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Annual Report

The Tenth International Congress of Phonetic Sciences in
Utrecht which was visiteil by a large group of staff and

students from our dePartment created a vtave of inspiration for
the beginnlng of the academic year 1983/84.
The research Seminar on Fridays was dominatecl by the thesis
rùork of our graduate students:

Friday seminars

Sept 23 sumner memories from Umeå,
ll+rô^h+ rnã 'F.IIIharn

sept 30 vowels and itiphthongs in Hausa,
Arabic and Chinese

Oct 14 Perception of j-nterrogative
intonation
Report from the project
Speech and Language

Report on the symposium
Invariance and Variability in
Speech processes, MIT Boston

The phonology and phonetics of
speech rhythm

computation of the resonances
of the vocal tract and some
applications

Voice and vocation

Oct 28

Nov 11

Nov 25

Dec 2 The relationship between
prosody and syntax in Greek

Dec 9 Perceptual consequences of
changes in Fo range in
filtered speech

Some aspects of Finnish
sentence intonation

Nov 18

Itbr¡a LtudauJÍfebb,
Kjell librlin, itar¡-
Olof S¡antesscrr¡

Ar¡ne-Christj¡¡e Bredvad-
Jensen

Ctrristina Dravins

[Va Gårdi¡g

Gösta Bruæ

Sidnel labod

Ar¡ri-Christine ohlsson

Antonis Botfuiis

David House

Dec 16 Kjell l,üejrer



Perceptual compensation
strategies in the hard
of hearing

March 2 A data base for Scanian place
names. Dialect and Pl-ace Name
Archives, Lund

March 1 6 Chinese Fo curves extracted
by means of the Ils-program

March 23 NeurolinguistÍc research
paradigms

Dec 16

Febr 3

Febr 1 0

March 30

April 6

April 1 3

Contrast and focus in French

Intonation parameters

Reqister ín Mon Khmer languages

Text prosody in Finnish

Preliminary results in the
project Speech and Brain

PauI TbuaLi

EVa Gårding

David House

Stig Isaksson

Jân-o1of Svantesson

Dorothea l{eniger,
zürich

Kenneth Greqerson

Kjell Weirrer

Cbristi¡a Dravi¡¡s

E1ise Aryiré

Ã¡¡ne-Chri stine Bredvad-
Jensen

David House

ËVa Strangert, Ltreå

Bírgitta Kuylenstierna

April 27 Perception of. prosody and
foreign language learning

May 4

May 11

On prosody and syntax:
Experiments with perception

s\.¡edish speech rhythm

How Swedes accept Swedish
Iúith a foreign accent

Presentation of various computer Sidney l{ood
programs for analysis and
synthesis of speech

Experiments with Swedish
sentence intonation

May 25

An intonation project RoIf Haberbeck, Berlin

The general seminar held in cooperation with the Department of
Logopedics and Phoniatrics and èhe Chilcl Language Research
Center had a more varied program:

Language * Speech * Sound * Hearing

Sept 1 2 The micro-computer as a pause Bengt Sígurd
measurer

Basic tenets of cyclic phono-
logy/lexical phonology

Sept 1 9 Jerzy RubacJ:, Warsã,¡



Oct 10

Oct- 24

Nov 7

Nov 21

Dec 19

Jan 30

Febr 1 3

March 1 2

March 26

April 9

April 1 6

May 7

Mother-child lnteraction
fntonation research

A model for describing child-
adult dialogues verballyt
somatically and vocally

Presentation of the neht computer
(vAx 730) and demonsÈraÈion of
current research

Alternative communicatlon

To speak correctly is good¿
to speak freely is better
Àcoustical dlstinctive
features

Nerí theories about language
teachlng

Language and the Èrro
hemlspheres

Llnguistic Models and Psycho-
Iinguistic Argument

Strategies in questions and
answers

Speech retarded children and
their readlng

Sverka Savit, li¡o\ti Sad

David Ctuystal, Readjrg

Ragntxild Stile*ergh

Gisela Håkansson

L€nnart lik)¡lnar¡

Oll-e Egstrard, IJppsala

Cecilia Thar¡enius,
Eglish Dept. I¡Íd
Dorothea Weniger
Neurologische Kttntk
Zllriclt

Heler¡ Goodlucf<

Anna-Britå Stensträn

IGrstj¡ Narrclér, EVa
l{agrrrßsdr, Lilia¡¡ Rrdberg
& Gunrpl GahrE

May 21 Fleld work with the Akhas Irga-Li11 Hansson, Dept
of East Àsiati.c
IårE[¡ages, Lurd

In addition, Èwo grouPs of students and Èeachers meet regularly
to discuss their areas of special interest. one area is research

in language teaching' Interlanguage, chaired by Robert Bannert'
and Èhe other is problems of readj-ng and writing, chaired by

Kerstin Nauclér and Eva Magnusson. There were five special
courses for graduate students given jointly by the whole

deparÈment:
Languages in Time and Space (Bertil Malnberg)

Methods and Models in Linguistics (Bengt Sigurd)
Psycholinguistics (Helen Goodluck)

Neurol5-nguistics (oorothea Weniger)
- Introduction to Neurolinguistic (Christina Dravins)



Language Acquisition ( Ragnhild Sôclerbergh and
Anne-Christine Bredvad-
Jensen, Center for
Child Language Research-)

By the end of this academic year 83/84 27 logopedic students will-
have completed their trro-term phonetics training. In addition
we have had a few students vrith varying ínterests and back-
grounds taking courses of phonetics at different level-s.
There are at present I active graduate students.

UlrÍka Nettelbladt defended her PhD thesis, Dysphonology of
children, on December 10. Professor Per Lj-nel-l, Linköpj-ng,
Itas the faculty opponenL. The dissertation appeared as No 1 8

of Travaux de 1r Institut de Linguistique de Lund.
The child Language Research Center held a symposium on May

17-18 visited by guests from Norway and Denmark and sponsored
by the HumanistÍc Research Council and the Einar Hansen
Foundation.

Our department was visited by
dr Manfred Pieneman, Sidney, Australia
dr Dorothea Weni-ger, Zürich
Professor Thorstein Fretheim, Trondheim
Professor Elise André, USA

Ass. Rolf Haberbeck, Berlin

The Iogopedic students who are novr finishing their studies in
phonetics visited the Institute of Audiologopedics and the
Institute of Phonetics, Copenhagen together $rith their teachers
David House and Sidney Wood. The students presented their work
in an informal seminar after attending a presentation of the
research facilities and training prograns.
The visit was funded by Einar Hansen.

Gösta Bruce spent a sabbatj-cal spring semester at Bel1 Telephone
Laboratories, Murray HiI1. Kurt Johansson also had_ a research
sabbatical. Anders .r,öfquist who now has a part-time research
position at the Department af Logopedics and Phoniatrics
substituted for him.

The project Phonetic d.escriptions of some important languages
in the third world (Gårti.ing, Lindau, Norlin, Svantesson)1 i" .roro

entering its final year. The projects Vowel ReCuction in



Bulgarian (Pettersson and wood) land Language and the Brain
(Gårding and Dravins) 1, and Immigrants Communication: Problems
of understanding and being understood (Bannert)2, are being
com¡rleted. A ner', project will start on July 1, Reading and

Spelling difficulties. A search for causes. (Nauclér arui llagrnusson)

The nerú lLs-program $rhLch was purchased at the end of last
spring has been insÈalled and local user programs have been

developed. our nelv digital spectrograþh was delívered in JuIy
and a new graphlc ter¡ninal for signal display was acquired.
Both hrere funded by a Wallenberg grant.

Lund ln May 1 984

Eva Gårding

1) HSFR, Swedfsh Council for Research in the Humanities
and Social Sciences.

2) The Bank of Sweden Tercentenary Foundation.
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Towards a Model for German Prosody

Robcrt Bannert

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

2
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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

15



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.
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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

20



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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Tonal Geography. Geographical Variation in

Declaratlvc and lnterrogatlve lntonatlon along

thc Wost Goaet of Swcden

Annc-Christlne Bredvad-Jcnsen
IUTRODUCTION GöTEBORG

Sentence intonation exhibits
elear differences between de-
clarative and interrogative in-
tonation in Swedj-sh, see for e

Gårding 1979 and Bredvad-Jensen 1980.

The dialect j-n the southern region of
Sweden j-s classified as type 1A j.n the
tonal typology of Gårding (Gårdinq 1975)

The dialect spoken in Gothenburg is a typi-
cal representative of western Swedish and is
clas$ified as type 28. For geographical orien-
tation see figure 1 atongside this Page. In the
area surrounding Steninge (which l-s situated about

halfway between Malmö and Gothenburg) the tonal con-

figur ation of declarative intonation is classified as a

transitional form, type 2AB (Gårding, Bruce & Will
stedt 1981). This classification is based on state-
Il€nt contours. The Gothenburg dialecù is

a1ly characterized as a dialect with a rising sen-
tence intonation both in statements and in questíons
(This is al-so said about eastern Nor\"regian which is

STENINGE

HALMSTAD

HELSTNGBORG

spoken not far from western Swedish). How are these two
rising intonations manifested in statements and in ques-
tions? Do they exhibit the same or different kinds of rising
characteristics, e.g. local or global effects on the tonal
contour?
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Àre these rising íntonêtions really rising on all oecðs1Õns,

irrespecti\te of e.q. the positjon of sentence accent? T'hese ere

tbe questions I wênt to study in this pêper elon{sicìe the

follorving: ís it possit':l e to describe the different tonal
manifesteticns of outestion jntonation al.o¡g tÌìe vrest coast cf

-c\^reden as a qraclual or continuous tonäl development, sÔ thal
the result of one change ãt one place is the bãsjs of the next
chanqe ðt another plece, or rather r';ilJ these manifestations be

mo::e adequately deseribed ðs abrupt or tliseontjnuous chanoes

rancomly CistributeC from e geograFhicel Pojnt of vjew?

I'iATERTAL ÀNN PROCE¡URE

The speekers rdere thiee s¡omen fróm Malm¡-l, Halmstad

Steninge) ênd Gothenburg, respeetively. Tley
phoneticelìy tr¿ineC.

( south of
t^têfe not

The besis of the speech material that $rill be Ciscussed here

consists of a SVO-sentence ccnsistjng cf accent 2 vrords, "l'tanne

t¡ì'nnar nel I arna" ( "l4anne is leaving tbe teddy-bears" ) , wbich

was pronounced t'oth as e ouestion and es a stêtement' Tbe

position of sentenee accent, SÄ, was systen¿ticelly varied .so
thõt either of the three different r¡ords in the sentence

receive<l SÀ. Ttìus three different statements anC three
different questions were ot'têined. Fach of the sent-ences $.'as

preeeded by a eontext sentence, designecì to el icit the
appropriate s¡ in tbe sentenee in ouestion. To obtain
continuous Fo-eontours which l^'ere feirly undisturbed t']i
segmental factors, the test k'ords were composed of sonorant

consonðnts and vowels of the same degree of opening, here

non-higl. vov'el s.

T'he sentences \i'ere recorde<l fi'¡e times each in rendcm order.
Tracings of tbe Fo-contours v¡ere made for ea.cÌ' sentence ãnc

among these one contour cculd easiJy be chosen ðs a typical-
representatir¡e for each of t,he -qix sentences.
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DTSCUSSTO}I OF TON¡.L CONTOUFS

The sentencê.aceented word, foeus, is indieeted in Figure 2-4'
wit-h an ãrrov,' in the fi.rst C\¡-boun<lary of the word. The aecent-

is manifest-ed es â fall beginning in t-be seeond consonant in
the word in tle MaImö ancl in the l¡al-mstaC dial.ects. In the
Gotbenburq Cialect on the other l'ênd the sentenee aecent is
manifestetì tonal 1y with a Ì'igh peek in the first vcv¡el cf the
postfocal wor<]. The freorteney peaks ttere eonnected with a

strãight line, the topline. Ttle direction of the topline
in<ricates tbe globð1 direction of sentence intonation (1.).

MAL!4N

Global cheracteristics in the tonal. contour
As can be seen from Figure 2 there are only small <iifferences
betweên thê slope of the topl ines (2 ) before focus in statement
end question. Postfocally the toPline either fal1s slightly or
is level in the guestions, whiÌe the corresponding statements
eihibit- a relatively steeper fall.

À11 three sentence pairs exhibit an overall frequency level
whieh is higher in the questions than in tbe corresponding
statenents.

Loca.l chêrêcteristics in the tonal contour
A very pronounced final- fall is exhibited in all the three
suestions, ðs the stårting point of the fãll is higher for the
ouestions (due to t-h€ higher overal I Fo) anci es the encipoint is
at- tte same Fo in both question ¿nd statement. It seems as if
the vcice departs from the same resting position in all the
sentenees regardless of the sentenee intonation and tltêt it
fal ls to thê same low Fo (final. val.Jey) r¡'hich thôn coulcl be

j.nterpreted as the bott-om of the voiee.
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"Manne lä¡nnar nallarna" pronounced as statements (un-
broken lLnes) and as guestions (broken lines) . Thick
contour lines = vowels, thin contour lÍnes = consonant,s.
Vertical bars = word boundaries. A sentence accented
word is lndicated with an arro!" in the first CV-boundary
of the word. This boundary l-s used as a common line-up
point ln the time domain for each sentence pair.

toplirre (statements), ......'.. = topline (questions) (3),
IrlALltö
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Discussion
PerceptuaJ experiments, using <ljfferent- synthêsized versions
based on the medial ly focussed sentence above. showed that the
most importarit cue to the perception of guestions in this
clialeet is the higher overall Fo (Fredvad-Jensen 1983). This
means thet- in. tlris ease a global intonation character.istic
overrides a local one, as it is clear thêt the higher overall
Fo j.n the aestions is not preserved in order to make possibJ.e
the FronouneeC. finat fa]1 but that the high overall Fo in the
guestíons is preservecl because it is irnportènt per se.

HAL}TSTÀD

Gl.obal characteristics in the tonal eontour
The topline ascends Postfocalty in the ouestions whereas it

descen<ls in the Êtatementa thus inclicating the dj fference
between a global rising intonation versus a global fallinçr one,

as can be seen in Figure 3. This difference is even inplied in
the finêl part of the Last word- in the finally focussed

sentencê pair (Pair c).

The overall Fo iç higher in the ouestions than in the
eorresponding statements.

A frequency compression of the tonðl novements before and after
focus cên clearly be seen in the questions in eomparison with
the st-atements.

Loce l clraracteristies in the tonal contour
Þ wiCer freotrency expansion of the tonal movements in
t-.onnection v/ith focus is exhibiteC in the ouestions as compared

to the stat-ements.

Tlje tonel configuration in the questicns Cispleys a final rise
ending at a fairJy high Fo whereas tle tônal eonfiguration in
the corresponding stâtêm€nts shcws ej.ther a pronouneed final
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"l.lanne lännar nallarna" pronounced as statements (un-

broken lines) and as questions (broken lines) ' [hick
contour llnes = vowels, thin contour lines = consonants'

Vertlcal bars = word boundaries. A sentence accented

word is indicated with an arrow in the first CV-boundary

of the word. This boundary is used as a conmon line-up
point l-n the llme domain for each sentence pair.

topline (statements), """" = topline (questions) '
þ.e = creaky voice.
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fal I enCing in a ereaky voice or a final lo¡¡ Fo as opposed to
the very much higher Fo in the corresponding ouestion.

Di scuss i.on

Tt'e tonal configurations show e-ì.ear differences betq/een
ouestíons and statêments in this Cialect manifestation
concerning both locê1 end global eharaeteristics.

GOTHENBI'PG

Às f am uneertain êbout the interpretation of the tonal curve
of the m€diél Ly focussed ouestion I witl use the corresponding
Vso-ouestion for the ecmparisons. Note that for this sentence
only the interrogative function is signalled by both intonetion
and reversed v/ord orcler.

Global charaeteristics in the tonal- contour
The topline ascentìs up to the high peak in the postfocâI !¡ord
in the ouestions after uthich it descends, as is sbov¡n in Figure
4. Thís means that there is a global rise in intonation up to
t-he peek ment,ioned. If the quest j.on has final focus as in C in
Figure 4, the entire contour'can tre cl-.aracterized as a glohal
rise. In the statements the topline stêrts to level off or to
fa11 slightly at one peak earlierî thôn in the guestions; after
the next peak the topJ.ine descends as in the corresponding
questions.

The overall Fo is higher for the questions tllan for the
correspondS.ng statements.

A frequency compression of the tonãl movements is exhibit€d
before the hi.ghest freoueney peak in the questions as compared
with the corresponding statement- contours.

Local eharacterist-jcs in the tonal ccntour
The ouestjons with meclialJy or finally focursseC v¡ords display a
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Figure 4. "llanne lämnar nallarna" pronounced as statements (un-

broken lines) and as questf-ons (broken lines) . Thick
contour lines = vowels, thin contour ll-nes = consonants.
vertical bars = word boundaries. A sentence accented
word is indicated with an arroqr in the first Cv-boundary
of the word. This boundary is used as a conmon line-up
point in the time domain for each sentence pair. Note
that for sentence pair B the question is a Vso-question.

topline (statementsl , """" = topline (questions) .

GoTHENBURG 
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final rise which is more prcnounced and which reacbes a bioher
Fo than the corresponding statement- contours.

The postfoeal peak mentioned abcve reaches è higher Fo .in the
guestions thên in the eorresponding statenents for a1I three
sentence pairs.

Discus s ion
In the introduction of this päper ouestions about possible
configurations of the intonation in statements and questions
vrere Froposec. Referring to the discussion about rising
intonåtion it seems clear that the tonal contours of bot-h

stâtements ând guestions displðy a globêl rise, but this rise
both lasts for a longer period of f-ime and reaches a hiqher Fo

(the high peak in the postfocal worC) in the guestions. These

Cifferences J.n timing and Fo resul.t- in tonal contours which are
predominantly rising for the questions but not so for the
statements.

Th.e tonal eurves atso exhibit local differences, e.g. the size
of the final rise which reaches a much higher Fo in the
questions thãn in the statements for sentence pairs B and C.

There is also a difference betweén the higb peak in the
postfocal. word in the statements and in the suesticns, but this
phenomenon is related to the extent of the global rise and will
not be discussed further.

Ouestion À, the initially focussed one, is charaeterized by a

global rise to a mueh lesser extent than the other questions, F

and C. fhis wil I ansvrer another question asked in the
introduetion. The position of sentenee accent is crucial for
the course of the tonê1 movements yielrring a pronounceC

rising-fal!ing intonãtion in the initially focussed ouestion
vrhereas tþe corresponding contour t¡/ith final focus displays an

entirely rising intonation.

To summarize the answers: a) the tonal curves of hoth ouestions
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ànd stêtetnents ère simiJar trecause they exhibit global rises as

well as locel rises. b) They are dissiniler witÌ¡ rêspect to the
extent of the rises v¡hich ðre more pronoune€d in the questions.
c) The posj.tjon cf sentence aceent detèrmines the extent of the
global rise jn both sentence tyFes.

CONCLUDI}IG DTSCUSS TON

Tn the introduetion it t^¡ãs asked trhetber it was Possible to
describe the cli fferent tonâl rÌìênifestati ons of ouesti on

intonatjon aJong the west coãst of Svreden as continuous
transitions or as atrrupt chançtes. Going from south to nortl'
comparisons will be made reqardjng both globêì and locel tonal
quãljties.

Glotra I eheraeterist ics
Ttte Cireetion of- the topljne efter focus is level or falJin- in
the questions whereðs the stêt-ements exhibit ã fa]1 u;hicb is
stèeper then j.n the corresponding questjons for the Malmij

speaker. The tonðl eontours of the Hal.¡nstêd speaker show cleôr
ri6es of the topline postfocâlly in the questions v¡hich

eontrãst well witb the falls in the statements. So far the
change in the sloFes of tbe topline, going from luialmö to
Hãlmstad, cou]d be attributed to a grôdual chênge. But looking
at tbe Fostfocêl topline slopes for the Gothenburg speaker,
displaying either fall-s (in the stêtements) or rjse-fa]ls (in
the guestions), tbe chênges \^toul.d r¿ther be referred to as

cliseontinuous. Prefocelly the topline is either level or risjng
in both guestj.ons ðnd.statements which cðn not t'e interpreted
es a continuous change.

!'s al I ttrree dial ect samples have e higher overal lì Fo in the
duestions tÌ'ere is no eÌìânçre in tlis resFect.

Ttte prefocal ênd postfocal freguency compression v¡hich is
atìsent in th€ üalmö date, is introCueed in thê Helrostad d¡ta.
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It is kept prefocally in the material from the Gothenburg

speaker. fhis cl-'ange therefor ¡night l-ìe interpreted as a gradual

development.

Tlne freouency rênge is wicler for the majority of the ouestions
in eomparison with the corresPon<ling statements in all thrèe
dialects. This eharacteristic is correlêteC \^'ith othèrs (high

overal I Fo, higl focal cr postfocal Fo-peaks ) , which ere

tliscussed above.and below. As no change is introduceC in this
respect, it vrj.ll not be treated further.

Loeal characteristies
In the Malnô t-onal contours the tv/o sentence types end with

final. rises but in the Halmståd contours a greât difference is
exhibite<i between final rises reaching a very high Fo in the

guestions and the pronouncecl fa11 (or fal1-rise) ending at a

¡nuch lower Fo in the statements. Tbis great differenee betweèn

tbe final parts of the tonal contours is not preserved in the
Gothenburg dialect, especially not in sentence pair A, which

exhibits final rises r¡hich are similar to those in the Malmö

contours. Î'trerefore these changes coul'd be estimated es

diseontinuous, going partly t'ack to an earlier condition.

The wiclening of tbe frequency range in connection rvith sÃ is

only veguely antieipated in the Mal.mö contours but beeomes very

apparent in the Halmstad contours. ¡ dj-fferent tonal Pattern
elicited by sA is exhibited in the Gothenburg ouestions (the

high postfocal peak). These changes then rnight be ju<ìged 3s

gradual deve!opments the one leaciing on to anotber rather than

going back to a former stðte.

Concl usion
Al.tlrough it did not turn out to be an easy tâsk to categorize
these tonal chênges as continuous or graCueL on the one t'and

an<ì as discont-jnuous and randomly tlistrjbuted on the other
henC , tbe di scussicn above I eads up to t-he fol I ov.'ing

ôbser\'êtions:
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Both glol'aÌ änC ]ocal tonal qualities are
those cbanges r¡hich cen not favouratrly
continuous.

represented among

be categcrized as

T'he only chenq€s which might be categorized as gradu¿l changes
aecording to the analysís above. are 1) a tonal change in
connection v¡ith SA (Halmstad, Gothentrurg) ancl 2) a freouency
compression outside the domain of sA (Halmstad, Gothenburg).
Ttlese two ehanges seem to be correlated r'çith each other, and

r¡joht be interpreted as only one change resulting in different
toneì acljusttnents jn focal enC nonfocal positions. Together
these äCjustments will emphasize the intended tonal change'
e.g. thê freouency compression outside foeus will reinforee the
inereaseC Fo-registèr of the SA-f411 in the Halmsta¿l dialect.

For tho6e tonâl oualj.ties which show no Cialeetal changes
(higher overall. Fo and wider. fresuency range in the questions)
it night be hypothesized that they are the most imPortent ones
perceptually.

This is partly eonfirmed by the perceptual test for tbe Màlmö

Cialect. Þccordingly, perceptuðl tests are plènned for the
Halmstad and Gotbenburg Cialects also.

I\1OTES

l.) The topline is construed usjng jntonðtionel eoncepts in
works of Gi:rding (e.9. Gårding Ì983, G;erding 1984). It seems

clear that the seeond Fo-peak in ouestion C in figure 2 is an

examp! e of ên undershoot mechênism and thêt the topl ine
tlerefore should t'e drawn ès e straiqht ascending line and not
as a fell rise.

2 ) See note I above
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3) See noto I ahove
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Aspects of Fo Declination in Swedish

Gösta Bruce

INTRODUCTION

The topic of the present study j-s declination (downcirift)
- the often observed tendency in many languages for comparable
F^ values to be lower later in an utterance than earlier in the

U

same unit of speech.
So¡ne issues of declination have recently turned out to be

controversial (for a review see Cohen et al. 1982'1.

One such issue is whether declination is to be regarded as

a direct consequence of some physiological mechanism, e.g. a

property of the respirat.ory systeñì (Lieberman 1967, Aùkinson
1973, Collier 1975, MaeCa 19'i61, or $thether it is basically
Iearned behavior and lj-nguisti-ca1ly purposeful (Ohala 1978,
Pierrehumbert 19791.

Another issue of debate is ho¡7 the overall course of a

declinêtion is to be interpreted: as a global1y specifíed
declining intonation on which local excursions for accentuation
are superimposed (see e.g. öhman'1967, Cohen and't Hart 1967'
Maeda 1976, Fujisaki et aI. 1979, Bruce and Gårding 1978,
GårCing 1982, Thorsen 1980a and recent contributions in Cutler
and Ladd 1983 by Gårding, Thorsen and Vaissière) or as forme<l

by the pitch relations between successive, locaf excursions
for accentuation (Pierrehumbert 1980' Ladd 1983). This issue
also involves the question of the possible use of look aheao

and look back strateqies for the planningi and executi-on of a

declination.
The purpose of the present paper is to draw the reader's

attention to certain facts about the production of declination
(\,/ith exemplification fro¡n Swedish) that I think are iÌnportant
for a proper understani.i-ng of this particular aspect of into¡ration.
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I also intend to let thèse facts about declinatlon in my

interpretaÈion shed light on the debated issues above, j-n

particular the one concerning the implementation of the overall
course of a declination.

DATA BÀSE

The consíderations about F0 decllnation to be presented in
thls paper are based on tvro independent studies of Swedlsh
Íntonation.

One consists of a series of experiments in Standard Swedish
intonatlon (Bruce 1982a), and the other is a study of text
intonation in South Swedish (Bruce 1982b).

In the present paper I will draw upon the results nalnly
from t\,ro of Èhe experiments of the first study. One concerns
the relatj.onship betvreen declination and utterance length. In
this experiment the number of stress groups (from two to five)
is systematically varied as is placernent of focus (neutral
focus assignment or focus on the first or the last stress
groups) .

In the other experiment the number of stress groups is
varled in the same manner, but at the same time there is also
a systematic variatl-on of overall emphasis manifested as tÌ,ro

degrees of involvement (detached - involved). The same test
material containing meaningful Swedish sentences was used in
both experiments, but the recordings took place on separate
occasions.

Each test sentence was elicited as an ansrrer to a question.
The increase in the number of stress groups was achievecl by a

syntactic expansion to the right.
The test material was phonetically balanced so as to mini-

¡nize known microprosodic effects on the F0 contour. In each
test sentence there is an onset of two unstressed syllables and
an offset of two (1n one case three) unstressed syllables.
Between the stresses there are three unstressed syllables. Each

stressed syllable carrles accent 2, which is analyzed phono-
logically in Standard Swedish phrased in autosegmental terms as

*(L) H t . Even ff no special grouping or focusing is elicited,
the first and the last stress group of a sentence will (nornâIly)
have a phrase accent in this dialect. It is analyzed phono-
Iogically as (L)H imnediately following the fi L of accent 2.
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The study of text intonation in South Swedish concerns the
relationship bet\"/een declination and text unit length. In the
variation of text unit length three different rneaningful Swedish

sentences, each containing t\,to stress groups, were used. Each

of the sentences can form a complete text unit, but they can

also be combined to form t\to-sentence and three-sentence text
units. For these larger units the orcler of the component sen-
tences has been systemaLically shifted. The coupling bett'reen

the sentences in t\^ro and three-sentence units is temporal,
although this has not been expressed directly by means of
tenrporal adverbs. The recordings of the mulùi-sentence units
contain pauses betvreen the constituent sentences.

The same requirements for the phonetic composition of the
test material as in the first study were also complied l,¡ith in
this study. Each constituent sentence has an onset and offset
of two unstressed syllables respectively, and there are three
unstressed syllables betvreen the stresses.

Each stressed syllable carries accent 2, which can be*
characterized as L H (I,) in South Swedish. In each text unit
equal prominence of successive accents v¡as elj.cited. Unlike
Standard Swedish there is usually no addition of a phrase
accent to the first or last stress group for a neutral focus
assignment.

CHARACTERISTTCS OF DECLINATION

Facts concerning declination obtained from the two separate
studies of Swedish intonation will be summarized beIow. For a

more detailed account see Bruce (1982a, 1982b) . The similari-
ties betr¡een the two studies seem to be great enough to all-o\"/
a joint presentation.

ft is clear that there are certain linguj_stic factors that
will affect the course of F0 declination. I have argued else-
where that placement of focus is one such factor (Bruce 1982a).
Up to the focus of an utterance declination appears to be
absent or gentle, while after focus there is a conspicuous,
stepwise declination. The same declination course can also be
found for certain syntactic aroupings (Bruce 1982a, section 4).
Sentence type (question/statement) wiIl also tend to affect
decfination. For question intonation (Gårding 19791 the decli-
nation is largely suspended. This also holds for a related
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Ianguage, namely Danish (Thorsen 1980a).
In the material chosen for the present paper these linguistic

factors have not been varied. Therefore I will concentrate on

units of speech that are statements (answers to questions), that
have neutral focus assignment, no special syntactic qroupings
andthus equal prominence of succesive accents.

Declination and unit 1

The boundary condltions for F0 declination are that F0

starts Low and ends Low, and lhat the initial Low is higher in
frequency than the final Low. The final Low (offset) is usually
the lowest FO point of an utterance and also the least variable
F0 point. It is constant across variation in unit length, i-e.
length of an utterance or a text unit in terms of number of
stress groups (see Figs 1 and 2). But interestingly enough the
same Lo\¡r value will also be reached before a pause in non-final
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töurs - means in Hz (9-11 repetitions) of succe3sive
Fn minima and maxima - of utterances of varying length
(5-5 stress groups) lined up from the beginning of the
utterance. Neutral focus version for a female speaker
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position vrithin a text unit (see Eíg 21. The final Low is also
constant across variation in degree of involvement (see Fig 3) .

The constancy of this FO point is well attested (see e.g. Maeda
'1976, Fujisakj. et aL. 1919, Pierrehumbert 1980).

The initial Low (onset) is constant over variation in unit
lengt,h (see figs 1-3), buÈ varies (decreases) with position in
a text unit (see Fig 2). It also varj.es (increases) with degree
of involvement (Fig 3), as do aII FO points except the final
Lorìr (see below).

This means that the initial Lov¡ of an utterance is a vari-
able distance in frequency above the fÍnal Low of the preceding
utterance. This is assumed to be the boundary signal, regardless
nhether or not there is a physical pause in betweeh. The rela-
tive degree of frequency shift is an indication of the coupling
between the actual utterances.

Another relevant FO point in the description of declination
is the peak, the highest FO point of a unit of speech. It should
be noted that Ín the study of Standard Swedish the peak is equal
to the H of the first phrase accent which comes after the fÍrst
accent, while in the study of South Swedish the peak is the H

of the first accent of the unit.
From the peak there is a. self-evident, successive lor¡rering

of FO values of both accent maxima and minima (see Figs 1-3).
Thls is true, if !úe add the following qualification. In a text
unit consisting of trrro or three sentences the decrease in FO

values through the unit ls not t,ruly successive. The declination
is arrested at each new start of a second or third sentence of
a unlt. Thls can be regarded as a kind of tonal coupling or
adaptatlon of the earlier part of the FO contour of a later
sentence èo the later part of the F0 contour of an earlier
sentence (Fig 2).

The decrease in FO values is steeper in the beginning than
later ln a declination (see Flgs 1-3). For similar results see
Fujlsaki et aI. 1979 for Japanese, Thorsen 1980b, 198f for
Danish, Plerrehumbert 1980 and Sorenson and Cooper 1980 for
American Eng1Lsh. Ideally the declination appears to be exponen-
tial and asymptotic to the F0 bottom of the speaker's voice
range (the final Low) (cf. Pierrehumbert 1980).

There is no apparent difference in slope (rate of declina-
tion) between a longer and a shorter unit, lined up from the peak.
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There is some adjustment of FO values to the length of the
actual unit expressed as the number of stress groups (accents)
contained. This means that lined up from the peak each successive
maximum and minimum is usually higher in frequency in a longer
utterance except for final values (see Figs 1-3),

I think it is ímportant to note that the decrease in F0 on

a plateau consisting of several- unaccented syllables between
tr^ro accent.s, if any, is negligible compared with the decrease
in FO t.aking place from the minimum preceding the accent ex-
cursion to the one following it. According to my data, it is
only in uÈterances containing a single (or two) accent(s) with
several unstressed sylIab1es ínitally or finally that there is
an obvious FO drop on such a plateau. Therefore, to account for
the decl-ination in Swedish described here as primarily one of
accentual downstepping it seems possible to assume that the
frequency value of each accent L (or H) is a constant ratio of
the immediately preceding accent L (or H), as hras suggested
for American English by Pierrehumbert (1980). The overall de-
clining course of an utterance can be seen as the resuft of
this kind of local rule together with a sensitivity of F0

values to the length of the unit of speech (For a preliminary
test see Bruce 'l 982a) .

I think that a description of the pitch relations between
successive, loca1 excursions for accentuation only in terms of
F0 points (minima and maxima) tends to be incomplete and to
conceal interesting facts about declj-nation. It seems wise to
include also an account of the FO changes (rises and falls)
contained in these excursions as a complement for an adequate
description of declination (For a similar viev¡ see Ohala 1982).

There is an apparent asyrünetry between rises and falls of
the local excursions for accentuation. As a natural component
of a declination an FO fa11 generally covers a wider range than
the preceding FO rise of the same excursion. More interesting
is perhaps the fact that the range of successive accent falls
decreases gradually r^Tithin a unit, while the accent rises pre-
ceding the falls tend to have a rather constant range independent
of their position in a decllnation (see Figs 4 and 5). This
means that the difference in frequency range bet\^reen falI and

rise is greater higher up in a declination. Towards the end of
a declination FO falls have almost the same narrov¡ range as do
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corresponding rises. This is true for both studies of Swedish

lntonation in spite of of the apparent difference in timing of
accent rises and falls relative to the stressed syllable bettùeen

the tlro d:lalects described above.
While there is an adjìrstment to unit length of F0 points'

the range of each accent fall - in the same position lined up

from the peak disregarding final characteristics - appears to
be more constant (in Hz) åcross variations in unit length.

As for accent Hs and Ls the relation betr^reen successive
accent falls of the same declination can profitably be described
as one of a constant ratio, so that a particular fa1l is a
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fraction of the immediately preceding one.
I'inally, in the study of text intonation j-n South Swedish

ne observe that both the rise and fall of t.he second accent
tend to be narrower in range than the first accent rise and
fall in the same constituent sentence, provided it is text-
final. If it is non-finaI, we find the opposite relation (see
Fig 5). This means that there is a concomitant lowering of the
text-final accent maximum (see Fig 2). This was not observed
for Standard Swedish. Fina1 lowering is a feature typicat of
American nnglish (Liberman and Pierrehumbert '19821.

Declination and involvernent
A change in involvement from detached to involved is clearly

expressed as an increase in FO range (see Fig 3). Variation in
F0 range is achieved by a frequency expansion upwards; the
lower limit of the range (fina1 Low) is fixed, while the upper
Iimit (peak) is highly flexible. FO maxima appear to be more
affected than F0 minima. hthile there is no slope difference
between utterances differing in length, there is a superficially
obvious slope difference between utterances differing in FO

range. However, the same FO pattern is maintained with a change
in FO range. Linear regression analysis shor¿s a very high cor-
relation betr^reen F0 values (maxima and minima as well as rises
and falls) of a detached and an involved attitude. The relation
betvreen successÍve FO values (maxima, minima, fa1ls) is of
approximately the same constant ratio in the two different
studies. Very similar results are presented in Lj-berman and
Pierrehumbert (1982).

ft should be clear by now Èhat a declination is not properly
described as a chain of decreasing ranges simulating a succes-
sively decreasing degree of involvement. The range decrease
in a declination concerns only the falls, while a shift from
delached to involved or vice versa affects the range of both
rises and falls.

CONCLUSTON

I interpret the facts about declination in Swedish presented
above as favoring the idea that in a declining intonation the
overall course is essentially formed by the pj_tch relations
between successive, locaI excursions for accentuation. The
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possible, but not obligatory downtrend in FO on unaccented
plateaus between accents can be conceived of as an extra means

of amplifyingi a declination. Therefore, what is mainly responsi-
b1e for the declination effect, in my opinion, is the fact that
the fall of a loca1 excursion for accentuation ís controlled to
cover a wider frequency range than the preceding rise of the
same excursion and that this process repeats itself with a suc-
cessive decrease of a constant ratio in the L value and in the
range of the fall for each accent. This is the ideal way of ex-
pressing the combination of declination and equal weight of
successive accents.

According to this view it is also more adequate to say that
there is an adjustment of FO values to the number of upcoming
accents rather than t.o utterance length per se.

A drop in FO {close) to the bottom of the speaker's voice
range some$¡here in the course and then a resetting to the previous
course of declination will favor the perception of a boundary,
e.g. a clause boundary. there is also preliminary evidence
showing that a departure in the other direction from the ideal
downstepping contour with instead no decrease j-n successive L

values wiIl be perceived as indicating less prominence and thus
a grouping of the actual accents.

I think it is natural to assume from the present data on
declination in Swedish that both a look ahead and a look back
are used in the control of FO declination. The look back to the
preceding accent will ensure equal prominence of successive
accents (or any prominence relations aj-med at by the speaker)
(cf. Pierrehumbert 1980). The look ahead will be involved in the
adjustment of FO values to the number of upcoming accents in
order to ensure that the FO bottom of the speaker's voice will-
not be reached until- the end of the utterance,

I would be inclined to take the facts concerning declination
presented here as favoring an inLerpretation of declination as
learned behavior, actively controlled, linguistically purposeful
and useful in t.he textual organization of speech.

The relative weight of what happens at the local excursions
for accentuation compared to hrhat happens in between, the rise-
falI asymmetry of these excursions in combination with the effect
of linguj-stic factors such as placement of focus, certain syn-
tactic aroupings and sentence type (question/statement) on
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Ceclination are all indicative of declination as a linguisti-
caIly j-ntegrated phenomenon, which is a phonetically motivâted
and natural process that does not, seem to be accounted for in
any direct way by any specific physiological constraint.
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Prosody and the Hemispheres

Ghrigtlna DfaYlns

ABSTRACT

A test was designed in order to asses the ability of brain-
damaged subjects to process prosodic information. The test was
administered to three groups of subjects; patients who had
suffered left or right hemisphere stroke and patients who have
had a transitory ischemic attack. The results of Lhe test did
not sho\^¡ any significant difference in the performance of the
three groups. The purpose of this note is to discuss the test
and suggest possible improvements-

1. INTRODUCTION

The role of the right hemisphere in language and communication
remains obscure. A widely spread opinion is that the right
hemisphere normally has no part in tanguage processing' the
e><ception being persons with reversed or mixed laterality'
Some authors claim that the right hemisphere does contribute
to language and communication aÌthough to a lesser extent than
the feft (Zaidel 1978, Bradshaw and Nettleton 1981). During
the last decade an increasing interest has focused on potential
language and communication functions of the right hemisphere.
It has been suggested that it plays an important role in the
interpretation and handling of paralinguistic aspects of ver-
bal communication, e.g. grasping the abstract content of
common words, interpreting figures of speech, solving verbal
syllogisms and rembering the general theÍle of stories (Gardner

and Denes 1973, Winner and Gardner 1917, caramazza, Gordon,

Zurif and Deluca 1976, anð. wapner, Hamby and Gardner 1981).
Some authors report on disturbances of the ability to evaluate
everyday situations and to appreciate humorous materiaf
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(Wechsler 1973, Gardner, Ling, Flaum and Silverman 19?5,
Heilman, Schwartz and Watson 1978).

Several studies have reported the right hemisphere to be involved
in the processing of emotional and non-verbal information
(Tucker, Watson and Heilman 19?7, Ross and Mesulam 1979, Ross

1981). It has also been suggested that the right hemisphere is
dominant for the processing of prosodic information (Blumstein
and Cooper 1974, Ross and Mesulam 19?9, Heilman, Scholes and
watson 1975) but there are authors who reject this hypothesis
(Zurif 1972, Schlanger, Schlanger and cerstman 19'76\. There are
several reports on disturbances of prosodic functions in aphasic
subjects (Danl:¡ and Shapiro 1982, Dan1y, Cooper and Shapiro
1983, Ryalls 1982). On the other hand it has been suggested
that the cerebral representation of prosodic functions in the
right hemisphere mirrors the representation of language in the
left hemisphere and that there are clinically distinct syndromes

of aprosodia analogous to the syndromes of aphasia (Ross

1981). The author is concerned only with prosody expressing
attitudes or emotions.

These results taken together suggest that prosodic functions
in speech are affected differently by right and left hemi-
sphere lesions. Right hemisphere lesions might give rise to
difficulties in producing and comprehending affectively toned
stimuli, whereas left hemisphere lesions might give rise to
clifficulties in tonal contrasts.

2. PROCEDURE

A test was designed to investigate comprehension, repetition
and production of prosodic functions- The test consists of two
partst one exploring verbal contrasts' the other emotional
expressions. The tinguistic material includes the following
contrasts:

- accent 1 versus accent 2

Six minimal- word accents pairs were selected. The distinction
betvreen members of a pair is mainly marked by pitch variations

- accent location
Four pairs of words were selected in which the location of
accent (stress) is the distinctive feature. The distinction is
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marked by pitch variation, accentuation (stress pattern) and
vowel quality.

- compund noun versus noun-phrase
Four compound nouns were contrasted with four
e.g. blåklocka 'hare-be1ll and bfå klocka
distinctions between the members of a pair is
variation in pitch and accent pattern.

AII target \,rords and phrases were illustrated and recorded by
an actress. The targets were printed on cards in phrases with
the e:<ception of the compound words and the noun phrases which
were printed in isolation.
The emotional stimulus materiaf consisted of six semantically
neutral sentences and four sentences verbaÌly expressing differ-
ent modes. The modes were: happiness, anger, astonishment and
sadness. All sentences were recorded by an actress expressing
these modes. The sentences v,rere written down on cards, together
v¡ith a note on the mode of expression in brackets. Five non-
verbal, emotional sounds lvere recordes. The sounds were: crying,
Iaughter, groaning, moaning and screaming. The outline of the
test is schematically displayed in table 1.

To investigate the capacity of the test nine patients with
right hemisphere lesions, four with teft hemisphere lesions and
four patients with the diagnosis transitory ischemic attack
(TIA) were tested. All were native speakers of Swedish and
right-handed. Patients with severe hearing loss, signs of de-
mentia and age over 70 had been excl-uded. AII brain-damaged
patients had suffered ischemic stroke. The patients with Ieft
hemisphere fesion all had a history of aphasia but by the time
of testing the symptoms were very mild or could not be demons-
trated. Yet some patients reported having trouble now and then.
The patients were given the test in one or two sessions depen-
ding on the endurance of each person. Each testitem was pre-
sented once. Since there were many examples of each category
this was considered to be sufficient.

3. RESULTS

The test performances \^/ere

were tabufated. The average
analyzed and the number of errors
number of errors for each test-

noun phrases,
'blue be1I' . The

carried by
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group and each task is displayed in table 2, wítÌn the exception
for the naming of emotionally toned sentences wirich are dis-
played in table 3.

Table 2: The average number of errors per test task.

The answers in the naming task were classified into four cate-
gories:

a) target: the answer is as intended.
b) synonymous: the ans\^rer is synonymous with the intended. one.
c) unrelated: the answer has no obvious relation to the int.ended
one.
d) reversed: the answer is reversed to the intended one.

Tabl-e 3: The average number of answers in the non-target
categories.

TIA (N:4)

LEFT (N:4)

RIGHT (N:9)

GROUP

2 -2s

0.75

1-1

RELATED

1 .25

1.0

1.0

UNRELATED

ERRORS

o.25

0.75

1.2

REVERSED

The performanc€ on the repetition and production of emotignally
toned utterances \,rrere extremely varied and were not subject for
analysis. rdentification of non-verbal emotionar sounds r¡ras per-
formed without mistakes.
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4. DISCUSSION

No conclusion about the nature of prosodic disturbances can be

drarvn from this material. But on the basis of the results the
tasks can be classified into three groups:

9æWl, Tasks that h¡ere too easy; i.e. all subjects performed
them easily and with few mistakes. This group includes accent
location and naming of nonverbal emotional sounds.

Group II: Tasks that had so varied results that the tasks them-
selves must be regarded as inadequate. This group includes
repetition and production of emotionally toned utterances"

Group III: Tasks that were hard enough to create difficulties
for some of the subjects. In this group belong contrasts between
accent 1 and 2, contrasts bet!.reen compound nouns and noun-
phrases and discrimination and naming of emotionall¡ toned
sentences.

It. shoul-d be pointed out that when the repetition tasks are success-
ful in the linguistic part of the test, comprehension and

repetition scores are very similar.
The results of the three groups do not show any difference in
performance. Howeverr I cannot avoid the suspicion that this
might be due to t,he small number of subjects. The test will
be tried on a larger sample of subjects. For the continuation
of this study, tasks classified into group I and I1 will be

eliminated as well as the repetitíon tasks mentioned above.

A new, more comprehensive test will be developed. The following
prosodic functions will be explored in the neht test:

- syntactic structure
- syllabic structure
- speech acts
- focusing

An additional requirement is that the nevt t.est must be less
boring than the present one.
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Comparing lntonation

Eva Gårdlng

A comparison of intonation in different prosodic systems,

analysed with the same mett¡od and described in the same manner,

supports the opinion that such Bystems share some basic
features. These cornmon featureg are present ín the underlying
structures as well as their surface manifestations.

The goal of my paper is to substantiate this point. I shall
draw from analyses of two tone Languages, Hausð with t\¡to tones

and standard Chinese with four, and three accent languages,

Swedish with two accents, English \^ti-th one movable accent ðnd

French hrith one fixed accent (or none, depending on the

analysis) . (1 )

Intonation without further specification is defined as the sum

total of ttre main factors that shape the FO curve, i.e. lexical
and phrasal aceents or tones, accentual or tonal expressions of

information weight, speech act and boundaries.

In the first part, the intonation parameters used for analysis
and description wil-1 be presented in schematic form together
with their communícative functions. The second part gives
real-life exampl.es of these parameters and their correlations
to Iexical, syntactic and sernantic properties. The thircJ pert
describes a scheme which has been used to generate pitch for
comparðble sentences in some of the exemplified langua-oes'
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Intonational similarities and differences can be described in
terms of this model . * Most of the material used in the
foltowing sunmðry has been described in more detail elsewhere
(see references).

l.Intonation parameters j-n schematic form

Figure 1 summarizes the main concepts of the model. The

drawings, which are meant to have a logarithrnic frequency
sca1e, illustrate idealized cases consísting of at least t$to

evenly accented words. T'here are several reasons for using such
uncommon pãtterns. Focus has been avoided since it causes the
FO curve to deviate frorn its general direction, not just over
the focused part but also over the neighbouring syllab]-es.
One-accent phrases have not been included since in such phrases
the general direction is not so easy to catch. Phrases with
sonorant segments have not been chosen to eliminate
articul-atory disturbances. An intonation curve of this
idealized type has loca1 maxima and minima, i.e. turning
points. These turning points are part of a larger pãttern, the
grid, which is most easily seen if the main maxima are
connected by a topline and the main minima by a baseline. When

the turning points have been connected, as in the drawings, the
grid appears as a seguence of units which are clearly rising,
faJ-ling or level.

Each unit l¡as a normal, expanded or compressed width, even to
the extent of being best represented by one line on1y, The part
of the grid where the direction or v/idth is changed, or where
the grid takes a junp, is called a pivot. An intonation unit is

* Tbis last section was the main part of my contribution to
the Working group on intonation at TtIe XIIIth International
Congress of Linguistics, Tokyo 1982, and has been pubtished
elsewhere (cårding 1983c) .
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plvot

rlslng grld falllng grid
ng point

level grid plvot

glabal fall

expanded compfeas€d one-line
grld grid grtd

Concepts of the nodel, illusÈrated by schenatic F0
curves connecting turning points over sonoranÈ seg-
menÈs. Grids are marked by broken lines, pivots by
arro¡gs .

InÈonation
pa¡areters

Furctlon

Semantic

wolda, norphemes

Syntactic

d:oturnlng polnts

pivot6

grid: direction

d:o
(subject/prealicate)

sentence type

Figure

constltuents
( t hehe / ¡hene )

speech act type

g¡id. ridth,
pos ltion

lnforhâtlon wêight
(focus )

clôuse type

TabLe l. Co¡nmunicative function of Lhe intonation parameters
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a pieee of an ut-terance with an unbroken grid ' The drawings

reflect a stlperposition principle: texical j-ntonation is

superimposed on a slowty varying phrase or sentence intonðtion,
expressed by the grid. (2)

The concepts itlustrated in Figure 1 are associated with the

Iexieon, syntax and semantics of the utterance, as summarized

in Table l. The local turning Points signal words and

morphemes. The pivots serve as semantic and syntactic
boundaries. The general direction of the grid over the

utterance, often in combination with the direction of the last

intonation unit, is associated with speech act type and

sentence type. These tl¡Pes may be declarative, interrogative
and imperative to use the classical' terms.

The width and position of the griil for an intonation unit

signal its information weight relative to other intonation
units. In this t¡¡ay the width and position of the grid may

express coordination and subordination of various parts of an

utterance. Of course, the prosodic structure, signalled by the

intonation parameters, need not coincide with the semantic or
syntactic structure of an utterance. It is possible to make a

syntactic statement into a prosodic question and syntactic
subordination may be completely eÌiminated by prosodic focus'
In fact, there are many examples of prosody overruling syntax,
particularly in spontaneous speech vrhere intonation seems to be

more closely related to semantics than to syntax. Às a

consequence, what is theme and rheme from the speaker's point

of view can in general be identified unamtriguously in such

speech. Some examples will be shown in the next section.

2. Intonation parameters in real life

Turning poi.nts
Àn intonation curve can be efficiently described by the
position in time and frequency of its end points and turning
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points. In fact, being reasonably smooth, the curve can be

obtained by smooth interpolation between these Points over ttre

voiced segments. The turning points are in general connected

$rith accents and tones. The tíming relations betr^¡een segments

and turning points are relatively constant in different
prosodic contexts and crucial for the identification of r'¡ords

and morphemes in tone languages as well as accent languages.
These retatj-ons are also important for the identification of
boundaries.

In Hausa, a language with two tones, analysed as high and lor^¡,

the turning points occur at the end of the syllable and ðrê

independent of sentence intonation (Fi9.2). Note the wider grid

of the question and its slightty different direction' In

Standard Chinese, which has four tones, the highs and the 1or'rs

are timed in relation to the syllables which in the rnajority of

càses are also morphemes. Figure 3 showe a sentence consisting
of a sequence of alÈernating falling and rising tones, uttered
in different aentence intonations and focus patterns. Note that
the tíming of the turning points in relation to the segments is
nearly con6tant throughout the prosodic contexts'

The two accents of swedish have been described in different
ways. Schematícðlly both accents have triangular shapes, and in

all dialects Accent 2 comes later than Accent I ' fheir
positions relative to the syllab1e vary vrith dialect' In some

dialects the accent pair comes early relative to the accented

syl1abIe, in otlrers late (Fig.4. Bruce and Gårding 1978).

Seen from the accented syllable only, Accent I can be high ancl

Accent 2 Jow in one group of dialects. In anotber group of
dialects the situation is reversed (e.g. Malmberg 1967) '
Neither way of analysing the accents seems linguistically
interesting. Ttìe most attracti-ve analysis is probably one that

describes the ðccents by their highs and tows in the accented

syllat,le and the adjacent ones (Elert 1970, Bruce I983, Gzirding

1981, Rischel 1963, iihman 1966 ) . This is necessary for a
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Ítz

140

80

140

80

140

80

140

80

Skåne

stockholm

Göteborg

Figure 4.

Dalarna

Comparable sêntences ¡¡ith Accenr 1 and Accent 2 in some
Swedish dialects. NoËe the triangui-ar shape of the
accents and that Accent 2 follo¡rs Accent 1 in al-l cases.
Note also thac the accenË pair is earlier in e.g. Skåne
than in DaLarna relative to Èhe accenÈed syllable. In
the accented syLJ.ables, ruarked by horizontal, lines,
AccenÈ 1 is high and AccenÈ 2 low in one dialect, e.g.
Skåne. The situation is reversed in oÈher dialects,
Further discussion in the text.
From Bruce & Gårding 1978.
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satisfactory anaÌysis of dialectaL variation and brings out the
original function of the accents as markers of the $¡ord

structure.

In Germanic languages outside of Scandinavia the turning points
of accents are more or Less fixed withín the syllable but may

alternate between high and low depending on the speech act
intonation and the posítion in the phrase. Figure 5 shows how a

focal high in a falting statement intonâtion corresponds to a

low in a question (Bannert 1983, cårding 1983c).

I'he grid
The sketchy defi.nition of a grid given earlier needs some

additional comments. Vfhen this notion is applied in the actual
analysis of FO curves, the analyst has to bear in mind that the
curve is the sum total of various elements in speech, segmental
as well as suprasegmental. We cannot expect top]-ines and

baselines, drawn automatically by connecting local maxima and

minima to be a true representation of what is pereeived as
phrase or sentence intonation. Coarticulation effects,
accentual patterns, boundary phenomena and pivots have to be
recognized. There is at present no general algorithm for the
construction or recognition of a grid.

Nevertheless, when the pivots have been identified, there is in
most cases a natural grid, at least over intonation units that
are not too ahort. This grid should reflect speech act,
phrasing and accentuation. Connecting the maxima and mi-nima of
natural speech does not ordinarily give the idealized shapes of
Figure 1 but more often wedge-shaped ones depending on the
accent pattern. Figure 6 illustrates the difference between an
automatically drawn grid and a grid that reflects the
linguistic prosodic elements present in the intonation curve.

T'he intonation curve, the same in both cases, is derived from
the Swedish sentence'Hon gick inte o(ch) la sej', She did not
go to bed, in an interrogative intonation. With an
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Figure 6. An auÈomatically drawn grid left and a grid where the Èerminal
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accenÈ' SA=sentence accenÈ, TJ=ter¡ninal juncture
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Figure 7. Fourth exanple of Figure 3 in logarithmic scal-e to the left
and in linear scale Lo the right. The logarithnic scale lends:
support to the grid consÈruetion.
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automatically drawn grid, as ln the curve to the left, the
baseline hrould be realized a6 fal-ling and the topline as

rising. Tlis eonstruction does not give a very clear picture of
tlre prosodic events and their contributions to the curve.

If we presuppose the existence of a gríd reflecting sentence
intonation, as in the curve to the rigbt, \^¡e get a rising grid
enclosing the accents as a global expression of interrogative
intonation and ãt the ênd a pivot. This pivot is manifested by
the wide F0 range in connection with eentence accent (sA), and

the terminal juncture (TJ), a rise from thè bottom of the
voice, is a local marker of the interrogative speech act.

As in the example åbove, the grid should a6 mucb as possible
conEiet of ôpproximately parallel lines on a logarithmi-c scale,
broken at the pivots. In this way it brings out the direction
of intonation while thè width of the grid reflects the
information weight of the corre6ponding phrase.(An accentual
pattern \.rith àlternating strong and vteak accents \^¡ill have to
be discussed separately. ) To 6um up, a single line is not
sufficient to expre6s all the information that can be provided
by the grid.

For the grid to fit large pitch ranges, it is essential that
the scale be logarithmic. (n logarithmic scale has also been

used and motivated by FujisakÍ, 1969. ) compare the fourth
example of Figure 3 with the 6ame phraee drawn to a linear
frequency scale (Fig. 7).

With the linear scale the upper part of the curve is blown up

out of proportion with the lo\"ter part and does not convey the
auditory impression of a gradual fa1I.

As already mentioned the direction of an intonation unit is
clo6ely associated vtith the sentence type ðnd sPeeclÌ act type
and with its position in the sentence. The use of a fallinq
grid to express a declarative speech act and a rising or lêve}
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one to express interrogation are co¡nmon features for perhaps

the greät majority of qhe languages of the world (Botinger
1977). An important part of the manifestation of speech acts
seems to be carried by the lêat intonation unit. This means

that speecb acts can have a global and/or local expression.
Figure 3 shows a level grid for a statement with a local drop
to creâky voice at the end, a rising grid frorn the subject
(theme) in the question and a falling grid from the subject
(focused rheme?) in the last utterance. In the Hausa example
(Fig.2) the change of direction is smaller, but here the width
and the tempo increase in the question.

Focus is in general expressed ãs an expansion of the grid in
connection with the part in focus, and this expansion is often
combined r¿ith a compression of the part vrhich follows after
focus. Examples are shown in Fj.gure 3 and Figure 8. In Hausa

the focused word is alvtays initial ancl a prosodic signal is not
necessary. In ì-anguages without distinctive accents or tones,
the unfocused part is cornpressed into a one-line grid. Figure I
Bhows how the accentual up-and-do\tn movements are almost
completely flattened out in French and Greek after focus but
not in an accent language such as Swedish, nor in a tone
language such as Chínese (Fi9.3) A support for a tonal grid
encompassing the lexical tonal prosody is given by the strongly
compressed accent and tone configurations after focus. Here the
lexical points have retained their positions not only in
retation to the segments but also to the grid. For a strongly
falling grid this may have the effect that a rising tone may

have constant pitch (Gårding 1983).

Pivot6
Íhere are many kinds of pivots depending on the nature of the
tv.ro adjoining intonation units and the possible large-scale
movements involved at the juncture. Apart from the ones shown

in Figure l, some additional examples are given in Figure 9. It
is clearly possible to assign different weights to pivots hthere

greater weight is associated with more important syntactic and
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Figure 8. Language-specific ways of mnifesting foeus.
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ffi
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3

6

Figure 9. Different kinds of pivots. The direction of the grid changes
(1,2), ¡, pivor which does not chànge the direcriãn of rhe grid(3). Pivors with resetrings of the grid (4,5,6). Flatrening
of Èhe grid afrer pivot (6).

semantíc-pragmatÍc boundaries. A change of position as in 4

seems to mark a stronger break in coherence than a change of
direction as in I or 2.

A strong degree of coherence beth¡een t$/o sentences of a text
may be shown by a unidirectional falling grid as in Figure IO

r,,rith a junctural pivot to mark the sentence boundary. À lesser
degree of coherence is produced by a new, upshifted grid as in
the same figure. Si¡nilarly two rising interrogations are
connected by a downshifted grid (Fig.t0). Figure 11 shows

fundamental freguency curves of "Mari.e a une mandoline de

Panama" and the corresponding sentence in Swedish, both
pronounced as the first sentence of a short story. The

intonatíon has certain traces of the syntactic structure of the
sentence. In connectíon with the main syntactic boundary, there
is a light pivot with a change in the direction of the gríd in
both languages.

The introduction of focus in the sentence, as in exðmples 2A
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and 28, produces a strong pivot äfter the focused word,
spljtting the sentence into a thematic Part and a rhematic
part. fn the Swedish diatect exemplified here, the strong Pivot
is manifested as a large-range downh¡ard movèment preceding the
directional change of the grid. In the French example the grid
is compressed after focus. In both languages the position of
focus is free and the focal pivot divides the sentence into
parts which are not given by the syntax but by the theme-rheme

division chosen by the speaker.

The last pair of examples from French and Swedish show

sirnilaritíes and differences in the use of pivots and grids. In
the Swedish example, the non-restrictive relative clause is set
off by a compreÊsed grid and the unity of the main clause is
signalled by a continuation of the gradually declining topline
of the first intonation unít. The intonation units here are

well correlated with syntax but they have at the same time a

more general sernantic function, that of subordinãting
information parenthetical to the main message. In the
corresponding Frencb example the grid is broken more frequently
by pivots, In this way the information units are shorter and

have steeper slopes. In fact, intonaÈion units in French can be

said to play the role of accents in Swedish, name).y to signal
content words with appended functional items. In the French

sentence the relative clause is set off by jump-down pivots. To

shohr the global directíon of the sentence intonation, the highs
and lows of the intonation units have been connected. This
gtobal grid is falling as in Swedish, and both languages have

an extra local fal1 on the last semantic unit, Panama.

3. Comparison in terma of a generative model for intonation

'Íhe analytic scheme demonstrated ín the preceding sections has

been worked out in connection r¡tith a generative model for
prosody which has been the object of several articles since the
rnid seventies (see Gérding 1981, 1983a and references there).
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Its object is to generate prosody in different languages in ð

uniform way. Here f shðlÌ only give a brief sketch.

The most important feature of the model is that it factors out
utterance prosody from Ìexical prosody by a grid construction.
Tbe input to the model is a sentence with phonological
markings. In the first stage correct syl1able durations are
generated from the input markings. In the second stage the
phonologícal markings are subject to intermediate phonological
rul,es which concern context rules at the symbol level. Exemples
of such rules are the deletion of accent marks after focus in
some languages and Chinese sandhi rules. In the following stage
the accents or tones are converted into highs and lows or
combinations of these features. Finatly pitch is generated.
Characteristic of the pitch generating sctreme is that the
sentence and phrase intonation are generated first from the
speech act markings and boundarÍes in the form of a grid. The

lexical highs and lows are then given their proper positions
relatíve to the sytlables anil their frequency values relative
to the grid. The next step modifies these positions by
accenÈual rules and contèxt rules. Finally the curve is
obtained by smooth interpolation over the voiced segments
through the points generated earlier. Figure 12 shows the model
and the principles of the pitch generating scheme.

The generative model is useful for characterizing prosodic
systems and comparing them. A summary of the intermediate
phonological rules, the intermediate pitch representations and
the rules of the pitch algorithm constj-tutes the mðin features
of the intonational profile of a language or dialect, By adding
an account of the function and distribution of the prosodic
features needed in the input, we obtain something that coul_d be
call-ed a prosodic granmar (cårding f983a). The uniform way in
which such grammars can be obtained makes prosodic comparisons,
also point by point, meaningful. To carry out this program for
a sizable corpus of languages is of course a very large
undertaking, but even with our small set of prosodicatly
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PA PA SA

I NPUT rrt""l#,,n.ri#,,r,.r...å,)7 no, 
"n,aanouri,llt.rn'"ø.if 

lr1

Syttobte structure rules

Syllobte durotion rules

lntermediory phonologicot rules

lntermediory pitch representof¡ons

Algorithm for pitch generatíon

OUTPUT

Figure 12a. lfodel for prosody and principLes of the pitch algorithn.

A PA SA

3________-tt____

Figure t2b. Priciples of Èhe piÈch algorithm. Typical grid with
insertion of !l¡Æ. and Lows.
PA=phrase accenÈ, SA=sentence accenÈ, A=¡üord accent
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different systems and Iimited anatyses, it is possiL'le to
venture some conclusions.

Grids and pivots
fhe notions of grid and pivot are applicable in a natural \tay

to the languages analysed so far. Speech ôcts as manifested by

grids seem to exhibit the following general features. They can

hãve a global and/or local expression. ln polyphrasal
utterances it is the l-ast phrase that carries the main part of
the speêch-act information. The intonation of the preceding

phrase(s), at least in preplanned speech, is adjusted to fit
the last phase of the sentence in an optimal way. A rising
speech-act contour is precedecl by a falling or level- one and

vice versa.

A falting final intonation unit expresses terminality in a

general sense and is strongly connected with the declarative
speech act. A rising or leveL intonation unit expresses

non-terminality and connects with an interrogative speech act.
fhe same is true of falling and rising (l.eve1) global- patterns.
This is a general tendency in thê languages of the world
(Bolinger 1978).

Focus is expressed as an expansion of the grid in connection
with the part in focus and this is often eombined with à

compression of the part which is outside focus. At this point
there is a difference between languages with lexical tones and

accents and those without lexical Prosody. Lexical tones and

accents seem to prevent too much compression of the grid.

Accents and tones
The manifestation of accents and tones are local features of an

intonation curve where highs or lows or a combination of highs
and Lows are fixed in time to specific parts of the carryíng
segments. This turning-point fixation seems to be a general
feature. On the other Ìrand, morpheme-bound tones and \^tord-bound

accents bring about some essentiâI differences of phonological
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as well as phonetical nature. Take for instance Chinese and

Swedish. Pitch goes up and down more often in Chinese than in
Swedish, evidently because of the greater functional load of
the Chinese tones, l'he pitch range is wider in Chinese, and
this is ät least partly due to the fact that a rising or high
tone in focus expands the range upvrards towards the ceí1ing of
the voice whereas fallíng and Iow tones go in the other
direction (cårcling et al. 1983, Gåriling 1984). In Swedish,
focusing is achieved by the same principle, only here the
effect will be dialect dependent. In a díalect with rising
accents, focus raises the highs, while in a dialect v;ith
falling accents, thê lovrs will lowered.

Prescriptions for the location of tones and accents in relation
to the syllabl-es show some important differences in tone and
ã^ñêh+ ì¡ncrr¡aec- êvêñ if +hê ñìiônôlaai¡al rêñrêqêhfâ+iôn ic

the same. The turning point of a shredish accent, it may be high
or low, tends to be located in the middle of the vocalic
Eegment hrhich is closely associated with the interisity maximum.

This position is slightly shifted in focal or emphatic context
(cårding L983c). This does not seem to be the case in Chinese.
Here the turning point is connected with the syl-lable-initial
consonant. Yle are reminded of the classical, dÍscussion of tones
and accents as traving different physiological mechanisms,

Superposition
The principle of regarding intonation as the sum of a phrase
intonation component and a lexical component is suitable for
all the languages that have been analysed here. It finds its
expression in the grid as a frãme for the accentual and tonal
pitch movements. More precisely, the accents or tones are
superimposed on a slowly varying intonation.

conclusion

To conclude this paper let me try to express an overall view of
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the manifestation of intonati-on v¡hich has emerged from the
comparison of some different prosodic systems. Intonôtion
curves in general can be said to hðve a threefold structure,
each part encompassing the next, namely
(1) a global pattern of linear elements, related to

sentences and speech acts
(2) a short-term linear structure, related to phrases and
(3) a local wave structure, related to lexical accents

and tones.

Notes

1) Intonational similarities and differences between

have also been studied by ilacqueline Vaissière,
Vaissière 1983, with overlapping results.

Ianguages
see e.g

2) Superposition is implied in the metaphors used by Bolinger
for âccents as 'ripples on waves' (1964) and similary by Chao

for tones (1968 ). Superposition was used explicitly in a

guantitative model of intonation by öhman ( 1967') , Fujisaki
(1969) and in my own gualitative model (1970 and subsequent
papers), Mc Allister (I971), Thorsen (1978) and several others.
The superposition principle has been considered contrary to the
tonal seguence principle advocated by Pierrehumbert (198I). See

Tt¡orsen (1983 ).
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Experiments with Filtered Speech and
Hearlng-lmpalred Llsteners

Davld House

ÀBSTRACT

Speech perception experiments using LPC pitch-edited low-pass
filtered apeech stimuli were presented to nor¡nal and
hearing-impaired listeners in an attempt to study the interplay
of two kinds of freguency movement (Fo and formant transitions)
in the perception of stops and cvc words ín a speech context,
and to test the hypothêsis that increased movement of Fo can
aid stop identification. The results indicated little
dífference in stop identification relàting to Fo movement.
Tlere were, however, certain coneiderable differences in
resultE between liEteners with normal hearing and listeners
with a noise-induced hearing loss indicating the possibility of
an acquired perception stratgegy used by the hearing-impaired.
Correlation between filter frequeney, hearing loss and test
performance was also observed.

1. INTRODUCTION

Intonation has been shown to be a major factor in determining
the perception of syllable stress (Fry, 1958). Furthermore, it
äppears that fundamental frequency movement in sentence
intonation provides an overriding cue to stress, and that this
movement may produce a perceptually aIl-or-none effect, the
important factor being movement per se and noÈ magnitude of
movement (Lehiste, 1970 ). Focus of a sèntence, hovrever, as

definetl by Jackendoff (L972) as being the "new" information not
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shared by the speaker and the Ìtearer, can be signaled by

introducing emphatic sentence stress and thereby significantly
increasing the movement and range of Po (House, 1983).

Although intensity and duration are correlates of stress,
fundamental frequency movement seems to provide relatively
stronger perceptual cues to the location of stress (l,ehiste,

op.cit.). Fo movement then provitles, from the point of view of
dynamic perception (Johansson, I975r, a change in frequency
over time which could be registered as an event by the
perceptual mechanísm. This event \,rould in turn sharpen

attention and aid in short-term memory retrieval of spectral
cues. Since resolution of spectral cues can be seen as more

crucial in the "bottom-up" processing of new information than

in presupposive "top-down" speech processing (Marslen-wilson &

Tyler, I98O), it would be interesting to investigate to what

extent segmental resolution could be facititated by varying
degrees of fundamental freguency movement h¡here semantic focus

is constant in "bottorn-up" processing using semantically
non-redundant speech stinuli.

Cutter ( f976 ) , using phoneme-monitoring reaction time
experiments, concluded that a significant difference in
reaction times can be attributed to the prediction of upcoming

stress locations even when the target-bearing word in stress
position does not contain a high-stress intonation contour.
Reaction times lì¡ere, however, substantially shorter when the
target-bearing words contained high-stress contours.

Intonation, then, points toward the focussed \dord where

segmental resolution is facilitated by virtue of sharpened

attention on the part of the listener coupled with changes in
pitch, vot\teL duration and intensity. The question raised here
is one concerníng the role of freguency movement i-n segmental
resolution. Can the same movement in frequency used to signal
location of sentence stress be used by the perceptual mechanism

in interaction with other cues to aid in segmental resolution?
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One possible interaction could be between pitctr movement

realized as freguency movement of harmonics of the fundamental
in the vowel and vowel formant transítion movement realized as

resonanee induced amplitude shifts between successive
harmonics.

Since formant transitions are important cues for stop
identification, such interaction might facilitate perception of
transitions and aid in stop identification. On the other hand,
interaction might not necessaril-y result in an amplification of
formant transítions and would therefore not facilitate stop
identí fication.

A further guestion that arises is that if these thto kinds of
movement in freguency interact to facilitate segmental
resolution, what are the possible implications for listeners
with hearing disabilities? It is well documented that
individuals with moderate sloping sensorineural hearing losses
have difficulty in identifying place of artj.culation especially
in voiceless stops. However, subjects having similar
audiometric configurations can differ radically in their
performance in both synthetic and natural speech tests (van de

Grift Turek, et al. I98O; Risberg & Agelfors, 1978; Picket,
Revoile, & Danaher, 1983). Could Fo movement as a correlate of
stress aid hearing-impaired listeners in identifying stop
consonants?

fn attempting to ansr^¡er these guestions, word identification
tasks could be presented through a filter roughly corresponding
in frequency to a typical noise-induced audíometric
configuration for hearing-impaired listeners. By presenting the
stimulí both to listeners with normal hearing and to
hearing-impaired listeners, the experiment would have two

goals: l.) to test freguency movement interaction as an aid to
stop consonant identification in filtered speech, and 2.) to
compare performance of Iísteners whose audiometric
configurations correspond to the filter frequencies used in the
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presentatíonB. T'he latter goât míght al-so hetp in exploring the
relationships between perception of the speech wave filtered
before reaching the auditory perifery and perception of the
speech r,tave altered by an irnpairment of the auditory perifery.

2. METHOD

A. Linquietic material and stimuli
There ie much debate concerning differences in perception of
sense vs. non-sense speech utterances and utterances in and

outside of ê sentence frame in listening experiments (Pastore,

l-981r Johnson & Strange, 1982). It seems, however, that when

dealing wÍth sti¡nuli involving both sentence intonation and

Iocal segmental cues and their interaction, the closer the

stimuli can be to real-life speech, provided of course that
variables can be sufficiently eontrolle¿1, the more we can Learn

about the communicative aspects of speech perceptíon. (See also
Gårcling, J-967 for differences betr.teen juncture perception in
sense and non-srense words.)

The carrier gentence "de'va'_ ja' sa'" (rt was _ r said.) was

selected such that a vorrtel would immediately precede the target
word.26 single-sytlable CVC words \,tere chosen having an

initial voíced or voiceless atop (table 1). Target word initial
stop was considered as the perceptual target phoneme and Fo

movement in the preceding and fol-Iowing vowel was to be altered
to test interaction betvreen stop identification and frequency
movement in the two adjoining vowels.

Five of the test sentences were recorded by a male speaker of
Southern Swedish in tvto versions, first with emphatic high
stress given to the target v¡ord, then with indifferent low
stress. The 26 test sentences were then recorded by the samê

speaker using neutral intonaÈion and stress.

The five low-stress and five high-stress tokens were digítized

104



TAI, KAL
{bare)

BÀ¡.
(dance )

DÀL GÀI,
(speechl (valley) (to croiù)

PAR TÀR KAR BAR
(bare)(pair) (takel (rubl

TÛR KUR
(luck/turn) (cure)

BUR DUR
(cage) (najor key)

GÂRTAR ¡(ÂR(tear/toesl (corps)
BÂR

(stretcherl (golwalk)

PÂG TÂG
(traln) ÐÂc

(boy¡ (cheatl

TÀI{
(tanel

DA!{ GÀII
(laityl (vulture)

TOK
{fooll

I(OK BOK
(Potful) (bookl

Tabl.e 1. Target words usecl ln the stlmulus sentences.
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using a VAX computêr at a sample rate of 10,000H2. The tokens
¡rere then analyzed !ùith a linear prediction analysis method

(IlS program package). The five contours for the two intonat.ion
types l^tere averaged to serve as a natural model fot pitch
editing of the sentences l^rith neutral intonation. fhe 26

neutral intonation sentences were digitized and analyzed in the
aame manner.

Two stimulus versions of each sentence were then synthesized
from the Iinear prediction coefficients with the pitch contour
sel-ected to conform to the low and high-stress intonation
models respectively (Fig. f). The resulting 52 stimuli were

randomized in the computer. A pilot test using four listeners
vras run to determine a satisfactory low-pass filter cut-off
frequency which would allow correct initial stop identification
of around 5Ot in the target word. An eight order Butter\,vorth
low-pass filter rtith the cut-off frequency set at gOOtIz'

-48dB/octave al-Iowed the 5Ot correct identificatíon in the
pilot study.

The stimuli were recorded on tape through the filter in
thirteen blocks each containing four stimuli with a l0-second
ínterval between stimuLi and a 2o-second interval betr¡,teen

blocks. An additional block vras placed at the beginning as a

practice buffer.

B. Subjects
25 beginning speech pathology students at Lund University with
normal hearing and unfamiliar h¡ith the test materíal
participated in the experiment as part of a course reguirement.
13 patients at the Department of OtorhinoLaryngology,
University Hospital, Lund, with noise-induced hearing losses of
roughly similar audiometric configuration (beginning of slope
at around tOOOHz, approximately -40d8 at 20O0Hz and -60d8 at
3000H2) voluntarily participated in thê experiment as an

extended part of routine audiological examinations. Patients
were Êelected on the basis of previous pure-tone audiograms
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where relative slmmetry of hearing loss was a criterion as well
âs break freguency and degree of slope.

C. PTocedure
The normal-hearÍng subjects were tested in three groups on
three different occasÍons. l{rittên instructions and änswer
sheets ¡rrere handed out and the instructions vrere read aloud by
the experimenter. Í'txe subjects were informed that they would
hear the carrier sentence "Det var _ jag sa.,'presented through
a filter and that they should try to v¡rite the word following
"var" in eacÌ¡ sentence. If they vrere unsure they were requested
to guess the word closest to the sound they heard. After the
practice block was run Bubjects were allowed to ask questions.
Testing took place binaurally ín a sound-treated perception
laboratory using a Revox À,77 tape recorder and Bur\¡ren pMB6

Orthodlmamic headphones. Sound 1evel wae checked as comfortable
during the pract.ice block. T,he test took 15 minutes.

The hearing-impaired persons were tested individually whil-e
sitting in a sound-ínsulated room. Routine pure-tone and speech
audiograms were first made after which Békésy s\^¡eep-aucliograms
with pulsed etimuli were performed for each ear. This was done
to more cloaêIy define the steepness and frequency location of
the hearing loss. Ttre êame instructions were presented to the
l-isteners except that they \^rere asked to repeat the hrords
oralIy instead of in \'rriting. The responses were monitored
outside the sound-insulated room over a loudspeaker and
recorded on tape.

The stimuli were presented monaurally through a Revox A77 tape
recorder, via the speech channel of a Madsen Clinical
Àudiometer Model OBTO and matched TDH-39 headphones with
MX- I/AR cushions. The stimuli were presented at most
comfortable level established during the practice block and
generally corresponding to 30dB over speech threshold and to
the level for maximum speech discrimination established during
speech audiometry.
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Monaural presentation \^ras deemed advisable since hearing loss
r/ùas not completely s1¡mmetrióal. A second randomized version of
the tape was made, and learning effects vrere minimized by
presenting half the first versíon to the left ear, the entÍre
second version to the right ear and then the remaining half of
the first version to the left ear. After hearing the filtered
stimuli the subjects \¡eere given a break and then the test was

repeated using non-filtered stimuli. The test, incJ-uding the
eékésy audiograms but excluding the routine audiograms, took
approximately an hour and a ha1f. The patients were extremely
cooperative especially considering the length of the test.

3. RESULTS

À. Normal-hearing listeners
AIt three groups showed similar patterns of ínítial stop
identification for the filtered stimuli. Roughly one-half of
the stops were correctly identified, and a general bias to\,rard
labials was observed. The voiced-voÍceless distinction was

perceived by all subjects in nearly all target !Íords lrith
place-of-articulatÍon for voiced stops being somer/úhat easier to
identify than for voiceless stops. Fhe mean number of correct
stop identifications for the normal-Ìrearing subjects as a group
(Group l, Fig. 2) was higher (14.5 of 26) when the sentence and
target word carried the indifferent, low-stress intonation
contour than when the sentence and word carried emphatic, high
stress (L2.7 of 26). The difference was sígnificant, p<0.05,
running contrary to the hypothesis. Correct word
identification, however, did not reveal a significant
difference bet\À¡een low and high streas, although more

loh¡-stress words were correctly identífied. Labiafs /p,b/ and

the voiced velar /S/ were favored by the normal-hearing
Iisteners (fig. 3). In only one phoneme /d/ were substantial
dífferences observed relating to stress contours. The

lohr-stress versions received more than twice as many correct
responses compared to their high-stress counterparts. The
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- Low-Stross contour
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Mean number of correct identifications for stops
and words in low-pass filtered sentences lrith high
and low-stress fundamental frequency contours.
(Group 1, listeners with normal hearing.)
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Figure 3. Correct initial phoneme identification in percent
for Group 1 (Normal hearing)

110



vowels were nearly aIh¡ays correctl-y identified.

B. Hearing-impaired listeners
The number of stops and words correctly identified by the
hearing-impaired l-isteners as a group was about the same as for
the normal group: about one in two for stops and one in three
for words (fig. 4'). Again, for both words and stops,
identification was slightly better for sentences havíng the
low-stress Fo contour, although here this difference was not
significant, p>O.05. Labials and velars were again favored in
the voiced stimuti results, buL the dental phoneme /t/ was

favored in the voiceless results (Fig. 5). Standard deviation
for both stops and words in both stress categories was greater
for the hearing-impaired group than for normals. As with the
normal group, the vowels were nearly always correctly
identi fíed .

C. Differences bet\"/een the t\to 9roups
As previously mentioned, the hearing-impaired group as a whole
did better on both stop and word identification in the filtered
speech, although the difference hras not significant, p>O,05.
fhere htas, however, a striking difference between the two
groups manifested by the preference for the voiceless dental
/t/ among the hearing-impaj-red group which contrasted to the
labial preference /p/ among the normal group.

Reactions to the test by subjects of the t14¡o groups also
differed. Members of the normal-hearing group felt that the
test \,¡as extremely difficult and frustrating. There were,
however, substantíal differences among members of the
hearing-impaired group in both performênce and reactions to the
test. T'hese listeners basically fe11 into two categories.
Either they reacted much like the normal group complaini,ng
about the difficulty of the task and obtaining results sj,milar
to the normal group or they made many correct responses from
the very beginning of the test, performed better throughout the
test than the other groups, and did not feel that the
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Figure 5.
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presentation was particularly difficult or unusual

In order to interpret these differences, subcategories of the
normal-hearing group (Group t) ancl the hearing-irnpaired group
(Group 2) were made. T?re results were combined for 1ow vs. hiqh
stress since those differences were generatly not significant.
The two groups were then divided up on the basis of best
results (28 or more correct identifications for stoPs, Groups

IA and 2A) and vtorst results (Groups 18 and 2B). Figure 6 shows

correct identification for these subcategories. The difference
in stop responses between the best hearing-impaired group (24)

and thê normal grouP as a whole (1) was highly significant
p<0.0O3. The difference in r¡rord identification was also
significant, p<0.O5. This difference is, however, less
convi-ncing when the best hearing-impaired group is compared to
the best normal grouP. T'lìe hearing-impaired group sti11
performed better (34 correct vs. 3O correct for stops, 24 vs.
18 for words), but the differences were not significant,
p>0. O5.

Since any group can be subcategorized using a best-rêsults
criterion, the hearing-impaired grouP vtas divided into two ne\^/

categories using pure-tone audiogram configuration criteria.
The categories were (Group 2c) those ears most closely
resembling the filter function used in the test, i.e. severity
of hearing loss increasing sharply at a ilroP-off frequency

Iower than tsOoHz and at least a -35d8 threshold drop bet\,¡een

IOOOHz and 2OOOHz and a threshold of less than -50d8(HL) at
2OOOHz¡ and (Group 2D) those ears which least resembled the
filter function, i.e. either the sloPê ¡¡/as too flat or the

drop-off freguency was greater than lOOOHz (see Figures 7 and B

for example audiograms). Correlation between the best-ear group

(2e) ana the most-like-filter group (2C) was high vrith ä11 the
ears occuríng in 2C also being represented in 2A.

Identífication results for these tvro grouPs, for both stops ancl

words, vr'ere also very simj-Iar, as can be seen in Figure 6.

Differences in identification for both stops and words between
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croup 2c (most-like-filter) and Group I (normals) were

significant, p<0.05'

A final point of interest when comparing the hearing-impaired
subgroups concerns listener reactions to the non-filtered test
version. In general, those listeners who performed best on the
filtered version noted littLe or no difference between the
filtered and non-filtered versions, while those listeners who

performed worst on the filtered version performed best on the
non-fittered version (fig. 6) and noted a considerable
improvement in "c1arity". T'here were, however, no significant
differences which could be attributed to low or high stress.
Tl1e normal listeners Itere not tested on the non-filtered
version âs an informal test indicated 1O0t correct
identi fication .

4. DISCUSSION

A. Fo movement and stop identi fication
The results of these teËts provide a negative answer to the
guestion of \thether or not increased movement of Fo in the

vowels adjoining a stop can aid hearing-impaired listeners in
identifying stops. fhe same results apply to normal listeners
using filtered speech. In fact, in all groups and on all tests,

identification of both stops and words was stightly better when

the vowel,s carried low-stress pitch movement, i.e. Iower Fo and

little absolute movement. An explanation for thís could 1ie in
the fact that a lower fundamental produces a tighter series of
harmonics which could in turn supply more enêrgy to the

critical formant amplitude shifts in the transitions thereby
enabling better ídentification- T'lne improvernent, however, can

only be seèn as highly marginal as the differences were not
statisticallY signif icant.

It seems then that at least regarding filtered speech in

Swedish and for hearing-impaired listeners, heightene¿l Fo
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movement r€lated to focus and sentence stress serves as a

marker to direct the attention of the listener to the focussed
word but does not intrineically aitl the perceptual mechanism in
segmental resolution. It could be that the perception of Fo

movement is integrated over a longer time interval than the
perception of segments and, at least where global Fo movement

is concerned, Fo movement perception is related to the
pragmatic íntentiong of the speaker rather than to the phonemic
content of the word in focus. If this is the case, then the
perceptual mechanism could rely on increased intensity in the
vorrtel and increaEed vowel duration during stress to aid in
segmental resolutÍon. During an informal listening session it
was felt by several liateners that the high-stress stimuli
sounded "thinner and weaker" than their lo\,v-stress
counterparts. This could be due to the fact that the increased
intensity normally associated with high stress was missing.

An aspect of production which could also contribute to a

separation in perception of the two kinds of frequency movement
deal-t with here, i.e. Fo antl formant freguency, is that of
source. If perception of movement in the speech wave can be
coupled to artículator movêments as described by Fowler, et al.
(1980), then the aeparate nature of the sources, i.e. tongue
and jaw movement to alter resonance and laryngeal movement to
alter funda¡nental freguency, could be perceived as relating to
theEe separâte aources from a production standpoint and

therefore be processed separately. Clearly, these kinds of
production-perception interactions and the processing of
different kinds of movement need to be investigated further.

B. Compensation strategíes and hearing-impaired listeners
Perhaps the most interestíng result of the experiment pertains
to the difference in performance bet\,,¡een the normal-hearing
listeners and the hearing-ímpaired listeners, especialJ-y those
whose audiograms best matched the filter. The greatest
difference in performance can be attributedl to the tendency for
hearing-impaired listeners to choose /t/ instead of /p/ or /U/
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while the normal listeners tended to choose /p/, Às the
frequency of /t/-words dominated in the test materiaf, the
hearing-impaired group naturally came out ahead. A possible
exptanation for this coul-d lie in the fâct that listeners with
a hearing loss, being accustomed to hearing speech resembling
the filtered stimuli, !üere able to distinguish between the
presence or absence of /p/ ( low-frequency burst and

low-freguency F2 transitions) while the low freguency nature of
the filtered stir¡uÌi sounded labial to those unaccustomed to
speech sounding similar to the stimuli. This would also account
for the difference among members of the hearing-impalred grouP.

Basically, the closer the correspondence between filter and

hearing, the better able the listener is to comprehend the
sentence.

While a hearing loss eannot be deseríbed as a filter function
in absolute terms, the correlation in this experiment between
performance results, fllter frequency and audiometric
configuration seems to indicate a certain performance

predictability. Ttrus, if audíometric similarity is narrowly
defined in terms of break frequency and slope, listeners tend

to perform simitarty wl.en the filter function resembles Èhe

audiometric configuration. They even tend to perform better
than listeners with normal hearíng.

If hre assume that those listeners with a hearing loss
corresponding to the filter were able to discriminate between

presence vs. absence of /p/, \^thy then did they nearly always

pidK /t/ where the actual stimulus contained either /t/ or /v/?
Were the better results simply a matter of chance, there being

more /t/-wörds than /,x/ or /p/-words in the test material? In a

computer analysis of word frequency in Sroedish ne\.tspaper

materiat (arrén, 7972\ t]ne freguèncy of /t/-initiai words used

in the test was greater Lhan /p,k/ in atl but one case (Table

2). In the same material , ! !'¡as also the most freguent letter
of the six representing stops (Table 3). on the basis of this
material, it could be tentatively conjectured that certain
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TAR 1964

TUR 137

TÂR 10

TÂG 55
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KAR
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PÂG

DUR

GAR

DAM I37 GAII

KOK BoK 876

Tåblê 2. Frequency of target word€ ln a stutly of, newsPaPer
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hearing-impaired Iisteners, when presented with semanticatly
non-redundant speech, choose the most frequent or probable word
from the lexicon which matches the. incompl,ete phonetic signal.
It is possible that listeners can build up a frequency or
probability strategy during the long period of time often
associated with the progressíon of a noise-induced hearing
loss. AI1 listeners but one in the "most-like-filter" group
v¡ere over 58 years of age, had very similar audiograms and

performance, and had long histories of working in noisy
environments. The one exception, 39 years of age, had of course
a similar audiogram but did not perform nêarly as well as the
otder listeners on the test.

An additional point of interest h/as that one listener with an

asymmetrical loss performed better on the filtered stimuli test
with his worse ear. This was noticed by the listener himself
who expressed considerable surprise over it. His worse ear
audiogram, however, fit Lhe filter function almost exactly. His
better ear loss began at around 2ZOOHZ.

Fína1ly the fact that persons with impaired hearing tended to
choose words beginning with /t/ coulct have certain clinical
implications. A greater awareness of compensation strategies
both on the part of those using the strategies and those v/ho

are often in contact with persons suffering from a hearing loss
could be instrumental in improving the communication abj-Iity of
a relatively large group of people.

Further work with perceptíon, hearing loss, and compensatì-on
strategies could also provide us with interesting insights into
speech perception as,a whole. It might be possibl.e that the
compensation strategíes used constantly by the hearing impaired
are also available to and used to a lesser degree by normal
listeners when engaged in everyday speech in non-optima1, noisy
environments,
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Perceptual Experiments with Duration versus Spectrum
ln Swedlsh Vowcls

l(urt Johan¡son

1. INTRODUCTTON

It is \^¡e11 known that the vowels in Swedish word pairs like
vit:vitt, ka1:kal1, rot:rott generalty differ both with regard
to duration and to spectrum, i. e. formant freguencies
(perceptually: vowel length and vowel quality, respectively).
Tt¡ere are also differences, particulary durational, between the
final consonants, short consonants after long vowels and long
after short. Consistent durational differences, between vowels

as well as consonants, only appear ín stressed po6ition6, while
some vowel quality differences may be upheld also in unstressed
positions where al-l vowels are short. (I)

Different phonological interpretations âre discussed
instance by Elert (1964, 39 ff. and I97O , 54 ff. )

Hadding-Koch - Abramson (1966). ln this paper I will not
thi s 'b iscussion.

for
ar¡d

enter

Long and short vov/el6 are manifested rattrer differently in
various Swedish dialects. Long vowels may be pronounce<ì as

monophthongs, but they are generôl1y more or less diphthongized
(Elert t9B1 ). Short vowels may also be diphthongized but
ordinarily they are more monophthongal. (2)

The perceptual investigation carried out by Haddinq-Koch
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Abramson (op.cit. ) dealt, as does this paper, \,¡ith the question
of whether vohtel- duration or vowel spectrurn is the primary cue

for distinguishing minimal pairs of the above type. They

prepared their stimuli from 3 Swedish word pairs by using a

tape cutting and spticing technigue. (3) ffre male speaker and

the listeners came from Southern Sweden. For practical reasons
only non-diphthongized vowels were included. The main results
h¡ere that vowel duration was shown to be the primary cue for
I e: ]:I e ] and [ /: ] r Ice] and formant frequencies, i.e. quatity,
for Itnr:] : [U](4).

PURPOSE OF THE PRESENT INVESTIGATÏON

One of the reasons for carrying out the experiments presented
below wãs that I vranted to cover all 9 vowel pairs of central
Swedish:
( [ i: ]: I r ], I e: ], I e ], I e: ] ' I e ], I y: ] 'Iv], | ø: l:Ice], [r¿: ] :[tf] ,

Iu:]:Iu],Io:]:Ic], and Io:]:Ia]). (5)

My hypothesis was that votr¡el duration woul-d be the main
perceptual cue for some of the vowel pairs and vowel- spectrum
for others. What is actually tested, then, is which manner of
transcribing, for example /vízt/ z /vj-t / or /vit/ z /vLt/ , is
nearest to the perceptual reality. (6)

The background for this hypothesis r¡as of course, beside the
finilings of Hadding-Koch - Abramson, the observations of many

investigãtors that the magnitude of vowel spectrum differences,
and sometimes also of vowel duration differences, may vary for
different vowel pairs. My ovrn informal tests with
electronically gated speech also contributed to the assumptj-on.

Another reason for my experiments r¡¡as in fact to give a

background for spelling methodology in Swecìish schools. The use

of single or double consonants in Swedish spelling is largely
dependent on the previous vo¡¡/ef, and there has over the years
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been much discussion on the issue of whether vowel length or
vowel ouality should be considered the appropriate
methodological stðrting-point. One reason why I chose to work

with central Swedish vtas that dialects from central Sweden have

been normative for Swedish spelling.

In this paper, however, I do not intend to 90 into this
discussion, as I Ìtave done this eÌsewÌ¡ere (Johansson 1981) and

my standpoint may be inferred from the results presented belotat.

3. PREPÀRATION OF THE TEST MATERIAL

In order to be able to control äs many variabtes as possible I

chose to qtork with synthetic speech. The stimuli were created
with an O\/E III speech synthesízer, eontrolled by an AI,PHÀ LSI

computer.

I preferred, as

non-diphthong ized
with elsewhere.

¿lid Hadding-Koch
vowels. Diphthongized

Abramson, to use

vowels will be dealt

T'lre test vohrels appeared in 9 monosyllabic word paírs, alh¡ays

preceded by lhl and followed by [s] .(7)

ffre [h] was constructed as a voiceless counterpart to the

adjoíning vowel.

rtle [s] was characterized by two formðnt bands centered around

4 8OO and 7 6OO cps. It should be mentioned that the reason for
choosing Is] was that it does not have any voiced counterpart
in Swedish. Not much experimenting is needed to show that
listeners tend to interpret, where this is possible, a

consonant as voiced or unvoiced, not only in accordance v,/ith

voicing or aspiration but also depending on the duration of a

preceding vowel. In the experiments reported below this fãct
would without doubt hãve creðted an unnecessary complication.
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In spite of the fact that the duration of a postvocal consonant
is complementary in stressed words in most Swedish dialects, it
has generally been assumed that durational differences between
consonants are not distinctive, and this ì^rðs also supported by
the Hadding-Koch - Abramson experiments. I had planned to
investigate this further, but an unfortunate location of some

test stimuli made the results less reliable, and I have
preferred to return to this question on another occasion. I am,

however, apt to believe that differences in the durations of
the consonants are of no consequence in the present
investigation. Anyhow I choose a value for tne Is] duration
averaged between long and short according to Elert's
measurementB (L964, p f43), in this case 2IO milliseconds.

The formant frequencies used were the ones reported by Fant for
Central Swedish speakers, (appendì-x .l). This was the only
investigation availabl-e giving formant frequencies for both
long and short vowels, ln spite of the fact that the
meôsurements had been made on isolated vowels the listeners did
not react or comment on the resulting stímuli as being
unnatura 1 .

Steady state vowels, i.e, vowels without formant transitions,
rrere chosen, rvhich is of Iittl-e perceptual consequence before
Is] v¡ith its high intensity and strong intrinsic cues.

As fundamental freguency variations are known to influence
perception of length the frequency was held constant- (at
cps).

In the test the vowel qualities were kept unchanged and
only thing that was varied was the duration of the vowels.
variations were made in 20 millisecond steps from
milliseconds to 200. (8)

the
100

the
The

80

In this way 126 different stimul,i were creâted. On the test
tape a buffer of 10 stimuli was recorded in order to let the
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ILateners beiorne acquainted \rith the test procedure and as

these eti¡ruli had rather normal durations thby may also have

aerved to glve the listeners a tempo reference. Ttle reat of the
stimull urere randomized and each atlmulue recorded exactly in
the 6ame way three times in a row, \r.lth one-Eecond pausea.
Between dlfferent stimuli there t aa a pauae of 2.5 seconds.
After every tenth stimulus a longer pause of about 5 seconds
saa made. After 5O and IOO Éttnull there vae a longer tr)ause.
Each etlmulus only appeared once in the tê6t.

Tt¡e whole test lasted for about 20-25 minutes.

4. LISTENERS

fn all, 5O lÍeteners took part in the teat, 42 women and I men

with an average age of 40. 35 of the participants were school
teachera specíalizing in speech, reading, and spelllng therapy,
10 rrrere students or teachera of epeech pathology, and the
othera were specialists in ottrer fields.

5. LÍSTE}ÍING fEST

Tl¡e test etlmuli were presented to the lieteners frorn a Revox À
77 tape recorder via Burr¡en PMB 6 headl-phoneÊ.

fhe llsteners were given a teat form having two choiaes for
eàch atinul.us, and they were askeä to underline the word they
thouEht had been presented (forced choiee).

6. REST'LTs

Às waa mentioned earlie.r the formànt freguenciea of the ùowels
túere kept constant and only the durations changed, the purpoae
being to investigate whether vor^rêI duratlon or vocrel spectrum
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constitutes the major perceptual
the 9 ìrord pðirs.

cue for distinguishing. within

If for instance a word his fhi:s] with a gradually shortened
vowel- eventually will be judged. as hiss lnrs ], in spite of the
fact that vowel qual-ity has not been changed, duratj-on must be

considered the essential cue. If, on the other hand, the identy
of the word does not change. guality must be the important
thing.

Figure 1, treating all l.isteners ãs one group and all vowels,
reveals that on the whole duration must be considered the mðjor
cue. When the vo$re1s are short, both vot,7els with gualities
appropriate for long and for short vor¡¿els are judged as short.
In the middte of the figure a change of identity takes place,
and both types of vowèIs are judged as long \,{hen they have been

Iengthened enough.

If, however,,we look at each vowel pair separately, it becomes

clear that all pairs do not behave in the same manner. Most
pairs change from short to long responses within the range of
12O-180 milllseconds. ( 9 ) This is the case for
li:l'[r],Ie:]'[e],[e:]:[e],[y,]'Ivl,Iø:l:[ce], and Iu:] [u],
i.e. 6 out of 9 pairs. The listeners tend to judge a vowel as

short up to a duration of about 120 milliseconds and as long
from about 160 (wittr 7 out of 12 vowels exactly at these
values). Tttese values mãy be compared with the average vðlues
reported by Elert for Stockholm Swedish (1964, p IO9). I08
millieeconds for. short vo\,rels in his one-\^¡ord list and 163 for
long vowels. (fne values in his sentence Iist are somewhat

lower, but not very much.) rne "short-point" above is 75t of
the "long-point", a percentage that may be compared with what
is generaJ-J-y reported for short vot¡els in relation to long
(6s-70r). (ro)

The distance between the points where Iisteners judge the above

vowels as short and long, respeetively, can be described by
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positive values, i.e. a vowel judged as long is ãIways longer
than. a vowel judged as short, and within these vowel pairs it
does not matter that votlrel formant freguencies are different.
The remaining 3 pairs, [t¡:]:[tf],Io: ] t¡al, and Io: ]:Ic], give
negative vâlues, i.e. there is considerable overlap so that a

long vovrel may be shorter than the "short" vowel, and the short
vowel fonger than the "long" vowel, without making the
listeners judlge them as short and long, respectively. Vowel
quality is obviously the important thing here.

In order to get a better picture of the contribution of
duration versus spectrum differences lrithin the word pairs, the
data vrill be presented in another !'tay.

Figure 2 shows r¿hat could be expected under ideal conditions,
if duration aione were the distinctive cue. Àlong the x-axis ¡r¡e

have gradually increased the duratiôn of the vowel, along the
y-axis rre have the percentage of "ì.ong"-responsres both for

and "short" vowels. If duration virere the only cue, the
results should be as indicated in this figure. Both "long" and

"short" vowels should be judged a6 short or long ín accordance
with the duration of the vowel, and there should be an

uncertainty region in between.

The expected results, if vowel . quality h¡ere thê only
distinctive cue, should be in conformity with figure 3. A

"short" vowel should be judlged as such and give 0*

"long"-responses, v¡hatever the duration of the vowel, and in
the Êame way a "long" vowel should give IOO*.

In figure 4 a1l listenera are treated as one group, lsithout any
consideration of dialect, and all vonels are included . It is
quite clear, as it was from figure 1, that duration is tbe
primary cue. The curves for "long" and "short" vowels are very
much the same âs the one presenÈed in figure 2, but the curve
for the "short" vowel is consístently bêlow the other curve,
which indicates that guaJ-ity is not unimportant.
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It can be seen

divided into 3

from figures 5-13 that the vowel pairs mãy be

different groups: '

The first group consists of the 6 pairs commented on earlier,

Ii:]:Ir]' Ie:]: Ie], le'l'Ie], ly:l:Ivl, lø:]:[æ], and Iu:]:Iu]
( figures 5-1o ) . It might have been expected that [ ø: ] [,¡]
would have shown a greater dependence on the guality cue, but
the results here are quite in agreement with the findings of
Hadding-Koch - Abramson. Within thê group the pair I e: ] :[ e ]
displays the greatest distånce bêtween the curves, but there
can be no doubt that duration is the essential cue here, too.

only one vowel pair, Io:]t[e], belongs to group 2 (figure 1I).
The curves are here considerably further apart than for the
above group, and although they look very much like the curves
for g.onp' 1, I am, considering what I said earlier regarding
this pair, âpt to consider quatity as the distinctive cue. But

duration is certainly not unimportant'

The third group, consisting of [u:]:[tf,] and lo:l:Ia], is of a

different kind (figures f2-13). The curves are more of the type
presênted in figure 3, although they have the appearance of
being turned on end as a result of the fact that duration even

here is not completely unimportant. one reason for this
behaviour of the curves might be that some of the listeners
come from regíons that do not have the usual guality
differences between "1ong" ancl "short" vowel-s. In fact some of
tÌìe dialect information given on the test forms indicates this,
but the information is not detailed enough to allo\,¡ a definite
conclusion. However, the behaviour of the curves in figures
12-13, together with v/hat was said about overlapping earlier,
are to my mind indication enough that quality is the
distinctive cue. Another thing that supports this conclusion is
that the "long" vowels with their shortest durations, and the
"short" vowel,s with their longest, do not change the responses
further than to values indicating guessing'
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7. DO LISTENERS FROM DIFFERENT DIALECTS BEHAVE DIFFERENTLY?

A question that has sometimes been discussed by Sv¡edish
phoneticians is if for instance people from Scania in the south
of Sweden, !ì/ith their tendency to diphthongize, particularly
the "long' vowel-s, use the6e quatity differences distinctively
and not duration dífferences.

By coincidence there were among the listeners 15 Scanians and
l-5 people speaking various dialects of Central Swedish. The
groups are of course too small to enable any definite ansv¡er,
and as the listeners belong to different dialectal subgroups
and are rather sophisticated they can not be regarded as
representatives of genuine dialects.

If we, bearing this in mind, take a look at figure J.4 we can
see that the people from Central Sweden give more
"short"-responses when the vowel,s are short and more
"1ong"-responses when they are long. fhis is vatid for ,,long,,

as well as "short" vowels. To put it another \ray, the Scanians
are not quite as apt as the people from Central Sweden to judge
according to duration.

The difference between the two groups is not very great, but
together \ith \.¡hat we knor¿ from ottrer investígations, above all
that Scaníans tend to diphthongize more than mo6t Swedes and
that duration differences both between "long', and ,,short',

vowels and consonants are less than for Central Swedish, ¡/re

have indications that the role of quality variations should be
investigated further. I am currently preparing some experiments
that I hope wíl-I serve to elucidate this particular question.

8. SUMMARY

A listening test with synthetic stimuli, based on Central
Swedish , was carried out using 50 listeners, the purpose being

133



to investigate whether duration or formant
pri.mary cue for distinguishing between

Ie:]: Ie], Iy:]: Iyf , løz] ' [=], [r.¿:]: [lf],
Io:] : Ia] respectively.

frequency is the

Ii:]:f rl, Ie:]'[e],
Iu:]: Iu], Io:]: Ic]

'road':vägg'wall', stijta
ugly' : fuII 'full' .

The following conclusions may be drawn:

a) If we look at the whole material, duration must be

consídered the major cue.
b) The vowel pairs may be divided into three grouPs,

depending on which is the essential cue:
1 The duration group containing I i: ] :[ f] ,

Ie:]:[e], Ie:]:[e], ly'l :[y], LØ:l:[ce], and

I u: ] ,['u] '
2 The quality glggp containing [¿¿: ] :[lt] and

Io:]:[a]'
3 The intermediate group, consisting only of

L o: ] :L c I . For this pair both duration and

gualíty are of importance. I am' however,
inclined to consider this group as a subgroup
of the guality group.

c) A comparison of a group of Central Swedish speakers and

Scanians indicates, together with other things, that
dialectãI differences should be investigated further,
particularly dialects with strong diphthongization.

NOTES

1) I will in this paper only deal v,¡ith vowels in stressed
positions. .

2) As for instance in the Malmö dialect (Bruce l97O).

3) The word pairs used wêre: 
"äS'push': stötta 'prop up', anil ful
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4) The symbols taken from the Swedish dialectal alphabet. The

corresponding IPA symbols ordinarily used âre [ Ë ] and I o ] ,

respectivelY.

5) As mentloned earlier Hadding-Koch - Àbramson on!.y covered

three out of nine pairs, and they used a speaker and listeners
from Southern Sweden. Furthermore they seem to mean (p 106)

that vor¡el duration is the essential cue for all vowel pairs
exept one, viz. [a:] : [þf] , a view that vtaÉt not compatible
with ny own experiences.

6) In spite of the fact that I have used a colon as a marker of
length, I do not, so far, wish to take sides concerning the
question of whether length should be considered a sêparate
phoneme or a distinctive feature of the vowel.

7) Some of the resulting monosyllables are nonsensical, but
they are alt possible Swedish words.

8) Elert (L964' p 109) reports 108 milliseconds for short
vowels and 163 for long as average duration values in his
one-word liét. Before [s] whích was used in my experiments, he

reports exactl-y the same durations in hie sentence list (p I15

andl p 118).

9) I have made no etatistical treatment of the data in this
paper but instead used a rough estimation and considered the
l-isteners convinced thaÈ a certain word Ìras been presented,
\"rhen the percentage fal1s within the upper or lower third.

IO) See for instance Gårding et 41. (1974, p 108).

lI ) Occasional irregularÍties in the curves generally depend on

preceding sti¡nuli.
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Appèncl ix 1

FREqUENCIES FOR THE FIRST THREE FORMAñTS (after !'ant 1957)

F3

Ii:]
trl
Ie: ]
lel
[e:]
Ie]
[y: ]
tYl
ió:l
[æ]

t t4¿; l
rql
Iu-¡ ]
Lul
Io:]
Ic]
Ior]
Ia]

205 0

2050

2100

2000

1 800

2000

1950

2000

1700

1550

1 600

1 050

700

700

750

8s0

r 000

1 250

r2

240

300

340

385

440

385

255

300

350

400

260

450

280

340

l+ 1O

500

650

750

3 000

27 QO

2500

2450

2400

2450

2400

2400

2200

2300

21 50

2300

2250

2600

2450

2550

2500

2500
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Testing a Model for Hausa lntonation

tona Llndau

This study reports a test of a formal model of the
relationship bet!ùeen tone and intonation, using Hausa, a

Chadíc language spoken in Nigeria. Thís language has a

relatively sirnple tone system of basically tÌ.ro tones, High

and Low. The language also has a falling tone that can be

analyzed as a combination of a Hígh and a Low, and v¡i11 not
be considered further here (Meyers 1975' cowån and Schuh

1976). fhe qoal of this study is to test a model of
inÈonation by matching actual fundamental frequency curves
with curves generated by rule for Hausa statements and

questions on t\rto different tone Patterns. ft¡e model- is
based on that developed at Lund in Sweden (Gårcting and Bruce

1981, Gårding 1981). TÌ¡e results will also be useful in

speech Êynthesis of Hausa utterances.

Figure I shows a moilel Hausa sentence. The input is a

phonetic transcription with boundaries and tones marked.

The model describes intonation as grids of basel-ines and

toplines. fn this description the grids are stored
lexically as a basic slope for a particular number of
syllables for each type of utterance, and are generated by

rule. Íhe boundary marks, and the Highs and Lo!'/s are

inserted onto the grid lines. Loea1 rules may rnodify the
under]-ying patterns. Ttre last step is to concatenate the

maxima and minima into a smootlt curve.
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Tlte model can be tested by the degree to r¡hich it rrill
account for both tonal and intonational" patterns used in
conmon by different speakers. Àn analysis was made of Hausa
utterances. The data consist of tape recordings from nine
male speakers of Kano Hâusa, recorded in Kano. The speech
materíal was designed to illustrate intonation in statements
and questions in appropriate contexts, and consisted of
sentences on alternating High and Low tones, and on High
tones onl-y. Each tone pattern occurred in a short and a

long version. There v¡ere t\¡ro short basic sentences on High
tones only, "Muudii yaa zoo gidaa" (Muudii came home), and
"Muudii yaa gâ zoomoo" (Muuilii sa\,¡ a hare), and one long
sêntence, "Uwargidan Muudii taa gâ zoomoo bayan gidaanaa"
(Muudii's senior wife sa\.r a hare behind my house) . The

basic Ehort sentence on strictly alternating High and Low
tones wag "Maalam yaa auni leemoo" (The teacher hreighed the
oranges), and the long sentence on this tone pattern 1^ras

"Maalam yaa auni leemoo gaban garinmuu" (The teacher weighed
the oranges ín front of our to\^rn). In addition there \ras
one aentence of Highs and Lows l^¡ith tit¡o adjacent High tones,
"Maal-am yaa raba naamaa", HLHHLHL (The teacher divided the
¡neat). Basic sentences on Low tones only were excluded by
the fact that Hausa does not have any low tone verbs. Ttre

sentences were organized in blocks of one theme. Each block
began with an introductory statement about a given topic;
tÌ¡ere then followed various question versions of the
statement, eaclr followed by a prope.r repIy. This study
examínee a subEet of the dâta, consisting of the
introductory statements, the yes/no guestions, and a
question beginning with the question-rrord "waa..,?" (who?).

fhe sentences lvere read by the speakers for the
recording. Tlte style of speech is fairly for¡nal, but a

non-colloquial style was j.ntended, so as to maximize
contrasts at this exploratory stage of the investigation.
Thê speakers did not alhrays produce the intended prosodic
patterns on each utterance, so the results may refl-ect less
tt¡an nine speakers. T'he number of speakers analyzed is
specified in eaeh case in describing the results.
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Particularly the long sentences v¡ere affected in that some

speakers seemed to prefer breaking them up into smaller
phrases witl. pauses. only the long sentences without such

pauses were included in the analysis.

The recorded material was anal-yzed from narrow band

spectrograms made on a digital spectrograph. Itlide band

spectrograms \rere used to aid in segmentätion and for
durational measurements. The fundamental freguency curves
were trâced from the loth harmonic. One advantage of
tracing pitch on spectrograms is that a pitch curve is
visible even when the intensity drops at the end of an

utterance, or at creaky phonation. Several of the speakers
haci quite creaky phonation, particularly at the end of
utterances.

In order to test the model, meagurements for all
speakers \rere made of the fundamentaÌ frequency at the
beginning points (BEc), the end points (END), and at all
turning points (H,r,) in statements and questions (figure 1).
ftre model predicts that it should be possible to specify
tones in terms of an intonational grid. Àccordingly,
straiqht lines were fitted by eye through the High and Low

turning points to form a grid. Each lÍne was drawn so as to
fit as many maxima and minima as possible in the uÈterance.
Occasional turning points may falI outside the grid, but
they can usually be accounted for by loca1 rules. For

example, in utterances with alternating Highs and Lo\ts the
last High is often lowered, and in the long utterances on

alternating Highs and Lo\ts the penultimate High is often
raised. In yes/no quest.ions the last High is always
considerably raised and is considered to be outside the
grid. Ttre rates of slope of these grid lines were measured

and calculated in ? per second. In addition the total
duration for each statement and corresponding yes/no
question was measured.
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RESULTS AND DISCUSSION

Consider the statements first. Figure 2 sÌ¡ows one

speaker's pitch curves of three statements with ilifferent
tone patterns ancl lengths. In the utterances with
alternating Highs and Loqts the two grid lines are be in a

fairly constant relatíonship to each other throughout the
utterances, so it is possible to derive one line from the
other. As there are no sentences on Low tones only, the
topline is t.aken as basic, and the bottom line as derived.

short long

H only 13.8e (4.48)
n=I8
v=32.3 t

32.71 (13.28)
n=7

v=40.6 t

7.86 (2. eI )

n=7

v=37 t

L6.29 (2.9A1
n=7

v=I8.3 t

HL

HLHHLHL 28.75 (6.6e)
n=8

v=23.3 t

Table I

Mean slopes in t per second with stand'ard.deviations.
v = coefficient of variation (So/x).

Tlle statement intonation describes a dot^tnvrard slope, even in
utterances on High tones only. The parameters that need to
be aet in order to generate Pitch curves for statements
include:

t. the slope of the topline for short and long
sentences
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2, the frequency of the first High

Table I shows the mean t per second rate of slope rtith
standard deviations of the top line slopes. T}re different
means show that the slope is affected by both sentence
length and tone patterns. The longer sentences have a

slower rate of descent of the topline, and paired t-tests
sho\,r that the differences bet\¡reen short and 10ng sentences
are significant (p<0. O01 ) . As the data only include two
sentence tengths for each tone pattern, the precise
relationship between sentence length and topline slope
cannot be determined here. Very approximately for these
data, doubling the number of syllables will halve the rate
of the slope. Sentence Length will thus have to be part of
the specification of the topline. Tlxe rate of slope also
varies with different tonê päti-êrns. Ttle utt-êrances with
alternating Highs and Lows have about twice as steep a slope
as those with Highs only in utterances of comparable length.
Paired t-tests shovt that the differences in slope between

utterènces with different tone patterns are significant
(p<0.00I ). T'he slope of the utterance on the HLHHLHL

pattern v¡ith t\rro adjacent Highs is also significantly
different from tlat of the strictly alternating sentence
(p<0,05). The downward stope in statements with alternating
Highs and Lows is wellknown as Downdrift, a Phenomenon w}'ere

Highs and Lows are lower than in other positions. Downdrift
tras sometímes been regarded as an intonational phenomenon

(e.9. Hombert 1974, Ladefoged 1975, Meyers 1976), sometimes

as an effect of local- tone assimilations of Highs to
preceding Lows (Abraham 1941, Hyman and Schuh L974). Both
views are partly correct. The dohtnt¡¡ard slope in the
sentences on High tones only can of course not be an effect
of local tone assimilations, but must be considered to be a

global statement intonation. TtIe much steeper slope in the
sentences v¡ith al,ternatíng High and Low tones is here
interpreted as an effect of combining the global statement
intonation from Highs only with a fairly slow rate of slope
with local tone assimifation rules that lower llighs
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following LoÌ¡¡s substantially. This view is supported by the
fact that in the sentence with two adjacent Highs in the
¡nidd le ( "Maatam yaa raba naamaa " ) , where only t\^'o Highs
follow Lows, the slope is less than in the strictty
alternating "Maal-am yaa auni leemoo", where three Highs
follow Lo\.rs. Tt¡e more Lovr-High sequences there are, the
st.eeper the slope becomes. In this view thên, Hausa has
both a global statement intonation with the slope of that on
High tones only, and local tone assimilations that will
change the slope depending on the number of Low-High
sequences in the derivation of the final slope. The final
slope can be described as an effect of both an almost
universal downward slope in statement intonations, and more
language specific ¡nodification of that declination.

fhe topline thus varies with sentence length and tone
patterns. It doês noÈ seem to be predictable from any other
parameter. It is possible thät the slope could depend on
the frequency of some point at the beginning or end of the
utterance. But in these data there is no significant
correlation bethreen the slope, on the one hand, and the
beginning or endpoints, or the initial or final Highs, on
the otl.er. The topline slope in statement intonation is a

parameter that functions like a primÍtive. Barring a more
precise knowledge of the relationship betvreen sentence
length and slope, it has to be set for each length in
generating pitch curves.

The topline häs to be anchored at some point,
presunably at the beginning or end of a statement. paired
t-tests were used to determine which point differed least
betvreen the various tl4)ea of stätements. The first High was
the only point that showed nonsignificant differences
betqreen moat sentences of different tone patterns and
different lengths. In the relatively few cases where the
first High tlidl differ between sentences, the difference was
in the direction of this point being higher for longer
sentences thän for shorter sentences. The first High is
also the point with the smallest coefficient of variation
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for different types of sentences within speakers. The first
High will thus be used as a further set vâlue to anchor the
topline.

This is a different situation than in Swedish and in
English, where the first High is higber the longer the

utterances are (Bruce 1982, Pierrehumbert I98O). T'he end

point tends to be invariant, as wefl, so the sl-ope in Ètrese

Ianguages is in a sense a functíon of these two points. In
Hausa, however, the first High' as well as tlte starting
point (BEG), are points that, q¡ithin a speaker, show very
little variation. It remains an open question hovt tyPical
the differing results for Hausa are in this respect. It is
possible that the differences in the behaviour of the first
High could be an effect of different tyPe of speakers rather
than a language difference' Many studies of irrtonation Ïiave

used speakers that are highly trained in the task of reading
in front of a microphone, while the speakers used in this
study \¡rere not used to this.

Within each tl4)e of statement there is a great deal of
variation between speakers in the topline slope, as

evidenced by the fairly large standard deviations in table
I. Although a speaker will vary the topline slope with
sentence length and tone patterns, the precise amount of

stope appears to be idiosyncratic. T}re variation between

speakers is not correlated with the speakers' mean

fundamental freguency or range. In generating the grid for
a statement, the mean sJ.ope will be taken to represent a

tlrpical speaker.

In the sentence with alternatj-ng Highs and Lows

speakers also vary to some extent in their range' This
variation probably refLects a non-linguistic factor of the
attitude of the speaker. An involved speaker usês a larger
range than a detached speaker (Hadding-Koch I96L, Bruce

1982). Tl:le range can be expressed as the mean rätio between

Hiqhs and following Lows throughout thê utÈerance. Speakers

tend to keep this ratio fairly constant ttrroughout an
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utterance. The mean ratio betrireen Highs and following Lor,vs

for the short "Maalam yaa auní leemoo." is I.25 (sD=O.05,

n=7 ), and for the longer "Maala¡n yaa auni leemoo gaban

garinrnuu." this rnean ratio is I.2 (So=0.06, n=5). The mean

ratÍo will be used in deriving the bottom line from the
topline in the grÍd.

The tining of turning points in the fundamental
frequency curve Ín relation to the segmental structure of
the utterance is aleo a necessary part of the specification.
In sentences with al"ternating Highs and Lows there is a

atrong tendency for the turning points to occur right at the
syllable boundaries. In sequences wíth open syllabtes, like
CV\¡-CW, and CV-CW the turníng point coincides with the V-C

boundary, but in sequencee with closed syllablea, CVC-CW,
the turnl,ng point occura in the ¡niddle of the double
conËonant. The fundamental frequency curve associated with
a Hlgh tone eyllable will thus describe a movement towards a

maxi¡num during the syllable, and reacÌ¡ its maximum at the
border to the next syllable. Similarly, the fundamental
frequency curve asaociated u¡Íth a Iow tone syllable will
reach its minimrln at the very end of the syllable. ÎÌre
turning points in the fundamental frequency curve tÌ¡us serve
aB a phonetic correlate to eyllable boundaries. Ttris
pattern in the timing of the turning polnts ie not much

l"nfluenced by position in the sentence, but it is relativel-y
atable throughout an utterance.

Figure 3 EÌ¡ows how a pitch curve for the High/Low
sentence "Maalam yaa auni leemoo" can be generatêd.

Etæ!, aet the duratLon for the given number of
Eyltables (here, the aeven syllables tèke an average of 13O

centiseconds). Set the value for the first High (the
average speaker's value is 160 Herz). Construct the
intonational grid, anchored on an arbitrary
(speaker-epecific) value for thê first High. The basic
topllne slope for a statement of this length is taken to be
the slope for High tones only, about 14t per second.
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Construct the bottom line as a ratio (here 1.25) of the
topline. Secondly, insert start and end points. As a

convention, every statement begins and ends with the pitch
for a Lovr, even if the first (or last) tone is a High to (or

from) which the pitch must iÍunediately rise (or fall).
Third]y, insert High and Low tones on the grid lines. Ïrhe

Highs and Lows will constitute turning points on the grid
Iines. A1í9n the sentence so that the Highs and Lo\"/s occur
at the syllable boundaries. The fourth step involves
apptying the tone assimilation rules and this will result in
a steeper slope, the more Low-High sequences the sentence

Ìras. For this sentence tÌÌe rate increases from about I4t
per second to 33t per second. At this stage optional rules
may apply that move specific tones away from the grid lines.
fhese are processes that are found for some speakers. They

include lowering the final High tone when it occurs after a

Low, raising a Low after thê first High, and raising a

penultimate High in longer sentences. Lastly, concatenate
a1l- the turning points into a smooth curve. For these

simple statements the resulting pitch curve approximates tÌìe
curves in the data wel"l.

Now the intonation in guestíons can be considered ' In

Hausa, yes/no guestions are signalled by íntonational means'

not by syntactic, or morphological means. Cowan and Schuh

(1976), and Míller and Tench (1980) cÌ¡aracterize this t)æe

of question intonation as similar to intonation in

statements but with less of a slope, and a loca1 rise of the
final High. Nevùman and Newman ( f98f ) posit a separate
question morpheme at the end of all guestions ' This

morpheme consísts of a Low tone with length. Short final
vowels lengthen in questions. fhe low tone is justified by

a claim that in guestions the final raised High is followed
by a fall.

[rpical funtlamental frequency curves of yes/no
questions are illustrated in figure 4. The salient features
of yes/no questions are a suspension of the statement

downward slope to zero slope, and a considerably raised
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pitch of the l-ast High tone. Yes/no questions on High tones
never exhibit any dolvtìÍrard slope, and in the questions with
alternating Hígh and Lor^¡ tones only tv¡o out of nine speakers
fo11ow the pattern described in the references with somevrhat

of a downward slope of the grid before the finat raised
High. Íhe rest hâve zero slope. Tlte vridth of the grid is
not significantly different from that in statements. Ihe
frequency of the first High tone does not differ
significantlybetween statements and corresponding yes/no
questions, so Hausa questions are not characterized by a

raised regiater, as questions may be in other languages, for
example in Sryedish (Hadding-Koch 1961, Gårdíng 1979,
Bredvad-ilensen L983 ) .

The raised last High is sometimes, but not always
followed by a fall. Figure 5 shows the fundamental
frequency curves of the last two sytlables of all the
speakers superimposed for each yes/no guestion. Unbroken
lines indicate a final ríse that is not followed by a fall,
and daahêd lines indicate a rise that is followed by a fall.
Many speakers do not end a yes/no questions with a fall. fn
fact, even when the laat syllable is on a Low tone, as in
the utterances ending vrith "...naamaa?", three of the nine
speakere do not endl in a fall. A final Lotr tone question
morpheme is not part of a general pattern in the yes/no
questíons. fhe final falls that do occur can be viewed as
instances of the general convention of starting and ending
lovr¡, rather than as a manifestation of an abstract lotv tone
question morpÌ¡eme.

In addition, statements and corresponding yes/no
questions differ significantly ín total duration, The
guestions are about 10t shorter than the corresponding
statements. Thê difference ie due to an overall shortening
of the question utterance as compared to the statemênt, not
to shortening of any particular part of the utterance. This
shortening is not found in atl languages, for example not in
cerman (Bannert 1983). ff it ís tanguage specific, this
tl4re of overall shortening will have to be part of the rules
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for question formation in Hausa

Figure 6 shows how a yes/no question "Maalam yaa auni
leemoo?" can be generated. First, set the duration of the
question at 1Ot less than the corresponding statement (here

= II7 csec.). Construct the grid with zero slope, anchored
on the first High as for statements. Secondly, insert a 1ow

starting point, and optionally a low endpoint. Third1y,
insert the tones, and fourthl raise the last High tone
The amount of increase of the last High varies considerably,
but is typically around 5-lOB. Lastly, concatenate the
turning points into a smooth curve.

[rpical pitch patterns of question word guestions are
illustrated in figure 7. They display characteristícs that
place them as something betv¡een the pitch patterns in
statements and yes/no questions. A question-word question
of a sentence \^¡ith alternating High and Low tones will have

a downward slope, but it is significantly less than that in
statements. The mean slope of "Vrlaa ya auni leemoo?" is 23*
per second (SO=:. f, n=8 ) . But "waa"-questions of the
basically High tone sentences have a zero slope, just like
the yes/no questions. AIso like the yes/no questions the
tast High tone may be raised, but only for th¡o out of the
nine speakers. Mostly the last High tone is not raised.
There is however always a fall after the final High tone.
This fall is most sinply accounted for by assuming it to be

part of the generat convention of starting and endíng Low.

STJMMARY

The íntonation of simple sentences in Hausa can be

represented as grids of (near)paralleI lines. The rate of
slope of the grid is at least related to sentence tyPe
(statement and question), sentence Iength, and tone pattern.
Pitch curves are generated by rules from underlying grids.
The base form of a grid is a topline from which the bottom
Iíne is derived as a ratio. The topline is anchored on the
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first High tone. T'lxe slope of the base intonational grid is
that whích appears from High tones only, when there is no

influence from tonal aseimilations. AtI questions are
specified with zero slope, and statements v¡ith a slope that
depends on the length of the sentence. In this study only
Lwo slopes appear as base toplines, one for short, and one

for long sentences, but obviously a function can be worked

out from more data on different sentence lengths. Lexical
tones and boundary marks arê mapped onto the grid lines. In
sentences with alternating High and Low tones assimilatory
processes apply that lo\rer Highs following Lows, so that the
slope of the grid becomea steePer, thus claiming that
downdrift ie ân effect of both intonation and tonal
assimilations. These assimilations apply in statements and

question-word quegtions, but not usually in yes/no
questions. Local tone rules may move tones avtay from the
grid lines. tastly, a amooth curve is generated through the
boundaries and tones. Àt least for the simple sentences
dêalt with above, the reaulting pitch curves apProximate the
däta hrell.
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Figure 1

À model Hausa utterance.
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Firture 2

Pitch curves of statements on different tone patterns and
different lençlths of one speaker.
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Flgure 3

RuIeE for generatlng the Pltch curve associatedl wlth a
sentence on alternating lligh and Low tones.

160



too

200

roo

lluudll
HH

ta¡lam y.A
HLH

zoomoo?
HHH

aunl
LH

... nea maa?

yaa
lt

9a

lccmoo ?

Lil

Flgure I
Pltch curves of yeslno queetlons on dlfferent tone lratternËof one speaker.

... ¡ I d¡¡? ...roomoo?
]fm

þo

2ü)

..,,y,-'.1 \

- /'."
:.J

I eemoo?

þo
Figure 5

Pitch curves of the last two syllables in four questions
for I or nj,ne speakers. 

161



Hz\/\/\/ 200

100

Set duratlon ånd farst H¡gh
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Bal¡¡ tho la¡t H
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Maalam yaa aun¡ leemoo?

1 ¡cc

a

Figure 6

Rules for generating the Pitch- curve-associated with a yes-
no questio; on alternating High and Low tones'

162



Hz

200

1(}0

20()

100

War
L

ya
H

9a
H

auni
LH

-zoomoo?
HH

Waa ye
LH

leemoo?
Ll{

5æ

FJ.gure 7
Pitch curves of question-word questions on different. tone
patterns of one speaker.
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Form or Substance? The Linguletic Awareness of
Prc-school Chlldren and School Chlldren lnvestlgated
by ilcans ol a Rhymlng Test

Eya tagnu3son, Kerstln Nauclór and Ewa Söderpalm

Revised .version of a paper presented at the Xth International
congress of Phonetic Sciences, Utrecht, the Netherlands, 1 - 6

August, 1983

The development of language in children does not only include
the production and perceptlon of lãnguage but does also entail
a certain amount of línguistic awareness. Linguístic avtareness

is the term used by Mattingly (1972) to describe the
speaker's/lietener's ability to focus on the Iinguistíc
expression rather than on the Ìinguístic content. on the
phonoJ-ogical level IinguJ-stic av/areness can be defined ôs the
ability to disregard the meaning of words and to concentrate on

their sound structure, e.9. the ability to realize tbat "train"
is a short rrtord although it refers to a long object and to be

abLe to segrnent the sound sequence /tre:n/ into four segments

although a train rnay consist of more than four parts.

several questions concerning the develoPment of linguistic
awdreness merit å further investigation, i.e.

-the relation betr^teen linguistíc awareness

and language develoPment

-the relation between linguistic ãvrareness

and cognitive develoPment
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-the relation between linguistic ðwarêness
and reading and writing acquisiticn.

There are different opinions about the relationship between the
development of linguistic awareness and language development on

one hand and cognitive development on the other. Some

researchers (e.g. Mattingly I972, Marshall and Morton 1978)
regard language development as a prerequisite for Iinguistic
awareness v¡hi1e others (".g. Hakes 1980) regard cognitive
developmental level as more important for the devêlopment of
linguistic a\rareness. fntermediate positíon is taken by
researchers who assign importance to both linguistic ãnd

cognitive factors (e.S. Tornéus 1983). It has been shown by
e.9. Bruce (f964), Calfee et al. (1973), that younger children
do not show the same degree of linguistic awareness as older
children do. Liberman et al. 11977 ) have reported that very few

five-year-old children (I78) can indicate the correct number of
sound segments in a word whiLe most of the six-year-otds (70t)
manage such a task. Sy1lab1es, on the other hand, are easiJ-y
mastered by five-year-oId chíIclren,

Since linguístic awareness develops gradually it is, however,
hard Èo decide whether the increased ar^rareness in normally
developing children is a conseguence of the cognitive or of the
linguistic development. One way of clarifying this issue is to
study the Iinguistic awareness of children \,rhose tãnguage
development is not as advanced as that of their peers. If thro

chil-dren of the same age who differ in language development
show the same degree of linguistic awareness, it can be assumed

that the linguistic awareness is a conseguence of the cognitive
development. If on the other hand the Iinguistic awareness of
the tvro children differs, it can be concluded that language
development ís more importänt than cognitive 1evel. A suitable
test design wÕuld thus be to compare the Iinguistic awareness
of groups of children differing in language development but
matched for age/cognitive level, that is to compare groups of
language disordered children with groups of normally developing
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chi Idren

The relation between linguistic awareness and reading-spelling
acguisition is also subject to different opinions. some

reserchers like Valtin (in press) and Ehri (1979) consider
Iinguistic ar^rareness as the result of reading acquisition
whereas others like Calfee et aI. (L972'), Liberman (I973), and

Tornéus (1983) regard linguistic arrareness as the prereguisite
for reading aguisition.

The most relêvant aspect of 1ínguistic awareness in relation to
reading and spelling is the av¡areness of phonoloqical
structure. The ability to segment within the sy1lable is of
particular importance. It has been shown in a longitudinal
study conducted by Lundberg and his co-workers in Sweden (1980)

that linguistic avrareness as measured by segmentation tasks j-s

the best predictor of pre-school children's future reading and

spelJ-ing success.

One such task v/hich requires segmentation abil,ity is rhyming.
Itre manipulations performed in rhyming are to separate
prevoca),ic element(s) of the stressed syllable from the rest of
the syllable and to use what is left of the syl-lable or the
word as a model when producing new rhymes. A rhyming test would
thus be an appropriate instrument to study linguistic awareness

as regards its rel-ation to Iànguage änd cognitive developmental
level as well as to literacy.

PROCEDURE

A rhyming test was therefore constructed and administered to 10

pre-school and IO school children. HaIf of the children in each

group had developed language normally and the other half had

been diagnosed as language disordered. The ages of the
pre-school children were betvreen 3;11 - 5;8 years for the
normally developed ones and bethteen 5,'10 - 7¡2 years for the
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disord-ered children. The ages of the school children varied
betvreen 7;1 and 7il0 for both the subgroups (first grade).

Table 1. Age of the trúenty subjects

{tle test consísted of tl^¡o parta. In Part I, the child v¡as

presented v¡ith 3 pictures and the corresponding words (model

words) (see figure I). The child was instructed to point to the
picture which represented the v¡ord that sounded most simiÌar to
a nerrr word pronounced by the experimenter (test words).

MoDEL wORDs tajl [o:11
TEST WORDS I bo:1 ], I ste:k ] , [ma j .l etc

Fig.l Rhyming test. part 1.

Ie:k]

school
children

Pre-school
chLldren

7¡1 - 7i10

3;11 - 5;8

Language development
normal disordered

7iI - 7;10

5; 1o 7¡2
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This procedure is modeled on a procedure used by Cal'fee

al. (f980) for testing and training phonetic segmentation
has, however, been modified to fit the speciaL demands

Ianguage disordered children.

et
It
of

Since the children answered by pointing and not by speaking,
the deviant speech of the language disordered children did not
influence the result. Because of the often linítect memory

capacity of the language disordered group (Gahne et al. 1983)

the demands on memory had to be kept low. Therefore, the words

were selected in such a way that only the test words (CVC

structure ) and not the models (vc structure) had to be

segmented. The vor^tels were phonetically well seperated.

In part I of the test, however, it would be possible to find
the appropriate rhyming words by comparing the vowels onJ-y.

Therefore, part II of the test consisted of tasks of a some\^that

different type ( see figure 2) . only one model word was

presented at a time' illustrated as before by a picture.

MODEL WORD

TEST ¡'ORDS

I egl egg

I heg], L nebl, I tag], I sek] etc

Fig.2 Rhyming test. Part II.

The child's task no\^t was to decide whether a number of test
words rhl¡med with the model word or not. The test words were

varied in such a $¡ay that in the non-rhyming words either the
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vowel
model

one

words

or the post-vocalic consonant differed from that of the
word, some by several distinctive features and others by

feature, e.g. VOICE or RoUNDING. The complete list of test
can be found in appendix 1.

RESULTS

From the error scores presented in table 2 it can be seen that
the normally developed children ma¿le ferr¡er errors than the
language disordered children and school children made fer¿er

errors than pre-school children. However, as a group, the
language disordered school chifdren made fewer errors than the
normally developed pre-school children. It should be noted that
there are sÕme children around the age of four in the
pre-school group and they seem to have difficulties in
understanding the instructions' Children as young ãs four have

probably not reached the. cognitive level necessary for this
tlT)e of task. The group which maCle the highest number of errors
was the language disordered pre-school children. There seemed

to be no correlation bet\,/een age and Iinguistic awareness as

measured by rhyming in this group.

NormaI Disordered

Pre-school
children

SchooI
children

TotaI

19

I

53

5

48

IT

76

9

67

Total

54

16

38

I

108

37

'71

II

162

53

109

Total.

12

Table 2. Number of errors in the
rhyming test, part I and II, made
by the twenty subjects.

4
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All subjects made rnore mistakes in part lI of the test than in
part I. This is as could be expected since part f does not
reguire segmentãtion of the post-vocalic consonant but can be

rnanaged by comparing vowels that are phonetically \¡/eII

separêted . Part II, thus, puts higher demands on both
segmentation abíl-ity and ability to discriminate beth'een
phonetically close segments.

DISCUSSION

Language development sêems to play an important role for the
development of 1ínguistic atvareness as the normalJ-y speaking
school children perfomed better than the language disordered
schoo1 children. T'lle same holds for the pre-school groups, even

though the normally speaking pre-school children were

considerably younger than the language disordered ones (cf.

table 1 ) .

T'hus, age and cognitive level can not be the only determinants
contributing to the devel-opment of Iinguistic ahtareness. fhe

fact thðt school children score higher than pre-school children
shows that âge/cognitive level are not totally irrelevant. It
could even be assumed that reading and spelling instruction to
a certain extent promotes the growth of linguistic awareness as

the tanguage disordered school-chitdren perform better than the
normally speaking pre-school children. It is however obvious
that reading and spelling abitity is not a prerequisite for the
development of lj.nguístic awareness as illustrated by the
ittiterate pre-school children's rhyming performance.

When examining the results more closely we find that in part I,
the most common dífficulty among the youngest and/or the

Ianguage disordered children \,täs their inability to disregard
content. Instead of concentrating on sound structure their
choices implicated that they focused on content, basing their
rhyming choices on semantic associations instead of on the
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similarity of sounds. For instance, when the test word was

skrek (screamed) they pointed to 
-i 

(ow) insteaC of ek (oak),
thus demonstrating an inability to disregard substanee and to
concentrate on form.

In part II, the errors can be of two types: false acceptances

and false rejections. A comparison between the distribution of
false acceptances and false rejections in part II and tbe
errors in part I suggests that if a child makes more errors in
part II than in part I, this can be explained as a lacking of
ability to discriminate rather than as an inability to segment.

In view of the fact that most of the chitdren who showed this
pattern \4tere language disordered the explanation seems

reasonable.

The numerous errors in part II âs comPared to the less frequent
ones in part I werê earlier attributed to the fact that the
words in part II required segmentation while part I might be

managed by comparing the vohtels in the test vtords and in the
models. Hohrever r ãD alternative explanation for the
differential level of difficul-ty in the two parts of the test
can be suggested if we discuss our results in terms of syl1ab1e
structure. It has been suggested by e.g. Fudge (1969) that the
structure of the syllabl-e is hierarchical and divisible into
onset and rhyme and that the rhl¡me is further divisible into
peak and coda. Empirical data as e.g. in Treiman (1983) show

that it is much easier to segment bet\4¡een the onset and the
rblzme of the syllable than between the peak and the coda of the
rhl,'me as a consequence of the hierarcbical structure of the
syllable. In our test the segmentation reguired in part I is
bet\reen tÌÌe onset and the rhyme while in part If a segmentation
within the rh!¡me, i.e' bet$/een the peak and the coda, is
reguired. T'hus, our results can be interpreted as reflecting
this hierarchical structure. Empirical data of other types
such as slips of the tongue also reveal the internal structure
of the sylJ-ab1e as pre-vocalic consonants are more often
involved in speech errors than post-vocalic ones (Hockett I967,
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MacKay 1972, Söderpalm 1979).

Children who are in the process of becoming ardare of the
segmentability of seguences seem to be dependent on what kind
of segments they.are supposed to handle within the rhyme. It is
obvious from our data that certain consonant types such as

nasals are mucÌì more dj.fficult to segment from the preceeding
vowel than stops or fricatives. It has been shown by House
( f982 ) that non-coronal nasals Ìrave special acoustic
characterístics depending on the preceeding vowel and thus
reguire special identification strategies. Therefore,
initially, it does not seem to be a question of form or
substance but rather an interaction bet$reen form and phonetic
substance contributíng to än increasing of linguistic
awareness.

TO SUM UP:

Since the normâIIy developed children performed better than the
language disordered children on the rhyming test it can be
argued that language development is more important than
cognitive development for linguistic awareness. Cognitive
factors may also be of some importance since the language
disordered school children performed somewhat better than the
normally developed pre-school children. For this result,
trowever, reading and spelling acguisition could be an

influencing factor.
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APPENDIX

Model words and test words in part f and part fI of the test

PATt I
Model words

Iaj], Io:l], Ie:k]
Test $tords

[ ¡o:1], I ste:k], lmai l,
[Ie:k], Isto:1], Iskre:k
Ikaj ], Ivro:1 ], I skraj ]

Model words

Ii:s], Iur], ¡"n1

Test words
skul
gneg

Part II

Model word

Lr:sJ

krull, I leg
gul l, I vi: s

l
l

Irrai1, Igre:k], Irno:1], [¡raj], [ho:lJ,
l, [¡le:k], Iskro:1], Isvaj], Ive:k]

Iri:s], [.[es], Idi:s], Ipriis], Ikri:s],
lvegl, Iheg], Itul1, Igri:s], IkleqJ,

, [1i;v], Igri:s], Iny:s], Idi:s], Ihi:t],
ri:s]

mul
hr¡1

l
l

Test \,¡ords

Ikri:s], Ipri:s], Ivi¡s
Iht+s], [li:k], Ihe:s]'
Mode1 word

I es]

Test vrords

l
t

heg
lug

Model word

I oo]

Test rrord
Itun]. Inub]
Ipao], Ituo]

vegl
gnôg

tag
f.s l

t
t

l
l

Ineb], Ive:g], [1eg], Ise01, Ikteq1, Isek],

Itcn], Iloeo], Isvuq], Itug],kuo l, I fuo ]
puol, Ipluo
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PhD Thesis Summary: Developmental Studies of

Dysphonology In Chlldren

Ulrlka Nettolbladt

INTRCDUCTfON

T't1e current investigation focused on dysphonology (detayed or
deviant phonologicat development) in children with language
disorders, i.e. ehildren who do not develop language normally.
In this thesis, only ehildren with specific language disorders,
v¡ere considered, i.e. children with no other gross trandicaps.
The thesis had ttto main objectives. Ttìe first $tas to drscribe
subgroups of dysphonology in children r,tith lânguage disorders.
The description $¡as based primarily on different phonological
charaeteristies of the children's productions. The second
purpose, related to the first, was to study the development of
children with different types of dysphonology and to find out
r./hether the children folloht similar lines of development. one

normal subject was ineluded in tbe study,_ âs a preliminary
basis of eornparison for phonological patterns in language
disordered children and in a young child with normal languêge
development. To achieve these goals, it was necessary to
develop a method for describing severe dysphonology.

SI'MMÀRY

Ttre thesis ineludes t!,ro different studies, foeusing on
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production. The first, the exploratory study, was a survey of
dysphonology. Thirty-one subjects rrrer€ included, from four
different regione in Sv¡eden: 17 boys and 14 9ir1s, ranging in
age from 4;O to 7.;11. Ttre second, or the main study, 1^ras a
longitudinal study of 10 subJecte (5 girls and 5 boys) seleeted
from the exploratory study. fhese chil.Cren were chosen from a

single dial.ect region: south west Skåne (Scania). fhe 10

subjects srere studj.ed over a period of from t to 4 L/2 years.
Longitudinal dåta from one young normal subject (age 1;8 to
2;5) was included in the main study for reference purposes. The

material for the language disordered children in both studies
was elieited by meäns of a picture naming test, bãl-anced with
respect to Swedish phonemic, phonotaetic and Frosodic
ehåracteristics. It also ineluded a number of ehíl-dren's
tonguetwisters. In the main study, eome supplementary testing
wag carríed out, including a sentence-elicitíng test, audltory
phoneme and accent discrímínation and, finally a test of
articulâtory praxis. All testing sessions were tape recorded,
tránscribed during the sessions and l-äter retranscribed. The

taped material from the normal Eubject consisted of
conversational speech.

f'lne material of tbe exploratory study hras subjected to a broad
phonological analysis, rnãinly in terms of simplification
proceEses, eoncerning syllables, vowels and consonants.
Dyãprosody, homonlmy, segment variability, relative degree of
uninteLligibility and. resistance to therapy, were also noted.

T'he ma jor result of the expl"oratory study was the
identification of two main types of dysphonology. Ítre first and

most severe group is referred to as the syntagmatic aroup. It
is characterized by strong syntagmatie restrictions in
eombination with paradigmatic r'estrictions. Sy1lable, volrel and
eonaonant processes are ã11 found in this group, but in
particulãr the syl1able processes, such as deletions of final
eonsonenta and unstressed syllables, conspire to restrict the
phonotactic structure and thus the phonologj.cal diversity of
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possible words. T'he second group, regarded ðs moderate, is
referred to as the paradigmatic arouP. Here peradigmatic
restrictions predominate, i.e. on the consonênt phonemic

system.

In order to describe the changing phonologies of the children
with severe dysphonology in particular, it was necessary to
revise the descriptive framet^'ork. The new framework was divided
into two parts, an autonomous and a proeess description.

In the autonomous description, the chil-d's r,tords are analyzed

independently of the adult target, and it is thus possibl.e to
include unintelligible utterances ( freguent in severely
dysphonologieal children) in this part of.the descriPtion. rt
is divided into three levels: word, syllable and segmental. Àt
the k¡ord ler¡el, different kinds of syntagmatic restrietions are
stated, and stress and accent patterns are described.
Phonotêctic and prosodic characteristics of words are
summarized in a number of tlT)ical \^tord patterns. At the
syllable level, syllable types and restrictions within them are

noted. At the segment level, vowel and consonant phonemes are
identifíed but the appropriateness of defining phonemic

contrasts in the earliest stages of development and in severely
dysphonological ehildren is guestioned. Vowel length contrast
and occurrence of diphthongs are noted.

In the process description, the child's productions are related
to the adult target v¡ords in terms of (sinplifj,cation)
processes of two main types: syntagmatic and paradigmatic.
Syntagmatic processes change the phonotäctic structure of the
target words. C'hild productions in which syntagmatic processes

have apptied are usually shorter and less complex than their
target eguivalents. Extraction processes are introduced as â

compLement to deletions, to describe chilC productions where

only a small fraction of the target word is teft. Other typical
syntagmatic processes are, for example, reduplication,
ådditions of different kinds and assimitation. Paradigmatic
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proeesses are context-free proeesses and apply to classes of
segr¡ents. I\do main kinds of paradignatic processes are
eonsidered: Vowel and consonant substitutions.

lhe phonological development of the language disordered
children in the main study and the normâl subject were analyzed
according to the descriptive frarnework briefly outlined above.
OnIy selected recordings e¡ere used, êhosen because noticeab!.e
ebanges occur in comparison to earlier recordings. The analyses
are presented as individual câse studies: these are relatively
detailed for t!^¡o of the children with the most severe
dysphonol.ogy and for the normãl child. complete word lists are
given for these three children. For the remaining children ã

selected, illustrâtive sarnple is included. Brief case histories
are given for the language disordered children, as well as an

informal follow-up of theír school performance after the study
was completed.

Ttre results indicate that it is indeed possibÌe to unravel
systematic phonological patterns, even in severe cases of
dysphonology, despite the fact thãt they often Ìrave
idiosyncratic solutions for their phonological problems.
Sir¡ilar but more varied kinds of pãtterns vrere also found in
the young normal child. Thus, there appeara to be a basic
similarity between the primitíve phonology of the young
normally developing child and the phonoLogy 9f the children
with severe l-anguage disorders.

Organizing the data into autonomous descriptions made it
possible to develop a preliminary stage model for the earl-iest
stages of phonological development, based primarily on
phonotactic and prosodic characteristics. The model is divíded
into four subsequent stages. Ttre first ttro stages are
characterized by strong phonotactic eonstraints on words
(syl.lable oi segment harmony) and on syllables (predorninance of
simple open and elosed sytlables) and absence of prosodic
contråsts. ftle model specifies how children qradually loosen
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the constraints which their developing language and speech

processing systems impose on them. vùithin the model, a number

of inplicational relationships apPeår, e.9. bet\.teen the
relaxation of phonotactíc constraints and the devel-opment of
prosodic contrâsts.

There is a sharp break between the second ênd the third stages
of the modeL. À riumber of achievements tåke plêce between these
two stâges, and it is suggested that this is the point at which
a syntagmåtic-paradigmatic shift in phonological development
occurE. ft is suggested that the child's phonology is
reorganized: i.e. there is a shift in attention from word
patterns to syllable shapes and latêr to segment contrasts.
from the process point of view, extraction processes,
reduplication and assimilation gradually give way to consonant
substitutions. More speculatively, it is further suggested that
the ability to handle increased phonotactie conplexity, as

described in the model, may have a paraÌlel in the development
of almtax, which appears to start. at the ti¡¡e of the
syntagmatic-paradigmatic shift. vlhether these different
achievements are based on a more general abiJ-ity to hendle
cornplex, ltierarehically organized language material is
considered.

The model has ímportant clinical inplications. ft is suggested
that language disordered children can be classified according
to t]¡pes of dysphonology in terms of severity and hor.r well they
fit . to the stages of the model. Severe cases of dysphonology
êxbibit characteristics of the first thto stages. sltmptoms

typical of these stages may thus be considered as risk s)¡mptoms

of a ¡¡ore aevere type of language disorder.

Children in the syntagmatic aroup, i.e. with characteristics of
sÈages I and fI, are much more rigid in their use of word
patterns and syltable shapes and also in their use of
processes: syntagmatic processes predominate i.n this group, ênd

the children tend to stick to a ferv primitive processes, such
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aa reduplication or assimil-atÍon. fn this respect, they deviate
fron the nornal subject at a .comparable ståge of develop¡nÊnt.
lfhese children also tend to relapae easily into earlier types
of simplifieation, and some of them exhibit Eesidual
syntagrnatic restrictions. On the basis of these considerations,
specific suggestions for therapy are also given.

Finally, the present invegtigation stresseg the irnportanee of a

differentíated tinguístip analysis (in this thesis reEtricted
to phonological âspects). ftrls analysis ehould be regarded as a

vitåI complenent to a thorough neurological and

neuropaychologicaJ. exâmínation of chilclren vrith language
disorders.
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Acoustic Analysis of Vowels and Diphtongs
¡n òairo Arabic

Kiell Norlin

1. INTRODUCTTON

This paper reports an investigation on acoustic properties of

vowels and diphtongs in Cairo Arabic. The two classes of plain
and pharyngalized consonants in Cairo Arabic are al-so discussed,
usj-ng the alveolar fricatives /s/ and /s/ as an il-Iustration
(Norlin 1983). The effects on vowels in the environment of
these consonant classes are demonstrated.

Arabj-c belongs to the Semitíc branch of the Afroasiatic language

family. Like all- varieties of Arabic, Cairo Arabic has few con-

trasting vowel phonemes, giving place to a number of vowel

allophones. Cairo Arabic has five contrasting long vowels:

/ií, ee, aa, oo, w/ ¡ and three short vo\4re1st /í, a, u/. The

long mid vowels are derived from t,he diphtongs /ai/ anð, /att/.
The diphtongal qual-it.ies are stil-l preserved in standard Arabic.
rn cairo Arabic the long rnid vowels /ee/ and /oo/ are shortened
under certain morphological conditions and merge with short /i/
anð, /u/ phonetically. In addition, Cairo Arabic does have three
phonetic dj-phtongs, firr, au, .:-] in a subset of the vocabulary.
These are usually analyzed as /iw, aht' ay / 1Harre1l, 195'l) .

Syllabl-e structure is rather simpl-e, The following syllables
occur: CV, CVC, CVV, CVVC, CVCC. The last two syllables can

only occur in útord filral position and, of course, form mono-

syllabic r¿ords.

2. PROCEÐURE

Most of the data illustrating vowels are taken from real mono-

syllabic r"rords of the types CWC and CVCC' set in a sentence

frame ?u1na ... kamaan (we said ... again) , preceded and foÌlow-
ed by dental consonants. All contrasting vowel phonemes and

the three diphtongs occur in this position. To get examples of
short [e] and [ol ' some disyllabic words were included, since

they cannot occur in monosyJ,lables. Long /:-j., aa, uu/ also
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occur in a stressed syllable in disyllabic words, since vov¡els
are not found between these consonants in monosyllables.

Six speakers of Cairo Arabic recorded the sentences to give five
tokens of each ut,terance. The recordings v/ere made in the studio
of the Phonetic Department in Lund. The recordings of vowels and
dlphtongs were analyzed from broad-band spectrograms from a Kay
Digital Sonagraph 7800. For the vowels the first tt¡o formants
of the five tokens hTere traced and superj-mposed on each other
to get an idea of variation within each speaker. The variation
proved to be very smal1 and can in al"l cases be considered to
be wiùhín the measurement error. Therefore three tokens were
selected for analysis. The long and short vowels were all
monophtongs. Formant frequencies were measured from a steady
state portíon of the formant. Mean formant values repf,esenting
each vowel of each speaker were calculated, tables 1 and 2.
Using â lab computer the formânt values in Hz \¡rere conveited to
mel and plotted on an acoustic chart r.¡ith F1 and F, in the
usual wdy. Vor^rel- duration \¡ras measufed from five tokens and
mean values calculated, table 3. For the diphthongs the first
two formants qrere measured .together with the duration of each
steady Etaëer and the duration of the transition. The formant
frequencies !¡ere measured in the middle of each steady state.

3.1. RESULTS: VOIÍEL DURÀTION

Vowel durations were first considered separately in plain and
pharyngalized environment. The results show that vowel- duration
is not significantly different betr{reen plain and pharyngalized
long vowels, nor bet$reen plain and pharyngalized short vowel_s
in these environments. Therefore plain and pharyngalized vowels
are considered together. Table 3 shows the mean duration for
all the vovrels. The difference in length betr"reen long and short
vowels is rather large. Short vowels are about half the duration
of long ones.

3.2. RESULTS: VOWEL QUALITY

Figure 1 is a formant chart of plain, long vowels. plain, long
vowels are well separated with no overlapping, except for long
/íi/ and /eel touching each other. Figure 2 shows a formant
chart of the three plain, short vowels. These vowels are also
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hre1l separated clusters. Figure 3 also shows plain, short vowels,
but it includes the non-phonemic [el and [o] . Here short fe]
and fo] show nearly complete overlapping with short /i/ and /u/.
Their non-phonemic status is stated in literature, but phonetic
data supporting the linguistic analysis is generalJ-y not pre-
sented. In some text-books there is even a claim that there is
a phonetic difference between[i]ana [e] on the one hand, and

[o.J and [u] on the other (Abdel-Massih 1975).
Figures 4 and 5 show formant charts of the pharyngalized long
and short vowels.

4. DISCUSSION

4.1. Vowel length and vowel quality

Difference in vowel 1ength influence vowel quality. For both
plain and pharyngalized environments the long vowels are more

peripheral, vrhereas the short vowels are j-nside the space of the
long vowels with the exception of long /aa/ and short /a/ where

the quality difference is smal1. Both plain and pharyngalized
i.ong /iJ-/ differ sígnificantly (p<0.001) from short /i/ along
both F1 and F2. The short /i/ vowels are lower and further back

than the Long /íi/ vowels. Short /u/ vowels are fower and more

front than long /uu/ vowels. Both sets of long /aa/ differ. lo
some extent from their short counterparts along Fr. The short
vowels tend to be further back. The differences along F.' between

long and shorL /a/ vowels are non-significant: long and short
vowels have the same vo\^/el- height. It seems as if vowel-s in
Cairo Arabic are anchored on the low vowels and the short vowels

/i/ and /u/ do not reach the vowel quality of the long ones,

figure 6.

4.2 Vowel- quality in plain and pharyngalj-zed environment.

An earlier study (Norlin 1983) analyzed al-l the fricatives in
Caj-ro Arabic. These include the pharyngal-ized fricatives /s/
and, /z/. fn this study FFT spectra of the fricatives \^/ere con-

verted to critical- band spectra. The center of gravity of the
critical band spectra was plotted against dispersion, figure 9

The center of gravity in the spectra was also plotted against
the mean intensity level of the spectra in dB' figure 10.

The results from thís earlier study showed that the plain and

pharyngalized consonants are different, even if the difference
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is small.
Considering Èhe effects of plain and pharyngalized environments
on vowel quality, a cornparison between long vowels shows that
there ís a complete overlapping for for both sets of l-ong /uu/.
Pharyngalized long /ii/ shows a small difference from its plain
counterpart in that it is slightly lower and further back.

Pharyngalized long /aa/, t.ovtever, is greatly affected, showing

a considerablê alifference in the F2 dimension from its plain
counterpart: the pharyngalized /aa/ is much further back than
the plain /aa/, f.ígvre 7.

A comparison between the plain and pharyngalized short vowels
shows that the pharyngalized short /u/ does not overlap with
plain shorL /u/, as is the case with the long counterparts. rt
is further back. The short pharyngalized /i/ ís also further
back than pLai"n /i/. The tvro sets of shorL /a/ differ in the
same manner: pharyngalized short /a/ is further back. Thus aII
short vo\^tels are further back in pharyngalized envíron¡nent.Fig.8

In conclusíon, it is evident that the pharyngalization process
affects the whole syllable. On the one hand, plain and pharyng-
alized consonantE differ consistently. on the other hand' vowels

in plain and pharyngalized environment differ in more complex

ways. Plain and pharyngalized 1or^t vowels always show a con-

siderable dlfference in the Frdimension¡ reqardless of length,
the pharyngålLzed vowels being more back. High long vowels show

small or no difference, vrhereas Êhort hígh vowels al\.tays äre
further back than plaín ones.

5. DIPHTHONGS

Most standard Àrabic diphtongs /aí/ and /au/ lnave Ín Cairo
Arabic developed into long /ee/ and /oo/. Íhey also exist in
Cairo Arabic, ho!"ever, in a number of purely dialectal words

and some St,andard Arabic words conmonly used in daily speech.
rn addttion, there exists a third diphtong [iul aue to morpho-
phonematic rules in verb conjugation. A comparison between the
short vorùels and the correspondÍng segments in the diphthongs
shorárs some dífferences in vo$¡el quality. In the diphtongsr F.'

frequencies are always identical with F1 in short vowels, but
F2 is ah^tays lower, making diphthong segments more back'
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The rate of transition between the t!,to components in di-phthongs

l-s fast¡ around 30-35 milliseconds in all the diphtongs. Ït seems

as if the diphthongs ln cairo Arabic are made by stringing the
short vowels together with a fast transition, figures 11, 12' 13-
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Table 1. Formant frequencies of long and short plain vowels in
cairo Arabic.

VoweI

/ Lt/

/ee/

Speaker F1

1 225
275
250

F3 Vowel Speaker
3050 /aa/ 1

31 50
3100

2925
3025
3000

/oo/
mean

1

2

3

2

3

4

5

î2
2600
2575
2650

E2

1 700
1 650
167 5

300
300
300

3150
3000
31 50

't 750
1825
1 800

1 700
1 750
1 700

275
250
275

2900
2850
2800

2600
2675
2650

300
300
300

2050
21 00
2000

277 5
2800
2800

1600
1625
1525

25 00
25 00
25 00

300
300
275

2300
2325
2300

1 750
1775
1825

2600
2550
2525

3s0
300
300

2200
2200
2200

2289

167 5
1 750
1 700

27 00
27 00
2700

mean 288

1 300
300
400

2250
2400
2375

3150
3125
3200

2997

2800
2800
2825

2275
2325
2325

2250
2275
2250

2475
2500
25 00

2594
2650
2500
25 00

2225
2225
2250

2350
2375
2400

2250
2200
2400

F1

625
600
625

5s0
550
575

525
575
500

525
500
500

575
575
575

550
5s0
550

557

400
350
400

400
400
425

400
450
400

350
350
400

F3

27 00
2650
2675

6

4

5

6

55

66

2

3

4

3

A

2

mean

400
350
400

1710

750
750
800

850
900
875

9s0
1 000
1 000

900
850
975

425
400
450

21 00
2125
21 50

2700
2650
2650

375
400
375

350
325
350

350
375
325

369

2075
2025
2050

1825
1 875
1 900

2275
2225
2225

2200
2200
21 50

21 35

27 00
27 00
2700

2500
2600
25 00

27 00
2650
27 00

3'l 00
31 00
3050

27 46

400
400
400

825
850
775

2400
2400

400
325
350

775
775
800

2400
25 00
2450

mean 389 856 2381
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Table 1 (cont. )

vowel Speaker

/u'a/ 1

250
300
300

275
300
300

300
300
300

325
300
300

300
300
300

294

F
J

21 25
27 00
27 00

2450
2500
2500

2525
2600
2525

F1

275
300
275

F3

267 5
2650
2500

2300
2275
2325

2275
2200
2225

2350

2625
2625
2600

2825
280 0
280 0

2619

E2

775
700
700

F1

550
575
625

650
625
625

F2

1 600
1600
1600

1 500
147 5
1525

vov¡e1 Speaker

/a/ 1

2 825
850
875

750
825
800

2475
2500
2350

550
ss0
550

157 5
'I 600
1600

800
850
775

550
525
550

1 500
1600
1 525

600
575
600

1 500
157 5
1525

2625
2600
2500

2

33

44

5

44

55

66

257 5
2550
2600

5

475
475
450

425
425
400

400
475
450

400
375
400

450
450
450

425

700
650
700

725
725
77s

767

187 5
'l 950
1 900

1 850
1825
1 850

1 875
1 82s
1825

17 50
1 750
1 800

1 925
1 925
1 925

1 950
1 900
20 00

187 2

2392
2750
27 25
2750

2425
255 0
2500

2550
2600
2600

2500
2500
2425

2800
27 50
2825

261 4

27 50
27 25
2900

2250
2350
2250

2250
237 5
2400

2250
2300
2225

66 16s0
1 700
1700

400
375
375

mean 575
1 400

400
475

1s7 5

1 150
1100
107 5

525
600
525

/i/
mean

1

mean

2

3

450
450
475

975
1 050
1 050

400
450
425

117 5
117 5
1200

400
375
425

1 250
1200
1250

350
375
400

1100
1 250
'I 150

25 00
2400
2400

425
400
400

't 050
1 100
1 050

2550
2400
2600

3

mean 415 1 1 31 2438
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Table 2. Formant frequencies of long and short pharyngalized
vowels in Cairo ArabÍc.

Vo!,rel Spêaker F1 F2 F3 Vowel Speaker F1 f 2 F3

/LL/ 't 250 24A0 2800 /uu/ 1 325 725 3000
275 2400 2800 250 675 2975
27s 2325 2825 250 675

2 300
300
300

300
300
325

300
350
325

2600
2575
2600

250
325
300

325
350
325

2425
247 5
2425

325
300
325

2150
2200
2200

2200
2125
21 00

2000
2000
1 925

875
775
800

825
8s0
800

2375
2450
25 00

2500
2400
25 00

5 300
325
325

6 350
300
300

mean 304

825
800
800

650
700
625

800
750
750

761

25 00
25 00
2575

2700
2650
2750

2625
2725
27 00

2750
2675
2750

2775
2500
27 25

25 49

2

33

44

5 350
350
300

2200
217 5
2200

2700
2750
27 00

350
300
350

217 5
21 50
2150

31 50
3100
3't 00

6

/ aa/
mean

1

315

600
600
675

550
600
600

600
550
550

217 1

't 125
1 100
1 050

1 000
1 000
1 000

1100
1100
1 050

2726

2eoa /il
2900
2975

2250
2375
2350

400
450
450

1375
1 250
1 300

25 98

2800
280 0
2900

2

3

4

2

3

4

5

6

475
450
475

't 525
1 550
1525

25 00
2450
2400

2300
2300
2300

475
475
475

1475
1475
1 475

550
500
550

1 050
1025
'l 125

2400
2350
23 00

450
450
425

't 325
1 300
1300

2500
2475
25 00

2400
2375
2300

550
525
525

1 050
1 025
1 025

575
650
550

1225
1 300
1 200

5 350
400
400

6 400
400
425

rnean 435

1900
1800
1 900

1551

255 0
2625
2675

2725
2725
2650

2575

1 850
'l 800
1 800

mean 512 1086
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Table 2 (cont. )

Vowel Speaker

/a/ 1

F.l

650
625
600

650
650
625

F2

'1200
1 200
1225

1 100
1 100
107 5

1 175
1150
1 100

F3

2800
2850
2750
2500
2525
2500

2350
2275
2400
2300
2400
230 0

2875
285 0
2875

F1

500
500
400

E2

900
1 000

975

Vorr¡eI

/r/
Speaker

1

F3

23 00

2 300

2350
2500
2350

2400
2225

2

3

4

3

4

5

6

600
600
550

400 800
450 750
450 825

500 1100
450 1100
475 1100

600
600
575

1 050
1 150
1 125

2500
2475
2350

550
550
575

1 050
1 100
1',125

2600
27 00
2725

600
550
575

1250
1 300
1 325

2800
2850
2800

400 1 000
400 1 000
400 925

433 967 2444

5

6

450
450
400

375
400
400

1 050
1 100

975

925
900
975

mean 596 1 156 26'11

Table 3. Vowel duration,
mean values in
/íí/ 131 /il
/ee/ 1 53 /a/
/aa/ 1sB /u/
/oo/ 185

/uu/ 139

mean

plain and pharyngallzed vowelst
milliseconds.

67

84

75
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Table 4. Fortnant frequencies and durations of diphthongs in
caLro Arabic.1

Diphtong Speaker F1

iu 1 300
450
425

2 450
450
47s

3 450
500
450

4 475
400
475

5 400
375
400

6 425
400
450

mean 430

4.1

F1

300
425
375

350
325
450

25
30
25

375
325
350

50
65
50

35
40
40

375
325
350

800
800
850

60
40
50

1 900
1850
1825

300
300
325

800
750
750

55
60
50

25
25

40
40
40

2450
2450
25 00

1 700
1 650
1625

17 69

1 600
167 5
1 700

325
350
375

350

77s
800
800

844

50
50
50

30
30
30

650
675
700

6s0
650
675

575
600
550

1 700
'l 600
167 5

1750
1 650
1 650

400
375
400

375
400
425

49

60
60
75

75
80
70

70
50
'Ìo

35

25
20
25

30
35
40

20
30
30

30
30
30

30
30
35

E2

1 850
1 850
1 800

17s0
1 700
1 750

1 800
1 800
1 850

1750
167 5
17 25

F2

800
850
775

1 000
850

1025

950
900
925

t1
60
40
30

30
60
45

t2
50
50
55

t3 tot.
50 190
50 175
35 17A

40 125
35 155
40 125

40 150
25 160
40 150

45 145
40 135
45 140

40 160
60 190
50 165

50 150
s0 15s
50 170

44 't 56

85 170
90 170
90 185

60 165
65 185
70 180

80 165
85 't7 0
75 180

55 175
60 160
70 170

25

2

3

4

5

2000
2000
21 00

400
400
450

2200
21 00
2025

177 5
17 25
't675

325
350
350

207 5
2025
2050

600
575
575

525
650
625

1 700
1 700
1625

1 800
1750
1 800

70
70
70

70
60
60

7s
70
70

68

325
375
350

2250
2250
2250

80 180
B0 170
95 190

6 600
600
575

350
350
300

2225
2225
2200

30
30
30

29

95 195
1 00 200
85 185
79 177mean 614 1697 372 2187

1.t,|= duration of first steady stater t2= duration of
transition bethteen the steady states, t3= duration
of second steady state.
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Table 4 (cont. )

Diphtong Speaker F.l

au 575
625
625

550
575
600

550
550
550

s25
500
550

î2
1 375
1 400
1450

1 425
1 450
't375

1 500
1 500
1 500

1 425
1400
1400

F1

325
400
400

400
425
425

425
425
425

375
400
400

î2
750
775
800

1 075
1 100
1100

1025
1 000
1 075

t2
30
45
40

25
25
30

40
35
40

25
25
20

30
40
35

40
40
40

34

t3
65
55
55

40
40
35

35

tot.
190
180
180

140
135
140

160
150
'l 80

t1
70
65
70

70
70
70

70
80
65

1 050
1 100

950

55

40
30
30

125
120
125

50
50
60

60
60
60

1 500
1525
157 5

450
375
350

825
850
700

40
30
35

145
'l 50
145

700
650
600

600
57s
600

1625
157 5
1s7 5

425
400
425

850
850
825

928

50
50
ET

63

50
60
55

44

180
180
190

156

40

2

3

4

5

6

mean 583 1476 403
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2000
F, (mell

1500 1000

.Tt

3q500

200

300

400

600

700

800

900Flgurc 1. Long plah vowcls.
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F, (mel)

2000 1500 1000

.Tt

5oo ã

20'o

300

400

600

700

800

900
Flgure 2. Short plaln vowels.
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.l

e

2000
F, (mel)

1500 1000

20o

300

400

-n

3q500

600

700

800

900
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Figure 6. Long and short pla¡n vowêls.
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Vowels and Diphtongs in Standard Chinese

Jan-Olof Svantesson

In this article, the acoustic properties of Standard Chinese
(pútõnghuà) vowels an<ì diphthongs are described. This is one
of the most interesting areas of Chinese phonetics, since
there are only five monophthongic vowel phonemes, whj-ch fo¡:m

an unusual system, but as måny as eleven diphthongs, and aJso
t\^'o triphthongs. fhe diphthongs exemplify different tlæès of
timing of steady states and transitions betv¡een them, and it
will be seen that not only the formant freguencies of the
steacly states and their relation to thê vowel goals, but also
the timing of the transitions betweeen the steady states is
important, and differs t'etween dÍfferent Chinese diphthongs
and also differs from the "same" diphthong in other
languages.

Pinyin spelling (underlined) is used throughout, except in
the section on phonology, where a more phonemic transcription
is sometimes used (wittrin / .. . /l .

I. PHONOLOGY

A Standard C'hinese sylì-able can be analyzed into an initial
consonant and a rhlme. Íhe rhl¡me has a kernel vowel which can
be preceded by one of the medials !, g ot ii, and followed by
a final, which is either onê of the vowels i or u, or one of
the consonênts n or ng:

syllabIe

iri
I
I
I
I

¡

t

c

rhyme

---\-----'...-medial kernel fi-na
irtl

rruru v lru,

I

IN al
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(fn traditional Chinese phonology, the ¡neilial is not
considered a part of the rhyme.)

Because of the Iarge amount of interaction betvreen the vowels
and both the precedi,ng and the following consonant (if any),
it is possible to analyze the phoneme system in several
different lrays, and this has also been done, see e.g. Chao

1934, Hartman 1944, Hockett J.947, Cheng I9?3. In particular,
the phonemic status of Ill and []1, i.e. if they are the
allophones of a separate phoneme, or are ðllophones of /i/
(as assumed here) has been analyzed differently by different
autÌ¡ors.

Here the following vowel phoneme system will tre assumed:

tu u

e

f'he vowel /í/ }.as the altophone ¡11 after dèntal sibilants
(s, z [tsl and g [tsh]), t¡e allophone tfl .ft.r postdentat
sibilants (sh ¡gl, zh ltgì, ch ttçrr1 and r 1.411, and ís
otherwise [i].

I'lrere is no cont-rast between (phonetically) different mid
vowels, so they tr¡ill be regarded as allophones of a phoneme

written /e/. lt has the allophone [f] as a single-vorrel rhl¡me
(written e in the plnyin speLling),but in other rhymes it has
allophones ranging from [o] to [e].

In the pinyin spelling there is a vovrel o, which oecurs only
after labial consonants (¡, p, f and m). Acoustically, o is
very similar to the diphthong uo, which is in compl-ementary
distribution with o, so o $/i11 be regarded as a notational
variãnt of ge. o ís also written in the diphthongs ou, uo and
ão, which are phonemicized as /eu/, /ue/ and /au/ (see
betow).

a
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T1le foltowinq diphthongs and triphthongs occur!

1U

1A

t¡a

J,e

uo

üe

iao

/ iu/
/ ia/
/ua /
/ íe/
/u"/
/i'e/
/ íau/

/ttí/
/ aí/

/ uu/

/ eí/
/ eu/

/uaí/

UT

aL

ao

el-

ou

ua1

T'he system of diphthongs is rather symmetrical, and wit?ì the

exception of iie all the diphthongs can be obtaíned by going

from one of tbe four vov¡els /í/, /u/, /e/ ot /a/ ¡o any other
(except that */ea/ and "/ae/ are not found). Àlso the
triphthongs /íau/ anö /uaí/ are s]¡rûnetric to each other:

u

fhere is also a syllable consisting of the vowel er [a],
which ís usually analyzed ae /er/. In the regular syllable
inventory (as written by Chinese characters), there is only
this single syllable (in three different tones) with the
final r, and this rhyme cannot be preceded by an initial
eonsonant. It can be added, however, to other syllables as a

suffix, !ùíth thê phonetie result of an r-colouring of the
sytlable, with somewhat different effect on different rh)¡mes'

ft is not entirely clear if this "erization" (êrhtrå) ís a

feature of Standaril Chinese, even though it is a common

feature of eéijîng pronunciation, since there is a teri<1ency

to regard erízation as a vulgarism and to avoid it in
Standard. Chínese. Erization wi11. not be treated in t-his

artic Ie.

L

e

a

211



'Ihe following rhymes oceur:

i
i.i

u

1U

e

1e

iie
uo

a

lð

/u"/

u1

e1

at

1n

un
un

ou / "u/ en

lng

ong /uq/
íong /iun/
en9

ang

iang

uang

ao

1AO

/ uu/

/ iau/
an

ian
i.ian

uanua
er

ua1

2. PROCEDURE

Four speakers of Standard Chinese were recorded. Tr^ro of the
speakers (n and C) were born and raised in nðijïng, one (À)
was born in Süzhõu and moved to Béijing when he was six years
old, and one (D) is from Lj"áoníng and has lived in Béijing
since he was 12.

For each speaker, syllables containing èach rhyme leere
recorde<f in a sentence frame (wö bã zi xié háo), and each
sentence r,,¡as read twice. The syllable initial was chosen as a
dentaL (d when possible), and the syllables were in the high
(first) tone \rhenever possible, and otherwise in the rising
(second) tone.

The recordings were made in sound-treated rooms in Lun<l or
Stockholm.

For eaeh svIlable, wide-band spectrograms hrere made on.a Kay
Digital Sona-Graph 7800. fhe frequencies of the first thrèe
formants, and also the durations of the vowels were measured
on the specÈrograms.

3. FORMAIflT FREOUENCIES

Formant freguencies of Standard Chinese vowet s have also been
published by Howie 1976 (for one speaker), Brotzman 1963
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(reported by Howie), and Wú and Cáo 1979

of average FI and F2 values).

fhe formant freguencies as measurecl

monophthongic vowels in the context C

(showing only charts

in the middle of
$ are given in Tabfe

I

T'he formants of the five main allophones of. the vowel
phonemes (¿ til, ii [y], u [u], a [a] and e [t]) are plotted
on Figure 1, and the formants of er [o] and the /i/
allophones [ll ana ['1,] are plotted on Figure 2.

The vowels I 1l ana ttl are usuãlly described as vocalic lqj
and te1. According to Cheng 1973:13, X-ray studies by Zhõu

and lûú 1963 (not availabl-e to me) shoh¡ that compared to ti1,
the highest point of the tongue is elightly more front and

the back of the tongue is slightly higher for these vowels.
(Íhe non-IPÀ symbols [1] anA [1,], which are çtenerally used in
Chinese 1ínguistics were introduced by Bernhard Karlgren, who

took [?] from the Swedish dialect ðlphabet, wt¡ere it denotes
the "Viby i" occurring in Swedish dialects. This alphabet was

widely used in Swedish dialectology, and its main inventor,
*7.4. Lundetl, was Karlgren's teacher.)

The vowel pairs i and il and e and er do not differ much in Fl
or F2, but are elearly separatêd by F3, the second member of
each paír.having much lower F3 than the fÍrst.

I'he first tq¡o formants of vowels before nasals (i.e. in the
contexts C_ n and C_ -g) are given in Table 2 and on

Figure 3. The main differences as compared to open-sy1l.able
vowels are: i is lorrered in nasaL contexts, e and a are
fronted before n, and u is considerably lowered before ng
(where it is written o in the pf.nyin spelling) and

fronted-lowered before n.

For the diphthongs and triphLhongs, the first two formants
for .,each steady state ín the spectrograms were measured, as

well as the duration of each steady state ðnd the duratjon of
the transition between the steady st-ates. The formant
freguencies r^rere measured in tbe middle of each steady stãte.

Íhese results are shown ín Table 3 (diphthongs) and Table 4

(triphttrongs). SteaCy state formant freguencies and rJuration
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data for: diphthongs before
Table 5.

a nasal (n or ng) are given in

ln Figure 4, schematic drawings of average diphthong
tripht-hong formant frequency movements are shown on
FJ -F 2- di ag ram .

and

a

As Figure 4:2 shows,
ua and ia is much

tnl.

the final a component of the diphthongs
fronter before the nasal n than before ng

T'he entipoints of diphthongs which do not involve the phonème

/e/ are raf-her close to the respective vowel phoneme average
(represented by a star on Figure 4), while the startpoints
differ more, so that for instance ao /au/ and ai start from
positions higher than a, and ui starts from a (acoustically)
much more central position than u. Diphthongs which contain
the phoneme /e/ (reatized monophthongically as [t]), i.e. ie,
iie, ei, ou /eu/ and uo /ue/ contain [e] - [e] or [o]-rite
allophones of /e/.

4. DURÀ,TIONS

fn Standard Chinese, there is no phonemic lêngth distinction
for vorlrels, but there has been some discussion in the
literature about vowel guantity, in thê context of tonal
phonology. Woo 1969 represents contour tones (e.g. three out
of four Standard Chinese tones) as seguences of level tones,
and this presupposes that contour Èones are assigned to
seguences of more than one voiced segment. This causes no
problem for rhymes which consist of dipht-hongs, triphthongs
or a vowel followed by a nasal, but for monophthongic vowel-s
in open syllables it means that they must be represented as a
cluster of two identical vowel s. To just-ify this, Woo
presents acoustical data which shoh¡s that vowels are longer:
in the context C_t than when fo). lowed try a nasal or when
included in a diphthong, and says that ',It is generally
assumed that all- pure vowels a¡:e normal"ly long, and that
vocalic clusters, which are diphthongs, consist of two
"short" members" (vtoo 1969:25 ) . Walton l9B3:174 doubts thar-
there is such a qeneral agreement, but their discussion
concerns phonological interpretation rather than the physical
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propertíes of the sounds.

Àlso this investigation shov¡s that the different components
of a diphthong, and âIso vowels before nasals, are shorter
than single vowel-s in open syllabtes (see Figure 5).

On the other hand, diphthongs and vowel-nasa1 rhymes are i.n
most câses longer than single-vowel rhymes. Thus l¡loo's
stãr-ement (L969:27 ) that "the duratíon of thê syllabic
nucleus appears to be a constant also, irrespective of
whether it is a long vowel [i.e. a single vowel in an open
syllablel, a di.phthong, or a voü¡el + nasal cluster" is not
confirmed by this study (Woo's data came from syllables said
in isoLation, ?rowever) .

It is well-known that the duration of Standard Chinese rhymes
is dependent on the tone of the syllable (see e.g. KratochvíI
1968, Woo L969:24-3O), and thus both the tone and the
segmental composÍtion affect the duration of a rhl¡me. A
prelíminãry investigation (Nordenhake and Svantesson l983)
shor^¡s that t?¡e €ffects of the different tones on the duration
vary with the position of a syllable within a sentence, so
that for instance the falling (fourth) tone Ìras the shortêsÈ
duration of all tones in sentence fÍnal position, while it is
the longest tone in sentence medially.

In this investigation, hígh-tone syllables Ìrave been used
w'henever possible. (fn a few cases, syllables with rising
(second) tonê were used; duration data from such syllables
are marked with a star in the tables and figures, since they
are not cornparabJ-e with the other (hiqh tone) data.) The
question how the tones affêct the duration and the vowel
cruality - especially the quality of the dip-Lrthongs seem to be
somevrhat dependent on the tones - wiII thus not be taken up

here, but v¡ill be made the subject of a special study.

Figure 5 shows average dlrration values for all speakers. The

drrrations of open syllable vowels are given in Table l, and

in Table 2, durations of vowels in rh]¡mes with final nasal
are given, together with the duration of the nasal. For
monophtltongs followed by a nasal, the vorvel is generally
shorter thðn the nasal-, and also shorter than t-he same vowel
in an open syllable, but also here the duration of the entire
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rhyme is longer than for ân oÞen syllable.

For the diphthongs of a language, not only the goal values
and the way the start and end values of the diphthong relates
to these goals (whieh are here assumed to be vowel phonemes

of the language) are important, but also the <ìynamics of the
diphthong, i . e . the way the formênt- f requenc j.es change \,¿ith
time. I'fris can be quantified in different ways; the way
chosen here is to measure the formant frequencies of the
steady stðtes and the durations of the steady states and of
the transition between them, and to calculate the ratio
between the transition duration and thê total duration. (It
would also be possible to calculate the velocity with which
the formant frequencies (especially F2) change during the
transition.) These data are given in Table 3, and are plotted.
on Figure 6,

This kind of analysis reveals differences between the "same"
diphthong in different languages, e.g. Iai] in Stanciard
Chinese, Hausa and Arabic (these two languaqes have been
analyzed with the same methods as used for Chinese). In Hausa
(data from Mona Lindau) and Arãbic (Norl.in 1984), these
diphthongs can lre regarded as a succession of two vowels Ia]
and Ii], which are nearly identical to the short Ia] and the
lil of the respective Ianguage, both as regar<1s guality
(formant structure) and quantity (Curation). Thus, a speaker
of Hausa or Äratric first nakes an Ia], then goes guickly to
[i] and produces that vowel. So there are two steady stâtes,
each with about the same length as a short vowel, and a short
transition in between.

ln Chinese, this tìiphthong is more gliding, with relatively
sltort steady states, and a long transition (average ratio of
transition to total duration is 50.58 for this diphthong).
Furthermore, the total duration of a diphthong is usuatly
longer than that of ô monophthongic vowet (see Figure 6), but
not about twice as long (as is the case in Arabic and Ilausa).
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lFable 1

Vol^tel

i [i]

Formant frequencies and duration of Standard Chinese
monophthongic vowels in the context C 

--#.
SÞeaker F- F^ F^ duration (:ns)t¿J

A' 200 2370 3430 175
240 2400 3400 ',l 65

B i,zo 2o4o 2960 180
340 2320 3270 170

c 240 1 800 3360 1 50
400 1830 3390 195

D 200 2420 3600 185
230 2360 3510 200

nean 25g 2Lg2 3365 l-17

Etvl A

B

c

D

g[u]A

B

c

D

e. [a] A

B

c

D

210
220

270
460

360
380

220
220

292

21 40
2220

2150
2070

1 820
1900

2580
2490

2340
2630

2450
267 0

25't0
2340

1s0
160

140
170

180
155

150
L75

160

2200
1890

mean

mean

360
240

430
330

240
310

450
280

330

810
760

640
720

940
700

760
760

76r

2460
27 30

2430
2610
2280
2620

27 50
2720

2575

150
't 50

165
150

140
145

150
150

r50

770
930

770
930

650
960

860
920
849

1200
1290

1 180
1340

1340
1500

1370
14 50

1334

2530
2600

2360
2620

2640
2530
2800
2810

26LL

145
'I 85

190
190

155
120

195
185

171

2040 250r

mean
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Table 1

Vonel
e tol

er [a]

i tll

i ttl

(cont. )

Speaker
A

B

c

D

mean

A

B

c

D

mean

A

B

c.

D

mean

A

B

c

D

mean

400
500

1 480
1 480

F1

340
330

510
500

380
380

500
480

428

Fz

1170
1 130

1 080
1120

1 360
1430

1260
1400

r244

F3

2550
2600

2500
257 0

2310
2200

2580
2560

2484

duration
220*
235*
205*
225*

160*
190*

240t
2L5*
211*

1 430
1370

1320
r340
1402

1630
L720

1755

225*
33 5*

1 95*
240*

43 5*
330*
261*

1 890
1820

1 750
1760

490
600

1 420
1380

250*
280*

430
440

17 10
1760

440
450

469

240
270

370
420

400
440

490
480

389

2700
2800

27 10
2'190

2620
27 00

2600
2620

2692

85
120

155
r90
290
145

135
140

140

1 160
1 170

1 200
1210

1240
1380

430
280

480
450

470
440

510
st0
446

1750
'197 0

'I 690
1710

1600
1590

1710
1700

1715

2300
2510

2510
2580

2620
2760

2220
2470

2496

115
130

155
170

135
r30
140
L25

137

1220
1280

r232

219



Table 2. Sormant frequencies and durations of monophthongic
vowels before nasals.

Rhyme Speaker ft

mean 337 2L32

260
470
380
240

îz
2200
2230
190 0
2400

110
100

90
I30

150
155
140
115

260*
255*
230*
245*

247*

Duration (ms)
vowel- nasal total

tn

un

un

en

an

B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

mean

mean

mean

mean

mean 480

240
440
350
500

382

490
570
490
680

557

2110
lBB O

1800
2050

1960

1080
l_13 0
1100
1150

1115

1500
L520
1440
L720

260
450
380
240

332

140

t75
r50
t45
l-25

270
250
225
220

I49
190
165
155
130

24r
265
245
240
225

160

155
t60
135
135

244

235
235
200
210

820
840
750
870

820

r54 5

16 1C
r420
1550
1590

l-542

L46

145
130
100

95

220

280
240
200
240

r07
95

r00
BO
95

92

75
80
85
95

B4

80
75
65
75

74

135
110
I00
145

mean

A
B
c
D

A
B
c
D

r22 117 240

ing 450
410
330
460

2230
23L0
2140
2320

110
70
95

105

145
140
135
L20

255
2LO
230
225

4L2

480
430
520
490

2250

890
760
830
780

95

55
45

r00
85

135

155
160
140
L25

230

2L0
205
240
2r0

ong

eng 500
430
520
470

480

815

14 r0
1200
I47 0

920

1250

7I
BO
B5
90
70

81

145

165
170
150
165

L62

2I6
245
255
240
235

244mean
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Tabl-e 2

Rhy¡ne

anE

{cont. )

Speakei FL
. Duration

vowel nasaLF2

L3L
L27
r20
134

A
B
c
D

total

mean 807 128

0
0
0
0

0

145
r30
140
150

14r

270
250
255
250

256

030
830
670
900

L25
120
115
100

115

221



Table 3. Formant frequencies and durations of steady states in
diphthongs in the context C #

Speaker F1 F2

220
410
370
490
372

2330
2080
1930
2360
217 5

250
410
410
500
392

740
820
'720
830
778

t1
55
30
45
45
44

Durationl
t^ t^z3
60 '15

60 80
s5 75
60 85
59 79

tot.
240
210
175
245
216

F2

au

ul

aa

al-

ua

ao

ae

el-

uo

A
B
C
D

me

B
c
D

A
B

D

A
B

D

mean

an

mean

mean

mean

mean

250
350
390
460
362

1480
1530
1260
1400
1 418

270
330
480
480
390

2340
1900
2050
2160
21 12

70
40
40
50
50

25
30
50
35
2(

100
70
50
o^
78

2LO
165
190
205
192

2050
1 900
1910
227 0
2032

800
860
700
900
815

1350
1 280
1 260
1 890
1 445

40
20
z)
20
26

410
3s0
410
400
392

830
710
660
810
752

90
65
65
80
75

110
100
100

65
94

100
100
100
130
107

20
50
50
30
38

235
210
190
230
216

185
205
180
170
185

480
460
480
450
468

1040
910
900
850
925

125
110
110
170
129

240
420
400
470
382

720
710
830
980
810

2330
1 840
1 960
2 300
21 08

1 320
1180
1310
1 320
1282

45
50
30
70
49

90
40
45
50
56

640
690
520
880
682

220
350
290
210
268

420

:o:

't 160
1 120

890
1 200
1 092

2300
2200
1 920
247 0
2222

1 650
1?60

400
520
350
480
438

550
620
540
500
552

770
820
800
850
810

2050
1 880
1640
217 0
1935

55
120

70
120

91

95
95
55
80
B1

20
50
35
20
31

55
30
50
25
40

15
20
JU
20
21

80
50
60
60
Â)

30
40
45
50
41

17 10
1700
17 20
17 60
17 22

A
B
c
D

A
B
c
D

245
200
210
245
225

235
¿35
200
235
226

160
160
150
180
162an

an

A
B
c
D

me

A
B
c
D

me

320
340

227 0
2050 20

20
90

180*
170*

11s
60

460 1 705 330 2160 22 8"t 55 175*
A
B

D

480
420
260
420
395

770
8r0
720
720
'75s

550
620
520
470
540

1110
L220
1C80

920
1082

12a
110
r00
110
110

30
25
?n
20
24

45
30
50
50
44

205
215
190
230
2r0mean

1. t1 = duration of first steady state; t2 = duration of tran-
sition between the steady statesi t3 = duration of second
steady state.
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Table 3 {cont. )

Speaker F1 E2 F1 F2

480
360
500
540
470

260
450
270
300
320

1 000
950

1250
1090
107 2

19 40
1 920
194 0
2250
1 987

280
350
320
420
342
510
580
520
500
527

800
780

1 090
780
862

1 850
1 700
1610
L7 40
1725

tl
35
25
50
45
39

60
50
55
60
56

Duration
t2 t3

20 115
20 120
40 80
25 100
26 104

15 60
20 80
25 65
25 85
21 73

tot.

ou

üe

A
B
c
D

200
200
175
205
195

140
160
145
170
154

mêan

mean

A
B
c
D

Third' formants of the diphthongs ie and tle:

t-e üe
2240
2280
22LA
250 0
2307

307 0
2790
27 10
32't0
2945

2670
2680
2460
2730
2635

2600
2520
2420
2640
2545

Speaker:

Table 4. Eormant frequencies of triphthong steady states.

A
B
c
D

mean

speaker

A
B
c
D

mean

A
B
c
D

mean

F1

420
350
390
430
398

360
390
480
470
425

F'2
227 0
1 940
1 840
2460
2128
127 0
1230
1 350
1 180
1257

F1

440
590
520
640
548

620
620
590
740
642

E2

1250
1 080
1240
1 400
1242

17 20
1 700
1 680
1510
1652

F1

440
510
400
520
468

370
400
500
480
437

îz
900
940
980
980
950

250
250
225
260
246

205
195
180
220
200

duration

iao

uai 21 80
1 930
1850
197 0
1982
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Table 5. ;i-ormant frequencies and duratj-ons for diphthongs befo-
re nasals

Rhyme Speaker Fl E2

ian

uan

duration
vowel nasal totalFt E2

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

A
B
c
D

À
B
c
D

mean

mean

mean

mean

mean

mean

290
310
370
460
357

185
L20
130
185
r55

115
130
105

90
110

300
250
235
275
265

310
300
450
280
33s

275
255
245
260
259

450
380
500
430
440

910
10 00
II3O

930
992

690
580
630
700
650

14I O

1390
1510
132 0
L407

2320
2200
l_900
2390
2202

20e0
1820
IB OO

210 0
r9 50

900
630
670
500
675

500
550
730
630
602

1690
17 50
1650
L920
L7 52

L7 20
133 0
L620
163 0
1575

2110
1710
2r0 0
2L60
2020

2280
2L70
210 0
2360
2227

260
400
330
270
315

720
860
700
350
782

I500
940
820
980

1060

116 0
L240
1It0
137 0
L225

r65
L45
130
170
152

155
135
130
rB5
15r

110
lt0
115

90
r06
110
140
130

B5
116

I35
I50
140
t2a
136

265
275
260
270
267

235
220
205
2I0
2L7

140
L20
150
140
L37

115
L20
110
I25
117

uan

ionqr

iang

uangf

250
420
330
250
312

r00
70
65
90
BI

430
600
540
290
465

110
L25
110
100
111

250*
245*
260*
240*
249*

500
370
510
490
467

960
930
840
910
9r0

730
560
620
700
652

1090
r180
1110
t2B 0
r165

135
140
135
115
131

250
260
245
240
249

224



E

R

g

8ç

ilI
({ti

g
(\¡

8(rt ã g p g g 3s
(ZH' H

Figure 1:1. Fr-Fr-diagram for the five vowel phonemes.
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200

s

¿læ

f,
úcæ

7!O

gqt

rooo

ltoo

F3 (H:)

Figure 1:2. Fr-!'r-di"agram for the five vovrel phonemes.
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a
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€ee
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a

a

uu

a
a

,ê
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+

+

t.r
bÉ
ùoõ

o

-JÉ

+o

oo

+

¡ll

ôllr

ã

s g s Ë p ã g EE
(zt{) u

Figure 2:1. Fr-Fr-dlagram for [a], [1] and [t]. the stars
represent the averages for the five main allophones of the
vowels.
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Lt

1

a

er

1

e?r

er

t.
u

u

I.1
hrt " 1'

\t

200

10üt

il00

F3 (l'Þ)

FÍgure 2:2. Fr-Fr-diagram for lal, lt] and tfl. rfre letters
Í, ü, u, e and a represent average formant values for these
vowels in open syllables.
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fl.f
ôl

IL

g

8
<l

oI

8I
8(t IIt 8

r¡:
8I I88ÈcÈC''O=E

u(zH)

Figure 3:1. Fr-9r-diagrarn for vowels before n' The stars
represent average formant values for vowels ín open syllables.
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o
oqf

o

o

o

o

o

oo

o

*

+

+
+

ñ.

alltr

I

8I
F s g g g p g g ãe

(zH) u

Figure 3:2. Fr-Fr-dJ-agram for vol¡els before ng
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ña

ô¡lt

88(.)!? Ë
p s s ãg

lzH) ll

Figure 4:1. Diphthongs before.l.
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tl

(lllt

8888886¡('no@f\
(zt{) u

Flgure 4:2. Dlphthongs before nasals.
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I u

¡ n+

I ng

o ng

e ng

100 200 300
ms

Flgure 5:1. Duration of monophthongs

s*

e ng

er+

100 200 300
ms

u n

u

u n e n

a 1.

a n. I

233



I u u

¡ a a

u a a o

I e i+

u o

rao

ua n

ua n

o u

ua¡

ia ng+

ua ng

to ng

100 200 lOO 2OO 3Oo
ms

Figure 5:2. Duration of diphthongs and triphthongs.

300
ms

u e

la n
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2OO ms

Flgure 6. Transitlon percentage plotted against total
duratlon for the cliphthongs.
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Perceptual Studies in Chinese lntonation Using
Forelgn Llsteners

Jiãlù Zhãns

At the Department of Linguistì-cs and Phonetics. Lund

University, studies of tone and intonation in Standard

Chinese have been carried out by using both natural and

synthetie speech. The dectination as an intrinsic feature of

speech pitch has been investigated by cohen et aI. 1982 ' rn

this paper' synthetic speech is used to invêstigate how the

baseline and the toptine of the pitch contour influence the

perception of sentence intonåtion and how focus is expressed

in a sentence.

Using the LPC speech synthesis Program' we can change any

part of the pitch contour but preserve the spectrum

parameters. One tone contour could also be changed into
änother one by changing only the fundamental frequency'
However, we discovered that intensity is another ímportant

factor in intonãtion, not only for whispered, but also for

normal speech, so care must also be taken to study the

interaction between fundamental frequency and intensity in
intonation.

Synthesized Chinese sentences in which the pitch contour
changed were presented to a group of Swedish listeners
ABX tests were carri"ed out.

was

ancl

TESTING MATERÏAL

The fo1 lo\.ring three test sentences <lesigned for the st-udy of

tone and intonation in Standard Chinese were used for the
perceptrral experiment (the plnyÏn transcription is user'):
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I. I{ãng YI chõu xiãngyãn. ("wãng YÏ. smokes cigarettes.")

2. sòng vån qùguò Dåging. ("sòng Yàn went to Dàging.")

3. Ll xiåobåo xiè jiångyån gåo. ("r,i xiåouåo writes lecture
notes. " )

(Tone marks! - stands for high level tone, ' for falling
tone, and ' for low dipping tone.)

AlI these sentences were processed on a microcomputer vtith
the LPC program, and the pitch contours htere abstracted. The

pitch eontour was changed on the screen of a graphic
terminal, and using the ne\d contour the test sentences were

synthesized. Sentences I and 2 were used for ABx tests and

sentence 3 was evaluated only by the author.

AII pitch contours of sentences I and 2, r¡¡hich $tere presented
to listeners in synthesized sentences, are shown in Figures I
and 2. Every pitch contour of a test sentence is accompanied

by a test number followed by the highest frequency of the
ordinate and a target mark (S, Q or F). Tèst sentences marked

S Ïrave a target sentence which is the answer to a yes-no
question with focus on the v¡ord shì "yes" (such as Shi, Wãng

YT chõu xiãngyãn "Yes, l{ãng Yi smokes cigarettes"). ttre
focussed word shi tras omitted. O stands for a yes-no guestíon
(segmentally the same as â statement), and F for a sentence
with focus at some place. Tn some cases, where the change in
pitch was difficult to see on the contours, frequency values
are inilicated above the curves.

TESTING METHODS

1. ABX Tests

In order to investigate how changing only the pitch contour
influences intonation, a special testing crew which consisted
of 16 persons (10 males and 6 females, aged from 20, to 61

yearê, most of them native speakers of Swedish) was

organized. T'he Iisteners were teachers or students of
phonetics, who knerr no Chinese. The instruction words: "You

should make a decision based only on the intonation for every
test item" were given to ã11 listeners before the tests. T'Lrus

no syntactic or semantic information besides the pitch
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contour was utilized by thesê foreign listeners' In this
experiment, A is thê reference sentence - a neutrâl (focus

free statement) sentence -, B is the targêt sentence, and X

is the tested sentence. Stimuli A and B were presented in
random seguence and X followed them. A pâuse of about I0
seconds was made between the tests to allo\4t the listeners to
make their responses. The I isteners were seated in an

acoustically treated classroom and listened via ð

loudspeaker.

2. Subjective evaluation

The third test sentence
evaluated only by the
Standard Chinese).

(r,i xiåouåo xié jiånqyån gåo) was

author (who is a native speaker of

RESULTS AND DISCUSSION

The listeners' responses for test sentences I and 2 under
different testing conditions (see Figures I and 2) are tist-ed
in Tables 1 and 2. Tn these tables, A or B stands for the
listener's response to the test sentence X, and the
percentage shows the relative numl¡er of resPonses made fot
the target sentence, i.e. B. If the target response
percentage is greater thãn 5Ot, the effect of - the pitch
change is considered as positive and denoted "yes", and if
the percentage is less than or egual to 50t, the effect is
considered negative and denoted "no". These responses were

based onty on the pitch contour, because none of the
listeners hacl any knowledge of Chinese. In my opinion, using
foreign listeners is a good way to excl-ude the influence of
syntactic and semantic factors in speech, while preserving
the intonation.

T'Ìre results of this experiment cân be summarized as follows:

1. From tests No. I, 7, I and 9 in Table 2, it catr be seen

that the final part of a pitch contour (a word or a

syl.Iable), and especially its baseline, is very important for
a question sentence. Test No. I in Table 2, which sho\,/s thâf
a perfect guestion sentence can be formecl by sltJ,fting only
the baseline of the last syllable gìng up¡¡/ards, r¿-hil;
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preserving the topline, is convincing evid,ence. This has a

similar effect as test No. 14 in Table 2, where the whole
pitch contour was changed into the shape of a question
sentence.

2. However, if the baseline of each syllable in a sentence is
shifted upwards while preserving the topline (test No. 2 in
Table 2), then there is no effect. flne same phenomenon can be
observed in test No. I in Tabl-e f, in whích the topline of
xiängyãn was shifted upwards. Comparing test No. 2 to test
No. 9 in Table 2, $re find that the response percentage
increases rapidty \rhen both the topline and the baseline are
shifted upwards. so it can be concluded that hÍgh pitch IevêI
at the end of the sentence and both topline and baseline v¡ith
positive slope (maybe r,¡ith a steeper slope in the bâseline)
are distinctive ctraracteristics of question sentences.

3. By shifting down the baseline only (test No. 4 in Table 2)

or the topline only (test No. 15 in Table 2), $¡e cannot make

a neutral- sentence into a focus left statement sentence. For
forming a focus left statement sentence it is necessary to
shift both the topline and the baseline downwards, giving
them a negative slope, much steeper for the topline than for
the baseline (see test No.6 in Table L).

4. Focus is formeil by expanding the pitch range of the
focussed lexical unit and compressing thê pitch in other
parts of the aentence, especially in the part of the sentence
which follows the focus. For all tones hrith the exception of
the dipping (third) tone, shifting the topline upwards is
sufficient for forming a focus. For the clipping tone,
however, the baseline has to be shift.ed downwards and stay
low for a long tirne (aometimes rtrith a rising end). A perfect
focus was formed on the subject of sentence I (wãng Yî) by
shifting the topline of this word upwards and shifting it
down for other words (gee test No. I in Table 1). If only the
topline of the subject in sentence 2 (sòng Yàn) is shifted
upwards anCl tÌ¡e rest is preserved, thís does not form a focus
(test No. 11 in Table 2).

5. Besídes the fundamental freguency, intensity may be
another important factor ín the perception of. intonation. AII
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efforts to change a neutral sentence in which all syllables
har¡e the dipping tone (such as sentence 3) int-o a guestion
sentence by shifting the baseline and the topline upwar<1s, as

was done for sentences No. I and 2, were defeated. Segmenting

the speech sounds in a synthesized sentence (test sentence
3), .t found that even the baseline of the final syllable gåo

could be shifted greatly upwards without it being ?reard,

because of the masking effect of the preceding part with
higher intensity and lower frequency.

6. By changing the tone contour only, we can change any tone
into any other tone, v/ith the exception of the rlípping tone
at the end of a sentence.
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Table I. Listeners' responses for ABX tests.
Test sentence: I,Iãnq Yi chõu xiãngyãn
Date: 25 llarch 1983.

Test n e r Correct
10111213141516 E

stL1
67¡{o

A87
862
A62
A13
A62
881
B 75

A68
B 100

A68
A38

No

No

No

Yes

Yes

Yes

Yes

Yes

Ves

Yes

Yes

Yes

NO

Yes

Yes

Yes

Yes

Yes

Yes

NO

B19
832
832
862
B8I
894
875
894
BBI

BAAAAA
AAAAAA

e
9

A

À

A

A

B

B

B

B

B

B

A

À

A

A

B

B

B

B

B

A

B

A

A

B

B

B

A

B

A

B

B

B

A

5

A

A

A

B

B

B

B

4

A

A

B

B

B

B

A

3

A

B

A

B

B

B

B

B

B

2

B

B

B

B

A

A

A

B

A

I

A

A

A

B

B

B

B

B

B

I
2

3

4

5

6

7

B

9

I
2

3

4

5

6

7

B

9

10

11

L2

13

14

15

I6

ABABAA
BAABAB
BABBBA
BBBBBB
BBBBAB

BAABBBABABABBBB
ABBBBBBBABBBBAB
ABBBBAÀBBBBBBAB
ÀBBBBBBBAABBBBA
BBBBBBBBBBBBBBB

BBBABB
BBBBBA

BBBB

Liste
789

llest
ii¡o

BBBBBABABABBBAB
AÀBABAAAAAAAAAA

BBAB

Correct

Table 2. Listeners' responses for ABX tests.
Test sentence: @.
Date: 25 uarch 1983.

ner
I01I1213141516 r6

B

B

3452

B

I
B BAB BBBBBBBBB
BAAAB AAABBBBBB

BBBAEËBBBBBAAAB
ABAABBBAABABABA
BBBBBAAAABABABAA50No
B B B B B B B B B A B A B A B B 8I Yes

ABABBBAAABABBAAB50No
B B B B B B B B B B B B B A B A 87 Yes

B A B B B B A B B B B B B B B B 87 Yes
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Test No.

0 240
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240
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Figure l. Test senÈence, Í¡ãng Yi chöu xiãng yãn
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Figure 2. Test sentence: Sòng Yãn qùguò Dàqìng

7 300

r82 t¿
\ \zqI 300

60

0

244



9 300
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12 300

13 300

14 300
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16 300
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Figure 2 continued
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RECENT NUMBERS AND CONTENTS

WP 22 '1982 ROBERT BANNERT

ANTONIS BOTINIS

GöSTA BRUCE

EVA GÂRDTNG

Temporal and tonal control-
in German

Stress in modern Greek: An
acoustíc studY
Stress in modern Greek: A
physiological study

Developing the Swedish in-
tonation model
Prosodic expressions and
pragrnatic categories
A comparative study of Swed-
ish, Greek and French in-
tonati-on
Identification of Nasafs;
An acoustical and perceptual
analysis of nasal consonants
Initial validation of an
indirect measure of sub-
glottal pressure during
vowels
Resolution of convolved
signals in bio¡nedical ap-
plications
Intonatíon in Finland-S\,ted-
ish: Word and sentence
stress in the Helsinki di-
alect

X-ray
vowel-

and model studies of
arti-culation

A microcomputer pausemeter
for linguists

Interpreting sentences vrì.th
multiple filler-gap depen-
dencies
Spoken and written language
- relationships between two
Iinguistic means of expres-
s ion
Changes in Swedish address
terms descri-bed by power-
solidarity diagrams

EVA GÂRDTNG,
ANTONIS BOTINÏS &

PAUL TOUATI
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Evidence from three j-nvestigations on normal
and pathological written performance. Journal
of Pragmatics 7, 595'602
Akustisk analys av frikâtivor i kairoarabiska.
Finska OrientsälIskapet, Helsingfors,
March 30,
Profils temporels en suédois et en français
(with an abstract in English) Nordic Prosody III.
Umeå Studies in the Humanities 592 231-243. Urneå

Métrique pour I'évaluation d.es erreurs
prosodiques. Abstracts of the Tenth International
congress of Phonetic Sciences. Utrecht, p.745.

250

Touati, P



v;eimer, K

19?,4

Bruce, G.

Bruce, G.

Bruce, G

Bruce, G

Bruce, G.

Håkansson,

Norlin, K

Weimer, K.

Finskspråkiga invandrarelevers språkfel vid
skriftlig och muntlig produktion av svenska.
AscLA-symposium " Nordens språk som målspråk",
Stockholm, December 3-4

Rhythmic alternation in Swedish. D¡ordic Prosody
III. Elert, Johansson & strangerÈ (eds),
pp. 31-41. Umeå

Tíning and Accent in Swedish. workshop on
ÀccenÈology. Center for Study in Language and
Information, Stanford University: March 13-15

& P-K. Halvorsen. Overview of Scandinavian accent.
on the phonetics of rhythm: evidence from Swedish.
AcousticaL Society of Americar 107th Meeling'
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254



I

II

rII

IV

V

VI
VII
VTII

XI
XII

XTII

XIV

x\1

XVI

XVTI

XVIIf,
XIX

TRAVAUX DE LITNSTITUT DE LINGUISTIOUE DE LUND
FONDÉS PAR BERTII MALMBERG

PUBLIES PAR EVA GÂRDING ET BENGT SIGURD

CarL-Gustau Söderbez,g. A Typological Study on the Phonetic
Structure of English Words with an fnstrumental--Phonetic
Excursus on English Stress. 1959.
Petey S. Green. consonant-Vowel Transitions. A Spectro-
graphic Study. 1959.
Kenstin Hadding-Koch. Acoustico-Phonetic Studies in the
Intonation of Southern Swedish. 1969.
Bör,je Segelbäck. La réalisation d'une opposition de tonèmes
dans des dissyllables chuchotés. Étude de phonétlque
expérimentale. 1 966.

VeLta ñke-DraÐina. llehrsprachigkeit im Vorschulalter. 1967.
l¡

Etsa Gånding. Internal Juncture in SwedÍsh. 1967.

FoLke Stnenger. Les voyelles nasales françàises. 1969.

Eduard Carney. Hiss Transitions and their Perception. 1970.
t-.'+L A-- r^L--^-n- Tññi À*âh+ e.-'aÁ i cl.r ol.'anal aarr I O? ?¿¡¡ss¿Y ! s¿. ù

Robev,t Banner.t, Mittelbairische Phonologie auf akustischer
und perzeptoriÊcher Grundlage. 1976.

Eua Går'&ing. The Scandinavian Word Accents, 1977.

Göstq, Btuce. Swedish l4lord Accents in Sentence Perspective.
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