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ANNUAL REPORT

Our present interests and activities are best represented by a

l-ist of the titles of our two seminars. One of them is ca]led
I¡anguage Speech Sound and is held in cooperation with
the Ðept, of Logopedics and Phoniatrics. The other one, simply
called the Fríday Seminar is a free-wheeling research seminar
mainly for the benefít of the graduate students.

Languaqe Speech Sound Hearinq

20.9 On musicaL therapy Olu-Birgit Jeppson, Deptr
of MusÍc, Lund Uni-versity

4.10 IIow should we define phonet-
ics as a subject?

18.10 Presentation of the project,
ïmmigrants and coÍmunication:
Hor^r to understand and be un*
derstood

8.11 Treatment of functional voice
di6orders

15,11 PhonologicaL universals and
phonological development

6-12 Report from a project:
Phonetical descriptions of
some languagres in the third
world

31 .1 The concept of selforgan-
izing systems in physics, bi-
ologyr sociology and linguis-

14.2

tics
Diâlects in Southern Shreden

28.2 Sound and sound effects

Sven öhman, Dept. of Lin-
guistics ¡ Uppsala Univer-
c i *tr

Robert Bannert, Hans Dahl-
bäck, Gisela Håkansson,
Kerstin Tevajårvi

Peter Kitzing, Malmö Hos-
píta1

Charles Ferguson, Stanford,
USA

Mona Lindau-Webb, Kjell-
Norlín, Jan-OIof Svantesson

Björn Lindblom,
Linguistics, St
University

Dept, of
ockholm

21 .3 Some contributions to the
Speech Sound Hearing sympo-
sium in Stockholm

Bengt Pamp' Dept. of Diaiects
and Placename Research,
Lund University

Bertil- Johansson, Dept, of
Technical audi,elogy, KTH,
Stockholm

DepL. of Logopedics and
Phoniatrics



28"3 How is a vocabulary organ-
nized?

11.4 Reading and writ.ing diffi*
culties in the light of
present research

25,4 Some contributions to the
Speech Sound Hearing sym-
posíum in Stockholm and the
Prosodyf Nor¡nal and Abnormal
Conference in Zürich

9.5 The new tralning program for
audlologopeds at Copenhagen
University

Therapy by rnusic16.5

The !'ri-dav Seminar

10. 9 Report from the Linguj.stícs
Congress in Tokyo

8.10 Register in the Austroasiatic
language Va

The aerodynamics of phonation

1 5. 1 0 Velopharyngeal Plastic sur-
gery and speech

22.10 IIow can ltte measure hoarse-
ness?

29.10 Tests on comprebension of
Swedish spoken with a foreign
accent

Âke Viberg

Ingvar Lundberg, DepL of
Psychology, Umeå Univer-
sity

Phonetics Dept.r. Lund Uni-
versity

Bórje Erókjaer Jensen, Uni-
versl-ty of Copenhagen

Grete Lund, Viborg

Gösta Bruce

Jan-Olof Svantesson

Anders Löfqvist

Kjerstin Becker, Eva Borell

Ann-ChrisÈine, Ohl-sson.

Robert Bannert, Kerstin
Tevaj ärví

Christina Hedqvist-DravinÈ-

DavÍd House

PauI Touati

Anne-Christine Bredvad-
Jensen

Eva Gårding

PauI Touati

Kje11 Weimer

Anders Löfqvist

12.11

19 .11

26,11

3.12

Project report:
Language .and brain

Transitions and perception

The pronunciation of French

Perception of interrogative
inÈonation

10,12 Intonation and Pivots, sYntax
and semantícs

4.2 A visit to the institute of
phonetics in Aix en Provence

The íntoriation of Finnish11 .2

18.2 Invariance and variabilitY
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4.3 Rehearsal for the Speech
Sound Ilearing Symposium in
Stockholm 10-11 March

18.3 rnvariance and variability

The outline of a thesi,s orr
prosodic interference in the
Swedish of Finns

Tone and intonation in stand-
ard Chinese

Parameters in intonation an-
al-ysis

Kjell I¡ieimer

Robert Bannert, Si.dney
tr{ood, Gabriella Koch

Eva Gårding, Jan-Olof
Svantesson, Jialu Zhang

Robert Ladd, Giessen Uni-
versit-y

AntÕnis Botinis

Gunnel Gahne, Líli-Ann
Rudberg, Elsa Á.ström

1r- l

21 .4

Eval-uation of voice qualiLy Ann-Christíne Ohlsson

29 .4 The prosodic
Greek

structure of

6,5 The importance of short-term
memory for the faculLy of
reading and writing

20,5 on rhythmic alternation Gösta Bruce

A prosody test for brain dam-
aged patients

Christina Hedqvist-Dravinl

a1 q Rhf'bhnical patterns in Swedish o1l-e Persson
compounds

30.5 RehearsaL for the Nordi"c Pros-
ody Congress IfI Umeå

By the end of the faI1, 23 logopedics students had completed the
second. term of their phonetics courses. During the spring, alas,
we have had only a few new students. This seems to be something
we have to live with as long as phonetics i-s not a part of the
regular courses for other vocations. Next term \n/e are looking
fórvrard to a new group of logopedics students. There are at pres-
ent 1'1 third-term students and 1 3 graduate students.
T\^¡o graduate courses were given' one or¡ phonology by Gösta Bruce

and one on technical acoustics by Bengt Mandersson.

I had a sabbatical during the fal-l- and cösta Bruce substituted
for me.

Eva Magnìisson defended her PhD thesis, The Phonologl' of Language

Disordered Children - Production, Perception and Awareness, on

April 22, Professor Ragnhild Söderbergh, Stockholm, was the fac-
ulty opponent. The dissertation has appearecl as no iT of Travaux

de I'Institut de Linguistique cle Lund,



Jan-O1of Svantesson's PhD thesis in general linguistics Kammu

Morphology and Phonology, which will be defended on June 8, has
been published as no 18 of the same series.

Professor Ragnhild Söderbergh, who hofds a special- chair at HS!'R

for childlanguage acquisition (sponsored by HSFR¡ Swedish Council
for Research in the Humanities and Sociaf Sciences) is moving to
our department on July 1 1983. We are J-ooking forrn¡ard to fruitful
cooperation with her.

Gunnar Fant and Jan Gauffin vísited us in November and professor
Fant talked about his research concerning source-filter interac-
tion. Professor Jialu Zhang from the Acoustics Institute of the
Academia Sinica in Pekj-ng was a guest researcher here for three
months. In particular he made valuable contributions to the third
world languages project.

Dr Edda Farnetani, Padua, spent one week with us in February.

Our department was visited by professor Sven Erik Back, director
of HSFR and Bo öhlund of FRN (Swedish Council- for Planning and

Coord,inatjan of Reseafch) -
The University Study Program Committee held one of their sessions
at our department in April and \,¡ere shown our research and teaching
f acilit,ies.

Professors steinär Engen and Knut Fintoft (Trondheim) , Ernst Håkon
Jahr (Troms/), and Stig Eliasson (Uppsafa) gave an extra seminar
in connection with a visit to our department.

Our laboratory has install"ed a ne\"/ VAX 11/730 computer thanks f-o
a grant from FRN and \"¡e are awaiting delivery of a new digitaJ_
spectËograph donated by the l.fallenberg Foundation.

The Swedish Prosody project (HSFR) was completed and three new
projects have started:
Language and Brain (HSFR)

Phonetic descriptions of some inportant languages in the third
world (HSFR)

Phonological and phonetic studies of volver reduction in Bulgarian
(HsFR)

Lund in May 1 983

Eva Gårding
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SOME PHONETIC CHARACTERISTICS OF A MODEL FOR GERMAN PROSODY

Robert Bannert

ABSTRACT

In this paper some phonetic characteristics of a model for
German prosody are described. The acoustic data form the most
importanÈ basis for the outline of the model that is presen-
ted in Bannert (1983). The variables ínvestigated are number
of accents (sentence length), intonation type, position of
phrase boundaries, and speaker. Aspects of the basic temporal
ànd tonaL components are illustrated. Variations of sentence
and stress group durations do not show any clear and consist-
ent pattern. The fundamental building blocks of the intona-
tion algorithm, namely the basic tonal- points, the tonaf
floor and the tonal movements in the accents, are treated in
more detail. The effects of different factors on these tonal
movêments become evident.

1. BACKGROUND AND ÀIM

Compared to other languages and to my knowledge, no model

existed until recently which was able to generate the prosody,
i.e. the rhythm and the melody, of German utterances. Lately,
however, an attempt has been made to fill this gap. An outline
of an intonation model for German was presented in Bannert
(1983a) and a model for German prosody was sketched in Bannert
(1983b).1

The basic concept of the model for German prosody, which in
its main components may also be valid for other languages,
is sho\"/n in Figure 1. The model which ís meant to generate
Èhe temporat and tonal structure of utterances consists of
three main components, namely the basic temporal and tonal
components and the modification component. The input to the
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model is an abstract, linguistically completely specified
structure. The output is the corresponding concrete temporal
and tonal structure, i.e. the durations of segments and the
Fo-contour.

The outline of the prosody model is based on, among other
things, a relatively large acoustic material. However, in the
papers mentioned above, the acoustic data could not be treat-
ed. Therefore, the aim of this paper is to account in some

detail for the phonetic characteristics of the prosody model,
especially the duration and intonation components.2 this will
be done by presenting the observed cerman data against the
background of some general and important problems of a prosody
model -

ln order to provide the phonetic frame, the investigation is
presented first. Secondly, the temporal structure on the
sentence and stress-group leve1 is illustrated. FinaIIy, the
tonal data are treated in more detail-

lVhen evaluatíng the data an attempt j.s made to dravr a di-stinc-
tion between linguístic features which are obligatory for aI1
speakers of the language and individual features which are
typJ-cal of a certain speaker and whj-ch therefore are optional.
In the basj-c components of the model onJ-y such features shoul-d
appear which are elements of the common linguistic code.
Speaker-specific features may be incorporated into the model

on the individual leveL. As the criterion to determine the
limit between conmon linguistic and individual prosodic
features Ín the material. the claim is made that a certain
observation has to be found h¡ith all three speakers in order
to quali-fy as an obligatory feature.

2. THE INVESTIGATION

The investigation was confined to the uni! of the prosodic
phrase, i.e. the utterances had to be spoken as one breath
group and the accents should receive equal weight. Starting
from this restriction, ít seemed desirable to consider very
different and almost extreme conditions Ín order to obtain
basic acoustj-c data to build the model upon. Therefore¡ the
foJ-lowing variables were chosen:
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2

Length of utterance (prosodic phrase): number of accents
1 - B, total number of syllables 3 - 29.
Intonation type: falling vs. rising melody at the end of
the utterance, here called statement vs. echo and informa-
tion question for the sake of simplification.
Speaker's involvement: normal, calm, detached (statement,
information question) vs. involved, surprised. excited
speech (echo question).
Syntactic structure: position of syntactic boundaries
between accents (nurnber of accents per syntactic phrase).
Number of speakers: three.

Table 1 shows the material which consisted of 14 utterances
each of which was elicited as the intonation types stat€ment,
echo question, and information question.3 Utterances 2-13 are
pairs containing the same number of accents, but differ v¡ith
regard to the position of the syntactic phrase boundaries.
Thus, for instance, in sentence 4 (with 3 accents) tbe three
accents make up one syntactic phrase. In sentence 5, however,
the three accents are to be found l-n three syntactic phrases.

The sentences $rere constructed with regard to phonetic
features qrhich, of course, very often results in utterances
that do not belong to every day language use. Nevertheless,
these utterances are possible choices in the language (as to
the conditions of the choice of the material , cÍ. , for in-
stance, Bruce 1977t. Each accentuated vowel of the sentences
is phonologically short and not open. Most of the consonants
are sonorants, and thus hardly affect the Fo-curve.

The sentences vrere read by three female speakers from Northern
cermany (speaker B, born 1956 in Lübeck, speaker K, born in
1955 in Uetersen, near Pinneberg, and speaker E, born in 1957
in Mel-dorf in Dithmarschen) . The speakers, who were enrolled
at the University of KieI, were instructed to read the sen-
tences without hesitation or break or pause and to give equal
weight to each content \"7ord. The speakers chose their own

indivídual speech tempo.

The materi-a1 was recorded in the anechoic chamber of the
Institute of Phonetics at the University of Kiel4 on a Revox
tape recorder, operating speed 9 ips. The three intonation

3

4

5
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types statement, infor¡nation question, and echo question were
presented in appropriate contexts and treated in three blocks
in the order mentioned, The l-nformants knew the little story
about an article in a newspaper which contained all the 14

test senten."".5 Thay were also well acguainted vrith the
chamber and the recording procedure.

The method of elicitj-ng the three intonation types is illust-
rated by the following examples (cf. Bruce 1977):
1. Statement. As the .ansr^rer to an appropriate question, the
statement was written on a card, e.g.

31

Welche Nachricht aus unserer Stadt brachte der Kurier
heute?

Der Mtlller will die Männer immer Lilmmel nennen.

In a kind of dialogue, the speaker would first read the
reference number, then the question, and fínalJ-y the ansr^¡er
(the statement).

2. Information tion. The question r,¡as v¡ritten on cards
as a response by the speaker to a statement which referred to
the known article in the newspaper "Kurier"r ê.g.

31

Die Geschichte in der Zeitung machte die Leute neugierig.
Wj-ll der Mü1ler die MËinner irnmer Î¡üm¡nel nennen?

3. Echo question. The story was read aloud by the test leader-
The speaker pronounced each test sentence which was underlined
in the text by repeatíng it in the same word order as the
statement in the text, bul, at the same time, expressÍng
involvement, namely surprise or astonishment.

Each sentence \¡ras spoken in f.ive series. The recorded material
was checked auditorily as to the correct realisation of the
intonation type and the accents. For the acoustic analysis
the material was processed by a Frlkjaer-Jensen pitch meter
in the laboratory of the Department of Linguistics and

Phonetics at Lund University. Duplex-oscillogrammes and Fo-
curves were analysed and measured. by hand. Each value to be

presented later represents the arithmetic mean of five
measured values.
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3. DURATIONS

In the second step of the basic temporal component (cf.
Figure 1 ) the inherent segment durations are lengthened or
shortened due to various contextual effects. In the following
account of some temporal aspects it will be shown hov,/ the
durations of sentences and stress groups behave ín the into-
nation types statement, information question, and echo
question. Clear patterns of temporal variation will indicate
the need to incorporate the context factor "intonation type"
into the second step of the basic temporal component of the
riodel. Thus the following questions will be asked:
1. Do the three intonation types show their own characterístic

durations? Are there any clear and consÍstent differences
between the sentence durations of the intonation types?

2. Ho\r do the stress group durati-ons vary as a consequence of
intonation type? And if they do, is this dífference located
at the end of the sentences (the last stress group) \^¡here

it could be a consequence of the opposed Fo-contours
(fall vs. rise)?

An account of the temporal features on the levels of syllables
or segments wj-1I not be given in this paper.

3.1 Sentences

Means and standard deviations (i-n ms) of the duration of each

of the 14 sentences according to intonation type and speâker

are given in Table 2. An examination must be made as to
whether the sentence durations of the three intonation types
are different from each other or not. As a simplified measure,

the threshold value of the durational differenceADt is chosen

according to the following definitíon: The sentence duration
of two intonation types is clearly different if the durational
differenceAo^ is greater than the sum of their standard

5
devj-ations s.,' and s2, thus

Aort"1 *t2

If the duration of the statement is taken as the reference
oi ttti= comparison, the two following conditions hold:
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where A, E, I means the intonation type statement, echo
question, and information question respectively, D is the
sentence duration, and s the standard deviat.ion.

All the cases, where the information question has a shorter
duration than the statement, and the echo question has a

longer duration than the statement, are marked wíth an

_asterj-sk beÈween the duration values of the two intonation
types which are compared in Table 2. It. may be seen very
clearly that no regular pattern among the three speakers is
to be found. fl total., clear differences of sentence duration
between intonation types show up in only 35? of the 84 com-

parisons possible. Furthermore, the share for each speaker
is very different: the echo question of speaker B nearly
always has a longer duration than the statement. However,

both have equal durations for speaker E. For the remaining
conparisons, clear differences are to be found only in one

third or one fifth of a1l- cases. In order to simplify further,
the relationship of the sentence durat.ions betr¡een the three
intonation types for each speaker may be expressed like this:

intonation type

A

A

T

I

<E

E

An irregular pattern of temporal behavi-our of sentence dura-
tions is also to be found when another measure is used, namely
the mean percentage of durational differences between each
sentence and the intonation types. The mean val-ues (å) of the
14 sentences are as follows:

ôspeaker

K

E

0.07
3.6
6.3

8.6
-0.:l
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The mean durational differences between the intonation types
compared do not exceed 108 and vary considerably between

speakers and intonation types. According to this measure, t.he

relationship between the sentence duration of the intonation
types is expressed as follows:

speaker

B I=A<E
K I<A<E
E ï<A=E

['igure 2 shows the pattern of variation of sentence durations
betÌ^reen the intonation types for each speaker with the dura-
tion of the statement as the reference. For the sentences
containing 2 to 7 accents, t\^Io curves are shown (cf. Table 1).
It is evident from Figure 2 that no overall patt€rn of
relative sentence duration is to be found. As the only comrnon

feature, it can be observed that the durational differences
betv¡een intonation types are largest among the sentences con-
taining the smallest number of accents

These results concerning the sentence durations of the into-
nation types are relevant for the basic temporal component

of the model. As the basic components should contain linguis-
tic and general features only, i.e. features that are shared
by all speakers, the second step of the basic temporal conpo-
nent will- not include a context factor "intonation type"
obliqatory for all speakers.

3.2 Stress groups

As \4¡as the case with sentence duratÍon, the durations of the
stress groups do not show any cJ-ear pattern of variation
either. Due to word inversion ín the information question,
the stress group durations of this intonation type could not
be calculated. Thus stress group durations of statements and

echo questions only are consídered.

Figure 3 shows the stress group durations of statement and

echo question of sentence 5 with 3 accents, sentence 9 with
5 accents and, sentence 14 with 8 accents (cf. Table 1) for
each speaker. It can be seen that the pattern of durational
variation is similar for all- speakers. Thus two things be-
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come evident: First, stress group duration is determined by
the duration of their elements, namely the syÌlables and.

segments. Evidence for this interpretati_on is to be found in
the parpliel variation of stress group durations for a1l
speakers. Therefore j-t is taken to reflect a linguistic, i.e.
general and obligatory feature of the temporal structure of
utterances. Secondly, the difference in sentence duration
reported above seems to be a global change of .durâtioi.ì, i.e.
it is spread over each stress group, and thus i.s not a con-
sequence of the final tonal contours or the varying range of
the tonal movements of the whole utterance (cf. Figure 5).

Figure 4 shows the relative dífferences of stress group
duration between echo question and statement (= reference)
of sentence I with 5 accents and sentence 14 with 8 accents.
The total mean of each speaker is also included.

In parallel with the rel-ative differences of sentence duration
between the intonation types (cf. Figure 2), no regular
pattern of durational variatíon can be díscerned with the
stress groups either. As a consequence, therefore, the basic
t.emporal component of the prosody model will not contain any
factor that may determine differences between various into-
nation types. The temporal component operates v¡ith one basic
temporaf structure, i.rrespective of intonation type. The

durational differences, however, are not skipped alt,ogether.
They are seen as individual, and thus optionaì-, features and
are accounted for in the modification component by a <levice
generating speaker-specífic variation.

4. INTONATION

The basic tonal component of the prosody model consists of
two parts, the tonal re-writing rules and the intonation
algorithm (cf. Figure 1 and Bannert 'l983a). Before data con-
cerning the algorithm wilI be presented, some basic informa-
tion on the Fo-contours will be given.

4.1 Fo-contours

Figure 5 shows the normalized Fo-contours of the utterances
1,2,5, and 14 containing 1,2, 3, and B accents defined by
the initial Fo, the Fo-minima, the Fo-maxima, and the finaf
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Fo. The curves of the three intonatíon types are superimposed,
the VC-boundary of the accentuated syllable being the temporal
reference. It i-s easy to ì-magine the remaining contours with
4r 5,6, and 7 accents by a simple operation of j-nterpol-atíon.
The horizontal tj-me axis is normalized and determined by the
number of accents with equal distances between them. Comparing
the different Fo-contours, some characterístic features of
German intonation may be summarized as fol-Iows: Apart from
one exception, each accent is manifested tonally as a rise
starting from an Fo-minimum in the initial consonant of the
accentuated syllable and endì-ng in an Fo-maximum in the
following, unstressed syllable. The only exception to this is
the final accent of the statement which is tonally expressed
as a fa1l. As a consequence of this difference in the final
part of the utterances, the tonal- contrast between the state-
ment with a final fal1, signalling terminal intonation and
the questions with a final- rise, signalling non-terminal
intonation i-s established. The echo question, wh.ich also
expresses surprise and astonishment, is characterized by at
Ieast a some\"/hat larger tonal range of the tonal movements,
The tonal peaks show higher values. Except for the Fo-minimum

of the first accent, the bottom points of the accents in all
three intonation types show approximately the same value for
all speakers. It seems as if the tonal movements of the
different utterances started from a conmon bottom line or as

if the tonal contours of the intonation types rested on a

common tonal floor.

4.2 T}:,e i-ntonation algorithm

In the second. step of the basic tonal component of the model,6
an algorithm generates the tonal structure of a given utter-
ance in five steps. The \,rorking of the algorithm in the time-
fundamental frequency-fÍeld for a sentence with four accents
of equal weight, to be spoken as a statement and an informa-
tion question, is illustrated ín Figure 6.

As the first step, the intonation algorithm defines the four
basic tonal points or 1eve1s which constitute the frame of
the whofe tonal structure of the utterance. This is done

usinq the given temporal structure as the time reference.
In the second step, the Fo-minima of the accents and the end
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Fígure 6
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point of the utterance (the absolute Fo-minimum of the state-
ment and the final Fo-maximum of the questions respectively)
are ínserted. Third, the tonal accent movements are generated,
starting from each tonal point (Fo-minimum) and thus must be

rising by nature. The tonal rises of the accents are of equal
size which is defined as a certain tone.interval. They end

in the vowel of the following unstressed syllable. Therefore'
the steepness of the tonaf rise may vary according to the
temporal conditions. In the final accent of the statement,
the tonal accent movement must go down because I as a conse-
quence of the falling contour of the sentence intonation,
the final accent of the statement is characterized by a high
point. Fourth, the starting points of the Fo-contours are

inserted. In the fifth and last step the existing points and

fragments of the Lonal structure are interconnected either
by straight lines or by a cosine function. Now the basic
tonal- structure of a given utterance is present.

The design of the intonation algorithm clearly shows that
the tonaÌ structure is generated from below, i.e. from the

tonal bottom or tonal floor which is defined by the Fo-ninima.
Considering the position of the lowest points of the Fo-con-

tours of the three intonation types (Figure 5), it is quite
evident that the corresponding minima of each intonation type
have rather simi-lar values. It seems as if the Fo-contours
rested in the lowest points, v/hile the peaks varied more

freely. Therefore, the main elements of the intonation algo-
rithm are: 1) the Fo-minima of the accents, 2) the final end

points of the utterance (low with the statement, high with
the questions) \,rhich are the most j-mportant expressions of
the intonation type or the sentence intonation' and 3) the
tonal movements of the accents. By util-izing the feature of
the tonal accent movements instead of a tona-l- accent point
HIGH, as is the case in the Swedish and American intonation
models, the dynamic character of the accents and the tonal
changes associated with them is taken j-nto due consideration.
The size of the tonal movements vari-es due to different
factors, the most important of which are syntactic, semantic,
and pragmatic ones. After all, intonation is no more than
kind (timing of tonal changes with reference to temPoraf units
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like segments or syllables and thus resulting in a fal-l or a

rise) and size of the tonal changes restlng ín the tonal
floor and their interrelationships.

When constructing the intonation algorithm, several important
questions have to be answered.l

1. How are the beginning and end of the Fo-contours related
to the length of utterances?

2. How do the tonal differences of the accents behave as a

function of length of utterance?
3. What does the bottom line, i,e. the dístribution of the

Fo-minima bet\"¡een starting and end point, Iook l-ike as a

function of length of utterance?
4. Vlhat is the tonal expression of the accents and the inton-

ation types? Are the intonation types manifested only
locally at the end of an utterance or also globally over
the whole phrase?

In the following sections, an attempt will be made to ans\^/er

these questions. First, the fj-ve basic tonal points that de-
fine the frame of the whofe intonation contour in the first
step of the algorithm wilI be presented and discussed.
Secondly, the intermediate tonal points of the floor, i,e.
the course of the bottom J-ine, will be investigated and

finally, the tonal- difference of the accents, the tonal
accent rise, will be considered.

4.3 Basic tonal points

The most important tonal points in the intonation algorithm
are in a falling scale according to Lheir importance: the
Fo-minimum (Minr) of the first and last accent (I.{inf ) , the
end poínts of the tonaL contours, namely the absolute Fo-
minimum at the end of statements (Mino) and the flnal Fo-
maximum (Maxr) of the questions, the starting point of the
tonal contour (Foinitial¡, and the peak of the first accent
(Maxr). Afthough this latter point does not belong to the
floor of the tonal structure, it may be important for the
declj-nation or the global expression of the intonation type
(cf. Thorsen 1980, 1981 i Brlrce 1982) and therefore v¡iÌI be

treated together with the other basic tonal- points.

When constructing the intonatì-on algorithm, it is essential
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Fo
Hz
400

Y=1,0óx + 28ó

300

Y=0,01 x + 254

(l) 2 3 4 5 ó 7 Saccents
Figure 7. Illustration of the statistical procedure of

determining constancy and varj-ation of tonal points.

to know whether or not the most important tonal points, which,
as it \^¡ere, function as the hinges of the tonäI structure,
are dependent on the factors of sentence length (number of
accents) and intonat.ion type. If the points are independent
of these t\4ro factors, only one value has to be specified in
the algorithm. Hov¡ever, if the points are dependent on these
tv¡o factors (and othérs), the algorithm has not only to
account for the variation per se but has also to determine
their kind and size.

In order to mot.ivate the choice of the fixed tonal points of
the inùonation algorithm, the behaviour of the most important
tonal points wi-11 be described by stat,istical measures.
By \4¡ay of illustratj-on, Figure 7 el-ucidates the statistical
method.using the points of the initial Fo-minimum (Minr) and
the initial Fo-maximum (Maxr) of speaker B. Each point in the
tr^ro series of points represents the mean of the Fo-values for
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the sentences containing 2 - 7 accents. The points pertaining
to the sentence with only one accent are not taken into con-
sideration. This is due partly to the fact that one of the
two points is missj-ng in the contour (cf. Figure 5) , and
partly to tone assimilation. As a simple statistical measure,
the straight line y = Ax + B l-s fitted to each series of
points. Comparing the total mean i of one series of tonal
points to the intercept B, i.e. calculating the difference
(; - B), some conclusions concerning the size of the variation
of the given tonal point as a function of the utterance length
can be drawn. More information is to be found in the slope A

of the straJ-ght line concerning the size of the variation and

in the correlation coefficient r concerning the strength of
the relalionships.

The one extreme case is il,Iustrated by the points Min, showing
very little variation as a function of utterance length
(i - e = 5 Hz, A = 0.01). Thus these points represent tonal
constancy. Tn contrast to this, the other points Maxi vary
rather considerably (; - B = 53 Hz, A = 1.06). They represent
the case where utterance lenqth exerts a clear effect on the
tonal point Maxi, at least up to the length of 4 accents.

The statistical values of the fíve tonal points for each

speaker and each intonation type are presented in Table 3.
The following values are shown which are based on the mean

for each sentence¡ The toèa1 mean i and its standard deviation
s in Hz, the intercept B of a straight line fitted to the
series of points in Hz, the slope A, the correlation coeffi-
cient r, and the difference ti - s) in llz as a measure of
the variation of the 7 tonal- points as a function of utterance
Iength (number of accents). If it should be the case that a

certain tonal point, e.g. Fo-Mini, has the same va1ue,
irrespective of the increasing number of accenLs and thus
utterance length, for instance 200 Hz, then it follows that
i = 200 Hz, s = 0 Hz, B = i = 200 Hz, A =0, r = 0, and
(x - B) = 0 Hz. In this case, utterance length has no effect
at all on the tonal point Fo-min.. It has a constant va1ue.
Thls point, however, can not be considered to be constant
when (i - B) and A increase because then the variation of
each point as a function of utterance length also increases.
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Table 3. Constancy and variation of fi;e basic tonal points for
each speaker and intonation type (see texl) .

1 ) Fo-Mi n,

X

s

B

A

A

259

5.4

254
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If a large and systematic variation is observed, the tonal
point has to be made flexible in the algorithm.

Table 3 is examined for speaker independent pattèrns of
variation and differences. This means that al-1 three speakers
have to show the same behaviour in certain respects. Thus
considering the five tonal points and their relationship to
the varj-ables utterance length and intonation type, the
following statements can be made:

A. Utterance length

Only a slight variation as a consequence of utterance J.ength
is to be found with the basic tonal points Fo-Maxf and
Foirriti"I, especially with Fo-Min, and Fo-Mina,f. Therefore,
they are considered to be constant and do not receive a
correction factor for utterance length in the modeL. The
slight variatlon which can be observed in the material and
which is quite natural may be achieved in the model not by
assigning a fixed value to a given tonal point in each
utterance but rather by choosing a varying value. Appropriate
values rnay be chosen from the interval defined as the double
standard deviation 2s for each speaker. This choice does not
apply to the tonal points only but also to the tonal movements
of the accents and the inherent segment durations Do.

Hovrever, there is one point, namely Fo-Maxi, which obviously
varies considerably as an effect of utterance length with aIl
speakers. It should be remembered that this variation need
not be characteristic of all the utÈerances with an increasing
number of accents (cf. Figure 7). Although the significance
of the differences measured in Hz is not clear for perception
(it must be examined in listener tests) , these differences
can be accounted for in the model. However, this will not be
done in the intonation algorithm, i.e. in the basic tonal
component but rather in the modiflcation component. Utterances
with one accent and only a few syllables 1ikè sentence 1

(cf. Table 1) have to be modified tonally in different ways
because they represent the prosodically most complex cases.
AlL the prosodic features of the sentence have to be manl-
fested in these few syllables and, in a sentence consisting
of only one syllable, in just this very syl1able.



B. Intonation type

In most cases where the points in the intonation types v¿ith
regard to the position and to the range are not totally
different from each other, the same values are to be taken,
irrespective of intonatíon type.

Identical points are the Fo-Min. and Fo-Max. of statements
and information questions, the Fo-tlinf of the questions, the
Fo._.-._. of statements and echo questions. An obviousINITAAI
difference is to be found with echo questions compared to
the two other types, where the points Fo-Min. and Fo-Max.
are concerned. If \^/e assume the enl-arged tonal movement of
the accents to represent the tonal expression of the echo
question, i.e. the tonal range of the movements is increased,
the larger value of the Fo-Max. is given as the sum (v + w)

of the accent ríse (cf. Bannert 1983a). This enlarged tonal
range of the rise of the echo question, however, is to be
found with all accents, not only with the first one. The
lower value of the Fo-Min. of the echo question compared to
the two other intonation types may then be explained as a
secondary effect of the enlarged tonal range, assuming the
general pri-nciple of optimal- effect and minimal energy.
According to this principle, an optimal tonal difference (the
largiest tonal rangie possible) is reached. if both the starting
point and the end point of the movement are shifted, which
means that the starting point is lowered, while the end poínl:
is raised.

A clear difference is to be found between the starting points
Fo---=,._, of information questions opposed to statements andrn-It-Ia _L

echo questions. As this difference results from a different
course of the tonal contour at the very beginning, it j-s

accounted for in the algorithm (cf. Figure 6, step 4).

There is furthermore a difference between the high final
points (l'o-Maxr) of information questions vs. echo questions
wíth speakers K and E. It should be remembered, however, that
the preceding Fo-minima (Fo-I4inr) have the same value- As this
difference is not valid for all the speakers, only one point
for Fo-Maxf, independent of utterance length and question
type, is assumed in the algorithm. However, if it should turn
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out that the difference observed for Fo-Maxf of the questions
\^/ould constitute a characteristic and necessary perceptual
feature of questions, and thus would represent a linguistic
demand, it may be accounted for in the intonatì_on algorithm
of the basic tonal- component.

4.4 Intermediate tonal points

After having established the beginning and end and the frame
of the tonal- structure in terms of tonaf points (or levels),
the questíon has to be asked how the intermediate points of
the tonal floor, i.e. the Fo-minima, shoufd bê inserted. In
intonation models, a declination or base l-ine is usually
constructed whích has varying slopes for dj_fferent intonation
types. It should be emphasized, however, that in this outline
of a model for German prosody no lines whatsoever are uti-
lized. The reason for this is connected with the vietv that
the tonal structure of an utterance should not be considered
as a visual or geometric construction. On the contrary, in
this model the dynamic character of the tonal events and
their interrelationships are stressed.

As the tonal structure is generated starting from the tonal
fl-oor in the intonation algorithm, the position of the Fo-
minima forming the tonal- bottom is essentÍal. Therefore, their
position and distribution between the starting point and end
point of the sentences with increasj-ng number of accents and
in relation to syntactic phrase boundaries wifl be shown in
some detail.

The position of the Fo-maxj-ma, i.e. the top line, is not con-
sidered to be independent and thus a J_inguistic target per se
The top line j-s here viewed as a result of the tonal accent
movement starting from the tonal floor, Of course, the tonal
movements tied to the accents may refl-ect more prosodic fea-
tures than just the accents. Other prosodic features con-
comitant with the accents and superimposed on the tonal move-
ment may be the features CONTRAST, EMPHASIS or PHRASE INTONA-
TION which are expressed in the tonal range feature WIDE and
accounted for in the tonal re-writing rules by the factor w

(cf. Bannert 1983â). The size fo the tonal movements is de-
termined by the sum of al} contrÍbutions of tonal features,
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thus total size of the tonal movement V

+ n).
(v + w + a +

In Figure B the positions of the Fo-minima in the sentences 4

and 5 with 3 accents, 8 och 9 with 5 accents, and 12 and 13

with 7 accents of the three intonation types of speaker B are
shown graphíca11y. A very símilar pict.ure is to be found with
the t\^ro other speakers. The paj-rs of sentences differ h/ith
regard to the position of the syntactic phrase boundary which
is indicated ín Figure 8 (cf. also Tabl-e 1). An assumed

"declination Iine", defining the positj.ons of succeedingr
Fo-minima with equally decreasing frequency values, is drawn
for the sake of comparison. This line is defined by the means

of the Fo-Min. and Fo-Min- of the information question. The1r
reason for choosing these reference points lies in the fact
that the final accent has a mini-mum with questions only and
that the point Fo-Mini of the infornation question is situated
between that of statements and echo questions. In most cases,
however, it is closer to the mean Fo-Min. of statements (cf.
Table 3).

In Figure I it can be seen clearfy that the Fo-minima between
the starting points and the end points of the floor in the
sentences 5 with 3 accents and 9 with 5 accents occupy posi-
tions which show approximately equal frequency differences.
This is also true of the sentences with 2 and 4 accents which
cannot be shown due t.o lack of space. In other words, the
Fo-minirna are distributed equatly over the frequency interval
between the beginning and the end of the tonal floor. However,
the last but one Fo-minímum in longer sentences (with 6, 7,
and 8 accents) always has a higher value than the last but
two, the highest value is to be found ín statements. In spite
of this, the final Fo-minimum of the questions (Minr) and the
absolute Fo-minimum (I{ina) of the statements show values
similar to those j-n shorter sentences. It is not so easy to
find an exþlanation for the increased value of the l-ast but
one Fo-mini-mum in the longest sentences. This upstepping
of the tonaf ffoor which is shared by all speakers appears
independent of the syntactic phrase structure (cf. Table 1).
Neither can it be conceived as the tonal assimifation to the
Fo-maximum of the final- accent of statements because this
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upstepping is also found wit.h questions" Tonal assimi-Lation
may perhaps account for the higher value in statements com-
pared to questions, One explanation may be presented, though:
Due to the large numbers of accents (6, 7 , and 8) , the fre-
quency intervals of successive Fo-minima become rather smalJ_,

i.e. the perceptual effect- of the successively falling Fo-
¡ninima (the downstepping) diminishes, and therefore the
speaker has to compensate for this loss of signalling power
in order to signal the end of the utterance. As a kind of
re-setting, the speaker increases the Fo-minimum of the last
but one accent, in ord.er to sharpen the jumping down to the
final- Fo-minimum of the questions. In statements, the tonaf
demand of a clearly audible final fal1 is therefore met by
this device.

The successive Fo-minima, however, do not always show dimi-
nishíng values. The declining course of the tonal floor is
broken sometimes. this seems to be the case when there i-s an

effect of syntactic phrase boundaries on the Fo-minima. A

compari-son between the sentences 5 and 4, 9 and B respectively
will make this effect clear. While the values of the Fo-minima
in sentences 5 and 9, the first phrase of which contains only
one accent, decrease gradually, the second Fo-minimum in the
sentences 4 and 8 breaks the falling course of the Fo-minima.
In both these cases, ihe first. syntactic phrase contains three
accents. The value of the Fo-minimum of the second accent is
higher than the flrst value. Thus the second accent in the
middle of the three-accent group (Männer in sentence 4 and
Mül1er in sentence B) appears to be weakened and therefore
less prominent than the first and last accent of the group.
As an explanation, the principle of tonal grouping of success-
ive accents presents itself-. It says that three (or more)
successive tonal movements of equal size are not permitted
and therefore the second (fcurth, etc,) movement wilf be
weakened. This phenomenon might be called the principle of
inequality, because it aims at breaking the chain of poten-
tially equal events and thus introduces variat.ion into the
tonal contours. This principle may be considered to har¡e its
parallel where rhythm is concerned. Rhythmic al-ternation
which means that successive syllables of equal strength are
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avoided, i.e. one of two equal syllables in succession are
weakened, is well known to be characteristic of the rhythmic
structure of phrases.

A second explanation may be found on semantic arounds. Due to
their meaning, the accents in the syntactic phrases under
consideration can not be equal. The place adverbial (Lingen)
and the attribute (lulIende) which are expressed in the third
and first accent respectÍvelyr may have a semantically larger
weight than the person (Müller) which appears in the second
accent. Therefore, the person is moved into the background by
using a weakened accent. However, these explanations pre-
suppose that the tonaf movement in the second accent, too, ís
smaller than in the adjacent accent. In the following section
(4.5) it will be shown that this is actually the case.

In sum.mary, then, it can be stated that the Fo-minimum of the
tonal floor are not always spaced equally between the starting
point and the end point of the tonal bottom. In some cases
one of the successive Fo-mínima is shifted upv/ards and thus
breaks the declining line of the tonal ninima. Therefore, it
is concluded that various factors, especially semantic
features, determine the posítion of the Fo-minima of the
tonal floor,

4.5 Tonal accent movenents

The element of tonal movements associated with the accents,
which is one of the basic features of the intonati-on al-go-
rithm, expresses the dynamic character of intonation. Hol4¡ever,

the tonal movements found in the accents, namely ríses and
falls, do not represent the expression of the accents alone,
i.e. the prominence feature of the most important syllabte
of Lhe lexical units, but also contain reflexes of other
prosodic tonal features, Iike CONTRAST, EMPHASIS, and PHRASE

INTONATfON which are expressed by the tonaf feature W]DE.

Fina11y, the tonal movements are also determined by semantic
and pragmatic features.

Figure 9, whích is constructed in parallel with Figure 8,
shov¿s the tonal- movements found in the accents, defined as
the tonal difference .âFo = (Fo-Max - Fo-Min) , in the sentence
pairs v¿ith 3, 5, and 7 accents. The final accent is omitted
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because it is also affected by the sentence intonation.

The differences of the tonal movements of the accents appear
very clearly in the sentences 8 and 9 with 5 accents. The

second accent (Mütler) of the first syntactic phrase wíth 3

accents has a clearl-y smaLler tonal rise than the adjacent
accents. Except for the statement, this smal-ler tonal movement

i.s also to be seen in sentences 12 and 13.

Leaving out this irregularity which may be a consequence of
the semantic inequality of the three accents of the first
syntactic phrase, the tonal movements of the accents, in
general, show gradualty falling values. In the íntonation
algorithm, I assume as a rough simplification that the tonaf
movements of the accents, provided that the accents are of
equal weight and the tonal movements do not reflect other
tonal features, be given the same value in another scale
doing more justice to pitch or the perception of Fo in
general. The size of the tonal movements is defined as a

constant tone interval. As a consequence of this, the slope
of the tonal movement will vary in accordance with the lime
limitation whích is given by the temporal structure. Some

evidence for this assumption is to be found in Bannert
(1982, 12ff..l where the effect of vowel quantity on the
rising Fo-movements of the accents was investigated. The

varying slope of the tonal movements is a natural consequence
of the definition of the starting point and the end point of
the movements. The starting point of the accent, i.e. the
Fo-minimum is located in the consonant preceding the accentu-
ated vowel; its end poj-nt is located in the following un-
stressed vowel or the Cv-boundary of the post-accentuated
syllabIe.

5. CONCLUSIONS

The acoustic data concerníng temporal and tonal aspects of
German represent the phonetic basis for the outline of a

model for German prosody. It goes without saying, though,
that considerable work remains to be done before the model
for German prosody wiIl reach the level of sophistication
that models for othef languages have reached. Some of the



most urgent areas of progressing research are linguistic
variables of various kinds, the number of speakers and

different speech styles, i.e. directed and free spontaneous
speech.

Linguistic and phonetic analysis alone, however, wí1f not
suffice. The quality of the model for German prosody will
heavil-y depend on investigating how prosodic features of
utterances are perceived, As an excellent means for finding
out ttle relevant prosodic features of the signal, given the
acoustic description of the temporal and tonal structures
of utterances, speech synthesis has to be used. It will be

readiÌy agreed upon that it is the ai¡n of our endeavours
to understand prosody and its role and functj-on in speech

communication as used by both speaker and listener.

FOOTNOTES

I would like Lo point out Lhe preliminary and rather
restricted character of this model. Much \47ork remains to
be done in order to arrive at a more satisfact.ory under-
standing of German prosody. Nevertheless, it can be

assumed that some general and language-specific features
of German prosody are already captured in this outline.

A comparison of the prosody model with those of other
languages, a discussion and an assessment of the elements
chosen for the mode1, and other discussions and com¡nents

fall outside the scope of this paper. They will need to
be saved for future work.

The longest sentence 14 reads in English: The miller in
Linqen doing pee-pee will always call the taller men in
the crowd loitering 1outs.

I am deeply indebted to the director of the Institute,
Prof.Dr. Klaus J. Kohler.

2

3

4
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The story "Bericht über einen geheimnisvollen zeitungs-
artikelr' (Report on a mysterious newspaper article) was

written by UrseI Kriltzmann and Micheal- Weinhold who

parÈicipated in the seminar "Rhythm and fntonation".

whereas the model for German prosody shown in Figure
is also applicable to other Ianguages, the specific
feaÈures of German intonation are brought out in the
intonation algorithm (and the re-writing rules). See

also footnotes 1 and 2.
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ON RHYTHMIC ALTERNATION

Gösta Bruce

ABSTRJ\CT

Rhythmic alternation among sequences of unstressed syllables
in Swedish utterances was examined from both phonological and
phonetic starting points. This alternation between strong and
weak syllables r47as found to be determined by the location of
the actual stressed syllables. Generally, the unstressed syl-
lables will be alternatj-vely weak and strong startj-ng from the
upcoming stress and counting backwards. Phonetically this is
reflected as an alternation in relative durations betv¡een
successj-ve syllab1es. I suggest that the division into weak
and strong unstressed syllables in addj-tion to the division
into st.ressed and unstressed syllables is an important aspect.
of speech rhythm in Swedish.

1. PROBLEM

The present paper is a preliminary study of speech rhythm in
Swedish r^rhere the objective is to explore the nature of
rhythmic alternation.
Speech rhythm seems to be one of the most problematic topics
in contemporary phonetics and phonology. There is far-reaching
agreement about the importance of rhythm in spoken language,
but when it comes to more precise statements about what. speech
rhythm really is and where it is, the disagreement among

scholars in the field becomes evident.

The phonetic study of speech rhythm has led to the postulation
of isochrony as one expression of speech rhythn and the
division of languages into syllable-timed and stress-timed
(see e.g. Pike 1945, pp. 34 ff.). the maintenance of (nearly)
constant inter-stress intervals independent of the number of
intervening unstressed syllables defines isochrony in stress-
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timed languages, e.g. Germanic l-anguages

Most production studies ofisochronyshow, however, at best a

tendency towards isochrony which has fed to the assumption
that isochrony is primarily a perceptual phenomenon (Lehiste
1913,1977, Allen 1975) ì cf. e.g. Lehiste's observation "that
listeners tend to hear utterances as more isochronous than
they really are,..." (Lehiste 1980, p. 252) and the discussion
of the isochrony issue in the tenporal symposium at the pho-
netics congress in Copenhagen 1979.

My own approach to the study of speech rhythm is somewhat
different. I have chosen to study what is known as rhythrnic
alternation, tryíng to relate this concept to a general defi-
nition of rhythm such as the one formulated by the psychologist
Woodrow ( 1 95'l , p. 12321 z

"By rhythm, in the psychological sense, is meant the per-
ception of a series of stimuli as a series of groups. The
successíve groups are ordinarily of similar pattern and
experienced as repetitive. Each group is perceived as a
wholë and therefore has a length lying within the psycho-
logical present. rr

For spoken language I assume that a series of syllables wíl1
be arranged accorcllng to a príncipte of rhythmic alternation,
alternation betv¿een strong(er) and weak(er) sytlabtes. This
will create groups and subgroups of syllables of similar
structure, which is thought to constitute an important aspect
of speech rhythm. It is my bias in thinking about rhythrn in
spoken language that the leading principle is alLernation and
not isochrony.

The goal of the present study is to examine rhythmic alterna-
tion from both phonological and phonetic starting points, i.e.
to try to find out what rules govern the occurrence of rhythmic
alternation and what are its phonetic reflexes

2. THE PHONOLOGY OF RHYÎHMIC ALTERNATION

The rhythm of an utterance in Swedish is determined mainly by
the stress patterns of the actual, prominent \^¡ords, i.e. how
stressed and unstressed syllables are distributed in these
words. In the presentation here I will make a distinction
bet\,reen lexical and actuaf stress. The lexical stress, attri-
buted to each lexical item, may or may not be actualized in an
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utterance depending on intricate context fac.bors. Ilhen nothing
else is indicated, stress wifl- mean actual stress. It is a
v¡efl-kno\"/n fact that it is primarily the content words L.hat
will carry stress in an actual utterance, while the form words
often appear unstressed.

The rhythm of an utterance is, however, partly determined by
other factors as we1l. The tendency towards a rhythnic alterna-
tion i-s assumed to be one such factor.

Rhythmic alternation seems to occur in two kinds of situations:
(1) One situation j-s when two or more stresses would clash in
an utterance. Under certain condi-tions one of the stresses
will yield resulting in a rhythmic alternation among the syl-
Iables involved. A stress shi-ft is said to take place in order
to avoid a clash of stress. A classical example of the avoidance
of stress-c1ash in English is the word thirtéen with final
stress j-n isolation but with the opposite stress pattern in
certain contexts, ê.9. thfrteen mén (cf. e. g. Liberman & Prince
19771. A corresponding Swedish example, also classi-caI, contains
the word kaptén rcaptainr with final stress in isolation, but
with the stress shifted in the context kápten Àndersson
rcaptain Andersson' (cf. Malmberg 1966, p. 95).

Although a clash of two stressed syllables may result j-n a
rhythmic alLernation, as above, the normal case, at least for
Swedish, is to sti1l rnaintain an unchanged sequence of tr,ro
stressed syllables.

In a stress-clash situation consisting of three consecutive
syllables, a rhythmic alternation is more common. While in the
example Jan såg tJan sawt we usually have two consecutive
stressed sy1lab1es, it is at least unusual that in Jan såg Bo
rJan sa\"r Bo' såg will retain i-ts stress. Normafly a rhythmic
alternation will occur.

It is possible that in certain sequences of three (or more)
stiesses like tripp, trapp, trull_ 'tick-tack-toer or el, två,
tre rone, tr^¡o, threet, where no syntactic aroupings will
elicit. specific subphrases, you may find three equally pro-
minent syllables. But also for these kinds of constructions
I believe it is customary to have a rhythmic alternation,
where the middle stress is weakened
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(2) The other situation which cafls for rhythmi-c alternation
is when several unstressed syllabtes form a sequence. In this
case a rhythmic alternatíon among the unstressed syllables as

strong and weak will occur forming groups consisting of two
(or three) syllables with one more prominent syllab1e per
group. This tendency towards a rhythmic alternation among un-
stressed syllables is kno!,¿n from long' oxytonic words, e.g.
swedish ¿å*8tr9tf. rdemocracy', tår,st9tJ,ti8né11' constitutionar',
where the integers 1 and 0 indicate an alternation between

strong and weak unstressed syllables and 4 denotes primary
stress (cf, Elert 1970, p. 371.

It is reasonable to believe that this alternation is typical
not only of single v¡ords but of any succession of several un-
stressed syllables that forms a unit of speech, more or less
independent of word boundaries.

The principle of rhythmíc al-ternation entails a conspiracy
against sequences of several equally prominent syllables. This
applies to both unstressed and stressed syllables.

In the present paper I will concentrate on (2) , the rhythmic
alternatÍon among sequences of unstressed syllables.

rn the following I will try to make the simplest possible
assumptions to account for rhythmic alternation. I assume that
rhythmic atternation ís a process that is triggered by the
immediate prosodic context, i.e, no access to a hierarchical
tree structure à la T,iberman & Prince (1977) is needed" Thfs
also seems to be in line with the reasoning by Liberman &

Prince, who described the rhythm rule for clash of stress
involving a rhythmical al-ternation in terms of a metrícal
grid, which is based on a mètrical tree structure but does

not in itsel-f encompass any constituent structure.

Thus, the relevant input knowledge for the rhythmlc alternatj-on
rule is the locatj.on of the stresses in the actual prominent
words. For the present sludy I wi.l1 simply assume that the
location of these stresses is known. The division of successive
syllables into stressed and unstressed. is considered part of
the rhythmical organization of an utterance. The phonological
matrices below used to illustrate the operation of the rhythmic
alternation rule al-so contain information about rhythmical
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strength. As part of the input knowledge I assume that stressed
is rhythmically strong and unstressed rhythmically weak. It
should be noted that strong and weak as used. in metrj.cal theory
(Liberman & Prince 1977) do not have these implications, I will
use strong and weak to describe the rhythmj-c alternation among

unstressed syllables.

A preliminary formulation of the rhythmic alternation principle
is the following: Give the value strong to every second un-
stressed syllable counting from the closest stressed sytlable.

For the two examples below with an odd number of unstressed
syllables between the stresses, \^re have the foÌlowing rhythmieal
structure:

(1) input string output string
kompísar me tjeckerna. kompisar me tjeckerna

stress
strength

(2)

stress
strenqth

stress
strength

+
+

+
+

kompisar me kapitaÌkompisar me kapital
+
+

+
+

'friends
with
the
Czechs t

input string

+
+

output string

--+
--+

--+*-ì
'f r.iends
l^rith
capitalr-+

For an example \4rith an even number of unstressed syllables
between the stresses. e.g. four as in the example beJ-ow, the
preliminary rule will generate the followj-ng structure:
(3) j.nput strj-ng output strinqf

kompì-sar ne soldater kompisar me soldater
+ -- +- + -- +-
+ -- +- + -+ + - +-

'friends
vrith
soldiersl

Al-though this seems to be a possible rendition of the actual
utterance, it is according to my analysis not the most normal
one. Instead the normal rendition of (3), at least Ín running
speech, 

_ 
seems to be:

(3') output string
*-"t."r-tr" 

"-ldater
stress + -- +-
strength + + +- + - +-

That the actual locati-on of word boundaríes is irrel-evant to
the rhythmic pattern and that it is the number of unstressed
syllables between the stresses that is crucial is evidenced by
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the follovring example, also v¡ith four syllables, but with
another Iocatíon of word boundaries:

input string output string
sol-dater me kapital

(4)

soldater me kapital 'soldiers
with
capital'stress

strength

Therefore
Iated as:
syllable
preceding
syllable

This rule will introduce a rhythmical shift after each stressed
syllable which is followed by an even number of unstressed
syllables before the following stress. Thus, the reformulated
rule will qive the following structure to a sequence of t\^to

unstressed syllables between the stresses as in the following
example:

(s) input output string

- --+
- +-+

-+-
- ++

+
+

-+-
-+-

the rhythmic alternation principle has to be reformu-
Give the value strong to every second, unstressed

counting backwards from the upcoming stress to the
stress. Give also strong to every second, unstressed

after the final stress of the actual speech unit.

str ing
attentat me soldater attentat me soldater rattempt

stress + - - +- + - - +- with
strength * - - - - 

+ + - + + - + - soldiersl

A retention of the preliminary rule would have created a con-
flict of adaptation for the two unstressed syllables j-n (5) ,

i.e. whether to adapt to the preceding or the foJ-lowing stress,
which does not occur with the reformul-ated rule.

Sequences containing an uneven number of unstressed syllables
between the stresses, ê.9. one, three or five, seem to be less
problematic from a rhythmical point of view. They fit rhythmic-
a1ly both to the preceding and the following stress, while
sequences \,/ith an even number of unsÈressed syllables, e.g.
tv¡o or four, are rhythmically uneven and necessitate a

rhythmical shift.

In this preliminary investigation I have only studied the most

simple structures in the rhythmic alternation, the subgroups

consisting of one strong and one weak syllable, while the
rhythmical grouping of two consecutive weak syl1ables between

tsro strong syllables remains to be taken into consideration.
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One interesting implication of the alternation principle, as
il has been formulated here, is that the same unstressed syl-
lable rnay appear strong or weak depending on the actual_ context,
i.e. its position in relation to the upcoming stress. Thls
observation ù/as an unexpected fíndíng for me, but having gone
through a number of similar examples, f have become convj-nced
of its correctness. So in the t\^/o examples repeated here for
convenience, vre find that the sy1lab1e sar is strong in (1)
and weak in (3):

(1) output string (3) output string
kompisar me soldater

stress
strength

So far we have been discussing examples where the stressed
syllables belonq to separate $rords. If we instead turn to
compound words, it appears that the rhythnic alternation
prl.nciple works in exactly the same way.

Although a compound may be cornposed of several elenents, each
contaíning a lexical stress, I assume that in Èhe input string
of the actual compound word accessibl-e to the rhythmic alterna-
tion rule only the first and the last stress of the compound
vJill be present.

VÍhile in the example S\"r. hov-rätt rcourt of appealr the Fecond
element of the compound has stress, this stress will not
necessarily surface i-n a longer compound such as hovrätts-
president rpresident of a court of appeal' or hovrätts-fiskal_
rpublic prosecuter of a court of appeal'. Although rätt l{rill
count as unstressed in both these compounds, it will appear
weak in the fj-rst and strong in the second exarnple according
to the rhythmic alternation rule:

(6) input s output string

kompisar me tjeckerna
+
+ -+

+
+ -+

+

+ t-

stress
strength

(71

strêss

--+
-- +

--+
+-+

hovrätt spre s identhovr¿ittspres ident

+
+

input string

+
+

+
+

output string
hovrättsfiskalhovrättsfiskal

+
+

+
+strength

+-
++
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Another similar pair of examples but with another location of
the internal word boundary is utbíJ-dnings-ledare' education
Ieaderr and utbildninqs-minister 'minister of educationr with
the following rhythmícal structures:

(B)

stress
strength

(e)

+--
+-+

+--
+--

input strÍng
utbi ldnings ledare

output string
utbildninqs ledare

the location of strong and weak

wifl be shifted relative to the
the compound elements:

output string

input string outpu t strinq
utbildningsmini ster utbi ldningsmini ster

stress
strength

A final example, demonstrating that tbe rhythmical structure
of the compund elements in isolaLion does not necessarily
determine the resulting rhythmical pattern in the compound is
utrikes-departementet rState Departmentr, Here the elements
as independent $/ords would come out as ¡

(10) output strinq (11) output string
utrikes ' foreign I

stress + + -
strength + + -

In the compound word, however,
syllables between the stresses
above rhythmj-cal structure in

departêmentet rDepartmentl

(121 rnput string
utrikesdepartementet utrikesdepartementet

stress
strength

+
+
+

+---+-
+ - - -+ -

It is even possible that the so-called clash-of-stress phenome-

non described above is noL distinct from the rhythmical alterna-
tion among unstressed syllables discussed here. At least in the
Swedish examples it is tempting to conceive of kaptén wíth
lexical fj-nal stress in the context kápten Àndersson as occur-
ring unstressed and subject to the principle of rhythmic
alternation. Accordingly, in the actual example the kap-
syJ-lable will appear strong, while in kapteñ MolÍn rcaptain

Molin' - Molln having final stress - the ten-syllable is the
strong one.
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Summing up so far, l{e have ..lemor¡si,:r:.:d. tbat the rhytilmic ali:er-
ation among sequences of unstressed syllables appears to be de-
termined by the l-ocation of the stressed. syJ-lables in the actual
prominent words of an utterance, A str:essed syllable functions
as a line-up poi-nt j-n the rhythmical structure, after which
a rhythmical shift may take place. The al-ternation seems to be

adapted to the upcoming stress so that going backwards from a

stressed sylJ.able the syllables will be alternatively weak and

strong up to the preceding stress or to the beginning of the
utterance.

Thus the phonological analysis of rhythm presented here gives
us three types of syllables from a rhythmical point of view:

rl :::ï;l ' t; :H:;;l 't- ::::;;r' rhis means that the basic

rhythmical division into stressed and unstressed syl1ab1es
forming successive stress groups is supplemented by a division
of the unstressed syllables into subgroups consisting optimalJ-y
of one strongi and one weak syllable.

3. THE PHONETICS OF RHYTHMIC ALTERNATION

The next issue to account for is hoÌ4¡ the rhythmical structure
of an utterance, the rhythmic alternation, is expressed pho-
netically. My expectation is to find reflexes on the phonetic
surface of the rhythmic alternation between strong and weak

unstressed syllab1es as alternating relatively longer and
shorter syllable durations.

A pilot experiment was conducted to give a preliminary and
partial answer to the question of the phonetic reflex of
rhythmic alternation.

3. 1 Test materiaf

Tn the test material used for this pilot experiment the dis-
tance between two stressed syllables with accent '1 in terms of
the number of unstressed syllables was varied from one to five,
while the total number of syllables per utterance was held
constant. The test material- contains the folÌowing original
sentences:
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2

3

4

É

6

kompisar me

kompisar me

kompisar me

soldater me

attentat me

attentat me

attentat me

tj eckerna
sofdater
kapita 1

kapital
kapital
soldater

vv-ue

UU9-V

U9UV-

vvuv-

-VUU-

¡friends with the Czechs'
rfriends with soldiers'
'friends with capitalr
'soldiers with capital'
rattempt with capital'
'attempt with soldiers'
'attempt with the Czechs'tjeckerna - -

Thus, the test material contains one sentence v/ith one, tv¡o

with three, two r^rith four and one with five unstressed syl-
labfes between the stresses.

3.2 Method

Each test sentence was first recorded in its original form and

then in so-called reiterant speech form immediately afterwards
(Liberman & SLreeter 19781 , matching the syllables of the
original sentence by the iteration of stereotypic syllables.

The problem of studying speech rhythm in real speech is that
it is not directly accessible from the physical signal. In
order to be able to extract the reflexes of speech rhythm in
the consecutive syllable durations of an utterance, the segment

structure of these syllab1es has to be controfled. In normal
speech there is considerable variation in the segmental struc-
ture of the actual syllables (cf. e.g, Klatt 1976). There may

be differences in such things as open vs. closed sy1lab1es,
cluster size, vowel quality with different inherent length,
voiced vs. voiceless consonants, etc., all contributing to
the bias of the internal make-up of the syllables which may

obscure the speech rhythm in the physical signal. It is cofiùnon-

]y assumed that the human mind can compensate for such intrinsic
phenomena.

fn order to avoid problems of interpretation of this sort, I
chose reiterant speech with stereotypic, open syllables. In my

experiment f used as alternation between ba- and da-syllables
replacing the syllables of the orj-gina1 sentence in the re-
iterant version of the sentence. The choice of two alternating
instead of one truly reduplicating syllable \^ras motivated by
the assumed possibility of maintaining a more normal speech
tempo in the former case,



'fiÌ-i 1hythm of nat,urâl speech is r:cnsi,le_red l::r b:- :¡:L:¡¡1.¿ iited in
reiterent, speech and to appear more naked there.

Each test sentence boLh in its sense ancl non-lìense, t:eil-erant
i-rjrm v¡as recorded a mj-nimum of eiEht ti¡nes b-), t-he présent
author.

3.3 Resufts

As noted above f assume that the temporal re.l-ations of suc-
cessive syllabIes among other things reflect t_he speech rhythm.
Measurements of segment clurations were made cn the reiterant
versions only.

In Lhe following I wilI concentrate on the temporal refatj-ons
among unstressed syllables.

Figure 1 compares the temporal relations of consecutive sy1-
labfes in test sentences 1-3 (means of 5-9 repetitions).

It should be noted that the use of alternating ba- and da-
syllables creates a bias so that every odd syllable (ba) in
Figure t has an absolute duration which is slightly over-
estimated and every even syllable (da) has a slightÌy under-
estimated duration. This j-s due to the inherently 1etrn..
occlusion of b than of d. The size of this inherent difference
is minute, however, approximaLely on the order of 10-15 ms

(cf. Löfqvist 1976, p. 5).

lf we take this smal-I bias into consideration, we get the
following picture.

The rhythmic alternation among unstressed syl1ab1es is re-
flected in the temporal domain as an alternation in syllable
duration. This alternation between shorter and longer syllab1es
can be seen as a reffex of the postulated rhythmic alternation
between weak and strong syllables (see the prece.iing secf-ion).
The temporal relations dísplayed here also seem to be in accord
with the hypothesis that the alternation between weak and
strong syllables is governed from the upcoming stress, so +-hat

the pre-stress syllabfe is relatively shorter, the preceding
one j-s relativel-y longer and so on by way of ai-ternat_ion.

Looking at the two lrnstressed syllables foflowing th.e first,
stressed s1zllable, we find a very similar patte¡¡ jcr sen-
t-ences (1) and (3) , those l,/it-h an .:dd numl¡er r>f syt_lables
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lompisar me -tjeckerna
tompisar me sol-dater

. kompisar me kapÍt.al

/

z
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É,
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ô

400

300

200

100

,

k¡a da ba da ba da ba
0

1234561

SYLLABTE II.iJßER n SEQI,E}ICE

Figure 1. Rhythmic alternation. Durations of consecutive syl-
fables in the reiterant versions of test sentences
1-3 (means of 5-9 repetit.ions).

bet\^/een the stresses: the first unstressed syllable correspond-
ing to pi is clearly shorter than the second unstressed syl--
fable corresponding to sar reflecting the alternation. For
sentence (2) with an even number of sylIables between the
stresses the situation is reversed; the first unstressed syl--
lable pi is longer than the second. one sar. This is exactly
what is predicted by the above hypothesis. An uneven nurnber of
syllables between the stresses fits neatly into an alternating
pattern from the point of view of both stresses, while an even
number of syllables between the stresses necessitates a rhythm-
ical resetting, which appears to be governed from the second
of the t'ú/o stresses.

If we look at the temporal pattern of the whol-e succession of
unstressed syllables, four in sentence (2) and five in sentence
(3) , we observe that the alternation is not phonetically uni-
form. The first, strong unstressed syJ-lableafterthe first of
the tvro stresses is clearly longer than the second, strong



uiìs.l-resse.3 sylia]f,le, \r'hiLe |he dif ,Eerence ì.¡etwe,:n tlr: cor-
responding \,ieal{ unstressed syIIables is very small ,

Figure 2 sllows the temporal relations for the whole test
materia.l displayed in a different \,ray. The values are means of
5-9 repetitions.

Looking ah test seni:.ences 4-6 the alternating temporal pattern
recurs for the unstressed syllables between Lhe stresses. In
sentences (4) and (5) with four and three unstressed syllables
respecti-vely between the stresses the same proportions hold as
for a comparison between sentences (2) and (1) also containing
four and three unstressed syllables respectively between the
stresses.

It is notable that in sentence (6) with two unstressed syllables
between the stresses the same refation hol_ds as for the cor-
responding, l-ast sy11ab1es in sentences (2) and (4) having
four unstresséd syllabl-es between the stresses. My interpreta-
tion of this is that even with t\,¡o unstressed. syllabi-es between
the stresses, these two syllables are not equally promlnent
but have a strong to weak rel-ationship. This is in agreement
with the hypothesis that the alL.ernation is governed from the
following stressed syllab1e.

Looking also at the unstressed syllabl-es in initial and fj_nal
nôqifiôn lhofnrp ânÄ âf+êr +hê c+râccacì ur- fiñ^ FðF]ôvôd ìñ

the temporal pattern of the postulated strong-weak alternation.

In reasoning so far about rhythmic alternation I have b¡een

regarding the CV-syllable as a unit. If ínstead we fook at C

and V separately, it appears that the rhythmic alternation is
reffected in both C's and V's duration. ,Iudging from the
present pilot experiment the relative difference in duration
of a weak C compared with a strong C is greater than a cor-
responding comparison bet\,/een a weak and a stTong V. It is
therefore a possible hypothesis for further experimentation
that C's strength expressed in relative duration is as im-
portant as (more important than?) V' strength expressed cor-
respondingly.

Finally it is worth noting that no tendency towards isochrony
between the stressed syllabIes is apparent from r,he present
-|n'¡es tigation.
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4. DISCUSSION

In this paper I have tried to demonstrate that besides the
alternation between stressed and unstressed syflables in
Swedish utterances there is normally also an alternation among

the unstressed syllables described as strong and weak, which
is not so widely recognized. See, however, suggestions of a

similar kind for Engl.ish by Giegerich (1978, 1980), and also
for Swedish by Strangert ('1981). I suggest that this division
into groups and subgroups of syllables in terms of prominence
relations is an important aspect of speech rhythm in Swedish.

I have argued that the simplest kind of weak-strong alternation
among unstressed syllables is related to the actual stressed
syllables so that the syllable adjacent to a stress is weak,
the next'one strong and so on by way cf alternation. An even
number of unstressed syllables between L\^¡o stresses creates
a conflict, however. rn this situation the alternation appears
to be governed from the second of the two stresses, thereby
introducing a rhythmical resetting after the first of the two

stresses.

This suggests the existence of a pre-planning device or look-
ahead several syllabl-es in advance. In fact, the plan for the
rhythmic alternation up to the next stressed syllable must

^.,1ì-Ln^ :^ L^t--eÃabL du Lllc P9a¡¡u I¡¡ L!¡llc w¡¡c!e d ÞLrçÞÞcu slarduac rÐ gefrlY

executed.

It is reasonable to ask why in situations of rhythnical- con-
flict there should be an adaptation to the following and not
to the preceding stress.

One way of ans\,rerj-ng this question is to ask , Lf a sequence,
for example, of four syllables between t\^ro stresses realized as

weak-strong-weak-strong, i.e. adapted to the preceding stress,
would be impossiLrle. The probable anst¡er Ís that such a
rhythmical sequence would be perceived as having yet another
stress on the syllable preceding the final stress, as in
kómpisar me tvá tjécker ' friends wiLh two Czechsr . The same

sequence reafízed as strong-weak-strong-weak between the
stresses has no such implication, although the first strong
in this sequence may coincide with a lexical secondary stress
of a compound as in útbildningen på s6der'the education on the
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south side' comparable to kómpisar me soldáter.That this
lexical secondary stress is not necessarily rhythmÍca11y strong
is evidenced by the fact that it may be subject to rhythmic
alternation in útbildn å tómbola ' education on the tombola'
corresponding to kómpisar me rna.

It is possible, however, that a motivation for the observed
rhythmical asymnetry can be formul-ated in more general, psycho-
logical terms.

I have found it possible to account for rhythmj-c alternation
among unstressed syllables in Swedish, i.e. rhythm at a micro
1eveI, without recourBe to metrical constituent structure. In
an extended study of speech rhythm including also rhythm at. a
macro level therelatlon between underlying metrical patterns
and the rhythmical structure of an utterance has to be taken
into consideration.

A problematic issue is the divisÍon of consecutive sy11ables
into stress groups and rhythmical subgroups within stress
groups. The principle of rhythmic alternation suggested above
can be interpreted as counterevidence against. the traditional
division into stress groups, where a stress group is said to
contain the stressed syllable and consecutj_ve unstressed syl-
lables up to the next stressed syllable or to the end of the
speech unit. The implication of the principle of rhythmic
alternation, whj-ch shows a right-to-l-eft planning for the un-
stressed syllables betv/een t!,/o stresses, is to put the stress
group boundary immediately after a stressed syllable. Thus a
stress group would instead in most cases begin with unst.ressed
syllables and end with a stressed syllable. Also among the un-
stressed syllabres there is a corresponding probrem of division
into rhythmical subgroups.

Refated to the issue of division into rhythmical groups is the
question of the strong-weak relat.Íonship. lt is assumed that
in the case of rhythmic alternation, as it has been described
here, strong-weak is a l_ocal_ relation between tvro consecutive
syllables, i.e. a certain syllable is strong or weak only in
relation to its closest neighbouring syll_ab1e. This means in
phonetic terms that a certain weak syl-1able can be physically
longer than or as long as a strong syl_1able in the same sequence
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of syllab1es, provided it ís shorter than its strong pair mate.

In this paper I have looked for reflexes of rhythmic alterna-
tion mainly in the rel-ative durations of successj-ve syllables.
I have also suggested that the length contribuLion to the
rhythmical signalling may not be evenly distribuÈed over a

syllable but may be confined to a certain portion of the syl-
1able, for example the C preceding the vowel (syllable onset)
or to a portion across the Cv-boundary. This proposed difference
in the di-stribution of rhythmical signalling seems to reflect
the two different conceptions of r-emp<¡ra1 event-s, such as

rhythm, as durations (additive) versus temporal points (divisive)
discussed in Liberman (1975, pp. 2?1 f.f .l .

Although f have been looking here for reflexes of rhythmic
alternation exclusively in the time drmension, this does not
mean that I conceive of rhythm merely as a length phenomenon.

It is clear that the kind of rhythnic alternation found for
example in situations of clash of stress may involve alterna-
tion of pitch. In cases of three consecutive stresses it is
my impresslon that the weakening of the middle stress is ex-
pressed phonetically not primarily by reduced relative length
but by the absence of pltch correlates characteristic of the
surrounding stresses
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A qenerative model for
TONE AND INTONATTON IN STANDARD CHTNESE

based on data from one speaker

Eva Gårding, Znã.ng Jiã1ìf and Jan-OIof Svantesson

In most descriptions of Chinese prosody, the basic units are
the morphernes with their tone patterns, and these patterns are
then modified by sanclhi, stress, intonation, and tempo (see
e.g. lfú L982a, 1982b). Figure 1, borrowed from Kratochvfl's
well-known manuaf The Chinese Lanquage today (1968) will serve
as an example. In the figure the author shows hovr a sequence of
morphemes, the basic units, develops into a sentence v/hich is
supposed to be part of continuous speech. At the first stage we

have the individual morphemes and their tone patterns, i.e.
from left to right, high, atonic, dipping, dípping, falling,
dipping and high tones. The second stage shows the resul-ts of
the sandhi rules. For instance, in a sequence of two dipping
tones, the first is turned into a rising tone. At the next
three stages, the effect of stress ís exemplifíed, e.g. a re-
duction of duration and tone in the pronoun rÞ 'I' , and the
quantifier bén 'a volume of'. The last stage shov/s the v¿orkings
of sentence intonation. The most conspicuous effect in this
case is a fal1 over the last syllable of the sentence.

What we will do here is to show how we have tried to handl-e all
these phenomena within the framework of a generative intonation
model developed earlier for Swedish (Bruce and Gårding 1978)

and later expanded to account for the intonation of other lan-
guages as well (Gårding 1981, 1983). The main feature of this
modef is that it separates lexical prosody from phrase and. sen-
tence prosody. Table I shows examples of the sentences we have
worked \dith. In Figure 2, Lwo examples of the intonation

* Institute of Acoustics, Academia Sinica, Beijíng
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Sta¡! I

StaSÊ 2

g e gcg

Strrþ 3

I 9c9

Stagp 4

tc9 ndl

St¡¡o 5

I 9eg

Sleso 6

9¿g
F¡& U Modiû€fionsof sup¡a$¡mrotâlfcatu¡lr¡otbolGrtGæ

glg€ gtl võ yl Nn shù

Figure 1. From Kratochvíl 1968.

Table 1. Examples of test material.

STATEMENTS

I. Focus free

EEEUNIUIE
g a g¿ g 4 ato gt þ a h st u

II. Focus left

III. Focus right

QUESTTONS

Yï chõu xiãngyãn.
YI smokes cigarettes.
Yán mài niúròu.
Yán se1ls calf meat.

v,Lt cnuan vuvr -
LL wears å iaincoat.

Vlãng Yi chõu xiãngyãn
Sòng Yán mài niúròu.

-Yllang Lr cnuan yuYl_.

Yi chõu xíãngyãn.
Yán mài niúròu.
-YLr cnuan lgxf.

1,2 z

3 r4 :

5r6 :

Lr2 z

3 r4 z

516 z

I,2 z

3,4 t

5r6 :

ldãng
t¡Iãng

Sòng
Sòng

!\lãng
I¡¡ãNg

shì,
shì.,
shl,
Viãng

Sòng

Wãng

Þiãng Yi chõu xiãngyãn?
Sòng Yán mài niúròu?

-Yy,rang Ll" cnuan yuyr?

H

H /l-i\ H

,/li\
LI /t-\ LJ

Focus free Lr2 :

3,4 z

5r6 :
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wãng YÏ chõu xiãngyãn
. Sòng Yán ¡nài niúrðu
Wãng Ll chuãn yúyi

Three sentences with different tone patterns under
two different intonatl-ons. Focus-free question above,
statement rith fo.o" on the last word belo!ù.
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contours are given, each with three different tone patterns

Figure 3 shows the main concepts and principfes of the model-.

It is here demonstrated how a typical intonation contour has

maxima and minima, turnlng points, which are part of a global
pattern, the grid, v¡hich can be rising, falling or l-evel. The
grid can be expanded or compressed. The part of the grid where
its range or direction changes is called a pivot.

The local turning points, as welf as the direction and range of
the grid and the pivots are associated with cornmunicative events
in the following way:

Local- turning points lexical- tones, accents (words,
morphemes )

Pivots syntaetie boundaries
DÍrection of grid speech act (statement, questi-

on, etc. )

Range of grid prominence (focus, out of
focus )

when a pitch curve is generated by our model, the grid, that
is the global expression of sentence intonation, is generated
first. Then the 1ocal maxima and mínima pertaining to lexicaf
items are inserted as points into the grid according to speci-
fic rules which state how the points are aligned relative to
the segments. The fact that the location of these points is
practically independent of sentence intonation and tempo makes

this arrangement natural. In the last step, the pitch curve is
obtained by smooth interpoJ.ation between the points over the
voiced segments.

Figure 4 shows the different stages of the model- of vrhich the
pitch algorithm is the final part. The stages are the same as

for the other languages \^/e have investigated (cf. Gårding I98l).
The input is a sentence in which the morphemes are equipped
with markings for tones, phrase accent and sentence accent,
syntactic boundaries and speech act. It may also be marked for
focus. The first three stages of the model- take care of the
duration and the last three of pitch. So far, this is a prac-
tical arrangement which was motivated by the fact that, in an

accent languagewhichwas behind the original mode1, sy11ables
coul<l carry accentuationbymeans of duration only, without
accentual pitch movements, The order of the stages for a tone



57

rising grid ing griil
turninq point

pivot

Ievel grid

expanded grid
compressed grÍd

Figure 3. Concepts of the model

language must be regarded as very tentative.
We shall here concentrate on the pitch generating part, of
which Figure 5 ls a close-up. Among the intermediate phonologi-
ca1 rules for Chinese we have the sandhi rules, e.g.

r3-+T2 / _T3
whfêh means that a ctipping tone becomes a rising Èone before
another dipping tone.

We also have tone reduction rules. For instance, J-n a phrase
vthich consists of three morphernes (such as jiãoyùbù rministry
of education' j.n the example sentence on Figure 4), the middle
one may be reduced in duration and become atonic.
At the next Ievel, the intermediate pitch representations, the
abstract tone syrnbols are converted into more concrete ones,
Lovts and Highs, and combinations of Lows and Highs. These slm-
bols are rough approximations of the tone contours of the dia-
lect we are analyzing. It should be noted that they are not
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PA PA SA

o pt." shùqLns // s:nàng jiàovùbù]f 
n

(rDid Zhào Shùqìng go to the ministry of.education?')

INTER¡IEDTATE PHONOI/OGICAL TEMPORAL RULES
I

SYLLABLE STRUCTURE RULES

DUR.ATTON ALGORITHM

I
INTERMEDIATE PHONOLOGICAL PITCH RULES

ÌNTERMEDIATE PITCH REPRESENTATTON

PITCH ALGORÏTHM

\.\

Figure 4. Model- for prosody.
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Intermediate phonoloqical rules (s!¡mbol leve1)

Sandhi rules, e.g. T3-+T2 / _fl
Tone.reduction rules

fntermediate pl-tch representatlons (symbol level-àmore con-
crete level)

Tones3 T1--->HH
T2 --'LH
T3.+LL
T4-+HL

Speech acts:
Statement: Global fall and,/or local fall
QuestÍon: Global rÍse and,/or local rise
Focus: Part in focus expanded and,/or

Part out of focus compres.sed

Boundaries: Pl-vots of various kinds
fi"me positlon predlctable from syntactic
structure mainly

Pitch algorithm (cf. Figure 6)

Figure 5. close-up of the pitch-generatl-ng part of the model.

equivalent to citation forms. To obtain a citation form, one

of of these tone symbols has to pass through the pitch a19o-
ri-thm with a grid expressing statement.

Markings for speech act and boundaries are turned into concre-
te representations bearing on the grid:
- A statement has a global fall over the final phrase

- A question has a global rise over the final phrase

- Focus is represented by an expanded grid
- Out of focus is represented by a compressed grid
- The boundaries are converted into pivots

AII these global features seem to be next to universal.
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The final stage is the pitch al-gori-thm (Figure 6). The first
rufe concerns the grid, i.e. the global frame for sentence into-
nation. This grid is drawn using information about speech act
and syntax.

The second rul-e i-nserts the tone marks.

The third rule adjusts the tone marks according to the context.

The last rufe takes care of interpol-ation.

Attached to the pitch algorithm there are prescriptíons for
determining the phonetic values needed to generate the output
signal. These are exemplified in Figure 7.

First we need to know the relative levels that the pitch moves
between, the ffoor (L) and the ceiling (H) of the normal voice
register, and the fevels of the highs (h) and the fows (f) , We

call- this scheme of levels the stave. For our speaker, the ran-
ge between the floor and the ceiling is about one and a hal-f
octaves, and the range between high and 1ow tones one octave.
Visual inspection of the intonation contours from our other in-
formants shows that this is not an individual characteristic.
Our Swedish speakers have a range of about an octave. For our
Chinese speaker, the range narrov¡s in fast, informal speech.

I{e also need prescriptions for the grid. In the exemplified
case, v/hich is a question, vre have a pivot in the middle, a
grid rising to the ceiling at the end of the final phrase, and
a falling grid for the preceding phrase.

We need to know how the grid is expanded and compressed for the
part which is in, or out of focus.

Onl-y one example of an alignment rule will be gj-ven here, the
one for the dipping tone, T3. It says: reach level L in the
middle of the vocalic segment and stay there for a short inter-
vaf. This lingering is behind our representation, LL. It is the
only tone that always comes down to this level and it seems to
be a necessary conditÍon, as shown informally by experiments
using the LPC technique.

There are at feast three kinds of context rules. They express
undershoot (assimilation), sharpening of a contrast (dissimifa-
tion), and priority given when there is a cfash betv¡een commands
at phrase l-evel- and lexical level.
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PA PA SA

rNPUT

RUT,ES .å
fzhao shaqrng ,/ shàng jiãoyùbù?]

1. Draw the tonal grid:

2. Insert the tone marks:

Fi--T

..o

3. Context rules:

T-T
aa

---..---J

a
¡e

4. Interpol-ation and smoothlng:

ñ

OUTPUT 

L\ \} ^:,

Figure 6. Appl-ication of the pitch algorithm
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Levels Ín the register: the stave

How to draw a grid H

---L

Aligrunent rules for tones in refation to segrments

Context rules: Assimilation
Sharpeníng

Smooth interpolation

Fign¡re 7. Prescriptions and conventions of pitch algorithm

We shall give one example of each:

Undershoot: in a sequence consisting of high tones, these tones
tend to undershoot l,evel h.

sharpening: in a sequence of high tones, there are' particularly
j-n slow speech, smalI dips between the highs as if to emphasize
the highs, There is a corresponding sharpening of the lows i-n a
seguence of low (dipping) tones, by introducing rise-fal1s. OnIy
in this case, the effect is constant and has a larger range, It
is a phonological sändhi rule (T3-å'I2 / _ T3), and has its
pJ-ace among the intermediate phonological rules.

Priority: the constant feature of focus is an expanded pitch
range. The frequency position of this range is determined by
the tone. For a rising tone, the ceiling will L¡e given priori-
ty to achieve the expansion, and for a falling tone the floor.

Interpofation: cosine functions malz be used for the interpola-
tion between the generated points.

The earlier shown figure, Figure 6, shows the workings of the
four rules for a particular input sentence.
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Figure I gives an idea of the algorithrn generating our demon-

stration sentences of Fiqure 2. The existence of the pivot is
strengthened by the contour of the long sentence below (nigu-
re 9).

Some well-known physiological and psychological principles are
at r^rork in the rules of the model:

The inertia principle is reflected in the context rules which
take into account the difficulty of large movernents over a

short interval of time.

The least effort prì-nciple is also apparent in the context rules
j-n various short-cuts of F'-movements which do not lead to an

impaÍrment of communication.

The contrast principle rnay be at work in the rules of sharpen-
ing and in the rules of priority.
Fi-na11y, the look-ahead principle finds its expression Ín the
grid.
This broad-brush analysis of one speaker's Standard Chinese
íntonation will serve as a model for the treatment of our re-
maining data, collected from five more speakers of Standard
chinese.
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Sõng Yán mài nlúròu

_v v --- wang Ll' chuan yuyi

Figure 8. Grid superimposed on íntonatj.on contours of Fig. 2
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Hz
300

Gårding
Ladd

200

150

r00

60
500 1000 1500

Figure 9. Pivot, illustrated by the sentence Zhào Shùqì.nq shànq
jiàovùbù? 'Did Zhào Shùqìng go to the ministry of
education?l
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PERCEPTUAL TNTERACTION BET};EEN FO EXCURSIONS AND SPECTRÀL CUES

David House

ABSTRACT

Questions and problems are formulated concerning perception of
Fo movement in the frequency domain and possible perceptual
relationships betvreen such movement and spectral cues, partic-
ularly vowel formant transition place-of-articulation cues for
stops. These issues are to provide the basis for experimental
thesis work in speech perception involving both hearíng im-
paired listeners and llsteners l4rlth normal hearlng, A prellm-
inary experiment using band-pass filtered speech and normal
listeners where the task v¡as to identify VCV words with vary-
ing Fo movement indicated the possi"bility that a certain in-
provement in stop identification might be related to increased
movement of Fo.

TNTRODUCTION

Fundamental frequency excursions in running speech are gtener-

ally considered to play an j-mportant role in signaling sentence
focus, i.e. key words or phrases which contain new information
important for sentence comprehension. Listeners can be forced
to rely heavily upon "bottom-up" speech processing when per-
ceiving segmental characteristics of words in focus where

l-ittle or no contextual information is present to assist in
presupposive "top-down" speech processing (Marslen-ülilson &

Tyler, 1980). This type of new information processing there-
fore places greater demands on the segmental resolution of
vrords in focus than does the processing of l^tords outside focus.
How then does the. perception m-echanism process the Fo excur-
sions related to focus? fs it simply a matter of contrasting
the focus word to the other words and, in effect, causing a

sharpening of attention, or can we find relationships between
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Fo movement and spect.ral cues which could provide direct as-
sistance to the perceptual mechanism in performing the task of
segmental resolution?

Fo excursions can be thought of as perceptually significant
from the point of viev¡ of dynamic perception in that they com-
prise a movement or change in frequency over time. This move-
ment could be registered as an event which would sharpen at-
tention and aid in short-term memory retrieval of spectral
cues. Hypothetically, Fo movement could also directly inter-
act with spectral cues such as a timing relationship betlreen
V.O.T. and an Fo rise or an interacti-on between Fo movement
and vowel formant transitíons. Al-so, can Fo movements alter
the spectruft, ê.9. causing Fl to rise, and if so, what percep-
tual significance is found in such alteration? Finally, is
there an optj-mum Fo excursion in scope and range for facili-
tating segment perception?

The purpose of this report is not to provide answers to these
questi-ons but rather to formulate some problems which are to
at least serve as the initial basis for my thesís work in
speech perception and to report the results of a preliminary
fisLening test.

FO AND FORMANT TRANSITTONS

As both Fo movement and vowel formant transítíons involve a

change in frequency over time, these two aspects of the speech
wave can serve as a point of departure in the investigation of
perceptual interaction. Resonance induced vowel formant tran-
sitions are generally considered to be important perceptual
cues for stop consonant place-of-articulation identification.
Formant frequency movement can be seen as rising or falling
shifts in intensity through successive layers of harmonics of
the fundamental. As long as a steady fundamental frequency is
maintained, the formant transition patterns comprise a single
movement. During an Fo excursion, however, the formant tran-
sitions will be altered by risíng and falling harmonics. We

are presented then, duri-ng focus, with a more complex frequen-
cy movement, the question being whether this added complexity
is perceptually significant and if so, can this movement facil-
ítate stop consonant identification?
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FREQUENCY MOVEMENT AND HEARTNG LOSS

If we can establish some type of perceptual interaction between
Fo and formant transitions, what coütd the possible implica-
tions be for listeners with hearing disabilities? It ís well
documented that place-of-articulation identification causes
difficulties for individuals with moderate sloping sensorineu-
ra1 hearing losses. These difficulties, however, do not neces-
sarily relate directly to specific frequency intensity attenu-
atj-on. Van de Grift Turek, et aI. (1980) demonstrated that
subjects having similar audiometric configurations differed
radically in their performance in synthetic stop identification
tests

Similar performance differences have also been reported by
Risberg and Agelfors (1978) concerning the j-dentification of
intonation contours. This brings us back to the question of
frequency movement processinq. Can individual differences be
accounted for by variations in capacity to perceive and process
various types of movements in frequency and their possible in-
teractions? If so, can this information be of any help to in-
dividuals with hearing disabilities?

PRELIMTNARY TEST METHOD

To begin t.esting some of these questions, a preliminary percep-
tion experiment was devised using band-pass filtered speech in
an attempt to roughly simulate a hearing loss and to essential-
Iy confine formant transition information to Ff while varying
Fo excursions by using different forms of presentation. The

following test material was randomized and recorded by a native
speaker of American English. Three different presentation
types were used to vary Fo: 1) neutraL,2) question, and 3)

emotional-emphatic. The capitalized words indicate sentence
focus. Each sentence was read twice, pnce with "fifteen" and
once with "fifty".
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Test material:

She said to KEEP fifteen. (fifty)
She said to TUCK fifteen; (fifty)
She said to PIT fifteen. (fifty)
She said to put FIFTEEN. (FIFTY)

She said to tip FIFTEEN. (FIFTY)

She said to cut FIFTEEN. (FIFTY)

He said to DUB fifteen. (fifty)
He said to BAG fifteen. (fifty)
He said to GOAD fifteen. (fifty)
He said to dab FIFTEEN. (FTFTY)

He saÍd to bid FIFTEEN. (FIFTY)
He sal-d to diq FIFTEEN. (FIFTY)

The test was presented through a Fonema fílter (390-'820H2,

-36d8/octave) to two listeners with normal hearing and no prior
knowledge of the test material. They were instructed to write
the word and number which follort¡ed "He said to". They v¡ere
also instructed to indicate if they heard "She" instead of "He"
at the beginnj-ng. This was to provide a rough test of the fi1-
ter function

Selected spectrograms and mingograms \^¡ere then made from the
material (Fig. 1, 2).

RESULTS

Sentence focus had no significant effect upon word identifica-
tion in neutral and question presentation. Correct identifica-
tion remained about 1 in 3 (Fig. 3) . With emotj-onal-emphatic
presentation, however, word identification hras greater in focus
(l in 2) than outside focus (1 in 3) (r'iq. 3). The numbers,

"fì-fteen, fifty" were correctly identifi-ed in all cases, and
the sibilant in "she" was effectively filtered.

DISCUSS]ON

Although this prelÍminary experiment contains a number of un-
controlled variables such as intensity and task word frequency,
a relati-onship can be seen betv/een increased word identifica-
tion and Fc movement. Fo movement is greatest in the task word
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in focus in the emotional-emphatic presentation (Fig. 2) where
identification vras also greatest (12 of 241. Intensity, of
course, may have been a major factor although length \ras not
appreciably different betv/een words in and outside of focus or
betvteen words ín dífferent presentations. There was also a
spectral raising in the emphatic presentâtion (Fig. 1) whieh
could have contributed to identification.

The correct identification of "fifty-fifteent' can be attributed
to length and intonation differences which are readily per-
celved since the same numbers are used throughout the test.
This demonstrates t.he power of these cues in prirnarily "top-
down" processing.

Additional experiments are planned enlisting the help of speech
synthesis and listeners hrith hearing disabifities in an attempt
to improve our understanding of cue interaction in speech
perception.
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INTONATION CONTOURS IN DIFFERENT REGTSTERS

A pil-ot study.

Gabriella Koch and Anne-Christine Bredvad-Jensen

]-. INTRODUCTION

The work presented here deals with how tr¡/o different intonation
contours, a statement and an engaged question, appear in differ-
ent voice registers. The registers were obtaíned in two ways.
l. The intonation contours were produced by a man, a woman and
a chil-d, respectively, using their natural voice register.
2. Three different voice registers were prodúced by one person,
an acÈress-singer (GK) using first her naturaf voice register
and then a higher and a lower register, imitating a child's and
a man's register, respectively.
fn this paper \^¡e will concentrate on the natural- registers used
by the two women and the man for our t\.¿o intonation contours.
The results of the imitation wil-I be presented later. In ana-
lysing the data, we addressed in particular the following ques-
tion: Does a change from one register to another imply that a1l
frequency values can be transposed by using a certain factor or
is the transposition bet$/een different registers nonuniform?

2. PROCEDURE

The material used was a short SVO-sentence, Å mamma nannar Malla
'And mummy puts Malla (a girl's name) to bed'pronounced both
as a statement and as an engaged question. Thus the sentence
i-ntonation is the only interrogative cue j-n the question,
The sentences hrere produced six to ten times by the tr¡ro women

and the man. The speakers were instructed to deliver focus-free
productions. One of the \^romen (KL) had some difficulty in pro-
ducing focus-free questions. Examples of tracings of typicaÌ to-
nal curves, which are judged to represent the averaçJe case, are
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shor¡¡n in figure 1. Mean freguency val-ues were calculated for to-
nal peaks, valleys, starting points and endpoints, see tables 1,
2 and 3. The mean frequency values are presented in a logarith-
míc scale in figures 2 and 3. The frequency values are plotted
eguidistant in the time domain, Successive medlum-sized peaks
are connected with a broken line, constituting the topline of
the tonal grid. A baseline is drawn in a corresponding manner
and the two lines obtained constitute the grid which encloses
a major part of the tonal curve. See cårdíng (1983) for a more

thorough description of the tonal grid concept.

3. RESULTS

3.1 The effect of sentence intonation.

The decl-ination of the grid l-ines represents a global fall of the
tonal contours for all the statements. The questions are repre-
sented by rising grid J-ines except for one of the women (KL)

who had some difficulty in producing this kind of question into-
nation. Still, there is a clear difference between her state-
ment grid. and her question grid. KL's global fall is much less
pronounced for the question as compared with the statement and
the frequency range betvTeen the topline and the baseline of the
grid is markedly expanded in the question. A frequency range
expansion of the grid in the questions can al-so be seen for the
other persons.

3.2 The effect of register change.

A ccnparison betvreen the mal-e grid and the female ones displays
a difference in the slope of the lines. The topline in the male
grid has a steeper slope than the baseline, which makes the
grid funnel-shaped. This is not the case for the two women where
the topline and the baseline are approximately parallel. On the
other hand, the male and female toplinés have approximately the
same sJ-ope. The distinguishing factor between mal-e and femal-e
gríds seems to be Lhe different slopes of the baseline. These
grid differences imply that register changes cannot be described
by a simple trânsposition of the frequency values using a cer-
tain factor. Parallel grid lines have also been found for other
female speakers of Swedish. A funnel-shaped grid is found for a

Chinese male speaker (Jialu Zhang, personal communicat.ion).
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3.3 The effect of syntactic boundary.

A tonâl signalling of a major syntacti-c boundary, NP-VP, can be
seen in figures 2 and 3, v¡herê the fall-flse.ln connectiôn v¡ith
the NP-VP boundary is more prominent than the following fall-
rise, verb-object boundary (except for KL's statement). ln the
former case it reaches the baseline, in the latter case it does
noÈ, In connection wíth the NP-VP boundary the tonal configura-
tions in statements and in questions behave differently. In
questions the rise is more prominent than the preceding fal1.
fn statements the faIl is more prominent than the follor¡ring
rise.

4. coNclusroNs

The material presented here ís rather limited, but if the re-
sults hold for more extensive material it wil-l have importance
for the understanding of the function of the topline and the
baseline in intonation. It wilI also have implications for text-
to-speech systems and thê generating of natural-sounding male
and female voices.
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Frequency values in Hz for the different productions,
and mean values. Quesiions ab^ue and statemenls below
GK, woman. S = starting point, p = peak, V = valley,
E = endpoint.

Mean values

I
z

3

4

5

6

7

I
9

10

Productions

200 20L 191 206 l-68 233 I9I 243 203 295 293

200

200

200

2r0
200

200

180

2L0

L97

200

190

180

195

198

190

195

183

200

190

rB5

r98
200

2l-2
2L2

205
205

207

2L0

2L0

200

2L2

222

230

233

240
242

240

238

233

238

180

185

l-97

202

t95
204

190

L97

182

180

225

242

243

245

245
250

247

245

238

252

180

2]-0

205

2L5

193

2L0

203

2L0

198

205

250

300

280

286

275

300

3I0
3L2

320

318

250

300

272

280

267

300

310

3L2

320

318

204

200

2L0

2L0

200
205

185

205

195

200

168

165

170

L75

I70
165

170

I67
165

165

SPOVOPlVIP2V2P3V3P4E

Mean values

1

2

3

4

5

6

7

Productions

226 235 220 235 185 I98 t57 161 L28 L4I I24

227

230

¿ru
225

227

235

230

235

235

227

230

240

240

240

223

2L5

2rs
223

225
t?tr

2L5

230

2_? 0

245

240

246

226

I77
190

183

i90
r90
190

r'77

t95
205

190

205

200

195

198

I57
160

160

r53
153

160

t55

163

168

158

154

L62

r63
160

r23
I25
I42
!20
L25

130

130

140

152
140

135

140

L42
140

130

130

.L ¿5

115

L20

120

130

S PO VO P] V]. P2 V2 P3 V3 P4 E
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Table 2. Frequency values in Hz for the different productions,
and mean values. Questions above and statements below
KL, woman. S = starting point, p = peakr V = valley,
E = endpoint.

Mean values

1

2

3

4

5

6

7

I

Productions

192 193 LB9 22r L47 225 190 210 r42 202 r93

195

L76

210

190

195

220

r78
L74

195

IBO

2r2
190

195

220

178

r75

r90
170

210

190

t90
2L0

170

L75

225

2r7
240

220

220

225

198

220

150

L42

L54

140

I46
r57
140

L47

210

220

240

2L2
225

223

230
238

170

l-73

2r0
163

220

185

185

2r2

L96

20r
222

l-92
228

2ro
209

220

14r
139

148

130

r51
r45
136

I49

190

197

2l-0

r85
228

200

190
al l

187

195

195

r66
2L5

198

r80
2LO

SPOVOPlVlP2V2P3V3P4E

Mean values

1

2

3

4

5

6

Productions

2r5 2L4 2L2 233 I78 199 1s7 178 L36 I'72 L72

245

2I5
235

240

L'7 5

r-7 8

242

2L8

235

235

r74
17B

240

226

232

230

170

175

260

245

242

240

2t0
203

L"7 6

195

196

178

t64
159

202

205

208

193

191

195

148

158

175

158

154

150

l-76

L75

188

r68
185

r74

L26

143

r38
130

140

r39

185

191

184

I56
172

r'1"1

L78

186

L78

152
163

r74

SPOVOPlVlP2V2P3V3P4E
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Frequency values in Hz for the different productions,
and mean val-ues- Ouestions above and statements below.
GB, man. S = starting point, p = peak, V = valley, E =
endpoint.

Mean values

t
2

?

4

5

6

7

Productions

1I2 I25 L26 l-48 108 l-60 I28 160 119 159 155

113

98

I23
I20
115

110

r05

120

118

125
135

L28

L27

L20

L24

120

l_20

135

130

133

I20

L52
I43
r38
15s

l-52
L52
746

106

104

r07
TI2
110

113

r07

163

156

155

162

L62

160

165

135

l-20

125

133

133

130

tl_8

1s9

163

155

L62

160

]-62

160

tI5
ìI8
I10
LL7

I22
L27

L25

r63
170

156

r55
150

L57

160

158

r62
1s4

155

150

r57
i50

SPOVOPlVIP2V2P3V3P4E

Mean values

I
2

3

4

5

6

7

Product.i-ons

106 111 tl1 136 103 123 98 108 90 90

I

108

r11
L02

7l-2
.LUb

101

105

l- 14

r11
110

111

115

r07
r-07

115

113

110

1l-2
115

10s

104

138

138

137

\37
136

r33
134

105

105

104

r02
100

I02
104

r22 96

r25 98

L22 98

123 100

118 97

I24 97

126 98

110

111

110

110

tIl
IO2

103

90

90

93

90

90

90

90

90

90

93

90

90

90

90

SPOVOPIVfP2V2P3V3P4E
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GLOTTÃLJC CONSONANTS TN HAUSA AND SOME OTHER LANGUAGES

Mona Lindau

The Hausa sound systeD fncludes one rather diverse class of
consonants that is usually referred Ëo as GLorrALrc. DifferenÈ placês of
arLiculâtlon fn this consonant class are assoclated r¿ith different
glottal mechanlsms. Labial and alveolar glotÈa1ic consonanÈa have been
described as volced imploslves, /Ë, t/. These sounds are produced by a
rapid domward movement of the glotÈis. A paratal gloÈtalic ãonsonanÈ is
realized as a palatal gltde with creaky volce, /ry/. lne velar glotÈallc
consonaat 1s a voiceless eJectlve, /k'/. Ejectives are produced by a
rapld upreard movenent of the gloÈtis. These ltausã soundg were
lnvestlgated acoustieally. rn addltion, imploeives and eJectives in 6ome
other languages were studied ln order to highllght the ianguage specLflc
properEles of glott¿Lic conÉonanÈa tn Hauaa.

The data consiat of Èape recordlngs of several- speakere for each
language. Most of Èhe recordingE !/ere r¡ade oa a good reel to reel Ëaperecorder ln the field. The glottalic corì6onarita weËe ln intervocalicpositlon betneen a-type vosels in real words, sald in a frane. These
consonants ¡rere analyzed. using a coEpuÈer sysÈem for dlsplaying the
r¡aveforms and spectra.

The palatal gltde /'l/.

This sound is unusual 1n Eauaa, buÈ ft clearly contrasts tùiÈh aregular palatal gLlde /ll. Compare for exampLe /rya,ya/ '.chíldren.' wlth
/yaya/ "lr.o¡,t?" .

The acouêÈic analyels of tt.e /ryl ¡¡as done ln a qualftaÈLve way,
lnferring Èhe glottal êctlvitLe6 fron Èhe wave form. Figure I sho¡¡s a
typlcal wave form of a medlal l,y/ tn /,yatya/. One oajor characterLsÈ1c
is Èhe very 1ov fundaûenÈal frequency, about 35 Hz in Èhis pârÈicular
sound. Another characÈerlsÈic is Lhe hlgh danpLng of Èhe sound wave. Thls
usually lndicatea a large amouût of high frequency componenÈs in the
sound. Emphasls of hlgher frequencles in the sound specÈrum r¿i1l occur
when the glotÈa1 !¡avê form of the sound source contalns an angle
approaching ninety degrees in the closure phase. A square wave contalns
an lnfínlÈe number of hlgh frequencies. The closer the closure angle of
the glottal ¡Íave forn approaches a square wâve, the nore higher
frequencies will be emphasized in the sound spectrum. Thls fairly sharp
angle of Èhe closure phase ln the gloLlal r¡ave is a result of the vocal
cords coning very rapidly and tighrly togeÈher nhen vibraring. In Èhls
type of creaky volce 1n Hausa Èhe vocal cords are víbratlng very slow1y,
with a relatl-ve1y hlgh ctosing rate.

Inplosi.ves

The l1sL below staEes Èhe languages concerned, Èheir linguistic
cJ-asslfication, and Èhe nurober of speakers from whom daÈa t¡as col-lected.
Aecordlng to Maddieson (1981) about 10 % of the r¡orld's languages have
inplosives, and they are very conmon in certaln geographical areas, Iike
West Africa. All Lhe languages ln this 11st are spoken in Nlgerla.
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Figure 1. tJaveform of Èhe laryngeallzed palaÈal gllde ln Hausa
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rn the p1o6ive, the anpritude of the vocal cord. vibratione d.ecreases
gradually throughout the closure. As Èhe supråglotÈal pressure increases,
airflov through Èhe glottis decreases, and evenÈually voicing dies out.
rmplosives' on the other hand, typical"ly have elÈher â graduar increase
ln the anplitude of the voiclng - aa 1n the figure - or, in other cases,
a level, fairly large anplttude. This is due Èo an increase in the size
of the vocal traet, as the larynx is J-owered, and, a1so, the tongue body
behlnd the place of arllcul-atlon is typically lorrered. The enLarled vocal
Èract volwe keeps the supraglottal pressure fron increasing, 

"rá volclng
can be maintained at Èhe aame amplitude or at an lncreaÀlng anpliÈude
Èhroughout the closure.

Note, too, that the first par! of the inploslve sound wave contains
a certain âmount of higher frequencies.

To descrlbe some of Èhe differences betlreen the implosives ln the
sel"ected languages, voicing anplitude and closure duratton were measured,
and characterlstlcs of the ¡raveforn were examined. peak-to-peak anplitude
of volcing !¡as neasured in the nlddle and at the end of Èhe closure at
points marked by arrows on the flgure. A raÈio of these !r,7o ênplÍtude8
¡¡as calculated by dlvlding Èhe finaL anpllrude by the medial one. An
inploslve lrlth level or increasing arnplitude wil-1 have a ratlo of I or
more. In a regular ploslve thls raLio w111 be nuch less than 1. This
measurement provfdes an indLrect indicatlon of Ehe anount of cavlty
expansion ln a volced inplosive.

Closure duration was also measured between poinÈs on the waveform
dlsplay which, because of sharp changes in anplitude, were taken to be
the offset and onset of the surroundÍng vowels. Thirdly, periodiclty of
Lhe waveforn and specLra at selected points lrere studied as an indication
of phonation type,

Five out of the fourEeen Hausa speakers produced inplosives wiÈh
voiceless closures, so these were excluded in the measurements of
anplitude ratios and closure duratlon,
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FÍgure 2. lJaveforns of the oedial plosive þ] ""a implosivef â] in n.gur".
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The anplltude ratlos and cl-osure duratlons lrere averagèd fot all the
speakers of each language. T-tests r¿ere used to assess the signLflcance
levels of Lhe differences between the languages.

The results are lllusLreted in figures 3-7. Figure 3 shows
hi8Èograma of the ltreans of the anpllLude ratlos for the bllabial and
alveolar inpLoslves Ln each of Èhe fLve languages. The histograns have
been plotted in an order of Lncreasing raÈ1os, ÈhaL is in an order of
lncreaslng amounÈ of cavíty expansLon. The bars indicaÈe one standard
deviatlon above and below the mêen.

For both the Lablal- and the alveolar lmplosive Hausa has the hlghest
anplitude ratlo, lndlcatlng LhaÈ lt has the hlghest degree of inplosl.on.

For Èhe btlabial imploslve the amplitude ratlos are very
sLgnlflcånÈly dlfferent betrùeen llausa, on Èhe one hand, and Degema,
Kalaþari, and Okrika on the other. Okrlka Ls aLso significanÈly different
froo Bgrg and DegeDa. For Èhe alveoLar Lnp]-oslve this meêsureûenÈ 1ð
signlffcantly dlfferenÈ only beÈwêen Hausa on Èhe one hand, and Kalabari
and Degema on the other.

Sigure 4 shows hlsÈograms of mean closure durations in the flve
languages Ín lncreasfng order. Note that Èhis meaaurement orders the
languages 1tr the saûe way for both bllabtal and alveolar implosives.
Hausa has slgnlflcantly shorter closure duraÈions than Èhe oÈher
languages.

The llausa J-nploslves from the nlne speakere are Èhus produced with
boÈh a relatlvely 6horË closure duration and an anpJ-itude ratLo
indlcatlng a hlgher degree of implosion than occurs in Èhe other
languages.

However it ls not true that a shorter closure al"ways Lnplies a
greâter degree of cavlty expansl,or. For the lâûguâges apart from Hausa
there 1s a tendency towards Èhe opposLte rel-atlonship beÈrùeen ampl-lEude
raÈlo and closure duration. Particularly for the bLJ"ablal-s, shortêr
cLosure duraÈ1ons are associated nlth lo¡¡er anplitude ratios. Thus
closure duration and degree of cavlty expanslon are lndependentJ-y
varlable phoneÈic paraneters of volced lmplosive8. As Èo these t¡'¡o
paraDeters Hausa behaves opposite Èo Èhe Nlger-Congo languages.

In addltlon phonatlon^types were studled. Flgure 5 sho¡¡s a rsaveforn
of the bllabial ínplosive lli/ fn Br.ng. It ts typlcal of Ehe volced
inplosives ln the four Niger-Congo languages. The first part of the
closure displays a conslderable amouriE of high frequency energy. Bel"or¡
the waveform there ls a spectrum of Èhe first 50 rnilliseconds of the
closure, centered at the arrow, showing a clear formant structure. The
high frequency energy i.n the waveforn is thus an indication of the upper
fornanÈs, ThÍs ls ptobably due Èo Èhe vocal cords vlbraÈlng with a
relatively sharp closure wh1le they are belng held tlghtly logeÈher in
the descending larynx, and this results in cavity resonances. The flrsÈ
part of the closure in these languages is thus typtcåUy produced r'lth a
forn of laryngealization.
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llgure 3. End/niddle anplltude ratios of the lablaL and al-veolar lmploslves
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r\gain, Hausa implosives differ considerably from the Nlger-Congo
languages in the waveforn paÈÈern during Lhe closure (cf, Ladefoged
1964), There is also consÍderable Lndividual variatlon in llausa. Five ouÈ
of the fourteen speakers produce a voiceless beginning of the closure,
presunably fron a glotÊal closure as the larynx descends. One speaker has
an Ímplosive just 11ke those in the Niger-Congo languages. The eight
renalning speakers produce an ioplosive as seen in figure 6. Ilausa
inplosives display hlghly aperiodic vocal cord vibrations during the
closure. The spectrum shows no clear formant structure but there is â
peak around 3500 Hz. Thls peak cânnot be due to cavity Ìesonance from
sharp closures in the vocal cord vibrations. If it were, Èhe lower
formanÈs would be apparent as well as one at thls high frequency. The
peak is possibly insteåd due to noise fron lNconplete closures in the
vocal cord vlbraÈions, and possÍbly also to noise generated by
perturbaÈíons of the vocal Èract walls as the larynx descends. The
j.ncomplete closures would also explaÍn why the Hausa implosives lasÈ a
shorter timê, as Èhere lri11 be leakage of air through the descending
glotÈis.The Hausa inplosives are Lhus produced wíth aperiodíc,
inefficiently closing vocal cord vibrations. This is usually also
labelled "laryngeallzatÍon". Apparentlyt what ve label laryngealization
may involve several different mechanisms.

The volced pJ-osive tbl in Hausa ls lllusÈrated in figure 7.
Typtcally it has perlodic voicLng vibrations wlÈh decreaslng anplltude
during Èhe closure phase, so Lhe voicelessness or aperiodiciLy in Hausa
implosi.ves may serve to keep then åpart from the voiced ploslves.

Thus, Hausa imploelves are characterized by a type of creaky
phonation, imploslon, and relatlvely short duration. The Hausa inplosives
differ considerably fron lhose ln the Niger-Congo languages, Thts
supports the reconsÈructlon of inplosives in Proto-Chadi.c (Newman and lfa
1966).In case they had been borrowed from neighbouring Niger-Congo
languages, one would have expected cioser agreeaenÈ in Èhelr phonetlc
properties to Niger-congo type inplosives.

Summarlzing the data on implosi.ves, it is apparenÈ Èhat there are
several independent phonetic parameters distlngulshing segments lhaÈ have
been called imploslves in different languages. Some languages use one
combination of values of these paraneÈers and others another combinatlon.
It ls also evident thaÈ there ls considerable speaker to speaker
varLation between inplosives in languages, ênd Èhat languages may differ
in the way thaL they ûalntaln distinction between imploslves and the
corresponding voiced plosives.

EjecÈÍves.

Ejectives are oore comon ln the languages of Lhe world than
lmplosives, about LBï" of the worldrs languages have ejectives. These
stops are produced wiÈh a closed gloEt.is moving rapidly upwards, followed
by g1oÈta1 and oral releases, My data on ejectives consist of velâr
ejectives from twelve Hausa speakers and nine speakers of Navaho, an
Athabascan languâge spoken in the Southwestern United Stales. These datâ
were also analysed from dlsplays of Èhe waveform.
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For each ejecÈive, Ehe total duraÈion - thac is, the sum of the
closure duraLion and the VoT - ¡¿as neasured and a ratlo of the closure
duration to the VoT lras calculated. A qualiÈative exaninaÈion of the
r¿aveform was made to reach conclusi.ons about phonation type.

' The resulte sho¡¡ that here loo variation between speakers was
promlnent ln l{ausa. Four out of the twelve Hausa speakers realise the
ejective /k'/-phonene, not as an ejecÈive but as an unasplrated [k] or as
a voied [g] . All nine Navaho speakers have a true ejectlve [k'] .

Figure 8 sho¡ùs hlstogra¡ns of the neans of Ëhe total duration and the
closure duration/VoT ratio. SËandard devlatlons are shom by the bars,
For both these measures, Èhe differences bethreen Hausa and Navaho are
hlghl-y sj-gnlflcant. The ejectlve in Navaho has more than trrice the total
duration of the one ln Hausa. Thls dlfference ls not due to a slower
speaking rate ln Navaho. The rate of speaklng in both languages was
neasured âÊ nunber of syllab1es per second, and the difference was
non-slgnifLcant (both 4.3 - 4.5 syllables per second).

A6 lhe difference 1n the ratlo lndicates, these languages also
differ in relatlve durations of the different parts of the ejectiveg. The
closure duration in Hausa ls abou! tÍrlce that of the VoT parÈ, whlle Èhe
closure duratlon Ln Navaho is only 1.5 times as ]-ong as the VoT.

In addltion, the vowel onset differs conslderabl-y 1n thê two
languages. Thls ls lllustrated in fi.gure 9. In Navaho the glottal release
coincides !¡Íth the vowel onset, so the vowel starÈs rrlth a sharp, large
anplltude.

In Hausa, the gLottaL reLease occurs Èogelher with the oral release,
and the vowel begins gradually, \rith aperiodic vlbratlons. Thls
aperiodicity of the vowel onset after the ejecÈlve could be an imporlant
cue for differentlatlng voleeless ploslves and ejectives 1n Hausa, slnce
the Hausa velar ploslve ls followed by periodlc onset of the vowel.

In concLusion, thls study shows that both lnploslves and ejectives
can vary in a number of ways. Sone of thls variaÈion ls rellably
associaÈed nlth the parÈlcular language concerned. From Lhis tt follows
that contÌasts beÈweên slnllar palrs of segraents, such as implosives and
voiced plosives, may be nalntalned by dlfferent values of parllcuLar
phoneÈ1c pârameEers ln dl-fferenE languages. These facts suggest that the
phoneÈic component of the graûrars of languages nust be ouch morê
specific and detalled than ís provided for in most current Èheories.
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PhD THESTS SUMMARY: THE PHONOI,OGY OF LANGUAGE DISORDERED CHILDREN

Eva Magnusson

INTRODUCTTON

Not all- children learn to speak at the same age and in the same

seemingly effortless way. Some children have greater diffj-culties
than others in acquirÍng language though there is no apparent
reason for why this should be the case, such as defective hearinq,
mental subnormality, neurological dysfunctions, or emotional- dis-
turbances. !'lhen refe*ed to a speech cl-inic, their problem ís
diagnosed as a functional articul-ation disorder, retardatio
loquendi idiopathÍca r indicating that there is no known etiology
for the difficulties.
Within the group of language disordered chj-ldren, variation j-s

considerable. In phonology, for instance, where the same patterns
of substitution and deletion have been identified for many of
these chíldren, there is interindividual variation both in terms
of phonologicaL rules and in the conditions for their application.
The children appear to differ not only in terms of how much and
in ¡¡hat vray they respond to l-anguage therapy. These observations
suggest that children diagnosed as exhibiting a functional ar-
ticulation dÍsorder do not constitute a homogeneous group and
that, not aLl- members of the group have the same degree or type
of language difficulties.

ïn order to examine the variation withÍn the group a study was

undertaken with the aim of identifying clinically relevant sub-
groups on linguj-sLic criteria. The study focuses on the following
questions as a possible basis for such a subclassficatj_on:

What characterizes language disordered chil-dren's produced
forms and how do they differ from the normal adult forms?
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2. To Irhat extent can these chil-drenrs produced forms be explained
by llmiteil production, perceptual-, or processing abilities and

to lrhat extent by a different organizat,ion of the phonological
system?

3. What kind of awareness do language disordered children show

of phonoLogLcal forms?

PROCEDURE

fn order to examine these questions, an investigation was made

based on the following kind of data:

Speech production Chj.ldren'S speech was record,ed during conver-
sation and the namíng of pictures. The el-icitation material had

been prepared so that the items were varied as to number of syl-
lables, syllables structure, and stress patterns. Al-l Swedish
vowels and consonants \^¡ere represented in pre-, inter-, and post-
vocalic position under differeñt, stress conditions. Frequent con-
sonant clusters were also included.

Auditory discrimínation Sounds which the children did not use
correctly were tested in minimal pairs where the two members of
a pair were differentiated by a contrast made up of the sound that
the children did not manifest and the sound they used as a sub-
stitution. rf chiLdren were sayÍng e.g. Isó:k] f.or /çózk/, (kit,-
chen), i.e. r¡ere using Is] as a substitution for /ç/ r they were
asked to identify a pair fike [su:l] - [çu:1], (sun, skirt), two
words that were homophones in the childrenrs production. They

were required to do this by pointing to one of two pictures \^rhen

someone else was uttering the r^rords and q¡hen Lhey were listening
to their own record,ed version of the same words.

hitatíon The chíldren \dere asked to imitate the minimal pairs
and to imitate the substituted sound and its substitute in non-
sense syllables where both position and vowef contexts were va-
ried.

B¡y¡q¿-ÐS. The chlldren were asked to choose rhyming word pairs out
of sets of rhyming and non-rhyming words.

LongÍtudinal data The longiLudinal data consist of information
about the children's phonological development during the 12 months

subsequent to the investigation as described in their hospital
records.
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SUBJECTS

The subjects ïrere 32 children with the diagnosis retardio
loquendi idiopath in the age range from 3;9 years to 6;6
years, 10 girls and 22 boys. At the time of the investigation,
none of them had yet been enrolled in therapy programs.

RESULTS

The childrenrs spontaneous speech production is described pri-
marily in relation to the normal forms, i.e. the description is
an account of the regularÍties in the differences between the
child forns and the forns in the target language. f¡e relations
between chil-d for¡ns and adul_t forms are anal-ysed in ter¡ns of
processes, here defined as procedures or strategies that children
use when modifying normal- adult forms so that they be processable
for an individual wlth a childts perceptual-, productive, and.
cognitive capacity. fn cases râ¡here the chil-d's forms deviate
markedly from the norm, a description of conditions exclusive
to the system of that particular child iS also made. The de-
scription is ¡nade both on a group level- in order to bring out
general tendencd-es and on an individual l-evel Ín order to show
individual preferences and patterns in the applicati.on of pro-
cesses.

On the basis of individual_ patterns in the production data,
four subgroups can be indêntified, narnel_y

1. Children whose speech is nearly mormal_ (4 subject.s)
2. Children in whose speech implicational patterns can be .found

(1 7 subjedts)
3. Children who have one dominating segmental problem (5 subjects)
4. Children whose speech is characterized by a restricted

number of vrord patterns ( 6 subjects)

1. Nearly norlnal-ized gioup Since the subjects had no c_onsistent
substitutions, audítory discrimination testing vras not motivated
in more than one case. Results on the rhyming test vary, inài-
cating that normal or nearJ-y normal speech does not guarantee an
ability to rhyme.

2. Implj-cational pattern group The degree to which the children
in the group deviate from the norm díffers but. they are classed
together since tt¡e same implicational ordering, with only a few
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exceptions, can be observed in the patterns they exhibit
rmplicational patterns are found only if different types of
processes, substitutíons, cluster reductions, and v¡ord. structure
processes are considered separately. the children also vary
in terms of auditive discrimination, self-discrimination, and

rhyming and this variation can be seen as a consequence of the
children's differing devel-opmental levels.

3. Special problen group The children in this group al.I have

one dominating probtre:m whi.ch almost exclusively characterizes
their speech. They substitute one segment or one type of segment

and not the types that are the latest to be acquired by normally
developing children. À11 subjects ¡nanage auditive discri¡nination
and four out of the five chil"dren in the subgroup can discrim-
inate forms in their own speech which are perceived as homo-

phones by an adult listener. Three children can rhyme.

4. Word pattern group The children Ln this subgroup show a

preference for a sma11 number of word patterns. Restrictj-ons of
vtord structure seem to be a more important determinant of their
speech than substitution or cluster reduction patterns. All
except one of the children are unsuccessfuf on auditory discrimín-
ation and half of them identiy homophones ín thej-r own speech
correctly. Only one of the children showed some understanding
of rhyming.

CONCLUSIONS ÀND CLINTCAL IMPLICAT]ONS

The aonclusíons that can be drawn from this study of language dis-
ordered childrenrs phonology are that they follow a generally
recognized developmental order r¿ith some individual variation.
This variation is not totally random but of a kind where simi-
larities emerge between children wtrich make a subclassification
possible based on the individual childrenrs developmental pat-
terns. one group largely follows whaÈ is considered a normal
phonological development, though slower. In the other two groups

the children's patterns show chronological mismatch in that their
phonologies have characteristics typical for both early and late
phonological acquisition. For one of these grouPs, one segment

or one class of segnents ls problematic and for the other, a

small number of preferred word Patterns place restrictions on

their forms.
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The motivations for the children's forms may differ depending on
the degree and type of deviance. perceptual problems are more ap-
parent among children early in development, motor productJ_on proLr-
lems predomínate in the special problem group while processing
problems and phonol-ogical organization are more important as mo-
tivations for forms in the word pattern group. In the implica-
tional pattern group, all types of motivations may exist in va-
rying degrees and combinatj-ons.

The acquisition of the phonology of a language is not onJ_y evi-
denced in production and perception of word forms but also by the
ability t,o consciously manipulate phonological forms and to re-
flect upon language i,e. línguistic awareness. LÍnguistic aware-
ness Ís not directly related to phonological ability as it is
evj.denced in speech production. A nearl-y normal speech does not
guarantee a linguistic aÌ,rareness, which might be quite developed
in a very deviantJ-y speaking chilcl. To include linguistic aware-
ness in the assessment of phonological disability increases the
possibility of further differentíation within the group of dis-
ordered children and is also of interest because of íts impor-
tance for learning to read and write.

For a val-id assessment of phonologicat abilíty, it is t.hus not
sufficient to study children's productíon. Such data need to be
supplemented with information about possible motivations for the
forms and about the childrenrs Linguistics awareness. Increased
knowledge about the variat,ion and patterning within the group
may contribute to the further development of differential methods
in clinical assessment and int,erventÍon. More specifÍcally, de-
scriptions of subgroups may be helpful Ín discovering patterns
for individual children and, especiallyr patterns in seemingly
unsystematic children where the organizing principles may not be
immediately apparent. A differential diagnosis may provide guide-
lines for the planninq of therapy directed tov¿ards overcoming the
individual childrs problems by concentrating on modifications of
word pattern and/or the estabLishment of phonemic contrasts and.

their phonetíc manifestations, as !'/e11 as for allowing for dif-
ferent learning styles and motivations for the forms.
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DURATION OF STANDARD CHINESE VIORD TONES IN DTFFERENT SENTENCE

ENVIRONMENTS

Maqinus Nordenhake and Jan-OIof Svantesson

I. BACKGROUND

In Standard Chinese (pútõnghuà) there are four tones: I. high
(denoted -)¡ 2. rising (-); 3. Iow (dippirg,') and 4, falling
('). Apart from fundamental frequency, t\n¡o other acoustic cor-
relates have been deemed important in the manifestation of the
Standard Chinese word tones: intensity and duration.

Kratochvfl (1968) refers to tones produced in isolation when
he describes the length of the first tone as "slightly above
averagte"; the second tone as "slightly below average"; the
third tone as "well above average"; and the fourth tone as

"far below average". As far as we are avrare, there is no pub-
lished investigation of the duration of Standard Chinese tones
in controlled sentence environments.

In this paper the duration of Standard Chinese tones in diffe-
rent environments (sentence medial and final), and under dif-
ferent focus conditions (focus or non-focus) is investigated.
It is shown that the durations of the four tones are affected
dífferently by different environments. Tn particular, the fourth
tone shows the shortest duration of the four tones in sentence
final posítion, but is the longest tone in sentence medial po-
sition. All four tones are lengthened in focus position.

2. PROCEDURE

The speaker, a male resident of Béijing in his forties, was

asked to read at normal speed a number of questions and answers
at the sound treated studio at the Institute of Phoneti-cs in
Lund. The material raas recorded on a Studer tape recorder.
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The analyzed sentences were of the type (the standard plnyÏn
transcri-ption is used) :

!'iðmen V Ie Vláng N 'We V-d Wáng N'

Here, V is a rnonosylLabic verb, and N is a given name. The stu-
died syllab1es (i.e. V and N) were chosen so that all- four tones

\¡¡ere represented in both positíons, while these syllables were

all of the type Ca. By necessity, different consonants had to
be chosen. In the analyzed material, the medial syÌtable V is
followed by an unstressed sy11able in order to minimize the
influence of tone sandhi.

The total material consisted of the following sixteen sentences:

InIðmen

fshal feal

t*'l le wáns 

iüåJ

We

ki11
exannine
beat
scold

-d Wáng

fiÊ]
Each sentence was recorded twice, once \^iith focus on the sen-
tence medj-al verb, and once with focus on the final noun. This
was achieved by recording each sentence as the answer to two

different questions: ¡¡Ymen gfu Wáng N zuòle shénme? 'What did
you do with Wáng N?' the answer of which focussed on the senten-
ce medial verb; and NImen V Ie shéi? 'vlho did you V?' which
brought the focus to the name. The speaker read each of the
32 questions and answers twice, and r¡ideband spectrograms lt¡ere

made of the answers.on the spectrograms, the durations of the
vowels (a) in the studied syllables were measured.

3. RESULTS

Table I shov¡s the duration of the vowel in each of the I28
analyzed syllables. On Figures 1 and 2, each point represents
Lhe average of 8 measurements with the same tone' position and

focus condition. The data are arranged in different v/ays on

the two figures in order to illustrate the effects of the fac-
tors tone, position and focus.
The results show that tones 1, 2 and 3 are longer in final po-
sition than in medial position. In fact, in our material, all
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Table 1. Duration of the vor¡/el in Standard chinese syllables
of the type Ca (ms).

Tone I

mean:

Tone 2

mean:

Tone 3

Tone 4

mean: 188

Medial
Focus Non-focus
l-66 158
l-66 IBl
I74 150
18t l-66
158 148
I74 t5B
166 150
181 158

r7L 159

Flnal

FÕcus Non-focus
205
2L3
185
229
22L
22r
2t3
229

2L4

2L7
205
2A5
]-97
205
L97
r97
213

204

L42
]-74
150
r74
r58
189
L42
166

L62

103
L42

95
L42
r42
150
118
L42
l-29

252
252
22L
237
229
252
237
237

240

22L
205
2L3
22L
205
22L
205
L97

2LL

189
L74
189
189
205
L74
L97
189

158
166
166
L74
L74
r81
150
r74
168

315
284
292
292
308
300
308
276

297

237
205
260
197
252
252
270
260

242

mean: 196

181
t97
197
2L3
181
l-97
IB1
22L

184
181
L66
189
L74
181
L74
189

180

166
158
166
L74
150
L74
158
r74
165

r42
L42
158
181
r50
174
r58
110

L52
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Tone 1 Tone 2 Tone 3 Tone 4

300

250.

200

medial focus

medl-a1 non-focus

final focus

final non-focus
150

100

Figure l. Average duration for each combination of position and

focus conditions over the four tones
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focus non-focus

109

final
focus non-focus

250

Tone 3

Tone 2

fone I
200

lrone 4

100

!'igure 2. Average duration of the four tones over each combina-
tion of positÍon and focus conditions
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finals are longer than all medials with the same focus conditi-
on for these three tones. Tone 4, however, is on the average

shorter in final than in medial position (see rig. 1) .

Thus the factor "position" influences the different tones in
different,ways. The factor "focus", however, always has the same

effect: a focussed vor^tel becomes longer irrespecti-ve of its
tone.

In order to test statistically the interaction between the fac-
tors tone, position and focus, a three-wa1' analysis of variance
rlras performed with the following result:

Factor

tone
position
focus
tone-position
tone-focus
posÍtion-focus
tone-po s ition- focu s

residual

Degrees of
freedom

1

I
I
3

3

1

3

IT2

Test quantitySum of
squares
45 565

69 425

L7 743

72 327

3 904

328

2 165

23 490

115. 0 (p(( 0.00r)
(p(0.001)
(p>0.05)
(0.01<p<0.05)

6.2
1.6
3.4

Thus there is no significant interaction between position and

focus. The interaction between tone and focus and between tone
and posiÈion are both significant, but the tone-focus interac-
tion is rnuch smaller than that bet\^teen tone and position. The

average effects of focus and of final position are (cf. also
Figure 2):

Focus Final positl-on (ms)

Tone I 11.1 44.9

Tone 2 30.6 79 .8

Tone 3 37.8 9I.2
Tone 4 I4.7 -29.4

Thus, tones 2 and 3 are lengthened more than tone I and 4 in
focus, and as already said, the effect of final position (as

compared to medial position) is to lengthen tones l, 2 and 3,

but to shorten tone 4.

Because of these interactions, it is hardly meaningful to give
the average durations of the four tones vtithout stating the
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environment. In medial position the tones are ordered in in-
creasing durati-on as: T2 <T1 <T3<T4, and in finai position the
order is T4 <T1 <T2 <T3. The order gj-rren by KratochvíI l-968 for
citation forms (T4 <T2 <TI <T3) is the same as that for final
position, except that.the order between T2 and T1 is reversed
(the difference between T2 and Tl as found here is small, how-
ever) .

4 DISCUSSION

One might speculate hrhy the falling fourth tone is shortened in
final position. One possible reason is that because of senten-
ce intonation downdrift in statements (cf Gårding, Zhãng and

Svantesson 1983), the starting point for a sentence-final fal-
ling tone is rather low, so that it takes comparably short time
to reach the bottom of the voice register. Perception experi-
ments by Kratochvíl 1970 show that the fourth tone is associ--
ated with shortness. He found that shortened tones, may they be

tone l. 2, 3 or 4, are almost exclusively identified as tone 4.

Tone 3 j-s also somewhat exceptional since it is lengthened
more than the other tones both by focus and by final positÍon.
It seems that staying for some tíme at a low level ís an essen-
tial property of this tone, and this property is strengthened
by focus and by final position. The clipping citation form of
this tone is obtained by combJ-ning the int.rinsl-c 1ow tone wíth
sentence intonatj-on (cf . Gårding, ZIlãng and Svantesson I983).
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ACOUSTIC ANALYSIS OF FRICATTVES TN CAfRO ARABIC

Kje11 Norlin

1. INTRODUCTION

Thís article describes the acoustical properties of fricatives
in Cairo Arabic (CA). With its eleven fricatives, CA, Iike all
forms of Arabic, belongs to the small group of less than one
per cent of the languages of the world with such a large invén-
tory of fricative phonemes (Nartey 19791. Acoustical investi-
gations of these do not abound. On t.he contrary it is easy to
find somewhat fanciful descriptions of many Arabic phonemes in
the fiterature. One author states LhaL /d/ is "un peu comme le
'dang' sonore et prolongé, qui veut imiter 1e son d'un cloche
de cathedral", (Jomier 19641 , and that ./h/ reminds you of "la
respiration d'un chien haletant après rxre course" (Jomier 1964't.
Still- another one finds that /Q/ "is made far back in a tight-
ened throat, and sounds and feels rather like being sick"(Scott
1962r, /{/ "is the noise which the camef makes when growling
at being loaded" (Scott 19621 , /q/ "resembles more than anything
else the 'kok-kok-kok' sound. made by liguid being poured out
of a full bottle". (Scott 19621.

This investigation presents a more data-oriented approach and a

method of analyzing fricatives which provides the means of de-
scribing the fricative acoustic space of a language. Parameters
for characterizing fricative spectra are given and applied to
CA fricatives. This method makes comparison possible between
different speakers and also between CA and other languages, for
example Chinese, which has been -investigated by the same method
(Svantesson 1 983) .

This meLhod has m.ade it possible to quantify clata and state the
difference be1--ween pharlzngai.ized fricatives and their nor-
pharynga L izecl counterpat:t3 "
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1.1 The fricatives of CA

f sz sz Ë"trfçh

2. PROCEDURE

Six informants from Cairo were recorded on a Studer tape-recorder
in the studio of the Phonetic Department in Lund. The fricatives
vrere pronounced in rea-l words in a sentence frame, preceded by

a# and followed by ã, b# câI . The word list r¿as rea¿l twice.
/s/ anð, /s/ fo\Loweil by all long vowel phonemes of cA, /ã/, /l/ ,

/i/, /e/, /õ/, in minimal or near-mininal pairs, were read twice
by three speakers.
Analysis was made from the second readíng.
Sampling started after tlie first third of the frlcative for
25.6 ms.

Some difficultúes were experienced in finding the boundaries of
/$/ ar.a (/ because they more closely resembled apProximants
than fricatives as revealed by their wave-form on duplex oscillo-
grams.

3. ANALYSIS

1 . FFT spectra up Èo 1 0 kHz of the niddle of the 25 msecs of all
the fricatives were made. These spectra were converted to criti-
cal band spectra (schroeder et aI. 1979) and analyzed in terms
of the spectral center of gravity and di.spersion in the manner

described by Svantesson (1983).

2. Spectrograms were used to measure and compare formant transi-
tions and vor¡el formants after /s/ and' /s/.

3. Duplex oscillogram along with intensity and Fo curves were

used for analyzing non-spectral properties for pharyngalized
versus non-pharyngalized fricatives, as well as for the
pharyngals.

4,RESULTS FROM CRITICAL BAND SPECTRA

Fi-qure 1:1-22 shows oscillograms of sound waves, FFT spectra in
linear scale, spectra in logarithmic unj-ts (dB) and critical
band spectra of one speaker (speaker 6l . /é/ of speaker 4 is
missing in the data. The critical bancl units were in some cases

measured twice, the result of the check being practically the
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same as the first measure¡nent. Table 1 gives the center of
gravity of the critical band spectra, measured in critical band
units and also given in IIz, the dispersion and the mean inten-
sity 1eve1 (dB). The mean intensity 1evel are given as devi-
ations from the average for each series of fricatives read on
the same occasion. This makes them roughly comparable al-so
between other speakers.

In figure 2 the center of gravity for each fricative is plotted
agaínst the dispersion, thus representing the fricatige space
of CA in a \"/ay which enables comparison with other languges.
Figure 3 gives the mean values of the six speakers in figure 2.
In fj-gure 4 the frj-cative space is represented in another form.
The center of gravity is plotted against the mean intensity
level over the critical bands.
Figure 5 gives the mean values of the six speakers in figure 4.
In figures 2 and 4 the individual fricatives are rather well
kept apart. even if the distance Lretween /s/ and /s/ on one hand
and /z/ and /z/ on the other is usually small with some out-
standing exceptj-ons. There is overlapping, especially between
individual speakers and particularly between /s/ ana /z/ anð.

their pharyngalj-zed counterparts. One must suppose that per-
ception of fricatives involves normalization betr^reen dj-fferent
speakers.

/s/ and /s/ are characterized by a sharp peak in the higher
frequency ranges, band 21-23, andan abrupt fall towards the
lower ranges. Figure 1:15 shows that the peak of /s/ is some-
v¡hat broader than that of /s/ (figure 1:13). This difference is
obvious here, but is usually impossible to notice when comparing
all the critical band histograms of the informants. This dif-
ference is possible to quantify, however, by measuring the
center of gravity. Table 1 shows Lhat /s/ has the center of
gravity in lower frequency ranges th.an /s/ with one negligible
exception ' speaker 1. It also has a greater range of dispersion.
The difference is not excessively large, but corresponds well
to the slight, but quite noticeable perceptual impression of
these sounds.

/z/ and /z/ boLln have a substantía1 peak of energy in the bands
3-6 in addition to the high frequency peaks of /s/ and /s/ ,

although the former have lower in.ten-sity. The concentrat.icn of
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energy in both ends of the spectrum' together with a cut in
the top frequency range as compared to /s/ and /s/ make their
centers of gravity more or less colncide with their voiceless
counterparts. There is a strong tendency for /z/ and /z/ to have
greater dispersion lu]nan /s/ and /s/. For speakers 4 and 5 the
relationship between center of gravity and dispersi.on of /z/
and /z/ is reversed as compared to al-l others.
The difference between centers of gravity in critical bands has

been the only criterion found in this investigation to measure

the difference bet!,/een pharyngalized and non-pharyngal-ized
fricatives. Inspections of intensity and wave-form on mingograms

has not revealed any obvious differences betb/een these sounds,
nor can anythinq be seen on spectrograms.

/é/ is characterized by a broader peak than /s/ and /s/, ending
in two smaller peaks on top. This is the typical shape of a1l
histograms except one, The fall tortards lower frequencies is
as sharp as for /s/ and /s/. llh^e top covers the range from bands

16-21, shovring lower frequency, but not greater dispersion.

/f/ ln,as a spectrum falling much more slowly from high frequencies
than the sibilants and has also much lower mean intensity.
Spectra of /f/ have roughly the same centers of gravity as

/é/ ana is distinguished from the latter by greater dispersion.

/h/ lnas the center of gravity roughly in the center of the cri-
tical band spectrum, with a fairly steep slope in the lower
ranges and a more gradual slope in the higher frequencies. The

main contour of the spectrum is rather dome-shaped.

/h/ lnas energy spread over the whole frequency range, giving
the contour a roughly flat shape, /h/ and. /h/ intermingle in
figure 2, showing no absol-ute contrast in either center of
gravj-ty or dispersion. There is a tendency, however, f.or /h/ to
have less dispersion.
For contrasts in wave-form, see beloÍ¡.

/x/ lnas energy evenly spread from band 7 upwards, with a s1owly
graded descent towards the lower ranges.

/d/ ana /Ç/ are not sharply divided either in centers of gravity
or dispersion, but there is a tendency for /9/ to have its cen-
ter of gravity in the somewhat lower frequencies. /Ç/ generally
has lower mean intensity (figures 4 and 5) .
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5. P.ESULTS FROM SPECTROGRA}'I,S

Measurements on spectrograÌns of locus and formants of vo\"/els

following /s/ and /s/ s]now great impact ot-ì formant trensitiorls
after pharyngalizaLion (figure 6:1-5). F2 is particularly affec-
ted and locus is drastically lowered for all voweis except /ü/
rvhere locus is raised by 100-'150 Hz (figure 6:5)' Changes of
F1 and F2 are also noticeable, but on a very smalf scale and of
no consistent pattern. The raising of E2 of the vowel /i/ aiter

/s/ in contrast to the falling of F2 of all other vowels is due

to the successive movement backwards of the tongue constriction
area as shown in the nomograms by Pant (1968) '

6. RESULTS FROM MINGOGRÂI.{S

Inspection of duplex oscilfograms along with intensity and Fo

curves revealed no difference between pharyngalized and non-

pharyngalized sibifants. Duplex osciflograms of /[,/ and /Ç/
(figure 721-2) show that t-hese sotrnrls are phonetically realized
as approximants in CA, rather than as fricatives. However, they

are always classlfied as fricatives in phonetíc descriptions
(eg. Harrell 1957, Abdel-Massih 1975)

/h/ and /h/ ðÌ-ifer in trt?o ways. Both sounds stand in inter-
vocalic position in the sentence frame, but /h/ is always voice-
Iess, /h/ is voiced (figure 8:1-21. The vowel foflowing /h,/
always has hard onset, aft-er /h/ soft onset.

7. DISCUSSION

The place of each fricative within the fricative space of a

lanquage can be defined by the method of making critical t¡and

spectra and derj-ving the suggested parameters from them. The

method also makes it possible to compare fricatives of different
languages.
Owing to the great number, the fricatives of CA are fairly well
spread within the fricative space, defined by the center of
gravity ancl dispersion (figures 2 and 3) . The clifference between

pharyngalized fricatives and their non-pharyngalized cotlnter-
parts has formerly been investigated on spectrographic evidence
(obrecht 1968).

The criticat band method has marle it possible to quantif'7 the

dif f e;:ence. The pharynqalized f rical:ives nearlv a-Lways ha¡"e a
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lower center of gravity and greater dispersion. The difference
is not necessarily very great. Exceptional cases even show non-
pharyngalized fricatives having a lower center of gravity and

greater dispersion (/s/ , /?/ of speaker 1, /z/ , /z/ of speaker
4 and 5). The descrilced. difference is therefore neither a

sufficj-ent, nor reliable cue to discrimination between these
pairs of sibilants. Pharyngalization, or emphasis to use another
current term, "never occurs as a feature of a single segment.
The minimum range of emphasis is V(:)C or CV(:)" (Harrell 1957).
The perceptual cue of importance to discriminate pharyngaliza-
tion seems to be in the lowering of the locus (slight raising
for cü) , while the steady-state portion is much less affected,
except for Cã. Perceptual tests with synthetic speech give ample
evidence to the fact that F2 transitions are the most important
factors in identification of pharyngalized fricatives (Obrecht

1 968) .

Since it is generally assumed, however, that the pharyngaliza-
tion gives another set of fricative phonemes, producing vocalic
allophones in the following segments, it is important to
quanti-fy the difference between pharyngalized and non-pharynga-
lized fricatives in terms of their place in the fricative space.
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Table 1.. Center of gravity, dispersion a¡rd mean intensity l-eve1 of the criticaf
band spætra of fricatives in Caíro Arabic.

/f/

/s/

/sl

/z/

/X/

54
94
85
90
39
50

-4
-12

_B

-9
-8
-7

2.55
1,44
1.22

13.66
7.88
6,73

867
9

¿t
36

17
08
68
00
31

92

/x/

speaker cente.tr of gtravity
crit.band
üiits Hz

18.36
21,51
21 ,85
19,87
19,62
21 ,74

444'l
4684

dispersion
crit.band units

mean j¡tensity
level, dB

1

2
3
4
5
6

1

2
3
4
5
6

1

2
3
4
5
6

1

2
3
4
5
6

1

2)
4
5
6

1

2
3
4
5
6

1

2
3
4

6

18.42
20.53
17.7s
18.44
20.88
22.21

4179
5665
3793
4191
5957
7210

4.14
3.54
3.76
4.77
2.14
2.16

20. 55
21 .18
21 ,53
20.83
21 .83
21.98

5681
6219
6540
591 4
6827
6976

4.24
7.18
4.91

13.06
7.74
6. 36

20.59
20.90
20.99
20,71
21.39
20.80

5714
5974
6052
s81 3
6410
5889

4143
6521
6847
51 51
4969
6740

-5.84
4. 50
8. B0
0.70

-s.67
5.73

20,52
20,66
20,76
21,11
19.45

2622
5656
5'771
5855
6157
4849

6,49
1.97
3.s7
2.17
1 .39
5.73

-2.35
2.49

-0. 71
7.84
1 .60

-5.23

2,15
1 .48
1 .80
1.7s
0. 95
1 .09

2,63
1 .56
2.31
'1 .90
1.46
1 .77

4,61
1.23
1.18
2.90
5,44
1.62

/z/ 15,22

18,47
18.38
16,45

4209
4155
31 40

16
43
02

2.77
12.48
6.15

1 8.85
19,21

3
')

z

2

3
4

4

3

14. 05
16,O2
15.83
15.95
16.15
18.51

2205
2948
2868
2918
3005
4234

0.94
1,84
0.17
2.93
0.21
2.51



/h/

lq/

/h/

Table 1 cont.

s¡:eak-er

/6/

Mean values

center of gravity
crit.band
urdts Hz

121

dispersion
crit.band units

rÊân intensj-ty
l-evel, dB

4. 30
3.57

-7,15
-15,44
-5.76
-7.51

2,47
-1 0.89

-8.68
7.25

5.58

1,3'1

0.60

6.43

1 .43

-0.73
-2.2',1

-4,66

-5,"70

1

2
3
4
5
6

1

2
J
4
5
6

1

2
3
4
5
6

1

a

3
4
5
6

11.00
11 .80
9.97

12.21
11 .7s

9. 98

'1384

1 568
1173
1670
1 556
1175

-3.78
-1,45
-2.48
8.47

-0.17
-4.98

13.22
'1 1 .58
13,75
13.22
'15.64
11.60

-0.79
-4.63
-0.82
-7. 00
-0.75

0. 36

1373
1137

959
1173
1 595
1 953

1947
1516
2',108
19.47
2789
1520

41
30
34
86
24
79

67
95
37
86
23
83

96
90
01
74
1B
31

4

4
?

6
4

)

3
3
2
1

3
2
3
3
a

^

10.95
9,78
8,77
9.97

11,9',1
13,24

12,94
1 0.91
13.81
14,28
1s,43
14,70

1867
1364
2127
2282
2704
2428

3.35
s.07
2.62
3.45
2.84
3.78

-1 ,20
-14,28
-4.53
-5.78

/f/
/s/
/?/
/z/
/r/
/é/
/x/
/6/
/h/
/ç/
/h/

19.71

21,32

20.90

20.49

19.62

18.27

1 6.09

11.14

13.17

14,77

13.68

5034

6345

5974

5632

4969

4089

2979

1415

1 933

1 335

2087

3.41

1.54

1,94

2,83

3.55

2.4s

3.69

4.49

2.99

3.52

3.52
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VOTCE PROBLEMS .AND OCCUPATTONAL ENVÏRONMENT

Ann-Christine Ohlsson

ABSTRACT

Knowledge of environrnental causes of voj-ce disorders is scanty
and is mainly based on the clinical experience of speech
therapists. Hov/ever, there is evidence in occupationa.l research
that factors in the physical environment, such as air polJ.ution
and chemical substances, might harmfully influence the mucous
membrane of the voice organ. This paper presents the outlines
of a study in progress where the aim is to describe voice
quallty ln t\,¡o qroups of shipyard workers working Ìn different
environments regarding amount of air pollution and chemi.cal
substances. Within this framework a preliminary sLudy is pre-
sented indicating thaL perceptual analysis of voice quality
differentiates signifícantly between organi.c and non-organic
voice disorders. The report on voice problems in shÍpyard
r¡¡crkels wil-1 be published later.

1. INTRODUCTTON

Voice probléms constitute one of the largest groups of disorders
at departments of logopedics and phoniatrics. The waiting list
for voice therapy i-s consequently very long and reflects an
unsatisfied need for preventive \¡rork in the area. Knowledge of
the organic and non-organic causes of voice disorders in the
envi.ronment and behaviour has mostly been gained from clinical
experience, Little research has been done in the fÍeld of
occupational environment and voice behavíour, but the subject
has attracted growing interest in recent years.

In Foniatri för medi-cinare (1973) Fritzell writes (in my English
translation) "We do not know how nany persons there are who have
problems v/ith their voices or how many who have deviatíng voices
without experiencing discomfort... No attempts have been made to
define the prevalence of voice deviatj_ons in the general
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populationrr. Since this was \"¡ritten voice sludies have been
carried out on teaqhers (Johansson and Södersten 1977; Eklund,
Ludv/igsson and .A,strand 19771 , h¡hích confirm the clinical con-
sensus that. persons working in occupations where the voice has
to be used frequently, such as teachers, telephone operators
and politfcians, run the risk of acquiring voíce problems, These
are å1so the kinds of professions that are typically found among

patients seeking help for non-organic voice disorders at speech
therapy clinics. Voice studies on other occupations than those
mentioned above have not been reported. Occupations associated
with environmental factors that might be expected to inffuence
the voice organ harmfully are those in industrial- environments
\,¡ith noise, air pollution and chemical substances.

2. THEORETICAL BACKGROUND

Earlíer work on voj.ce occupational environments in industry
is scanty. Hovrever, results from research on occupational hazards
related to the upper respiratory tract and larynx underline the
probabil-ity of persons working in pol-Iuted environments developing
laryngeal diseases.

H von Zenk (19681 points out that changes in industríal produc-
tion and new insights in phoniatrics shoul-d result in increased
i-nterest in occupaÈional effects on the larynx. lle cites results
from various studies indicating that Lesions in the larynx have
been caused by factors in the occupational environnent. Ile classi_
fies the fact.ors i¡to three groups: Mechanical, chemical and phys_
ical. Examples of mechanicla factors are dust, from asbestos, alu_
minium, fibre glass and. chalk. Che¡nica1 factors are. water soluble
giases, superphosphates, cadmí.um, vanadÍn, sul-phur, salt solutions
and salt compounds. zenk is of the opinion that these materials
cause chronic laryngitis. Examples of physícal factors are heat
and alternations bêth'een dry and humid air. zenk arso points out
substances that are carcinogenic to the rarynx such as asbestos,
chromium and hydrocarbons.

Volney Bulteau (1975) cites Fabricant (1963J who points out that
chemicals are the most frequent cause of industrial diseases
in the throat. He lists various chemical components that can
cause irritations to the mucous membrane in the upper respira-
tory tract, These can be found in the form of gas, fumes, mist,
vapour, dust or smoke, He writes "...fumes from metals and
a11o,ws used in welding or burning are capable of producing
severe irritation in the postnasal space".
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G B Glasenapp 119751 describes a case of cancer of the larynx
that developed from chronic laryngitis ovring to mechanical and
physical conditions in the air at the work.ing place.

G P l{oore (1971) lists the same substances as does Frabri-cant,
above, and adds "Considerable impairment to the respiratory and

vocal mechanisms of persons in the general population probably
occurs from inconspicuous inf.l.ammatory substãnces,. that exist in
occupational or home environments and which exert their inffuences
cumulatively over consÍderable periods of time. This possibility
demonstrates that the speech clinician needs to investigate these
potentially irritating factors along with the pattern of vocal
use, particularly when the amount and kind of speaking or singing
does not support a diagnosis limited to vocal abuse. With suit-
able mucosal conditions, a mild amount of vocal misuse coul-d
cause excessive vocal deviation. The presence of inflammation
and associated edema in the vocal fol-ds provides an ideal basis
for vocal delerioration". Moore is of the opiDiorl tirat the
irritants described by Fabrj-cant often produce chronic laryngitis.

The quatotions above motivate this forthcoming study.

3. QUESTTONS AND GOAL

The aim of this study is to investÍgate the vocal behavj,our and
vocal experj-ence of wel-ders as comparêd to non-welders.

Questions.

Are there any connections between vocal- behaviour and occupational
envÍronnent?

lfhat methods are optimal in measuring vocal- behaviour in this
situation?

4. PLAN

4-1 Data collection
4.1.1 Material

The subjects of this study are shipyard rrorkers. T\4ro groups
will be studi-ed, one exposed to wefding and the other not. All
subjects are non-smoking Ben. Mean noise levels at the working
places are known. The size of the sample has not yett been
deci ded "
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4.1.2 Methods

The ínformants will be interviewed individually, using guestion-
naires that highlight voice problems and. vocal use.
The questionnaire that will be used has been refined several
times and will now be tested in its sixth version.

Voice recordíngs will be made ín a sound.proof roon with a two-
channel tape recorder (Revox 477). The airborn signal will be

recorded .on one channef from a microphone mounted on a spectacfe
frame worn by the subject. The other channel wilf record the
signal from a contact microphone attached to the neck, below
the cricoid cartilage. The subjects wilf be asked to read aloud
a standardized text and thereafter to produce a vowel, Io:],
three times. The subject will be instructed to prolong the
vowel maximally in each trial. Before the vowels are recorded
I will de¡nonstrate this task to the subject.

4,2 Data \,rork

The replies to the questj-onnaíres wifl be evaluated with regard
to voice problems and. vocal use.

Auditory analysis of the voice recordings wi-I1 be carried out
by a group of logopeds. The voice diagnosj-s scheme that will be
used is similar to the one used by Hammarberg et.al. (1981) for
their study of waveform perturbations in patients with voice
disorders. The scheme will be presented later in this paper in
the section dealing with the auditory analysis of organic and
non-organic voice disturbances.

The harmonic-to-noise ratio wifl be quantified with the aid of
sound spectrogräms of the vowels (Yumoto, Gould and Baer, 1982).

The \^/aveforms of parts of the contact microphone signal wiII be
analysed. Many investj-gators have studied the cycle-to-cycle
variatj-ons in the speech waveform and the resul-ts indicate that
these variations occur more frequently ì-n organically caused.

voice disturbances than in others (fwata and Leden, 1970;
Lieberman, 1963t Askenfelt and Hammarberg, 1981).

The fundamental frequency distributions wítl be analysed. It is
known from cfinical experience and from the research literature
that voice disorders caused by mass lesions of the vocal folds
result in restricted fundamental frequenclu distribution
(Hecker and Kreul, 19'10; Kitzing, 1979),
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Maximum phonation time will be rneasured on the longest of the
three vowel productions. A decrease in maximum phonation time is
expected in cases where the glottal closure is incomplete
(Neiman and Edeson, 1981; Hirano, 1981). The vital capacity of
the lungs will be known for all of the informants.

In order to answer the main questions that this study addresses
the .data will be mutually correlated. The data on the subjects
that are exposed to welding will be compared to the data on the
gubjects that are not.

AUDITORY ANALYSTS OF VOICE QUALTTY IN ORGANIC AND NON-

ORGANTC VOICE DISORDERS

5.1 The aim of this study is to test whether the voice díagnosis
scheme proposed for the study on welders can differenti.ate be-
tr^reen

a) Hoarse voi.ces and non-boarse voi.ces
b) organic. voi.ce di.sord.ers and non-organi.c. voi.ce d.isord.ers

5.2 Materi.al

A sample of voices previously diagnosed ês to organic or non-
organlc disorders was sel-ected from the tape archi.ves of the
Department of Logopedics and PhoniatrÍ.cs in Gothenburg. The

recordings were checked to make sure that the voÌces chosen for
this study really were representative of theír diagnosis, i.e.
that no one voice h¡ou1d sound too good or too bad compared with
the avèrage voice of that diagnosis. Fifteen voices r./ere select-
ed. The diagnoses were cllronic laryngi.tis (5), paralysís of the
recurrent nerve (3) , vocal nodules (3) and phonasthenia (4). The

examples of the last diagnosis come from patients with healthy
vocal folds. Al-1- the other patients had pathologÍcal changes of
thej-r vocal folds. The organically caused voice deviatj-ons
were all recorded before voice therapy.

5. 3. Method

The recordings were copied twíce, onto tl^ro separate tapes. The
voice productions were ordered randoml-y, differently on each
tape. The listener group consisted of speech therapists and
students of speech therapy. They \,,¡ere all unaware of the fact
that the two tapes v¡ere comtr)osed of the same voices. The number
of listeners available for the first tape was I 3 ancl for the
second tape 1 1 . Each tape was listened to on a separate
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occasion $7ith an interval of at least fourteen days betv/een them.

When judging the first tape the listenerÊ rated the
degree of hoarseness for every voice on a 4-poj-nt scale. When

judging the second tape the listeners rat.ed their impression
of voj-ce quality on a 4-polnt scale. The voice quality terms
rated on every voice were those in daÍly use in the phoniatric
clinic: tense, 1ax, creaky, hard glottal attacks, breathy, rough,
gratings, intermittent aphonía and diplophonía. It is assumed

in clinical experience that hoarseness corresponds best to the
terms breathy, gratj-ngs, rough and intermittent apbonia.

5.4 Results and discussion

Mean scale degrees (MSD) and standard deviations (SD) were comput-
ed for voice productions made by the patients with organic voice
disorders (ORG) and compared to the voice productions made by
the patients with non-organic voice disorders (NO¡I-ORG). The

results are presented in Table 1. ORG stands for voice pro-
ductj-ons fron the patients with chronic laryngitis, paralysis
of the recurrent nerve and vocal nodules, NON-ORG stands for
voice productions from the patients with phonasthenia. I{SD and
SD for every voice quality term are llsted. The lísteners'
interreliability \4tas significant for W =.128 at the .001 level
(tested with Kendallrs Coefficient of Concordance).

Table 1 shows significantly higher scores on the the vocal terms

þfga!ry, gratings and rougih for the organi-c voice disorders.
The differences between the samples on intermittent aphonia and
diplophonia are also large but not quite signlficant. These are
all terms used Ín the every-day clinj_cal- language to de-
scribe "organic hoarseness'r. The topmost terms tense and 1ax
j-n the table (and also on the diagnosis sheet) express, regard-
less of the causes, the functíon of the vocal folds, which
could explain the non-significant difference between these
small samples. The terms creaky and hard glottal attacks have
scores that differ only margÍnally between the two samples. This
is probably due to the sma1l samples. The masking effect of
roughness and gratinqs on these qualitì-es in the organic voice
disorders should result in hígher scores for the non-organic
voice disorders. The high scores on breathiness, dj-plophoniä
and intermittent aphonia in the voice disorders with organic
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Voca.I quality tern MSDo SD
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Statistical- comparison of summated diagnoses of the
nine voice quality terms for 11 subjects Itith organic
voice disorders (oRG) and 4 subjects with non-organic
voice disorders (NON-ORG). Siqnifi-cance tested with
Mann-WhitneyUTest"

NCN-ORG
I'ISD SDn

Diff.
MSDo-MSDn

Lg?e]- of
sigalf.
.o1 .o5

Ten6e

Lax

Creaky

Hard gLott. attacks

Breathy

Gratings

Rou6h

fnterm. aphonla

Diplophonia

1.14

.68

.89

.68

1 .50

.?3

1.12

ÊZ

.4'

.67

.69

.>B

.30

1 .07

.62

.77

.67

.64

1 .02

.JB

.BB

.71

.54

.17

.15

.oB

.04

.4'

.24

.49

.¿6

)l

.11

.lt

.06

.05

.)2

.30

.ol

-.05

.45

on

.45

-41

NS N3

NS NS

NS NS

NS NS

x

r.{s I'ts

NS NS

causes are inconsistent $tith hard glottal attacks and creaky
voice, and shouÌd therefore also contribute to high scores for
the non-organic voice disorders. To test if these assumptions

v/ere correct a sample of voice productions recorded ftom 24

subjects with phonasglenia, rated according to the same diagnosis
scheme as previously described, were compared statistically re-
garding MSD scores with the scores of the organic voice disorders
in this material. The Iisteners \tere four speech therapists with
good ratj-ng j-nterreliability (v{ = .7A6 significant at the .001

leve1 tested with Kendall's Coefficient of Concordance). This
comparison indicates that the MSD of scores on creakiness for
the non-organic voice disorders ín the larger sample was signifi-
cantly higher than the scores for voice productions made by the
patients with pathological changes of the vocal folds (at the
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Vocal quality tern

Tense

Lax

Creaky

Hard glott.attacks

Breathy

Gratings

Rough

Interm. aphonia

Diplophonia

1.02

.)Õ

.88

.73

.14

.17

.1,

.08

.04

NS

NS

NS

NS

l\ò

NS

NS

Nò
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Statistical comparison of summated diagnoses on nine
voice quality terms for 5 patients with chronic laryn-
gitis and 4 patlents with phonasthenia. Significance
tested with Mann - Whitney U Test 1p = probability that
there is no difference in distribution of judgements
for the two samples).

Chronic
Iaryng.

MSD .CI

Phonas-
tenia

MSD 
ÎO

Diff.
I'1SD^ì -
r'1sD:'IO

p.
(r-
tailed )

.492

.206

.452

,452

,ol6

.o16

.ooB

.1 43

.095

Level of
6l-gnif.
.01.o5

1.53

.69

.82

.74

1 .?4

.48

1 .?7

.65

.t9

.51

.31

_.06

1.20

.31

r.l2
Ê4

.J'

¡Iq

llq

NS

1\)

NS

NS

NS

005 level- tested with the Mann-Whi.tney U TestJ . T'l:¡e scores on

hard qlottal attacks were also hi.gher but not significant above

the .5 level. The vocal terms tense and l-ax were both scored
significantly higher for organic voice disorders in this com-
paríson (tense: p = .0446, lax: P = .00911. The earlíer di.ffer-
ences on al-I other vocal quality terms vrere accentuated in this
later comparison. In víew of these results, the voice diagnosis
scheme used in this study is found to be acceptable as an
instrument differentiating between organic and non-organic voice
disorders.

Referring to section 2, there are findings indicating that per-
sons workíng in poll-uted environments run a risk of acquiring
chronic laryngitis. The voice productions ín this materíal made

by the patients \^/ith chronic laryngitis are therefore of special
interest. The scores on the voices with this diagnosis were
therefore compared separately to the scores on the non-organic
voice disorders. This comparison is presented in Table 2.
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Figure 1

Table 2 shows significantly hi.gher scores f,or voice disorders
due to chronic laryngitis on ttìe vocal terms brealhy and rough,
The score for this diagnosis on gratings is nearly significantly
higher than the score for phonasthenia. The scores in Table 2

are in good agreement with the scores in Table l, and as can be

seen the scores on the vocal terns general-ly associated with
organic hoarseness are wi'Lh one exception higher for chronic
laryngiLis than for all the organic voice disorders taken to-
gether. The exception is the term gratiqgs which probably gets
a lower score on chronic laryngitis because of its connection
wlth the diagnosis of vocal nodules. cratings is descrikred as

high-pitched aperiodic noise which is frequently observed in
the voices of patients with vocal nodules on their vocal folds.

Mean scalar d.egrees of the listenersr judgenents on the nine
vocal quality terms are presented for organic and non*organic
voice disorders in Figure 1.

MSD on each of the vocal qualÍty terms for organic
ioice disorders (marked with tínes) and non-organic
voice disorders.
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Table 3. Degree of hoarseness (MSD) for the dÍfferent diagnoses
in the tvro groups of voice disorders.

Diagnosls Degreê of hoarsnees (ÞísD)

Chronic laryngitis
Paraly8is of thê
recurrent nerve
Vocal nodules
Phonastenia

1.93
1.69

1.11
.95

Figure 1 shows the great differences between the two groups of
voj-ce disorders wÍth regard to the terms breathy, roughness,
gratings, intermi-ttent aphonia and diplophonia. The abbreviations
stand for: BR = breathy¡ TE = tense, Ro = rough, CR = creaky,
H.A = hard glottal attacks, Gn = gratings, LA = Lax' I.A = inter-
mittent aphonia and DI = diplophonia.

To test significance ot us¡+g the voice diagnosis scheme as an

instrument to detect hoarseness the listener's judgements of
degree of hoarseness for organic and non-organic voíce disorders
were compared. The patients with organic voice disorders are

those with chronic laryngitis, paralysj-s of the recurrent nerve

and vocal nodules. The patients with non-organic voice disorders
are those with phonasttrenia. The mean scalar degrees on hoarseness

for the differenù diagnoses are presented in Table 3.

The difference in degree of hoarseness betvleen organi.c and non-
organic yoice disorders was significant at the .25 Leve1 (test-
ed with Mann-Whitney U Test). The highest scores of hoarseness
were given to the same group of voice dj-sorders that were

accorded the highest scores on the \¿ocal- quality terms that in
general correspond best to organic hoarseness. The voice diag-
nosis scheme used in this study is therefore suitable as an
instrument for detecting hoarseness. The differences in degree
of hoarseness bet$reen the four groups of diagnoses are presented
in Figure 2.
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grees on degree of hoarseness for chronic
) ¡ paralysis of the recurrent nerve {PR) ,
(VN) and phonasthenia (FoJ,

CL PR

Figure 2 shows that the greatest difference in hoarseness in
this material lies betvreen chronic l-aryngitis and phonasthenia.
This result is in agreement with the high scores for chronic
laryngitis on the vocal- terms expressing organic hoarseness in
Table 2.

5.5 Concluding remarks

The study aimed at testing a voice diagnosis scheme to
be used as an i.nst,rument for detectLnE organic hoarseness. The

results of the study indicate that the scheme used here is
acceptable as such an instrument. There was good agreement among

the listeners' ratings and the voice productions !^¡ith the
highest scores on hoarseness \^¡ere also rated highest on the
vocal quality terms usualJ-y associated with hoarseness in
ctinical practice. The organic voice disorders received signifi-
cantl-y higher scores on these vocal quaLl-ty terms than did t.he

non-organíc voice disorders.
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VOWET REDUCTION IN BULGARTA}T Working Papers 25 1983
Linguistics - Phonetics
Lund University, 151-178Thorê Pettersson and Sidney Vloocl

I. TT1TRODUCTION

In this report r/re present phonological vowel reductíon in
Bulgarian and revíew the phonetic data given in the riterature,
as an int¡ocluction to a cinefluorographic and spectrographic
study to be published in future reports. V,lhile this
investigatíon deals specificall.y with BuJ.garian, it is also of
interest for the problem of vowet reduction in general, the
phonetic character of schr¡¡a-like vowels, and conseguently for
theories of speech production and motor control and for
phonology.

we shal-I have occasion to refer to both formal and informal
speech, dialect and standard forms, since phonological
reduction in Bulgarlan is subject to both stylistic (formality
and situation) and diarect constraints. contemporary standard
Bulgarian (csB) is defined by scatton (t975) as ',the
contemporary Iiterary norm of the Bul.garian eapital, Sofia, as
reflected in their formal speech and in normative grammars,'.

We distinguish between phonological reduction (regular volrel. to
vowel alternations depending on whêther the sy-t_1able is
lexical1y stressecl or not) and phonetic reduction (a tendeney
for a vowel quality to become indistinct as it weakens and
shifts towards schwa). In mâny languages these two processes
may coincide, the phonological reduction al.so being towårds
schwa. fn Fulgarian they do not coincide.

A cl.assical account Õf the Bulgarian vowel system is that given
by Trubetskoy (1939). fn many languages, says Trubetskoy, the
ind-etermj.nate vowel onl-y appears in partial systems in those
phonic positíons \^rhere several oppositions based on degree of
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aperture and oppositions of timbre are neutralized.
Bulgarian is an example of a language where

an indeterminate vowel in a triangular system can become
a specific vowel by entering into a relðtion of bilateral
opposition witb a. I'he Bulgarian indeterminate vowel has
approxímately the same degree of aperture as o and e, but
it is neither rounded nor palatal. lt would hardly be
possible to assume a pure opposítion of timbre beth¡een
Bulgarian e and o or between Bulgarian e and e. But the
proportions o:a=u:a , ê:a=i:ê and the proportions
u:o=i:e=a:a tleduced therefrom rnay weIl be established.
The conditions in unstressed syll.ables (at least in a
part of the local t)æes of pronunciation) are proof that
this proport-ion corresponds to reality. For in these
syllables o, a and e are not permitted, only u, i and o

are. In othêr \^¡ords the oppositions based on degree of
aperture u-o, i-e and ê-a are neutralized, while the
triangular character of the voìret system is preserved.
GraphÍcal1y, this may be presented as follows:

a

a

But

s+ressed

eo

u i unsfressed

u

Tl:le orthographic representation of the "indeterminate vowel" in
Bulgarian is :b, "yer". We prefer to transcribe this vowel,
conventionally, as /ä/ ratiner than /a/ in order to distinguish
it from true weak schwa. T?ris is a typographieal measure that
enables us to keep an open mind as to the actual phonetic
character ot /ä/.

We also have a methodotogical goaI. It has long been
well-known that the BeIl model (presumed high-mid-low and
front-cent-ra1-back tongue positJ,ons for vowels) fails to offer
a correct or even an adeguate description of vowel
articulation. This has not impe¿led r¡'ork in phonology so long
äs interest has been concentrated on abstract relations between
units, without regard to physicaL dðta. provided units are
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uniguely classified it does not mâtter v¡bat labels the
classífying features bear. T'lre BeIl model breaks down when it
is beld to represent physiologíca1 fact (see further Wood
L975a, 1982a). This is a particularly severe dravlback when
speech production is to be related to phono]:cjgy, fc,r example
when a production model requires phonologÍcal dírectives to
control speech directly (as is the case in the model of Chomsky
& Halle 1968), or v¡hen a continuous link is to be established
between phonology, motor control, articulâtion, sound
productíon and perceptual cues in the speech v/ave (as in the
various models of the late Roman Jakobson).

For this introductory report we
reduction in the tra<litional
BelI model, but our analysis of
reports on the phonological
will be framed in terms that
knowledge of speech production.

shall present Bulgarian vor,,¡el-

and familiar terminol-ogy of the
the problem and our subseguent
and phonetic processes involved
more closely reflect current

Phonetic and phonol-ogical descriptions of Bulgarian have been
published by scatton ( 1975 ) , Srojkov ( r966 ) , Tilkov (I97O,
1982 ) and TiLkov a nojadåiev (198I ) , various dialect,
morphological, sociolinguistic and stylistic aspects of vo\^/e1
reduction in Bulgarian Ìrave been treated by BojadËiev (fOeO¡,
Tvanðev (198o), tranakiev (I96o), paëov (l9goa, t980b) anct
Stojanov (I968). Paðov (198Oa) Ìras reviewed earlier granìmars
on the subjêct. Lockwood (telZ¡ uses the Bulgarian vowel,
alternations bet\^reen stressed and unstressed syllables as a

language example in a theoretj-cal- tliscussion of thê role of
markedness in conventional generative phonotogy and in
stratificational phonology.
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2. PHONOLOGICAL VOV,TEL FEDUCTION IN BULGARIAN

The fol-lowing altêrnations occur in informal Bulgarian speech
between stressed ancl non-stressed vowel-s:

STRESSED NON-STRESSED

/i/

êr E

1 x

a

u

u'o/ or e

9, 3, ê/a/

aa/i/-/i/ /Ln e/

t
ll- m al

t6t-tet ls6to/

[s é r u]

/ynenát

li m i n al

er 3, o

ê

lfhe reductÍons are easily discerned in morphoLogical stress
alternations such as the fotlowing examples (stressed syllables
are indicated by an acute accent, cornpared vowels are
underlined):

STRESSED NON-STRESSED

ea

na¡ne ( s )

/setá/

[s i I a]

vilLase(s)



/á/ -/a/ /r á-b o r a/

LrábutaJ

't55

/raø6ln:.k/

tr å r 6 t n i kl

/9názi/

-tlu n a z ].l

/bv:c-vár/

-t-Lb u k v a rl

a.
/RYZCmAY/

y/-
Lk r e c n a rl

work ( er')

thaL: m (f)

letter/ABC

tavern ( er )

t6t-tot

lit-tut

/inzi/

[ó-n z i]

/vluva/

[¡ ú r. " å]

¿l
/ä/-/â/ /urxSna/

a
-vlv-Lk r ê c m aJ

The extent of vowel reduction varies considerably, depending on
stylistic, dialect and morphological constraints.

Non-stresseð /a/ ís most tikel-y to be reduced, the reduction of
/o/ is quite common, but in CSB /e/ ís frequently not reduced.

Vo\^rel reduction is avoided in very formal speech and is not
heard, for example, in the speech of radio ânnouneers (paðov
198Oa). f'his contrasts completely with Russian where the norm
requires reduction, non-reduction being looked upon as rustic.

Itlhile speakers are subject to social pressures to adapt their
speech in this respect- torrards the norm, it should be noted
that the triggering factor ís said to be style rather than
socj,al clãss. Ttris is somethíng t-hat Bulgärians are taught at
school ( cf. Gyllin 1.982 ) . Íhe same speater can vary vowel
reduction from occasion to occasion tlepentging on the formality
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of the situation. Different individuafs vary also in how far
they succeed in living up to the norm. We bel_ieve that this
merits a sociolinguistic study comparable to Labov's study of
Ne\r York speech (Labov 1972). Reading aloud ís a formal
situation and, typically, one of our informants remarked that
whíIe he was reading our v/ord lists he felt the presence of a
schoolmaster standing behind hirn.

Janakiev ( I960 ) points out that Bulgarians cannot spell
non-stressed vo\4rèls properJ_y unless they know the etymology.
pa3ov (l98Ob) has recorded numerous examples of misspeft
non-stressed vowels from university entrance examination papers
to degree courses in Bulgarian by above .average applÍcants.
Paåov underlines that an above average school result is no
guarantee that a student can master the spelling of weak
vot¡/els. fhe spelling mistakes occur in both dírections (i.e.
thêy incfude hypercorrect forms) and are more frequent for
/i-e/ and /u-o/ than for /á-a/. He also gives surprising
examples of proof-reading errors from official publicatíons and
even from the Academy of Sciences spelling dictionary.

fvanðev (1980) haÊ studied rhymes in Bulgarian poetry. purê
rh)rmes are based on identical vor*el sounds and writers who
avoi<1 vowel reduction in their ovrn speech should be less likely
to rh]¡me non-stressed /e, o, a/ r¡,¡ith non-stressea /í, u, â/
respectively. lt turns out that pure rhymes bêtween reduced
/o/ anð, /u/ and between reduced /e/ anð, /i/ are very frequent.
In contrast, thê latè lgth century poet penËo Slavejkov has
frequently rhymed non-stressed /o/ with non-stressed /a/.
Ivanðev records no fewer than l-4I examples, e.g:

. . . ..dvata

... ,.zlato

but Slavejkov has
non-stressed /u/:

the t\^¡o

gold

only once

.....kogato when

. . . .vratata the doorr¡¡ay

rhymed non-stressea /o/ v,/ith

.. ..prez ramo
ðestt,a mu

over the shoul<1er
th.e honour to him

fvanðev ðttributes thê numerous reduced / a-o/ rhymes to
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Slavejkov's own pronuneiation, ãnd takes them as evidence that
Slavejkov's /o/ was pronounced with little 1ip rounding. But
they could also be a contrived breach of conventi,on that wðs
intended to shock the reðder.

There is a strong diarect component in the tendency to reduce
non-stressed vowels. SojaaäÍev (l9g0) among others reports
that non-strèssed /a/ is neutrarized without exception in ârI
dialects whereas the reduction of /e/ and /o/ is limited to
eastern díalects. From this faet eojadåiev draks the
eonclusion that the reductiÕn of /a/ on the one trand and of /e,
o/ on the other consists of t\,ro phonologicalty distinct
processes. SimiLar vowel reductions occur in neighbouring
parts of' the Balkans. For example they occur ln NE but not
southern Greek and in E but not central Macedonian.

PaËov (198Oa) notes several morphological exceptions.
examples are:

Typical

tense:

person:

vocative: /sin/
/ síne/

/nót:-x/
/m6t ex/

I sine: ]
I stánko: ]

/aovéaox/ [auvéaox] r ted
(fina1 weak /o/ not reduced)

I móIix] r askect

I mófex] I was asking
(weak /e/ not reduced)

I sinl son (basic form)
¡ slne I sonl

(final weak /e/ not reduced)

son !
Stankô !

/stânkg/ | stánku I stanko (basic form)
/stânko/ [ stánko ] Stanko! (vocative)

(vocative final weak /o/ not reduced)

The unreduced vocative ending is often reinforced lry being
lengtheneti:
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3. PROBLEMS AI{D RULES

Phonetic data obtained from the literature (Scatton I975,
Stojkov 1966, Tilkov I97O, Tílkov a Bojadåiev 1981, Tilkov
1982) is unfortunat-eIy contradictory. This ciata is reviewed in
detail in section 4. ln this section we will present various
alternative standpoints and see how they affect the possible
solutions.

At first sight the task is simple: there is one set of units
that is subject to reduction

and one set tl¡at is not

/e, o, a/

/í, u, a/

But s¡hat are the defining features for each set and what are
the differentiating features?

The ultimate solution is dependent on the classifícation of
/å/, The following possibilities cân all be derived from the
published phonetic data reviewed in the next section.

3.1 Is /å/ a mid back unrounded vowel (i.e. an Iy-n]-fite
spread-1ip vowel corresponding to roundêd Io-c] ) ? In
tradítional terms this gives

a

All non-high vowels except /å/ shift up one step, i.e.
unrounded bacl< has to be excluded (Tab1e I).

i

1

u

"1ao



Table I

high
low

front
back

round
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Feature matrix for vowel reductj-on aecordinll
to the sol.ution i-n 3.1. The brackets encl-ose
the features that are affected by reduction.
At this stage the specifications are redun-
dant.

e L u a

+)(-+)t-

a

{+ -l

+

+

+

+

++

+J

The rule

F,.ü -+ [;Hil (r)
[-stresiJ

wíll raise ând back a, and

f-stress]l
(r¡)

will raise e and o but not- å,

Trhê tvfo different rules reflect tv¡o different phonetic
pr.ocesses. T'he complexity of the rufes refl_ects the nêed to
back /a/ ênd to exclude /ä/. (Scatton's classification - /a/
low back and /å/ mid back - is a variant of this solution.)

l- -ntnnl I
I _ii::l'l 

- 
[*n'n'l I

f-n"o,nol I
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3.2 Àlternatívely, ís /ã/ a mid centrðl vower, akin to [s] or
[a] (the Trubetskoy solution guoted in the introduction)? Ttris
gives

1

I

1
å

1
a

Again, aì-l non-high vor^¡els except /ä/ shift up
/a/ doee not Ìrave to be backed no\r (Table rI).
to be excluded.

one stepr but
Mid eentral has

TabLe IL Feature matrix for vowel reduction accordlng
to the solution in 3.2. The brackets enclose
the features that are affected by reduction.

e I o u a

+) (- +)

a

-)
high
Low

frcnt
back

round

+

,:

+

+

+

+

+

(+

Íhe rule

f.t""] ..-> [-..ù

will raise a, and

f-stress]l
(rrr)

l- -r'rnr, I
I afront I

L-nu""" I

[*ntnn]
[-stres{

(rv)



161

will raise e, o but not mid central ä

There are still two different processes for /e, o/ and /"/
respectively, and /å/ stitt has to be excl-uded.

3.3 rs /ä/ a },íg]n (perhaps central) vowel (Tab1e III)?

Table fff Feature matrix for vowel reduction according
to the flrst solutÍon in 3.3. The brackets
enclose the feaüJres that are affected by
reduction.

eL o u a a

high

low

front
back

round

(- +J+) +)

-
+

+

(-

+

+

(-
r+

++

åi

1
e

This offers a seductively simple rule: non-high vowels become
high ( implying that loqr becomes non-Iow) :

[-ntnn] -=€ [*r'isn]
f-stress_l

(v)

But Èhis solution is the least likely since /a"/ is not usualty
looked upôn e.s a high vo.wel .
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And yet the simple structure of thís solution tempts us to ask
again: ís there one simple feature that differentiates the
reducing set from the non-reducing set? The feature that comes
to mind is the degree of jaw-opening: is the jaw opening
narro\rer for /i, u, ä/ antl more open for /e, o, a/? fhere ís
some evidence that it could be.

We shall then need to reintroduce a feature that rre can call
open with the original meaning it once had with reference to
the degree of mouth opening depeniling on the jaw angle (Wood

I982b). vtith the BelL vowel model generally accepted at the
end of the l9th century, the degree of mouth opening was
disregarded as a pararneter anil the terms close and 9p91 were
instead associated with the openness of the passage betwen the
tongue and the hard palate, thus becoming synonymous r'rith high
and low. This is understandable since the mandible position is
â componênt of tongue height (for palatal vowels at least) and
it is virtually impossible to reconcil.e a mouth opening fea.ture
with the BeI1 tongue features. For example, if
[open]-+ [close] , then the tongue features have to be
respecified too (perhaps [+1ow]----r [ -tow] ot
[-rrish] -+ [+hieh]) .

But what lre may be faced with in Bulgarian vowel reduction is
unmodified lingual activity combined with a narrower jaw
opening. fhis is easier to express (and is physiologically
more plausibl-e) in terms of the basic tongue postures (see fig.
3 and Wood 1979, I982a) z

palatal lebio-
vEl.sr

1ow
pharyngeal

close

open

If /a/ and /á/ differ onl-y in mandibular depression, we have
the matrix given in Table IV.

a
I
a

u

I
o

i
I
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Table fV. Feature matrix for vowel reduction accoroing
to the second soLution in 3,3,
enclose the features that are
reduction.

The brackets
affecteo by

I u a

palatal
vBldr
pharyngeal

open

round

+

(+

This gives the following very general rule:

l*.n.d ---+ [-"0"{
f-stress-l

(vr)

In the next section the phonetic data published in the
literature wil-I be reviewed and interpreted in relation to
these possible solutíons.

4. PHONETIC DATA

X-ray profiles

Tilkov has published tv,/o sets of x-ray profiles (fittov 7970,
Tílkov & Bojadziev l-981, Tilkov 1982).

The profiles for /ä, a, o/ are reproduced in Fig. 1. Tilkov's
interpretation of the /ä/ profíl-e is that the vocal tract is
more or less uniform throughout its length except for a slight
narrowing in the pharynx. fhis narrowing is not so extreme as
f.or /a/ but he notes an evident affinity. He concludes that
/á/ is a back vowel, (in the sênse that it is formed in the



164

o

Fig, 1, Profite tracings of fä, a, o/ after Tilkov & Bojadziev
(t9et) (aoove) and Tilkov (tszo, tsez) (nerow).

phârlmx, not in the Bell sense).

We have compareil the tongue postures relative t.o the mandible
in Tilkov's profiles (Fig, 2). This comparison isotates the
lingual manoeuvres the speaker has used for the various vowels.
As Figs. 2 and 3 show, the tongue assumes one out of a smal_l
set of typical tongue postures relatíve to the mandible. Each
posture can be interprete¿l in terms of the underlying muscular
activity (Fig. 3, for further detail-s see Vüood 1979). Ttre
tongue forms a major eonstriction at one of four places in the
vocal tract: along the hard palate for I i-eJ and Iy-æ]-fi:<e
vo¡¡sels, along the soft patê.te for Iu-u] and [ur] -J_ike vowels, in
the upper pharynx for [o-c] anit Iy-n]-l-ike vowels and in the
lower pbarynx for [æ-o]-like vowels,

J5
oa

a

L
a
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fn Fig. 2 we have compared the posture for Bulgarian /'ä/ with
the palatð1 /i-e/ posture, the I.ow pharyngea'1, /a/ posture, the
upper pharyngeal /o/ posture and the velar /"/ posture taken
from tÌìe Tilkov profiles, The result of thê comparison is
similar for both of Tilkov's sets of profiles.

Firstly, Fig. 2a shows that the tongue is less buncbed
relative to the mandible for the pafatal vor¡¡el.s /e/ and /í/.
This is typical of the tense-lax palatal li, el vs [r, e]
contrast (Wood I975b, 1982b). In Titkov's profites, /í/ ís
close (narrower jaw openinqr) and tenser (tongue bunched more
to\^/ards the hard palate) while /e/ ís open (larger jaw opening)
and laxer (tongue less bunched towards the palate). Compared
with these palatal /i, e/ postures, tUe /å/ posture is not
raised anteriorly towards the hard palate but bulges
posteriorly tov¡ards the pharynx. r}ris indicates activity in
Lhe glosso-pharyngeí ( superlor pharyngeal eonstrictors ) as
illustrated in Fig. 3. The Tilkov /á./ profíIes ar€ thus
associated v/ith a retracting manoeuvre and not r,r¡ith a palatal
manoeuvre. Ttris confirns the usual view that /å/ ís not a
palatal vor./el .

Figure 2b confirms the simifarity of the ,/å/ and /u/ pÒstures
noted by Tilkov, fhis similarity favours the alternative
solution 3.3, But in both examples, the tongue is higher
posteriorly for /ä/ than'for /u/, "ugg""ting stytoglossat or
glossopharyngeal ðctivity rather than hyoglossal ( i. e .
activity directed to\,rards the velum or upper pharynx rather
than l-ower pharynx).

Figure 2c shows that there is a very close similarity between
the /ä/ and /o/ postures. T'he only essential difference is
that the tongue blade is depressed for /o/ but not for /a/,
which modifies the anterior mouth cavity. This suqgests that
/ä/ ís a spread-1ip ly-nl-like vowel corresponding tÕ rounded
Io-cj, an interpretation that favours solution 3.1 above.
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]-a
e

I

a
å

\

+a

u

ê-a I \
l
¡ I --+; (a) eatatat

(o) low
pharyngeal

1
I

I
a

2,
a ,\a

oo

aê

a

(c) upper
pharyngeal

(o) vu.ar

u

a

V
a

2"
a"J

+
4
I
I

a

Fig. 2. Comparison of tongue posture of /a/ wi-th the four basic
tongue postures relative to the mandible {"f, Fig. 3J
after Tilkov & Bojadzievrs (feft) ano Tilkov.s (rightJ
profiles.



8x Ii] 4x[e]

ax [I]

(o)

4x [c]

The positions of the
the Egyptian Arabic
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1¡191

( b)

4&l 4x[æ]

4x [u]

+-rþl

(c)

ax Io]

Palologlossi

1 -f"l

(d) (e)

tongue relative to the mandible for stressed vowels by

subject.

["]

Io]

conslrlctors

Superior
constriclors

,PJ_
M

The directions of contraction of the extrinsic muscles of the tongue and
of the pharyngeal constrictors, arranged according to their presumed
activity for the formation of the foür constriction locations.

Fig. 3. Typical postures of the tongue relative to the
mendible for vowels (above) and the associated
muscular activity (oelowJ, From tvood (1SZS;,
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a
a

f\
rI

Flg 4. ProfiLe tracings
of /ä, a, o/
after Stojkov
( rs66.) .

o

/l

Finally, Fig. 2d compares /á/ and /u/. Fhe rongue is less
raised relative to the mandible anil the tongue root protrudes
more into the lower pharynx for /á./ than for /u/. The tongue
blade is also less depressed for /ä/. T,hese lingual
differences are t14>ica1 for the tense-lax Iu-u] contrast (see
Wood 1975b) and are rel-ated to thè leve1s of activity in the
styloglossi and posterior fibres of the genioglossi. T'here is
thus a possible lingual- affinity between /å/ anð /u/ *at would
favour a variant of the first sol-ution 3,3 above: /å/ as a
high (possibly back) vowel, corresponding to /u/. This is not
an interpretation that native Bulgarian speakers would
intuitíve1y accept.
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te
a

t
\,
a

(a) eatatar

êta

a

u

)a

(n) low pharyngeal

a a

\- \
o

a €-l
ået

(c) upper pharyngeal (o) vetar

Fig. 5. Comparison of tongue posture of fä/ and the
four basic tongue postures relative to the
mandibLe (cf Figs. 2 and 3) after gtojkovrs
profiles.

Stojkov (1966) has also published x-ray tracings. The profiles
for /ä, a, o/ are reproduced in F'ig. 4 and our comparísons of
the tongue postures are given in Fig. 5.

The pharyngeal regíon and the position and attitude of the
epiglotti-s are identical on alI of Stojkov's profiles, whích
indicates that he has only paíd attention to the mouth region.

Stojkov's o\^¡n interpretation of this data is that the tongue is
similar for /å/ and /a/, but somewhat higher and raised
anteriorly for /ä/. Fígure 4 clearly shows the anterior
raising of the tongue for /ä/. Indeed, this profile is more
reminiscent of a palatal [¡-e] profile rather than a pharyngeal
[a] profile. Figure 4 shows a straight back to the tongue for
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/a/ wít}. no bulge in the pharynx (typical for palatal vowels).

Firstly, Fig. 5a shows that the stojkov /å/ posture ig very
similar to the /í, e/ posture. The tongue is less bunched for
/á/ as though it were a 1ax counterpart to /i, e/ (l-ess
activity in the posterior fíbres of the genioglossi). Itris
suggests another variant of solution 3.3 above, /á/ as a high
(possibly front) vowel similar to lax [t]. Ttrie v¡ould be a
novel interpretation, contrary to the usual view that BulgarÍan
/å/ is centràl or back ând contrary to the evidence of the
Tilkov profiles.

Figure 5b shows no afflnity betr^réen /ä/ and low pharyngeal /a/.
Ttle tonguê is clearly raised anteriorly for /ä/, ernphasizing
the palatal ctraracter just noted.

Símilarly, Fí9. 5c shows no afflnlty betr,reen /ä/ and upper
pharyngeal /o/, the tongue being more anterior tor /3/. This
again poínts to the palatal character of this particular /ä/
profile.

Finally, Fig. 5d also shows an /ä/ posture that is more
anterior than the veLat /u/ posture.

Ttre Stojkov lä/ profile is tt.us radically different from the
Tilkov /å/ profiles. However, it is dlifficult to know how muctr
confidence to pl-ace in Stojkov's profiles in view of his lãck
of attention to pharyngeal detail.

Acoustical data

Tílkov's (1982 and Tilkov & Bojadziev IgBI) and Stojkov's
(1966) acousticål Fl and F2 charts are reproduced in Fig. 6.
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F,J

F2

ÈÊ Ê RÈÈ.È g-RgERFe'È

t00

125
1t0
4ft

tf5
600

Fig, 6. Acoustical vowel charts from Tilkov 0 Bojadziev
(above) and Stojkov (oefow).
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f,
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Fz Hz
2500 2000 r500 rooo 500

200

Fig. ?. The frequencies of F1 and F2 generated by the three-parameter
model for the four preferred constriction locations, based on
nomograms by Stevens Ê House (ISSS) (oistance from the source
to the constrlctlon 12 út for hard palête, 8.5 cfi for soft
palate, 6.5 crn for upper pharynx, 4.5 cn for lower pharynx).
The euperinpospd vowel areas are from a sa¡nple of Southern
Brltlsh Englleh speech recorded frcyn the radio. From t¡l/ood

( tsTs).

It has long been known that judgments of vowel height and
backness are more closely correlated with the frequencies of Fl
and F2 respectively than with the position of the tongue in the
vertical anil horizontal planes (see iloos 1948, Lindau 1978),
such that high is slmonymous with low Fl, lov¡ with high Fl,
front with hígh F2 and back with l-ow F2. Ttre position of /ä/
on the charts reproduced in Fig. 6 ie central and midway
betrÀreen /e/ and /o/ (Sl about 350-4OO Hz and F2 about 1IOO-130O
ffz). fhis would favour sol,ution 3.2 above (/ä/ as a mid
central vowel).

A rough articulatory interpretation of these spectra can be
obtained by referring them to the Stevens & House (1955)
three-parameter model nomograms, Figure 7 shows hora¡ the degree
of constrictiott (Án í n s9 cm) and the degree of mouth opening
(a/L arl) influence the freguencies of Fl and F2 at the four do
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vaLues corresponding to the four relevant constriction
locations. In Fig. I Tilkov's Bulgarian vowels have been
superimposed on the same grid, for comparison.

Firstly, Fig. 8a confirms that the /ä/ E1/F2 spectrum is
hardly lÍkely to be derived from a palatal configuration.
Considerabte 1ip rounding (A/L O.2-O.5 cm) vrould be needed to
lower F2 of a palatal vowel to below 150O Hz, \^rhereas /ä/ is a

spread-lip vowel, This confirms that the Stojkov x-ray profile
f.or /ä/ strould be taken with caution.

Figure 8b sho\rs that the Fl and F2 of. /ä/ can be reached from a

velar configuration with less rounding than for /u/
(A/L 0.3-0.6 cm against O.I cm for /t/) and with a more open
verãr passage (Aîii.no.s-z sq cm). Ttre larger verar opening
woul.d be obtained by lowering the tongue body relative to the
mandible (which is also a possible ínterpretation of Titkov's
x-ray data, see Fig. 2d and the discussion above, and
rêpresents the first solution 3.3 above). ftris would make /å/
a spread-lip counterparl to /u/.

Figure 8c shows that the FI and p2 of /å/ can also be reached
by widening a constricted upper pharynx (A/L >2 sq cm would
raise F2 beyond IOOO Hz). ftris is also a possible
interpretation of the x-ray data (cf. Tílkov's /á/ and /o/
profiles in Fig. I and the discussion above) and represents
solutíon 3.1 above. ftris v¡ould make /ä/ a spread-lip
counterpart to /o/.

Finatly, Fig. 8d shovrs that the Fl and F2 of. /á,/ can also be
reached from a lor^¡ pharyngeal configuration by narrowing the
mouth opening (A/L<O.6 cm against 0.6-3 cm Íor /a/), e.9. by
not lowering the mandible so far as for /a/, and by widening
tlre constricted lower pharynx (Arirl2 sq cm). fhis is also a
possible interpretation of the x-ray data (cf. TíIkov's /ä/
anð. /a/ profiles in Fig. 1) and represents the second solution
3.3 above. This would naUe /å/ a close (narrower jaw opening)
counterpart of open /a/ (larger jaw opening).
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5. CONCLUSTON

A complete account of phonologicaJ" vowel reduction is dependent
on the anal-ysis of /X/, see for example ho\,r the different
possibre solutions outrined in section 3 affect the formulation
of the rules governing the vower alternations bet\^¡een stressed
and non-stressed sytJ-abtes.

fhe analysis of the published x-ray data and an artículatory
interpretation of the published Fl and F2 freguencíes of /ä/
yielded several possibte solutions: the /ä/ confíguration can
be achieved by modifying any of the three non-palatal
configurations and may be related to velar [ , ] , upper
pharyngear lo] or low pharyngeal ["]. rnus, /â/ may be a
spread-lip counterpart to rounded ["] or ["] or a close
counterpart (narrow jaw opening) to open (Iarge jaw opening)
["]. The solution least favoured by Bulgarians is thàt based
on velar [u] and the solution that is usualLy preferred is the
one rel-ated to low pharyngeal Ia].

An articulatory interpretation of spectral data based on more
than two formants shoul-d narrow the choice beth¡een possible
solutions.

It is our intention to pursue this question further by
articulatory analysis of cinefluorographic motion films, by
acoustícal analysis of spectrographic data and and by computer
modelling of individual articulatory manoeuvres.
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HOW TO MÄKE A TEXT PRODUCTION SYSTEM SPEAK

Bengt Sigurd

Several- Lext production models implemented on computers are
able to print grammatical sentences and coherent text, see e.g.
Mann & Matthiessen (1983), AIIén (t9821, Sigurd (1983). rt is
an interesting task to make such a text production system speak,
but few researchers have ventured to solve the additlonal-
problems caused by a verbalization system which is intended to
speak j-n a natural way.

Trying to sj-mulate human speech behaviour by computer throws
J-ight on the v¡hole production model, particularly if the system
is required to have some psychological reality by simulating
spontaneous speech \^/ith its hesitation pauses, repetitions and
errors

This paper will show how even a simple synthesízer, Votrax,
interfaced v/ith the system Commentator, see Sigurd (1983) ,

Fornell (1983) rai-ses interesting questions about the phonetic
representation of words, ways of packing sounds into prosodic
units, pauses, mistakes in the execution processes and the
place of sound laws in a model of a human speaker. The Votrax
can pronounce some 60 American English sounds and offers 4

p.itch leveIs; it cannot, of course, be expected to produce
high quality Swedish. It is used here for explorative and ex-
perimental purposes as is the whole Commentator system.

The problem of producing naturally sounding speech is also
attested in experiments with text-to-speech systems, see Carlson
& Granström (1978). Such systems, however, have printed text
as j-nput which creates additional problems. They have to be
able to derive a phonetic transcription from the printed
version, which e.g. means pronouncing th, ng and sh, as single



sounds, deriving stress i¡r ivr¡rd; iitít!-r ¿ìs t¡_p.9!!, rvhlch is very
dj-fficult and in fac.L ::equires comp::ehension of the t-ext.

COMMENTATORIS II'JPUT TO A SPESCH -J;ìODUCTION SYS,I'EÀI

The generaf outline Õf the CominenLator is presented in fig. 'l

after Sigurd (198J) . The input to this moile_t of verbal pro-
duction is perceptual data or equivalent coordinate values,
e.g,informatj-on about persons and obiects on a sct:een. These
primary perceptual facts constitute the basis for various
cafculations in order to derive secondary facts and conclusions
ebout movements and relations such as dis'ùances, directíons,
right/Ieft, overT'under, fronL/back, closeness, goals and in-
tentions of the persons invo]ved. The Commentator produces
comments consisting of grammatical- sentences making up coherent
and welf-formed (although often boring) text. Some typical
comments are shown be1ow.

A question menu, different for different situations, suggests
topics leading to propositions which are considered appropriate
under the circumstances and. their truth val-ues are tested
against the primary and secondary facts of the worl-d known to
the system. If a proposition is found to be true, it is accepted
as a protosentence and verbalized by various lexical, refer-
ential, syntactic and textual subroutines. If e.g. the pro-
position CLOSE (ADAM, EVE) is verified after measuring the
distance bet\..¡een the two referents Adam and Eve and comparing
it with the standard for closeness between human beings, the
Iexical subroutines try to find out how closeness should be
expressed in the Language (Commentator has maj_nly produced
Swedish), referentiaf subroutines determine r,¡hether pronouns
coul-d be used instead of the proper names of the persons and
textual proced.ures investiEate whet-her connectives such as
hourever, also or perhaps contrastìve stress should be inserted,
In the printing version of Commentaior alf the words in the
senterìce are packed into a string before t_hey are printecl.

The Commentator can deliver ',vords cne at a i-ime vhose meairinq,
slrnt-actic and texl:ual functions are rvell-defined Lhrcr.tcth r_he

verbalizar-ion processes. ForLhe ¡-.rinting \.¡et:sion of Con¡¡e¡+ ìtor
these wc::cls a.re characte::rze'1 .by,,,¡¡u¡",rat i¡.a¡ker::; a:e t-ieecie:l
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to get correct printing (spe1ling, \4rord spaces, punctuation
marks). The input to a speaking version of Commentator must be
a phonetic transcript.ion, but the details of this and whatever
additional Ínformation is required in order to produce prosodic
units with the proper intonation and stress patterns has to be
discovered by empirical and experimental studies and work with
models such as the one presented in this paper.

tines Conponent Task Result (sample)

10-
35

1 00-
140

1 52-
183

21 0-

Primary infor-
mation
secondary infor-
mation

Focus and topic
planning expert

Verification
expert

ture
(syntax) expert

Re expert

(subroutine)

Lexical expert
(dictionary)

sentence connêc-
tion (textual)
expert

Phonological
(pronunciation,
printing) expert

cet values of
prj-mary dimen-
sions
Derive values
of complex
dimensions

Determine objects
i-n focus (refe-
rents) and topics
according to menu

Test whether the
conditions for
the use of the
abstract predi-
cates are met in
the situation (on
the screen)

order the abstract
sentence constitu-
ents (subject. pre-
dlcate, object) t
basic prosody

Determine whether
Pronouns, proper
nouns, or other
expressions could
be used

Translate (subsÈi-
tute) abstract
predicates, etc.

Insert conjunc-
tions, connective
adverbsi prosodic
features

Localization
coordinates

Distances, righÈ-
left, under-over

choice of sub-
ject, object and
instrucÈions to
test abstract pred-
icates with these

Positive or nega-
tive protosentences
and instructions for
how to proceed

500

700-

900

1 000

Sentence struc-
ture with further
instructions

600-

800

Pronouns, proPêr
nouns, indefinite
or clefinite NPs

Surface phrases,
words

Sentences with
words such as ock-
så (too), dock-
-(however) 

-
Pronounce or print Uttered or
the assembled printed sentence
structure (text)

Fig 1 Conponents of the text production moalel underlying
Conmentator
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A SIMPLE SPEEC;] SYNTHESIS DEVTCE

The fundamental dif ference L)etween a priirting and a sp.eaking
verbal production model musL, of course, be that the rvords of
the speaking version have to be coded in some phonetic lran-
scription, which serves as instructions for a speech synthesis
device simulating human articulation. The tr-anscription depends
on the speech synthesis system to be used.

The experimental system presented in this paper uses a Votrax
speech synthesis unit (for a presentation see Giarcia, I9A2l .

Although it is a very simple system designed to enable computers
to deliver spoken output such as numbers, short ínstructj-ons
etc, it has some experimental potentials. It forces the re-
searcher to take a stand on a number of int.eresting issues and
make theories about speech production more concrete. The Votrax
is an inex¡:ensive a¡dunsophisticated synthesis device and it is
not our intention to achieve perfect pronunciation using this
circuit, of course. The circuj_t, rather, provides a simple
way of do.ing research in the fietd of speech production.

Votrax simulates the human vocal apparatus by means of a

harmonic source (for vowefs and voiced consonants) and. a noise
source (for voiceless consonants), supplemented with f-ilters.
Information about the sounds to be produced is given according
to the LPC technique. Votrax (which is in fact based on a

circuit named SC-01 sold under several trade names) offers a

choice of some 60 (American) English sounds (aftophones) and
4 pitch levels. A sound must be transcrlbed by its numerical
code and a pitch level, represented by one of the figures
0,1,2,3. The pitch figures correspond roughly to the male
.Ievels 65,90,110,130 Hz. Votrax offers no way of changing the
arplitude or the duratíon, but choice of pitch levef as wefl_ as
choice between long/shcrt and stressed/unstressed sounds
(allophones) can be made with some success.

Votrax is designed for (American) English and j.f usecl to
synthesize other languages it wiJ-I, of coLlrse, add an English
flavour. It can, however, be used at least to produce intetfi-
gible words for sever:al ot,her languages, Of course, some sounds
may be lackíng, e.g. Swedish u and y and soine sounds malr be
slightly clif f e;:en'., ?.s e. q. Srvedish sh-, r:Ìr-, r-, anC l-so¡,incls "
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Long, short and stressed, unstressed variants are found for
some vowels, and if used v¡ith some ingenuity the inventory of
sounds may serve faírly well, for several languages provided
the foreiqn accent and the robot voice are accepted.

English model words containing the sounds and infor¡nation about
the duration of the sounds are gj-ven in the manual, but this
information is certainly not sufficient for the phonetician.
The synthesis device seems to have been constructed for
technical purposes without consulting a phonetician or linguist
and the presentation of the device is very unsystematic from
the point of view of a language professional.

Most Swedish words can be pronounced intelligibly by the Votrax.
The pitch levels have been found to be sufficient for the
production of the Swedish word tones: accent 1 (acute) as in
and-en (the duck) and accent 2 (grave) as in ande-n (the spirit)
(For detaits about the word accents see Gårding ' 1977 ) . Accent
1 can be rendered by the pitch seguence 20 and accent 2 by the
sequence 22 on the stressed syllable (the beginning) of the
vrords. Stressed syllab1es have to include at least one 2. I¡Jord

tones and stress are necessary characteristics of Swedish words

and must be given in the lexicon.

Words are transcribed in the Votrax alphabet by series of
numbers for the sounds and their pitch levels. The Swedish word

höger (right) may be given by the series 2'7,2,58,0,28,0,35'0,
43,1, where 27,58,28,35,43 are the sounds corresponding to
h,ö:,g,e,r, respectively and the figures 2,0, elcc after each

sound are the pitch fevels of each sound. The vtord höger sounds

Amerj-can because of the ö, which sounds tike the (retroflex)
vowel in bird, but it is assigned the proper accent 1 by the
sequence 20. The 1 on one of the following unstressed syllables
is introcluced in order to get some variation. No detaifed
systematic studies of the effects of various combinations of
sound.s and pitches have been undertaken and the Votrax has

not been evaluated properly by phoneticians to my knowledge.

The pronunciation (execution) of the words is handled by

instructions in a computer program, which transmits the in-
formation to the sound generators and the filters. Some pro-
gramming detaifs wil-l be given below, but the technicaÌ detaifs
are outside the scope of this paper.
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PAUSES AND PROSODIC UNITS IN SPEECH

The spoken text produced by hurnan beings is normally divided
by pauses into parts of several words (prosodic units), There
is no generally accepted theory explaining the location and
duration of the pauses and the intonation and stress patterns
ín the prosodic units. Many observations have, however, been
made, see Dechert & Raupach (1980),

The printing version of Commentator collects a1I l-etters and
spaces j-nto a stríng before they are printed. A speaking
version trying to simulate at least some of the production
processes cannot, of course, produce words one at a time \^/ith
pauses corresponding to the word spaces, nor produce all_ the
words of a sentence as one prosodic unit. A speaklng version
intended to have some psychological reality must be designed
to be able to produce prosodic unlts incluiting 3-5 word+ cf
Svartvik (1982) and lasting 1-2 seconds,see Jönsson, Mandersson
& Sigurd (1983). How this should be achieved may be a called
chunking proble¡n. It has been noted that the chunks of spon-
taneous speech are generally shorter than in text read a1oud.

The text chunks have internal intonation and stress patterns
often described as superimposed on the words. That is why they
may be called prosodic units. Deriving these internal prosodic
patterns may be called the intra-chunk We may also
talk about the inter-chunk problem having to do with the
relations e.g. in pitch, betv¿een succesive chunks.

For t'he purpose of simulating at least some of these features
by Votrax we will touch upon these problems and discuss
different hrays to controf chunking and pause placement.

As human beings need to breathe they have to pause in order
to inhale at certain interval-s. The need for air is generally
satisfi-ed without conscious actions. V'Ie estimate that chunks
of. 1-2 seconds and inhalation pauses of about 0.5 seconds
allow convenient breathing. Clearly, breathing allows great
variation. Everybody has met persons who try to extend the
speech chunks and minimize the pauses in order to say as much

as possible, or to hol-d the floor.
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ft has also been observed that pauses often occur where there
is a major syntactic break (corresponding to a deep cut in the
syntactic tree), and thatr except for so called hesitation
pauses, pauses rarely occur between two words which belong
cl-osely together (corresponding to a shallo\d cut in the syn-
tactic tree) . There is no support for a simple theory that
pauses are introduced between the main constituents of the
sentence and that their duration is a function of the depth of
the cuts in the syntactic tree. The conclusion to draw seems

rather to be that chunk cuts are avoided between words which
belong closely together. Syntactic structure does not govern
chunking, but puts constraints on it. CIick experiments which
show that the cfick j-s erroneously }ocated at major syntactic
cuts rather than between words which are syntacticl-y coherent
seem to point in the same directíon. As an illustation of
syntactic closeness we will- mention the comL¡ination of a verb
and a following refJ-exive pronoun as in Adam avlägsnar+sig från
Eva. ("Adam dj-stances himself from Eva"), one of the sentences
which Commentator often produces. Cutting between avlägsnar
and sig would be most unnatural. AII other places seem accept-
ab1e, although for differer¡t reasons. A cut before avlägsnar
or Eva would seem to reflect the search for the proper word.

Lexical search, syntactic and textual planning are often
mentioned as the reasons for pauses, so caffed hesitatíon
pauses, filled or unfilled, rn the speech production model
envisaged in this paper sound.s are generally stored in a buffer
where they are given the proper intonational contours and stress
patterns. The pronunciation is t.herefore generalJ-y delayed to
allow context adjustments and varj-ous prosodic operations. This
delay also offers ways of explaining speech errors. The length
of the delay varies.

Hesitation pauses seem, however, to be direct (on-line) re-
flexes of searching or planning processes and at such moments

there is no deÌay. Whatever has been accumulated in the artic-
ulation or execution buffer is pronounced and the system ì-s

waiting for the next word.. While waiting (idling) some human

beings are silent, others prolong the l-ast sounds of the pre-
vious word or produce sounds, such as ah, eh, or repeat part
of the previous utterence. Hesítation pauses may occur anywhere,
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but as has been observed they seem to be more frequent before
lexical words than function v¡ords.

As to the i-nternal prosodic patterns within chunks, it has been
observed that sentence final sounds often are prolonged and
that the final pitch is low in declarative sentences. Non-
sentence fj-nal chunks may often also have final lengthenirrg and
rising pitch signaling incompleteness. As the Votrax only
allo\l/s the manipulation of pltch, not duratlon, we will not
go into more detail here (for detaíls of the Nordic Languages
see Gårding, Bruce & Bannert, 1978) .

In the approach to be presented in detail below we wilf de-
monstrate a two buffer model and a chunki-ng mechanism based on
the length of the chunk and syntactic structure. It allows
natural breathing and avoids unnatural cuts. After the pre-
sentation of this approach we will discuss variants and models
lvhere other factors may influence the final chunking and
pausing in speech.

A TWO BUFFER MODEL OF SPEECH PRODUCTION

The approach proposed in this paper presupposes two buffer
memories and trigger mechanisms for fil1ing, emptylng and
reading these buffers. The buffers work in series and are
called the current buffer and the execution buffer. The oper-
ation of such a system will be illustrated by using the length
of the chunck required as the primary trigger. Words are assumed
to be classi-fied as stressed or unstressed and by this differ-
ence the text will be dlvided into chunks generalfy containing
one or several stressed syllables and a greater number of un-
stressed syllables. These chunks are then given a rj-sing or
falling final pitch contour. A computer implementatj_on of this
text division method wiIl be discussed in some detail below.

As only pitch, not intensity, is avaifable in Votrax, pitch
must be used to signal stress. Unstressed words are assigned
pitch level 'l or lower, stressed words get 2 or higher on at
least one segment. Words are assumed to be inherently stressed
or unstressed as given in the lexicon and the divisj_on is
assumed to coíncide roughJ-y with the division into l_exical and
grammatical (functional) words often mentioned. In the restricted
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vocabulary of Commentator the following ill-ustrate 1exica11y
stressed words: Adam, Eve, vänster (left), höger (right),
porten (the gate), nära (close, near) , närma (siçl) (approach),
också (too), heller (either, neither) . The following words are
lexically unstressed: han (he) , hon (she), honom (him), henne
(her), den (it) , det (it) , om (if) , i (in) , till- (to) , och
(and) , men (but) , är (is). Inherentl-y unstressed words may

become stressed, e.g. by contrastíve stressing, and stressed
words may become unstressed.

As described above the verbalization processes of Commentator
produces one word at a time and for'each word delivered to the first
buffer (the current buffer) or the second. buffer (the execution
buffer) a number of variabl-es may be checked. If a sentence
termi-nation is signaled, rl/hatever has been accumul-ated in the
executiôn buffer is executed (pronounced) and the pitch of the
last segment is set at fow. If the number of the segments in
the chunk being accumulated in the execution buffer does DoL

exceed a certain l-imit a new word is only stored after the
others in the execution buffer. The duration of a sound in
Votrax is 0.1 second on the avarage. If the l-imit is set at
15 the system will deliver chunks about 1.5 seconds, r4rhich is
r^that \,¡e want- The l-ength of the chunks can be preseÈ in order
to simulate different i-ndividuals, speech styles or speech
disorders.

If the number of segments in the execution buffer exceeds the
Iimit the system proceeds to find out whether there is a

tight syntactj-c link between the last v¡ord and the following.
Such links (syntactic coherence) is signaled through the
process. If not the cut is made after the last v¡ord in the
buffer and the buffer is pronounced \rith a rising pitch on the
last sounds.

The short sentences produced by Commentator seem to require
short chunks. If the limit j-s set at 15 we would get the
following result (L= low pitch, H= high). The number of seg-
ments is also gíven.
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}. ADAIU Ä(N) 'rr(LL) VÄNSTER OM (H)

2. EVA.(L) (3)

3. HON A(R) TT(LL) HöGER OMl

POGER OM PORTEN/HORTEN. (I,) (19)
4. ADAM AVLÄGSNÀR SIG (H) (16)

5. FRÁ,N EVA. (L) (7)
6. HAN AVLÄGSNAR SIG(H) (15)
7. FRÂN PoRTEN oCKS,4,. (L) (14)

(16) Adam is to the left c¡f

Eve

She is to the righL of/
gight of the gate/the rate.
Adam is going away

from Eve.

He goes away

from the gate too.

The typical speech errors indicated by the slashes wifl be
commented on below.

EXPLAINING SPEECH ERRORS AND SOUND CHANGE

Speech errors may be classed as semantic, lexical, syntactic or
phonetic. semantic errors can be explained in the commentator
model as errors in verifying a proposition, e.g. estimating
the closeness when the proposition CLOSE (ADAM, EVE) is to be
tested. Lexical- errors can be explained as mistakes in picking
up the address of a lexical item. lnstead of picking up höger
(right) the word vänster (left, a semiantonym) stored on an
adjacent address is picked up and sent to the current buffer.
syntactic mistakes may occur as a result of mixing the contents
of memories used for storinq different constituents, forgetting
structural conditions etc. of course various other explanations,
including Freudian associations may also have to be evoked.

Phonetic errors, which are of greatest interest in this paper
may be context-free (spontaneous) or context-sensitive.
context-free errors consist of substituti-ons which do not depend
on any features in the context. context-sensitive errors are
traditionally divided ínto 1, progressive, 2. regressive and
3. ínversions (metathesis), These cases can Lle explained in our
model if \^/e assume the two buffers and some simple operational
mistakes in handling them.

rf a speaker says pöger instead of höger in the text iftustrated
we would have a regressive error. The p of porten is said to
influence its phonotactic equi-vafent in the preceding stressed
word of the text- As Merringer noted arready in rgg5,errors generarry
concern corresponding elements in stressed or unstressed
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syflables: the initial consonantaf constituent of a stressed
syllable is substituted for the initial consonant constituent
of another stressed syllable etc. Substituting the initial
parts of stressed syllabJ-es seems particuJ-arly frequent. If the
rrords are coded accordingly our model, where long strings of
sound.s are stored before pronunciation, offers simple ways of
explanation.

In terms of our model the regressive mistake may be explained
as a case where a sound. of the buffer is substituted or picked
up too soon for pronunciation.

If a speaker says horten instead of porten in the text il-l-us-
trated, we would say that he has made a progressive error. In
terms of our model- the speaker has then replaced a later con-
sonant in the buffer.

If a person says pöger om horten he is said to have produced
an inversion of h and p. In terms of our mod.el sr:ch a mistal<e
may come about if the two mistakes mentj_oned are both at $¡ork.

Models of speech errors often assume mistakes ín reading buffer
memories, although they do not generalty describe the procedure
as detailed as we have done, raÈrích in fact al_fows us to simufate
speech errors by a computer program. The serial two buffer
nodel seems to have advantages compared to the competing
parallel buffers asumed by Baars (1980). Although several pro-
cesses may go on at the same time,cf Kempen & Hoenkamp {1982)
it seems less natural to assume that the same activity e.g.
pronunciation is carried out tentatively with two (or several)
processes using several buffer memories, whose contents are
then sometimes erroneously mixed.

Most explanations of speech errors assume an unconscious or a

conscious monitoring of contents of the buffers used during the
speech process. This monltoring may also resuft j_n sound
changes as the speaker may want to adjust his pronunciation to
a new norm. There are severaf places in the Commentator where
sound changes may be introduced. Some changes may correspond
to changes in the hardware (Votrax). Changes may be brought
about in the execution buffer, deleting unstressed vowels, etc.
Changes may be brought about in the execution buffer as a

resuft of monitoring compari-ng its contents to norms in ways
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resembling word processing systems which apply automatic
spelling correction, Sound changes may be brought about by
changing the phonetic representation of one or several words
in the lexicon (lexicaf diffusion).

The chunking shown above often attaches unstressed words to the
end of stressed words. rt is natural to associate this encli.Lic
Lruffer procedure with enclitic processes characteristic of
language change. Our 2-buffer model attaches unstressed pro-
nouns, auxilliaries and particles to the preceding word (de-
leting word boundaries). Historical encfitic processes often
consist of attaching such function words, reducing their shape
and sometimes turning them into inflectional morphemes. The
definite articl-es are wefl-known examples from the Nordic
languages. The deveropment of the passivei' the Nordic languages
is also a result of enclitic attachment of the reflexive pro-
noun to the verb: kallas<kaf lask<Lq1.!ÈEi_b<Eêl-l_a slS. In our
sample text nära den may result in the enclitic form nära-n
and vänster om in vänstrom. The place and domain of enclitic
phonological reduction or deletion rules seems to be the exec-
utive buffer.

The idea of packing words in a buffer before they are pronounced.
is reminiscent of an interesting proposal put forward by
Lindblom et al. (r976l- in order to exprain the inverse rel-ation
between segment duration and number of segments in the utterance
lindblcrn assumes that segments are packed in a buffer where
they are compressed before being uttered. The more segments
inserted in the buffer the more they are compressed. This holds
for aÌl- segments except the 1ast, whlch keep their inherent
duration and therefore seem to be longer than the others.
According to Lindbl-om one should therefore tafk about non-
final shortening instead of final lengthening.

Li.ndbrom associ-ateshis buf fer wi-th short term memory, a central
concept in psychology. The capacity of his buffer of pronun_
ciation is assumed to be a few syllables which, however, seems
Lo be bel-ow the size generally assumed for short tern memory.
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COMPUTER IMPLEMENTATION

The ideas presented above have been implemented on a micro-
computer as an addition to the Commentator program. The
Commentator program will not be presented here, as it can be
found efsewhere,Sigurd (1983) and Fornell (1983). We wiIl l-imit
oursel-ves to presentation of the fragment relevant to pronun-
ciation (see Appendix).

The words are represented as data, illustrated in lines 3001-
3014, The first figure gives the number of items, and the
following pairs of numbers are the code numbers of the speech
sounds accordinq to the Votrax manual and the pitch required
for that sound (0-3) . The pitch (stress) pattern of a \^/ord
can be ídentified by reading e\,ery other figure starting from
the third.

Lines 2005, 2020 illustrate how the lexical numbers given by
the Commentator to the vãriable U make diffcrent data lincs
available for reading. Llnes 2050-2070 read the sound and
pitch numbers into the current buffer (81 ) . Line 2064 raises
the pitch of a pitch segment, if the contrastive flag (C6)

has been set previously by the verbaÌizing program. Line 2068

sets the flag if a ful1 stop (62) has been entered into 81.
Line 2063 shows how a sound change L1>L2 may be introduced
in the system.

Line 2075 checks whether the sentence has ended. If not the
content of the current buffer is passed on to the executive
buffer by the subroutine 2080-2090. If the number of segments
in the execution buffer (ö) exceeds the preset limit (C9) the
variable marking syntactic adherence has to be checked (2078-91
If cutting is allowed the execution buffer j-s sent
to pronunciation. Lines 2100-2115 place sound numbers in S

and pitch numbers in P. Line 2117 adds a switch-off signal (63)
If the last segment number is found to be 62 (sentence termi-
nation, full stop) the pitch of the last sound is lowered,
otherwise raised (21201. Line 2122 shows another place for
sound change. Lines 2200-2228 handle the pronunciation through
the interface and the Votrax.

Speech errors may be simulated by copying a sound of one buffer
into the other buffer, interchanging within a buffer or reading
mistakes as described before.
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The resulting pronunciation gives intelligible words and

prosodic chunksr but the interchunk and intrachunk prosodic
quality is far from perfect. The prosodic chunks and the pauses

may be given variable duration .simulating more or less hesitant
speakers. The pitch levels may be varied and different triggers
set during the verbalization process may be used to control
pitch. After some experimentation we know that j-t is easy to
si¡nul-ate many kinds of speech disorders. But it is indead very
difficult to simulate normal speech.
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APPENDIX

2O0O ÎF Ut>2Ot THEÀI Uå=U*-2O8 : GOSUB 2020 : RETURN
2001 lF Ut>IOt THEN UC=U*-lOt : GOSUB 20tO : RBTURN
2005 oN ut REsroRE 3001,3OO2,3003,3004,3O05,3006,3007,3008,3009,30r0 : cosuB 2osO : RETURN
2OlO ON ut RESTORE 30rr,3012,30Ì3,3014,3015,3016,30t7,3018,30r9.3020 ¡ GOSUB 205O ! RETURN
2O2O ON Ut RESTORE 3O2r, 3022, 3023, 3024, 3025, 3026, 3027, 3O2A, 3029,3030. 3O3r : GosuB 2050 : RETURN
2O5O REÀD N3 : REM FILL BI(CURRENT BUFFER)
2060 FOR .t8=I* TO Nt STEP 2t
2062 READ Brt(JS),Btt(J8+tt)
2063 IF Blt(.rt)=Llt THEN Btt(,rt)=L2*
2064 fF C6t=tt THEN BrS(.rg+lg)=Bl*(J8+lt)+l? : c6t=ot : REM rNCREÀSE prrcH rF co
NTRAST VÀRIÀBLE SET (C6T)
2068 IF Blt(,Jt)=62 THEN Plt=1 : REM FLAG IF STOP IN Bl
2O7O NEXT ,Jt : REÀD À$ : S5S=S5S+ÀS
2072 I=RND I IF R5<I THBN B2t(l)=Blt(1) : REM RE.CRESSM SPEECH ERROR SIMUTJÀTIO
N
2074 GOSUB 2O8O : REM 82 FILL
2075 IF Plt=I THEN GOSUB 2IOO : plt=O I RETURN : REM PRONOUNCE IF SfOp tN Bl
2O7A ÎF öT<C9 THEN RETURN : REM IF NOT TOO LONG CHUNK RETURN
2079 rF Àrt=l THEN Àlt=o8 : RETURN ELSE cosuB 2100 : RETURN : REM rF syNTÀcrrc A
DHERENCE RETURIiI ELSE CHI'ÑK
2O8O FOR Jt=It TO N* : REM FILLS 82 FRoM BL WHTCH rs EMPrÌED
2082 ör=öt+tr ¡ B28(ö*¡=s1g1Jt) : Blt(.rr)=08
2085 NEXT ,ft : Bl*=0*
2O9O RETT.]RN
2IOO FoR,JT=II To öI STEP 2 : REM REÀDS NUMBERS rNTo soUND(s) ÀND PITCH(P) REGI9
TERS
2IO5 v*=VS+1*
2106 st(vt)=B2t(,ts) : Pt(vt)=B28(Js+I) : B28(.r*)=ot ¡ B2t(.rr+1r)=ot
2ll5 NEXI Jt : öt=Ot
2II7 T=RND ! IF I>F9 THEN ST(V*+TI)=63 : REM SWITCHOFF I'NLESS FLOORHOLDER
2T2O fE St(VS)=62 THEN P3(V8-Ig)=O EI,SE P8(VI.1T)=2 : REM Í,O¡.¡ER]NG PITCH ÀT DND
OF SENTENCE(62) ELSE RÀISING
2122 ÎF st(vt)=Ltt THEN St(v8)=r,2C
22OO OUT 1,133 : FOR Jt=l TO Vt+It : REM UîTÀL
2210 K8=INP(O) : lF Kt<>254t THEN 22lO
22L5 oul Or,st(Jt), 2*, Pt(J8)
2217 ÍF sg=l THEN r st(,rt)":'pt(,Jt),

OUT 3,I: OUT 3,O: OUT 3,1
NE)Cr,tt: B2t=08
Vt=Ol : FOR Z=l TO P5t : NE)cr z : RETURÀT

BÂDÀ'. : REM LEXTKON

2220
2225
222A
300I
3002
3003
3004
300 5
3006
3007
3008
3009
30lo
30r I
301 2
30r 3
3014

DÀTÀ 8,14,
DATA 6,27,
DÀTÀ 8,2t,
DAAA 6,27,
DÀTÀ 6,6,2, t5
DÀTÀ 2, O, O, "

,3
ÃR

DATÀ
DÀTÀ
DÀTÀ
DÀTÀ
DATÀ
DÀTÀ
DÀTÀ
DÀTÀ

4,42,O,9,0,tr TrLL "
ro, 27, 2, 5A, O, 28. O, 35, O, 43, t,', HöGER "
Lg, 2L, 2, L5, 2, 24, 1, 47, O, 2A, O, 31, O, 13, 1, 50, O, 43, t, . ÀvLÄcsNÀR "4,3r,0,6,1, " src "
a, 29, O, 43, t, 52, 1, Ì3, 0, " FRÂN "
14, 73, 2, 47, 2, 43, O, 12, l, 50, O, 3t, O, 42, 7, " N¡iRMÀST "
L4, t5, 2, 2, O, r3, O, 3t, t, 42, O, 35, t, 43, t, " vilNsrER,,
12, L3, 2, 47 . I, 43, 0, t2. I, 50, o, 43, 1, " NÄRì4ÀR "

2,53
0,50
2,30
o, 22

2
I

I

,30
,13
,50
,13
50,

,7,49,O,
,0," ¡tAN "
,L,L2,O ,'ADÀM,'
,0," HON "
t," EVÀ "
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ACOUSTÏC AI.¡AI,YSÏS OF CHÏT.]ESE FRTCATTVES AT{D AFFRICATES

Jan-Olof Svantesson

The purpose of this investigation is to find a r.ethod of ana-
lyzing fricatives (and the fricative phase of affricates) which
makes it possible to describe the available "fricative space'l
of a language, and to apply this r.ethod to Stand.ard Chinese.

For this purpose pa.raneters. for characterizing fricative spectra
are suggested and applied to the Chinese fricatives. Using these
paraneters the Chinese fricatives (and fricative components of
affricates) as said by different speakers can be compared, and
also the totality of the Chj-nese fricatives can be compared to
those of other languages, such as Arabic, whÍch has been investi-
gated v¡ith the same methods (Norlin 1983). A comparison wíth the
Swedish fricatives is also made, although this is difficult clue

to the lack of comparable data- Nartey 1982 uses a similar methoC
of analyzing fricative spectra but the Chinese fricatives are
not analyzed by him.

The fricatives and affricates i-n Standard Chinese

Standard Chinese has six fricatives and six affricates:

f s sh [p] x [ç]
r lll

zIrs] zh IrÞ.] j ttç1
clrshl ch Irêh] s Itqh]

h [x]

The official pinyin transcriptj-on is useC (v¡íth IPA syrnbols in
brackets if they differ).
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There are restrictions on the possible combinations ,of con-
sonants and a following vowel, so that onÌy these combinations
occur:

i [¡] i[ 1]
itxl

ULYJ uVu V

(other
lþf,r¡el)

SShT
zcz}:'c}:,
xlq

_l'

t

The palatals ( x, j and q) are thus in complernentary distribution
with h and f, and in nearly complementary distribution with
s, sh, etc., the only contrasts in the phonemization implied
by the pÏnyIn transcriptíon being before i. The aflophones of
i after the fricatives and affricates are:

x] LQrJ

I a IrÇr I
qi [tçn í I

si [sX]
zi Iisl]
ci. Irshl]

shi fsf ] ri lil)
zhi [+e1]
chi ItCrrl]

Thus it is possible to regard [l] and [l] as allophones of a

phoneme which Ís distinct from i, and to 1et the palatals be

allophones of one of the other series.

On the other hand, there are pairs of syllables such as:

sa [sa] xia [çia]-[ç6]
sao [sao] xiao [çiao]o[çao]

where the i written in the transcription can be regarded as a

vowel onglide conditioned by the palatal, so that these pairs
may be seen as minimal pairs for[s] and [ç,1 zhãng et al.
1982 have shown that there is less perceptual confusion be-
t\{een s and x than between s and sh although, as sho\¿rn below,
the acoustic difference bet$/een s and x is smaller than that
bet\^¡een s and sh. Obviously the different environments of s and
x make perception easíer.

+

+

+

+

+

+

+

+ -f

+

+
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Historically the pal-atals have developed from afveolars and

vel-ars in palatalizing environments:

[*s], [*x]> x [ç]
[*+s], [*k]> j llçl
[*tsh1, [*rh]> q [+ch]

Procedure

The acoustic properties of the fricatives and affricates vrere

investigated using four informants, who said each sound twice
The fricatives and affricates were said in word-j-nitial posi-
tion in a sentence frame, so that they were preceded and

followed by the vowel [a] . The palatals (x, j and e), which
do not occur before a h/ere said before ia {see above).

Four male native speakers of Standard Chinese were used. Two of
theur (C antl D) were born and grew up in Béijïng, one (B) was

born in Jiãngsü province and rnoved Èo BéijÏng in hÍs sixth year
and the fourth (a) was born in Liáoníngi in northeast China and

moved to BéijÏng in his teens. All speak Standard Chinese with
tje].l ang pronuncaatron.

The recordings were made in sound-treated rooms in Lund and in
Stockholm.

Analysis

Fourier transform (FFT) spectra \4¡ere made in the middle of each

fricative and in the fricative components of the affricates.
The sampling frequency v¡as 20 klf'z, and the sampling tJ-me

26.5 ms. By running the tape at half speed when sampling,
spectra in the frequency range up to 10 kIIz could be made.

The FFT spectra v¡ere converted into critical band spectra
accordincl to Schroeder et al. 1979. The critical bands were

deterrnined by Schroeder's formula

f = 650 sính(n/7)n

where fr., is the upper boundary of band n'

The spectrum is thus clescrjj¡ed as 24 bands, with bandwidths of

approxirnately 100 liz below 500 Hz, and of about 1/6 of t}l,e
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center frequency above 1000 Hz. The critical bands co¡r,puted
by thís formula are:

n n tn
f.n

1

2

3

4

5

6

7

ö

9

10

11

12

93

188

287
204

505

628

764

915

1 086

127 B

1 497

17 46

13

14

15

16

17

18

19

20

21

22

23

24

2031

2357

2732

3136

3658

4228

4 884

5640

6512

7 5't6

867 4

10010

The mean level (in clB) within each critical band was estimated,
and the spectra were redrawn as histograms with each critical
band represented as a bar vrith constant breadth, and with the
baseline at -30 dB. This ar.ounts to a rescaling of the spectra
to an auditively more correct form, since each critical band
corresponds to an equal- distance ( 1 .5 mm) on the basilar mem-

brane, or to'1200 prirnary auditory nerv fibres (Schroeder et al.
't97 9l

For practical reasons, only bands 2-24 were used.

For the characterization of the specLra of the different fric-
atives, we propose to use the center of gravity and the dis-
persion of the critical band spectra, and also the mean inten-
sity leve1 (in dB), as computed by the following formulas:

24
center of gravity * = å=, ,r.ro{xnl10)/r

ilispersion

mean intensity level x = 10 l-og (F/231

24
hrhere F = ;' 'to(xnl10)

n=2

and x_ is the nean l-evel (ín dB) in band n, as estimated fron then
FFT spectra.

24
(r
n=2

(n_m)2 ,olø.,'/1ol ¡r¡1/2
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The center of gravity j.s a ¡neasure of the overaff pitch level
of the spectrum, and the dispersion can be reqarded as a rTieasure
of its flatness-

Results

Figure 1 shows oscillograms of the sound waves, Fourier trans-
form spectra in finear scale, the same spectra in logarithmic
units (dB), and critical band spectra of each fricative.

Table 1 gives the centers of gravity of the critical band spectra
(measured in eritical band units, and also given in Hz), the
dispersion, and the mean intensity level (in dB). The mean in-
tensities are given as deviation from the average for each
series of fricatives (read at the same occasion) , in order to
make them roughly comparable also between different speakers.

Figure 1 shows that s and x in Chinese are characterized by a
high peak in the upper: par:t of t-he specLra (bands 20-23 = 5-9 kHz) .

They differ by s having a more abrupt falf than x down to the
level in bands 17-19 (3-5 kHz) . This is reflected in the lower
centers of gravity and gireater dispersions of x than of s (Tab1e
1 ) . The s of speaker D differs from the other s by having a

lower center of gravity and much greater dJ-spersion.

In the spectra of sh, the higher levels of the spectra go further
down (to bands 1 4-15 -- 2-3 kiHz), and the high level area is
relatively large and flat. Thus the center of gravity falls
further down, and Lhe,dispersion increases cornpared to s and x.

The intensity of s is somewhat lower than that of sh and x.

The spectrum of f is flatter and has a lohrer level than these of
the sibilants. This is reflected in a greater dispersion, and in
a lower mean intensity. Also h usually has greater dispersion,
and fower intensj-ty than the sibilants, and lies betvreen them
and f in these respects.

The only voiced fricative r differs markedly from the others by
having an energy concentration in the low bands (below bancì 9 =

1 kHz) and also a peak in the area around band 15.

The fricative components of the affricates are generally similar
to the correspondinq fricatives (i.e. the fricative components
of z and c are similar to s, those of j and q are similar to x,



and those of zh and ch are
differs: his zh and ch have
dÍspersion than his sh.

200

simj-lar to sh).Also here speaker D

a lower center of gravity and higher

In Figure 2 the dispersion is plotted agaj-nst the center of
gravity for each fricative. This is one way of representing the
fricatíve space of Chinese in a ruay which makes comoarison v¡ith
other languages possible.

In Figure 3 an al-ternative representation of the fricative space
is given. Here the mean intensity level over the critical bands
is plotted against the center of gravity.

On both diagrams the individual- fricatives are fairly well
separated, but there is some overlapping, especially between
different speakers, which may inclicate that the oerception of
fricatives invofves normalizing between dífferent speakers, as
is the case f<¡r vowefs.

Discussion

The method of making critícal band spectra and computing the
proposed parameters from them makes it possible to characterize
the place of the fricatives of a language withln the avaifabfe
fricative space, and to compare the fricatives of different
languages.

The fricatíves space of Chinese, as defined by the center of
gravity and dispersion (Fig 2) is rather crowded in the voiceless
sik¡ilants area (low dispersion and relatively high center of
gravity), and. there is less variation between different productions
of the same sibifant than with h and especially r, which j-s the
only voiced fricative.

Arabic has al-so been anal-vzed with the sarne methods (Norlin 1993),
Comparison of the three voiceless sibil_ants in Arabic (s, p,
and S) with the Chinese ones show that, at least for some

speakers, Chinese s is more high-frequent than Arabic !r and
that Arabic ð and Chínese sh lie in approximately the same area.
The high dispersion and low center of gravity area is more
utilized by Arabic, which has 7 voiceless and 4 voiced fric-
atj-ves, than by Chinese.

Swedish also has three sibilants which are roughly comparable
to the Chínese ones. Available data on Swedish fricative spectra
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(lindblad 1980) are not directly comparable to our data, but
juilging from the spectra published. by Lindblad it appears that
the Swedish sibilants are related to each other in a r¡/ay similar
to Chinese ones, i.e. that the center of gravity decreases and
the dispersion increases in the series trl - tgl - tll tor lej;
other variants of Swedish /l/ are not comparable). It also seems
that the Chínese sibilants have the rise into the high-level
area of the spectrum higher up than the Swedish counterparts
(which) probably implj-es that they have higher centers of gravity).

Zhang et aL. 1982: 201 give a hierarchical clustering diagram,
which shows the perceptual sirn-ilarity (as measured by t.he
tendency to be confused in a perception test) between Chinese
initial consonants.

If the fricatives are isoÌated from this diagram it becomes:

fh x
ssh

This can be compared to the dispersion/center of gravity plot
(,Fig 2).. In both diagrams the voiced r is clearly set apart from
the others (by its low center of gravity in Fig 2). The pairs
s, sh and f, are also well separated in both diagrams (by the
disp<:rsion parameter in Fig 2).

The position of x [gJ differs markedly in the tvro diagrams,
however. Acoustically it is similar to s and sh , and comes
between then in Figure 2 but perceptually x is clearly sepa-
rated from s and sh. As noted above/ this discrepancy can be
explained by the nearly complementary distribution of x and s

or sh.

The features compact/diffuse and grave/acute are defined by
Jakobson, Fant and Halle 1952 in terms of spectral properties,
and measures similar to those proposed here are discussed by then

They define compact phonemes in the following way:

Compact phonemes are characterized by the relative pre-
dominance of one centrally located formant region (or formant).

r



202

They are opposed to díffuse phonemes in which one or more
non-céntral- formants or formant regions predominate."

They also suggest that the second moment about the mean (i.e.
a measure similar to the dlspersion measure used here) shoutd be
used as a measure of compactness. From the definition and the
examples given by Linen (/l/ compact, /s,/ dj-ffuse for instance),
it appears that compactness is related to a non-extreme vafue
of the center of gravity (and perhaps a not too high dispersion),

The feature grave/acute is defined as:

". .. the predominance of one side of t.he significant part
of tlle spectrum over the other. ltrhen the lower side of the
spectrum predominates, the phoneme is l-abeled grave; when

the upper side predominates, \^re term the phoneme acute."

As a measure of this, the thírd moment about the center of area is
suggested (and also the center of area, a measure similar to the
center of gravity as used here). It seems that this feature
cannot be directly related to any of the paraneters used here.
The term "signifj-cant part of the spectrum" used in the de-
finition seems to imply that a local measure of the center of
gravity could be used to distinguish pairs of phonemes which
differ in thís feature, rather than the "global" center of
gravíty used here.
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Table l. Center of gravity, dispersíon and mean intensity le-
vel of the critical band spectra of fricatives and fricatÍve
components of affrícates in Standard Chinese.

Speaker Center of gravity Dispersion Mean intensity
crit. band tlz crit. band dB
units units

sA

B

c
D

xA
B

c

D

shA

B

c

D

þA
B

c

D

EA
B

c

D

rA

B

C

D

17.II
16.54
L7 .96
L9.52
T7 .4L
16.17
16.05
L7.49
L9.45
L7.67
L4.43
17.35
L9.79
15.64
L2.78
13 .13
20.25
20 .10
1B .03
19.51
L7.97
L9.25
15. 84
15.40

3456
3181
3 9r0
4898
3 610
3 014
296L
3652

4849
37 49
2333
357 9
5092
27 89
r822
L92L

544r
5325
3950
48 91
3 916
47 ).r
2872
2692

148 5
17 62
2L43
1488

428
609
57s
480

.98

.70

.45

22.3L
22 -L2
20.66
20.84
2L.48
19. 90
18.53

73L4
7118
577r
5923
6493
5r7 4
4246

3.74
5.84
3 .83
r.57

-) ao
4 .4r

-0.89
19.84
21.38
19.33
19.73
19.82
20.93
20 -29
19.82

51 29
64 00
47 66
5049
s114
6000
547 2
5r14

1. 95
1.69
1.61
1.65
2.r8
t.7 4
L.97
2.7 0

6.28
4.22
7.22
9.10
3 .10
3.04
4.41
0.16

23
63
93
13
2L
73
89

83
23

85
5B
18

2
_t

-1
3
2
3
2

-7
-10
-6
-6
-6
-9

r.24
1.06
I.26
L.44
2.34
2.82
4.57

50
22
48

14
98
48
3B

2.02
2.35
2.69
2.32
2.7L
1.98
2.95
2.50

8.76
5.59
6.81
6.08
4 .97
7.35
3.24
3.60

-2.r8

.57

.53

.57

2
2

3
2
2

2
t

3

3
3
3
3
3

3

?

2
4
5
1
3
4
2

.70

.77

.05
-r1.36
-5-87

1r.45
L2.56
13.86
1r.46
4.83
6.35
6.08
5.29

*8.80
-7 .66
-8.79
-7.98
-r.83

2.02
-4.40
0.14

55
36
52
39
56
94
56
88
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Table I (cont.)

akerspe
zA

B
c
D

cA
B
c
D

Center of
22.52
21.15
2I.L9
]-9.7 0

2r.80
20.55
2r.44
20.32
20.84
20.33
20.92
20 .4L

gravity
7538
6r92
6228
5027

6798
5681
6456
5496

5923
55 04
5991
5568

15 .54
20 .4r
15.45
L3.47
L7 .96
19 .55
L6 .48
15.69

5386
5L29
s5B4
5457

27 48
5568
27L2
2022

3 910
49L9
3 r53
2809

Dispersion
0 .84
1. BB
2.46
3.69
I
2
2
4

I
I
I
2

2
I
I
I

11
55
44
36

63
34
4I
29

s

iA
B
c
D

zh

ch

A
B
c
D

A
B
c
D

A
B

D

20.18
19.84
20 -43
20.27

.03

.30

.81

.76
2.59
L.77
3.36
4.63
2.78
2.43
3.10
4.96
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Figure Ia. Wave-forms of Standard Chinese fricatives.
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Figure lb. FFT spectra in linear scale
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Figure lc. FFT spectra in logarithmic scale (dB)
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figure lil. Critical band spectra
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PERCEPTUAL CRITERIA FOR DIFFERENTIATING BETWEEN DIALFCT TYPES

Ursula },Jillstedt

INTROOUCTION

The Swedish Prosody Project is continuosly engaged in appraising and

revisìng the model that was orginally developed and described by Gårding

(1973), Bruce (1977) and Gårdìng and Bruce (1979, 1980). This mode], which

is mainly production oriented, derives and generates dialect prosodic

variants in Swedish from a small number of grarnmatical parameters. Four

dialect types are recognised, denoted 1A, 18, 2A and 28, represented by

Malmö, Datarna, Stockholm and Göteborg respectively. These are differen-
tiated by the timing of word accents and sentence accent(focus) in each

type. For exemple, type 2A has the earliest word accent timing and type

lB the latest, types 2A and 28 have a high focus position which gìves two-

peaked accent 2 on words jn focus position while in type 1A and 18 the

correspondìng words have one peak.

Recent work has been devoted to the problem of whether intermediate types

can be described and generated with the aid of the modeì. Thìs report
queries whether the number of.types corresponds to perceptuai impressions

or whether more types are needed, At the Trondheim prosody symposium we

assumed from an analysis ofintermediate forms that the Småland dialects,
wjth Växjö as prototype, could also be considered a separate Swedish dia-

lect type. We denoted it 2AB. The 2 refers to the two-peaked accent 2 in

focus, A to the sentence accent manifestation which is similar to Stock-

holm (2A) and B to the word accent manifestation which is similar to Göte-

borg (28). This is ìllustrated ìn fig. i wich shows observed ional

patterns for the various dialects.

In Växjö speech the word accent has a relatively late timìng, which may

explaìn the obvious Fs rise during the post-accent vowel when the sentence

accent falls on sentence-final accent 2 words (solid linein Fig. l). This

also occurs in Göteborg speech, where the sentence accent manifestation is
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distinct from the word accent just as in Växjö. When the focus is on the

final word, there is presumably insufficient time left for sìgna'lling the

sentence accent by any other means than by a rise. Fìgure 1 also shows that
the fundamental frequency curve for Växjö ìs similar to Stockholm, but the

70 ms timing shift means that the word accents are manifested differentiy in
the tvro dialects. Figure 2 clearìy shows how thìs difference of timing
affects in both dialects.

A1
Man vill
...ANAMMA nåra längre nummer

-anamma 
nåra ìängre NUMMER

A2
lvlan vill
,..LAMNA nåra långa nunnor

-lämna 
nåra ìånga NUNN0R

t Göteborq 28 ¡J@
Växjij 2AB ¡

l
l

Stockholm 2A
¡

l
{

l
l

Fig. 1. Representative fundamental frequency curves for sentences with
accent 1 and accent 2 words respectively. Examples of initial
and final sentence accent location are given for both sentences.
The t,hicker lines indicate vowels, thin lines consonants.

- 
Stockholm---- Växjö

1€mna nrr al J l: an ú n: e ¡

Fig.2. Normalized fundamental frequency and duration patterns for a
sentence with accent 2 words. Time scale: 1 cm = 0,] s

Despite obvious similarities in the outer configuration, Fig. 2 shows how

the focused accent 2 word 1ämna is located in the rìsìng-fa11ing tonal
movement in the Växjö pattern whereas the correspondìng word in the Stock-

holm example ìs falling-rising. The difference should have some perceptual
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significance. The observation leads to the question as to whether it is so

important perceptually that it is iustifiable to consider these tt¡lto vari-

ants to be members of quite different dialect categorìes'

MATERIALS AND METHODS

To obtain an answer to this question ten subjects were recorded via a ìa-

ryngograph, which enables pitch information from the voice source to be

heard prior to the supraglottal filtering. The informants represent dia-

lectvariants from växiö (2AB), Kalmar (24), Stockholm (24), Göteborg (28)'

Malmö (1A) and Krìsitanstad (14). The utterances that were compared are

the proverb när katten är borta dansar (" when the cat's

away the mice vrill play") and contrived sentence man anammar-lundamodellen

(,one absorbs the lund nndel") consisting virtualìy of sonorants only to

show up the t.iming of word and.sentence accents. Similar conditions (only

sonorants and comparable vowel qualities) also pertain in the utterances

used for the tone curves of Figs. 1 and 2.

The proverb, pronounced with even intonation was used in a listening test.

one or two representative renderings from each dialect were selected and

paired at random to provide 25 stimuli. Eleven'lìstene¡s representìng

various dialects have judged whether the rendenings in each pair can be

classed as belongìng to some dialect area or not.

RESULT AND DISCUSSION

The results of the listener test are given ìn Fig . 3. The horizontal axis

contains the stimuli comparing paired dialect variants. The vertical axis

records the number of lìsteners who made "same dialect" judgment for each

pair.

Number of listeners
judging same diale.ct type

18
o
6
4
2
0

Växj ö-
Vãxj ö

Kalmar-
Ka'lmar

Växj ö-
Stock-
holm

Växj ö-
Kalmar

Malmii-
Kri stì an-
stad

Stockholm- Växjö-
Kalmar Göte-

borg

Fig.3. Result of the listener test. Pairs of dialects are given on the
horizontal axis. The vertical axis represents the number of
listeners who judged the dialects in each pair as beìonging to the
same dìa1ect type.
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For stimuli comparing two speakers known to be of the same diaìect, the

"same dialect" judgement are hìgh. For example, the t!,io Växjö informants

were judged to have the same d'ialect by 10 of the 11 listeners.

The Växjö and Göteborg renderings were judged to be the same diaìect by

onìy 1 listener. The similar word accent do not appear to be sufficient
perceptual ground for assìgning two variants to the sarne diaìect type ìf
the sentence accent are different. Växjö and Göteborg have djfferent sen-

tence accent patterns when the sentence accent is located finaìly or medi-

alìy in the sentence. Gårding and Bruce (ì978) have also concluded that
the sentence accent pattern is the primary criterion for differentiating
dialects.

The Växjö renderìngs were also compared with the two variants of the 2A

djalects type, Stockholn¡ and Kaìmar, where the prosodic pattern is similan
These were judged to belong tb the same dialect as Växjô by 3 and 4 listen-
ers respectively. It thus seems to be a more difficult task to differen-
tiate Växjö from Stockholm or Kalmar than Växjö from Göteborg. Neverthe-
less, Växjö tends to be ciassed as a separate dialect. This merits further
investìgation with more informants and more listeners. However, the pre-

sent report does indicate perceptuaì justification for considering that
the Småland dialects, with Växjö as prototype, constitute a seperate dia-
lect type.

The Malmö and Krìsitanstad diaìects (tonaì patterns in Fì9.4) were also

compared in the lìstener test. According to the model, they are both

cìassed as type 14. The result of the listener test shows that they are

also perceptual similar, 9 of the 11 listeners judging them to be the same

dialect. A closer look at the tonal pattern reveals a s1ìght difference of
timìng, just as there was between Växjö and Stockholm. This is ìllustrated
in Fig. 5.
A1

Man viII
..'ANAMMA nåra 1ängre nummer

-l
UNNOR

A2

Man vill
...LAMNA nåra 1ånga nunnor

a

s VE equency curves ror sen
accent 1 and accent 2 words respectively. Examp les of final and

ìnitial sentence accent location are given. Thicker ljnes indicate
vowels, thin ljnes consonants

a

Kri sti Snstad 1

1A I
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Malmö
Kri sti anstad

'I ¿ mn a nc ral 9 0: a n u n: e r
Fig.5. Normalized fundamental frequency and duration patterns

tence with accent 2 words and initial focus. Time scale
0,1 s.

for a sen-
: I cm=

The timing difference is a mere 30 ms and has no effect on the tonal
pattern of the word accents. There was, however, a clear effect for Växiö

and Stockholm, lvhere the timing differences was more than twice as large.

Since the Malmö and Kristianstad dialects are classed as the same dìalect
type by the listener test, there is presumable a critical limit for whether

or not timing shifts differentìate between dialect types.

The timing of the Fo fall in accent 1 and accent 2 in one and the same dìa-
lect was studied by Bruce (1977). The timing of the hìgh turning point for
both accents was varìed continously in a synthetic rendering of inga malmer.

This sentences can be interpreted as accent 1 ("no ores") or accent 2

(forname and surname, "Inga Maìmer"). The ensuing listener test revealed

a critíca'l region with a timing djfference of 20-30 ms where it was

difficult to differentìate between the accents. In view of this result, it
'is not unìikeìy that a tìming shift of about 70 ms between two otherwise

simìlar tonaì patterns is perceptually relevant and the variants would be

assigned to different categories.

The result of the present investigatìon shows the perceptual importance of
the tonal movement of the accented syllable. The considerable timing
difference between Växjti and Stockholm yields quite different word accent

patterns although the sentence accents are very similar. In Växjö the
pitch of the accented syllable ìs rising to a high whereas in Stockholm it
is fal1ìng towards a low (cf. Fig. 2). This is presumably why the two dia-
lects were judged as belonging to different dialect types. It is interest-
ing to compare this with the Edìnburgh and Glasgow accents which were de-

scribed as high and low respectiveìy by G,i1i:an Brown et a1. (1980). There

may be perceptual justification for discribing the Växjö and Stockholm

dialects respectively as high and low.
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