fall between
successive accents within a phrase (cf. Bannert 1983a, Figure
1) . GlobalLy, there may be a l-arger tonal ¡novement in the
phrase-final accent, v¡hich, compared to all the accents in the
r,thole utterance, expresses the division of the utterance into
phrases in a complex !ray. It seems plausible that phrase in-
tonation marks the subordination of syntactic units v¡ithin a
grammatical-Iy compLex sentence. These two basic strategies
are illustrated in figure ?12.

The model also accounts for Èhe devices of accent weakening
(backgrounding) and deaccentuation (cf. Bannert 1983a).

It ls quJ-te obvious that a considerable amount of work re-
mains to be done in order to develop a compl_ete model for
German prosody, including Standard German and the dialects.
Nevertheless my outline of a model for German prosody does
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-1
1
.l

Da es regnete, muBto er zu Hause ble¡bon

Er muBte zu Hause bleiben, da es regnete

- 
one phrase

--- phrasing by tonal jump (abrupt Fo-change)...... phrasing by raised peak (enlarged Fo-range)

\¿'\t

Figure 7. Hypothesized Fo-contours for phrase intonalion

contain some basic aspects rel_evant to this field of research.
Further research work will bring us cl_oser to an understand-
ing of the workings of prosody and thus better qualify us f,or
making lntelllgible and natural speech synthesis and enable
us to more effectively teach German as a foreign ).anguage.
Future prosodic research wiLl- include language-specific cerman
features of Standard German and of the dialects a:.ong \^rith
features that German shares wi"th other related and non-related
languages. As a particuLar challenge, the cl-ose relationship
bet\,reen prosody and syntax and semantj-cs (pragmatics) hope-
fully wJ-lI promote the cooperation between phoneticians,
general linguists, and psychologists. With these perspectives
in mind, we are justified in looking forward to some very
exciting and productl-ve research work on German prosody.
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FOOTNOTES

1 The book by IsaËenko and Schädlich (1970), a translation of
their paper (1966), is a pure description of sirnpJ-ified

tonal conditions. In spite of its titl-e, it does not con-

taín any rules or algorithms which generate tonal struc-
tures.

2 A shortened version of this paper was presented at the
Interdisciplinary Symposium "Prosody - Normal and Abnormal"

held at the University of ztlrich, April 6-8, 1983 and

arranged by the Association Européenne Psycholinguistique.
ft is not the aim of this paPer to compare the model pro-
posed here to other models to be found in the literature.
For a preparatory hlork, focusing on the intonation part,
see Bannert (1983a).

3 The phonetic aspects, particularly the acoustic prerequi-
sites for the conception of the intonation algorithm and

the details of the investigation, are dealt with
in Bannert (1983b).

4 Choosing the test sentences, the phonetic demands on a

material which is heavily controlled for linguistic and

acoustic variables dominated over semantic aspects.
Although the test sentences do not constítute the most

frequent German uLterances' they do form possible linguist-
ic sLructures. The assumption underl"ying the strong phonet-

ic choice is represented by the claim that the basic
linguistic elements of speech have to be known before it
can be meaningful to study the prosody of spontaneous

speech with alt its numerous variables, the effect of
which is not yet known. The longest utterance, containing
eight accents, reads in English "The miller in Lingen

doing pee-pee wiLl always call the taller men Ín the crowd

loitering louts".

5 The solution adopLed here corresponds to the model for
segment duration presented by Klatt 119791 and r,indbl-om et
al. (1981), to mention only a few. Exactly the opposite
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procedure, r,vorking in a top-down fashion, i.e. starting
from the largest unit, the sentence, and going down via
stress group and syllable t.o the segments, is to be found
in Kohler l'19821 and Kohl-er et al-. (1982). Neither rrill
the consequences of the so-ca11ed gesture theory suggested
by öhman et al-. 09791 be consídered here (but cf. Bannert
1 982a) .

6 The Lund model of intonation (Bruce 1977, Gårding and
Bruce 1981) served as a special source of inspiration j"n

outlining the basic tonal component. However, several
significant dj-fferences, not due to language differences
between Swedish and German, were introduced into the model
for German prosody. I felt a need to replace the visually-
oriented and geometrical- conceptj-on of lines (base and top
line, focal- lines) by a dynamic, listener-oriented view of
tonal changes and tonal relations (cf. al-so Bruce '1982).

7 The prosodic primes Ùutterance" and "phrase" are assumed
as given units. Nothing concerning the difficulty of de-
finlng them will be discussed here.

I lrlean values for five tonal points in the three intonation
types of three speakers are to be found in Bannert (1983b,
Table 3).

9 This derivation in statements is only possible if the
utterance contains at least two accents. In a statement
containing onLy one accent, the tonaL point IIIGH of the
final. and, at the same time, fj-rst accent has to be insert-
ed directl-y by the intonation algorithrn.

It cannot be taken for granted that the hat pattern con-
stitutes the onJ"y and obligatory tonal contour of the two
final accents in statements. Optionally the rise of the
last buÈ one accent may be fol-Iowed by a falI and rise
preceding the flnal accent fall. Thus each accent is
characterized by a tonal rise-fall- movement, although the
tonal" gesture l-s tÍmed differently (earlier) for the final
accent. Evidence for this tonal solution is to be found
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in the Fo-tracings of speaker E.

10 A more detailed account is to be found in Bannert (1983b)

'11 This section is based.on, among other things, the resulLs
of experiments using LPc-synthesis where various utteranc-
es of the speakers B and K were manipulated according to
the model- el-ements. Thus, by just changing the f'o-contour
locally at the end of an utterance, in accordance with
the model, a statement is changed into an echo question
and vice versa. If the final faIl or rise in utterances
containing several accents is moved towards the beginning
of the utterance, the syllable having received the final
tonal movement appears as the "Schwerpunkt" or sentence
accent. However, systematic listening tests r^¡ith naive
listeners need to be run.

12 This presentaLion is based on Lhe Fo-eonL:orrrs of Lhe

author. They were observed on a storage oscilloscope
connected to a pitch meter. It remains to be investigated,
too, how the cl-ause boundary is expressed temporally, for
instance by means of fínal lengthening.
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