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ANNUAL REPORT

The past year has been marked by some memorable events. The most
positive one was perhaps Humanistdagarna (the Days of Humanities)
when our department contributed a day-1ong program (see below).
This was an effort to show the public \,rhat lrre are doing and what
\"¿e stand for in this time of econornic squeeze and declining
interest in higher education. The situatìon is further aggravated
by the absence of a natural basis for recruitment. Only prospective
logopeds have phor¡etiês and general linguistics as a regular part
of their training program. But r^¡e still have hope that our
subjects will be recognized as a regular partof the training of
languaqe teachers.

The current interest in information technology, however, may
give phonetics and linguistics better possibilities to realise
their potential for applications. This has already happened in
other European countries and courses entitled ,Informatik' and

'Informatique' are beginning to appear in the regular phonetics
and linguistics curricula.

Despite the financial- and administrative difficultj-es,our
activities have contínued as before whÌch may be reflected by
our seminar programs below, the contents of our i¡Jorking papers
and the report on project work and dissertations listed at the
end of the bo-ok.

Friday seminars

Sept 7

Sept 28

oct 5

Oct 12

Oct 19

Oct- 26

Nov 9

Nov 16

Reports from summer meetings
v9¡¡Þ Ldr¡uy d¡lu vd! Id LIgII f fl
Standard Chinese
Creak in Peking speech
Perception of stress in Greek
Tone 3 versus Tone 4. Design
of perceptual experiments
Preliminary results from the
Sblos project (The reading
and spelling of Children
with delayed speech development
f'ocus in French and Swedish:
A phonetic comparison
The perceptíon of word. stress
in prefocal positíon in Greek
Perception of F^-categories.U

Eva Gårding

PauI I(ratochvil (Canbridge)

Antonis Botinis
Jan-Olof Svaritesson

KerstiJÌ Nauclér and
Eva llagnusson

Paul Tbuati

Antonis Boti.nis

David House



Nov 23

Ncv 30

Dec 7

Dec '14

Jan t/

Eeb 15

l.,larch 3

l4arch 8

Ma¡ch 29

April 12

Äpríl 26

l,fay 3

May 10

Nlay 24

Jr:ne 17

Rhythm

Prosody ín Caj-ro Arabic

Ttre relation betr,"een prosody, slmtax
ând semantics i¡ Greek

Is the right hanísphere the focation
of eÍÞtions, attitudes and ccnrm:nica-
tive fur¡ctions?

Reports from a vorkshop: lbthods of
stori¡g jnfornatiom for docutrentation

Diphthongs ìl the larrguages of the
world, and j-n Hausa in Particular
Intonation contours i¡ ten
Swedistt sentences

Rehearsal for the Speech-Sor:nd-
lbaring conference jrr C'oteborg

I¡anguage and brain
Tone and stress j¡r Pel<jng Úìj¡ese

FO and the perceptj-on of rncverrent

Markedness ìl linguistic knovrledge

Tour de FÏance

Scùne problems ì¡ the analYsis of
word stress iJI Hindi
The per.ception of s¡:eech in
children and adufts

C,osta Bruce

Kjell Norlin
Antonis Boti¡tis

Cbristi¡ra Dravins

Anne-Christi-ne Bredvad-Jensen

t'lona Lùdau Ylebb

Dieter Huber

CL:risti¡ra Dravíns

PauI Kratochvil (Cambrídge)

David llouse

I\4anfred Bierwisch . (Berti¡)
Gixta Bruce

Manju olrala (Sôn José)

l,lary Srnith . (Darurouth)

ffrgen Fafner (Coperùragen)

I\{orris Halle (t/lIT)

Paul Kratochvil. (Canbridqe)

Staf fan HelLberg (Göteborq)

Ragnhifd Siderdoergh

I<aroly GaÌyas (Stoc]<Ìolm)
and EVacarj¡r Hohqvist:

Jan Svartvij<

John Olnla (Berkeley)

The general seminar, Language, Speech, Sound, Hearing, is now

being held in cooperation with the D.epartment of General

Linguistics, The Centre of Voice and Speech Training, the

Department of J,ogopedics and Phoniatrics and the Centre of
Child Language Research.

Sept 10

Sept 17

oct 1

Oct 15

w. 22

Nov 12

¡Iov 26

Feb 4

Feb 25

Rhetoric in our ti¡ne

Hc[,¡ are words represented ìrt
nerfþry

t'bdern Chi¡rese and lingmistic
change

The reaning of sentences

Frcrn ccmrunication as language to
Ianguage as ccnrmrnication

Slnthetic speech ì-n conrnmícatj-on
and edcuation

The project 'segemerrtation of
texL for speech'

Sniles, sex and the slzmbolic
use of speech sourds

The languages of Africa tutona Li¡rdau !'lebb



March 6

March 18

Ma¡ch 25

April 10

Þç.ir3-l 22

May 6

¡,Iay 20

Jure 3

IllrrEniora ixer gränserna

Arabic phonology
Greel< prosody
Hcr¡r S\4edes speak Frelch

Basque peculiarities
Tlre language of dogs and \riclves
Langß¡age a¡¡d braj¡r
Readi-ng and r.vriting dif ficufties
Analysis of foreign accents
Ttre deterioration of scanian

Can a langmage be just anYthing?

the location of sentence stress

ldllla.rity i¡¡ sentence
Proc€ssi¡g
Subjecb or thene ùr CtLi-r¡ese

An i¡rtonation n¡cdeI and its
anchors

Strucbure and p::ocess j¡ language
production and the nature of
speech errors
Ihoughts on speech trajlling
A rþdel for analysis of dialogue
bet!€en ailults arrt chi-ldren

Open house - Program:

KjeU Norlin
Antonis Boti¡tis
Paul Touati
Jana C.eggus
cisela Håkansson & ¡4ona Lindau
Christi¡a Dravins

I{erstfur Nauclér & Eva l{agnusson
Robert Banr¡erL
Gösta Bruce

l,tona Li¡rdau I'¡e¡rb & Eva Gardlng
Thore Pettersson,
Elisabet Engdahl

l,þrle ltrcrne

Llm Frazier (¡¡nherst)

Par¡1 l(ratochvil (Canrbridge)

Eva Gårdlng

lrfanfred Bierwisch (Bertin)

Cabriel-La Ster¡berg-Koch

Ragnhild Si:derbergh and
Anne{hristiine Bredvad-Jenseri

The seminars on research in langu4ge teaching, chaired by

Robert Bannert, and on problems of reading and writing, chaired
by Kerstin Nauclêr and Eva Magnusson, are followed by an

increasing number of participants.

There where the foltowing courses open to advanced students:
How to use the ILS Program Sidney Wood

The production and perception Anders Löfqvist
of speech
Mode]s and measurements Bengt Sigurd, Department

of General Línguistics
The phonetics and phonology of Gösta Bruce
prosody

Longer visits

Mona Lindau l4lebb stayed thTo months for work on the proiect

'phonet.ic description of some non-European languages'. We also
profited greatly from visíts by Paul Kratochvil, Fac. of oriental

Studies, Carnbridge. Janina Petecka, Swedish lecturer in Gdansk,



rrho held a Sv/edish Institute scholarship, spent most of the
spring term with us. The present issue of the l{orking,Papers
bear witness to their work while they were here.

Projects

The project 'Phonetic descriptions of some important non-

European languages' (HSFR)1 is now being concluded. The project
Reãding and spelling difficulties (HSFR) is entering its
second year. A:new project 'From text-to-prosody' (n.l)2 dtarted
on February 1.

Lund in June 1 985

Eva Gårding

1 ) HSFR, Swedish Council- for Research in the Humanities and
Social Sciences

2) RJ, The Bank of Sweden Tercentenary Foundation.
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ln defencc of a phrase-based model of intonation

Eva Gfrding

I wil-l- do two things:
1 . Give a Ì¡rief presentation and evaluation of the model I use

for comparison of intonation across languages
2.Discuss objections to the basic tenets of the model

PRESENTATTON

The model has grown out many years' work in intonation in
various languages. My own startinq point was a comparison between
Swedish and English int<ination that f did for strictly peda-
gogical- purposes v¿hen I was sti11 a school- teacher (Gårding

1962). Many of my students, collaborators and critics have

helped gi-ve the model its present shape.

One principle of the modef is that global intonation stretching
over a phrase or a sentence is separabfe from local intonation
bearing on lexica] accents and tone. T,ong ago, Ernst Meyer was

very well aware that his kymoghrapic records of fundamental
frequency patterns of accent manifestatj.ons from 100 scandinavian

dialects contained ingredients both from the \,,/ord accents and

the sentence intonation but he thought that it \{¡as next to
impossi-ble (kau¡n möglich) to separate the two (Meyer 193? p. 4'l).
However, this separation can be done by analysing sentences in
which global and local properties have been varíed systematically
(Gårding and Lindblad 1973, Bruce 19771. it Èhen turns out
that the local- features, the accent humps, seem to be acl<led

to or superimposed on a global phrase intonation component and.

that the tining of these humps ís dialect-specific (Bruce a

Gårding 19781. The superposition principle was used explicity
and quantitatívely for the first time ín intonation analysis
by Sven öhman (1968) and later by Carlsson and Granström (1973)'
Robert Mc Allister (19'711, and Nina Thorsen {1983). Superposition
has been a guiding principle in my or^¡n $rork and it has been

useful in all the lai-rguages that I have studied.

Another important principle.of the model is to base the l-ocal
analysis, i.e. accents and tones, on the notion of turníng-
point fixation. This principle can be explained in the following
way. Characteristic of an intonation curve, not matter hthat



language it comes from, is that is has an undulating shape

and Like aÌI undulating curves it can be efficiently described

by interpoÌation between focal maxima and minima which I call
turning points. A very important öbservation is that some of

these turning points have a rather fixed positíon relative to

specified acoustic segments. From this it follows that certain
falls and rises afso are kept in fixed positions relative to the
segments, And it also follows that giving the positíons of
the turning points in time and frequency is an economic way of

describing an intonation curve. This is precisely the principle
we have used. in the generative part of the model.

The third principle ís to base the gloLral analysis of phrase

and sentence intonation on the large-scale pattern formed by

the concatenated turning points. In tong sentences, the local
up and down structure of an intonation curve usually repeats

itself within longer periods corresponding to phrase-like
uníts. This larger pattern is expressed by the tonal grid'
In the ideal case a grid is obtained by joining consecutive
local maxima and. minima separately. That part of the grid
\^/here the direction or vridth is changed or where the grid
takes a jump is called a pivot. It marks the boundaries of
what we might call prosod.ic phrases.

Figure 1 summarizes in schematic form the descriptive frame-

work of the modeÌ. These concepts can be seen as part of a

phonological inventory of prosodic features general across

languages. Together with an account of their functions,
v'¡hich may be language speciflc particularly in the lexicon,
they constitute a kind of proÈodic grammar.

Examples

I shall now present some examÞles from real life and I v/ilI
start with my favourite example from Standard Chinese,

SòngYán mãi niúròu 'Song Yan sefls beef' (Fig 2). This sen-

tence has bones which are in order from the start' falling'
rising, falJ-ing, rising, fa]Iíng and it has been uttered in
different prosodíc patterns. The broken lines are grids' The

upper broken line of a grid connects the maxima and the fower

broken line the minima of the fundamental frequency curve ' Part
of these turning points are fixed points in the sense that they

are relativej-y fixed to the segments independently of the

2
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sentence prosody. The direction of the grids shows the type
of speech act and their width shows information weight. Note
the expanded width in connection with focus and the compressed
grid after focus. The pivot, marked by an arrow, is optional
and dependent on style, ê.9. factors like tempo and phrasing.

To sum up the most important aspect of the figure:
You see a basic lexj-cal pattern which is deformed j-n various
ways by sentence j-ntonation. What is constant in these deform-
ations? I claim that the relation of turning points to the
segments and to the grid is an important invariant (Gårding
1984a). This rising tone over niúròu, for ínstance, is rising
in the falling intonation of the last utterance of the
figure if you see it from the lower grid line but constant in
terms of absolute fundamental frequency.

I will now show you era.mpÌes of my analysis of English intonation.
Figure 3a shows yes-no questions of varying length, from the
top to the bottom, a foncr line a mlnimal line and a millionmile-
long line. The voice is Mark Liberman¡s, the grids are mine.3
The adjective is focussed in all three sentences. The grid
helps us see that the turning points of the accented syllables
in the risirg part of the sentence are 1on¡. ln the correspcridi¡rq statenents
(Fig 3b) with falling intonation the grid shows that the turning
points are high. This is in fact a general rule of English and
German. I'or these languages only the accent location is dis-
tinctive, not the accer¡t type. The turning points are fixed in
location relative to the segment but they alternate between
high and low in relation to the grid depending on the sentence
intonation -

ft is also evident that the slope of the risÍng grid is
dependent on the length of the utteranCe. This suggests that it
j-s the level- of departure and the leve1 of arrival r^rhich remain
constant and carry the communicative functionrnot the steepness
of the s1ope.

Another point worthy of observation is that the phrase-internar-
accented items have no autonomous tonaf movements. Thi-s is in
accordance with a very generaf rule that reduces the tonat
component. of phrase-internaf accents. We shall see from rny
next examples that this rule_ operates also in Swedish. So
let us now compare English and Swedish in a simifar set of
Swedish yes-no questions with focus in three different pl,aces
(Fig 4a).

5
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Focus is expressed by a pivot and it is the direction of the

grid after focus which signats the question. Again it is clear
that the slope of the grid depends on the length of the part of
the utterance following the focus. The accents are grave ones

(Accent 2) and since the dialect is South Swedish, the turning
points occur at the end of the accented syllable. (With acute
ones the turning points woul-d occur at the begj-nning of the
vocalic segments.) Now, probably since Swedish has distinctive
accent types, the turning points retain their locations not onl-y
in relation to the segment but also in tefation to the qrid

regardless of the sentence intonation. A high remaj-ns^a high, a

low remains 1ow as is shown by the cornparable statements of
Figure 4b.

My final examples: are from Arabic (Fig 5). The statement has a

falling grid over the predicate and a rising one over the
subject with extra weight and an expanded grid for Munir. The

question has a rising grid over the predicate and a falì-ing
one over the subject, still with extra \reight for Munir. In the
third sentence both the head and the modifier of the subject are
focussed in an expanded grid.

It is interesting to note that also in this language which does

not have dístinctive accent types like Swedish, the turning
points are fixed, even more so than in Swedish.

Using our descriptive framework (Fig 1 ) we can observe that
simil-arities between languages are great for global features,
thos expressing speech act, including focus. And $/e can assert
that the fact that intonation sounds so different from language
to language must depend on the fact that languages use intonation
lexica1ly in different ways and that speakers use their registers
differently. our Chinese speaker, for instance, used tv¿o

octaves in a declamatory style, whereas our other informants.
only used one. Another j-mportant similarity of íntonation in
ddifferent l..rgoaget is that speech acts can be expressed
g1oba1ly and/or 1oca11y. A question, for ínstance, may be

given globa1 expression by an increase of overall frequency
and tempo, features which may be combined with a 1ocal rise at
the end of the utterance. The speech act information is well
protected by this redundancy.

7
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Generative aspects

So far pure description. f wifl now show you how this descriptive
model can be used to generate intonation curves (Fig 6 ) .
The input is a text with lexical phonological markings, i.e.
mark.ings for accents and tones, markings for speech act, diafect
and syntactic boun<1aries. The ma.in principle is that the global
expression, the grid, is generated fj_rst. Then the turning points
for accents and tones are inserted as specified by the di-ctionary
j-n terms of highs and fows or combinations of highs and lows.
Since these specifications are lexical, i.e. corresponding to
citation forms, they are provided with statement intonation
and have to be adjusted both for frequency and time depending
on the position in the phrase and the syntactic and pragmatic
context.
Einally the fundamental frequency curve is obtained by smooth
interpolation over the voiced segments betvreen the turning
points.

Evaluation

It is daid about modefs that they should be general and possess
explanatory power ( see e.g. in Lars Gårding,1977'). f have
tried to show that this model is general by applying it to four
languages with different prosodic systems. In addition it has
been appJ-ied with some success to French, Greek (Gårding,
Botinis, Touati, 1982) and Hausa (Lindau Webb 1992\. There may
be some reasons for this success. It is natural that the
distinctive properties of words, í.e. accents and tonesrshould
be retained in current speech when needed but subordinated to
the global movement which is the basic speech act. In this
process, intonation uses a common principle for combining
movements from different sources, in particufar small movements
added to large movements, superposition. Superposition may also
play a role in perception. When we interpret intonation we make
use of our ability to refer a local movement to a gÌobal one.4

It j-s afso natural that the turning points should be fixed to
the urcrrds or morphemes and be part of their lexical representations
in the brain. Further it is naturaf that we have learned to
identify these patterns afso when they are deformed by phrase
or sentence prosody. With this view we get a credibfe anrl

10
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simpJ-e description of the existing variability of prosodic
patterns. The number of basic elements in Èhe nodel can be
kept sma11

As for the context rules, it is easy to see that the necessary
adjustments express the tension between the speaker¡s wish to
bring out the message and .his urge to do it as economically as
possible.
Figure 7 shows some examples of the economy principle. This
principle explains why the joining of tv,¡o accented words
fem fem 'five five' can be as (a), (b) or (c) in the figure.

(a) has the meaning of fem, fem separated in a fallinq intona-
tion

(b) corresponds to fem fem in a single phrase \,rith the same
i.ntonation as before and

(c) is the intonation of a compound, other things being equal.
In other word.s, why go a long way r^rhen there is a shortcut?
And why not use these three ways for communicative purposes so
that (b) and (c) express an j-ncreasing degree of a coherence as
compared to (a) ? Another case governed by the economy prínciple
is anticipation,exemplified under 2. A normal grid range is
compressed before an expanded range. One can expfain this in the
following vray. Let us save energy by compensating for a strong
accent by makìng its neighbour weaker. At the same tlme we

introduce a sharper contrast between the information weighl
of the words. These alternativesr2a and 2þcan also be used to
express different degrees of coherenc€¡ ê.g.
(a) fråga lund (b) frågalund 'ask Lund'
fn 7.2.b the phrase (a) has been lexicalised as the titl-e of a

popular TV program.

An overal-l impression emerging in analysis of intonation by
means of the model is that intonatÍon is hierarchically
organized in the following sense. A mechanism first observed
on the lexical level appears also on the phrase and sentence
levef. f have an excellent example from French where turning
points appear on dÍfferent leve]s. In spite of the fact that
accents are considered to be levelled out in a French phrase,
there are traces of them in the acoustj-c records. Figuie 7

j-s a case in point. It displays the fundamental frequency
curve derived from the sentence Un frère de ma cousin qui habite
ã Paris a une mandolíne de Panama.S

12



We see, accordinq to mlz analys.is, turning points in the
narror{¡est parts of the grid lying above the smaÌlest phrase
constituents, un frère and ma cousine. These parts of the grid
have equal ranges, j-ndicating that equal weight has been given
to the two constituents. The boundaries of the constituents are
marked by a pivot, which turns the directlon of the intonation.
Then foffows a jump-down pivot that introduces the refatlve
cfause and another jump-down pivot marks the end of it. The
grid over the verb phrase has a larger range over mandofine
than over Panama indicating that mandoline is the head of
the phrase and that the following attribute is subordinated.

We may perhaps be abfe to refate the model to certain types of braì¡
damage. It has been said that the right hemisphere is responsible
for prosody and that this sirould explain why peopfe with damage

in this hemisphere have monotonous speech without emotj-onal
colouring. fn a project supported by .the Humanistic Research
Council, Chrístina Dravins has worked out a comprehensive test
with the aim of testing whether the ablllty to use lntonation
is tied to the right hemisphere. Her results indicate that
persons with right side brain damage do have difficulties with
the global aspect of intonation and that their accents have
smalf ranges. It is not far fetched to imagine that such levelfed
intonatÍon should have some connection with the diminished
ability of spatial orientation which is characteristic of such
patients. According to Christina Dravi¡rs the common factor is
perhaps the inability to apprehend and controf a sequence of
events globa1ly and locall,y at the same time.

OBJECTIONS

I shoul-d like to finish v,rith some poinÈs for discussion in
connection with the model that I have presented.
1. Superposition
The subordination of the lexicaf .intonation movements into
gfobal- movements .is a principle reflected in the acoustic
records. The principle can also be used to generate fundamental
frequency curves and to explain intonation structure didacti-
cally. But it would be an unpermitted simplification to see

superpositíon as a direct reflex of the laryngeal system
being superimposed on the subglottal system. Here, as is well
known, there is an intricate interaction L¡et\"/een the thro.

13



2. The grid

A question I am often asked is the following: Iilhat rules are

there for drahting grids when one generates fundamental frequency
curves? At this point I must say that so far we have onJ-y

constructed grids for certain model sentences. we do not know

enough about how gri-ds vary for the same prosodj-c context for
different speakers, for ¿lifferent emotions, and for connected
speech.

Another question that has to do with the grid runs like this:
In a gj-ven record, how can you find the grid htith its varying
width, slope and length and how do you find the pivots? To do

this one must know a great deal about the intonation and the
prosodic structure of the language one is analysing. The

purpose of the grid i3 to reproduce in a símple way the
prosodic phrase structure of an utterance. This ambition is
not the same as having a simple recipe, much less a computer

program. So far we can only give approximate rules'

3. Turning point fixation

Not even in a language like Swedish v/ith distinctive accent

types or a language like Chínese with distinctive tones are the
turning points present in all prosodic situations. Some of them

disappear in fast speech or are masked in creaky speech. Hotar

then are we to recognize the words? From the context, of course,
the prosodic one (the grìd) as well as the semantic one.

There are certaín displacements of turning points with increased
speech effort and increased intensity which seem to be general
in the languages that \^¡e have studied. This ca11s for further
research and is a reminder of our lack of knowledge about the
interaction between what happens under, at, and over the vocal
cords and also a lack of knowledge about the role of intensity
in intonatÍon. So far we have only a rough approximation of
varying intensity, namely grid width. We have âlso avoided

clisturbances from articulation by constructing materials wíth
sonorant segments.

4. Quantification

The model presented here is qualitative and covers many

situations. It has been criticized for not being quantitative.
A full quantization would be a computer program for a

14



text-to-speech system which follows the generative scheme of
the model and produces natura.L sor'rnding intonation from a text

with phonological markings. We have made a start in this
direction (Bruce and Gårding, 19'78, Huber, 1985). In this con-

nection I would l-ike to add that without the background of some

general qualitative model, quantitative modelling may not be

so terribly .interesting.

Smooth interpolation, for instance, has been the bbject of
great interest among those working v/íth synthetic speech' one

can ask why, \^¡hen straight interpolation works as wel-1.

The more interesting question would be, why do straight inter-

polations work so we1l. It is possible that this has something

to do with the width of the perceptual time window.

5. orientation

The model- is production oriented. An important complement would

be to orient the modef perceptually and give a description
conta.ining elements necessary for perception. These ideas have

been inspired by Carlsson and Granströmrs work with audltory
spectrograms (CarÌsson and Granström' 1982).We have no$/ started
some experiments with Chinese to that end.

6. Phonology/Phonetics

It has been objected that the model does not distinguish clearly
bet\,¿een phonology and phonetics - rn Particular Fig 1 provokes

this question. My ans¡^¡er is here that j-nasmuch as phonology

means abstractions based on communicative functioq then the

concepts of Fig 1 belong to phonology' They are the underlying
patterns v¡hich appear in oifferent shapes on the surface cle-

pending on various rules which are either phonological or
phonetic in nature. They might be exchanged for more compact

labefs such as Hígh Low and combinations of High Low/ first at
the Ìexical level, then at the phrase fevel and last at the

sentence fevel. And the pivots might be exchanged for Arrows

in different directions of the kind used by the structuralists'
The reason why f prefer my system is that I want the analysis
to be substance-based.

7. GeneraliEy

We are sometimes accused of having a model which is so general

that it says nothi-ng. Here I disagree categoricalllz'
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The main..co:rcepts of the node1, grid' turning point fixation
and pivot are not trividlities. They are the firm anchors
of an intonation model which we have found useful for every
language that vre have analysed.

Notes

¿

A revised version of talks given at'symposia ín Göteborg
(March 1985) and in Stockholm (May). The mode] has been
described earlier (Bruce a Gårding, 1978, Gårding 1918,
1981,1983, 1984).
This lnformant ís what John Ohala calIed a blessed
speaker, by which is meant a speaker who conforms to the
ideas of the experimenter. Material-s from three more
speakers are analysed in Gårding "1985. They use a one-
oðtave voice register but have similar characteristics
as the informant presented here.
I thank Mark T,iberman for interesting material which he
contributed \^then I was a consì,lltant at Bell Laboratories and
which was -used j-n a different context (Gårding & l,iberman
1977\.

4 The same faculty characterizes visual perception. V,Iatchin
a skier runnj-ng down a slope we can sense both his genera
direction and his turns.

5 Un frère de undoubtedly the same as mon cousin!

3

s
1
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Constancy and variation in Standard Chinese tonal patterns

Eva Gårding

II{TRODUCTION

ãor some time now we have been stu<lying chinese intonation in
Lund. This work is part of a project sponsored by the Swedish

Research Council which airns at giving phonetic descriptions of
some non-European languages, Chinese, Arabic, and Hausa.-

¡4y personal interest in the project is primarily to test if the

íntonation model developed for Swedish dialects coul-d be used

for diverse prosodic systems (Bruce & Gårding, 1978, Gårding,
1981 ) .

Our first study of Chinese tone and intonation was based on

data from one Standard Chinese speaker (Gårdinq et a1., 1983,

cårding, 1983). In this paper I shall present data from three
more speakers of the same dialect.

Descriptiye !{ême

gigure 1 iltustrates the main features of the descriptive frame

we have used, in particular the turning points, the grid and

the pivot.

riith good accuracy' an intonation curve can be reconstructed b1t

smooth interpolation over the voiced segnìents between its turn-
ing points, i.e. the local maxima and minima and the beginning
ancl encl points. Turning points may also be end points of flat
intervals called turning intervals. AII these points are part
of a globat pattern, the grid, which is most easily seen if the

main maxima are connected by a topline and the main minima by

a baseline. rn ideal cases, as in the figure, the gríd appears
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rising grid

pivot

¿ fal I ing grid

leval grid
J

gìobal fall

expanded

grì d

lNTONATION PARAMEIERS

turnìng po ints

pì vots

gr"id: direction

grìd: width,
posj tion

rnl ng ìnterval

¡

ning poìnt

pì vot

one- I ì ne

grì d

syntact i c

d:o
( subject/predicate)
sentence type

compres sed

grid

FUNCT ION

seman t i c

words, morphemes

constì tuents
( theme/rheme)

speech act type

3ig. 1

ìnformation weìght
(focus)

clause type

Concepts of the model and their cómmunicative func-
tions, illustrated by schematic FO curves connect-
ing turning points over sonorant segments. Grids
are marked by broken lines, pi-vots by vertical
arrovrs -
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as a sequence of units \^Ihich are clearl-y rising, falling or
levef. A grid can be normal, expanded or compressed' even to
the extent of being best represented by one line on1y. Grids
of carefuf speech may have four fines' an upper and a fower

topline and an upper ancl a l-ower baseline.

The part of the grid where the direction or width is changed

or where the grid takes a jump is called a pivot. The lower
part of the figure shows the communicative function of these

features. The l-ocal turning points siqnal words or morphemes.

?he pivots serve as semantic and syntactic boundaries. The gen-

eraf direction of the grid of a sentence, often in comblnation
\rith the direction of its fì-nal part, is associated with speech

act type and sentence type. The levefs (Iines) of the grid vary
according to style of speech, and the use of the level-s differs
across idiolects, dialects and languages. The hridth and position
ôf the grid signal its information weight relative to other in-
tonation units (Gårding, 1983c).

Ilhen the model is used for generative purposes, the global fea-
tures, the gríd, are generated first. Then the local maxima and

rnj-nima pertaining to lexical- accents or tones are inserted as

points into the grid according to specific rules which state
how the poínts are aligned relative to the segments. The fact
that thÍs alignment is relatively constant makes this arrange-
ment of the rules convenient. In the last step the fundamentaL

frequency curve is obtained by smooth interpolation. The gen-
erative part of the model is not the topic of this paper, but
there will be some comments on its feasability in the light of
the new data.

i:{atería1

Our material, presented in Figure 2, has been selected to
vestigate the interactíon of tone and intonatj-on.

an-

A Chinese morpheme of the standard dialect can have one of four
tones: Tone 1 call-ed'hígh'or'leve1', Tone 2'rising', Tone 3

'l-owr or 'dipping' and Tone 4 'falling'. There is, i-n addition'
phonemic stress and the nuclear stress falls on the last stress-
able item if nothing else is indicated (Kratochvil, 1968).
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2

3

4

I..IATERTAI

Ylang Yi chou xj-angyan
Wang Yi smokes cigarettes
Sòng Yán mài niúròu
Song Yan se1ls beef
Chén Lf mäi yúsän
Chen Li buys an umbrel-la

I,rãng Ll cfruãn yúyl
v,Iang Li wears a raincoat

PROSODIC CONTOURS

Focus free statement
Focus free yes-no question
Statements:

after focus
focus feft
focus right

4

5

There are 3 utterances of each sentence called a, b, c

Code:

Li: 1.2.a means Lirs production of tonal pattern'1 in prosodic
contour 2, utterance a.

Fig. 2

¡our tonal patterns have been chosen, three consisting of so-
called contour tones, i.e. rises and falls, and one composed
of level- tones only.

The tonal patterns occur in a syntactic subject/predj-cate frame
and have been pronounced. as statements and questions. The state-
roents have four different focus arrangements. Test sentence 1

represents a statement !ùith.out any focussed part, an intonation
used for example when the sentence introduces a short story.
Test sentence 3 is a statement intonation occurring after a

strongl,y focussed :tti 'y."'. ft expresses confirmation of known

circumstances. Numbers 4 and 5 have been elicited by questions
calling for focus to the left and right respectively. lrlumber 2

is a yes-no question. The questj-ons have not L¡een asked in dif-
ferent focus arrangements.



four speakers have been analysed. Each sentence has been pro-
nounced three times as an answer to a question or elicited by

a well defined and wel-l described situation. The order of the
test items has been randomized,

Informants

AII of our informants .represent Standard Chinese (Putonghua).

Chen was born in Suzhou, Southern China, in 1948, and moved to
Beijing at the age of six. He v/as an elementary school teacher
until 1980, when he came to S\,/eden.

Li r^ras born in Beijing ln 1947 and studied languages and l-itera-
ture at a university there. He works as a translator.

Shi was born j-n Beijing in 1965. He grev¡ up in Beijing where he

completed his high school education. At the time of the record-
ing he was a student at the Royal Institute of Technology in
stockhol-m.

Zhang !,/as born in 1931 in the Liaoning pr'ovince north-east of
aeijing. At the age of 15 he came to Beljfng where he pursuecl

his university studies. He is professor of speech acoustics at
the Academia Sinica, Beijing. .

.An írûpressi-onistic ranking of the speech style of the speakers
from formal to informaf would Ì¡ez Z}:ang, Chen, Li' Shi.

Outline

fhe first part of the paper describes the material produced by

Chen, who has been chosen as the prototype.3 rn tha second part
of the paper T shall summarize the most imPortant similarities
shared by all of our four speakers and also comment on some dif-
ferences bet\"teen them.

CONSTANCY AND VARIATTON: ONE SPEAKER

figure 3 shows one of the tonal patterns, Sòng Yán mâi niúrðu,

'S.Y. sells beef', produced by Chen, our prototype speaker. The

tonal pattern is fa1ling, rising, falling, rising, fallingr in
five different prosodic contours uttered three times in each.
The three utterances have been lined up with the end of each

utterance as a common time reference.

The uppermost statement shows a slightly falling general trend
all Lhrouqlh the sentence. The interrogative contour, that of a
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yes-no-question, is level over the subject and rising over the
predicate.

The third contour' a statement referring to previously known

circumstances, occurred after a strongly focussed shi

'yesrmeaning 'yes of course'. The contour' is falling as in the

first statement but the leve1 of the upper turning points has

dropped haff an octave and the range of the rising and falling
intervals is compressed by half. The fourth contour, also a

statement, is level or rising over the focussed subject and

strongly falling over the predicate. The last one is falling
over the subject, and the focussed predicate reaches a slightly
higher level. This contour is simil-ar to the first one, which

reminds us of the rule giving nuclear stress to the last stress-
able item (see htroduction). vJe notice in passing that there
is the same asymmetry in the pitch movements before and after
focus as in other languages in that before focus there is much

rnore fundamental frequency movement than after focus

Ife can picture the prosodic contours of Figure 3 as global de-
formatíons of a basíc tonal pattern. This iflustrates in a neat

way the aím of this Part of the analysis: to describe the basic
patterns and the deformations imposed by sentence intonation-

Temporal features

Let us now look at the durations. IÁIith the ending as a conmon

tine reference we notice that the temporal- variation is largest
at the beginning of an utterance. Some of the temporal variation
is contour bound. The first statement contour' the one expres-
sing nertr information, is the longest one. The question is some-

what shorter and the patterns with the \"¡hole sentence or part
of the sentence unfocussed are the shortest ones.

Even \"¡ithin each group the durations vary quite a bit. rn gen-

eral the first utterance of the speaker is longer than the other
ones. The temporal variatj-on is somewhat irregular but it is
clear, even if it is less conspicuous in this speaker than in
the others, that the variatíon is not due to a uniform stretch-
ing and shrinking. vJhat may happen when a speaker goes from a
faster to a slower tempo is that the rate of fall and rise is
kept rather constant and a tut'ning point is exchanged for a

turning interval. The presence and width of such turning lnter-
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vals seems to be connected with consonants and syntactic bound-
aries. (óimitar observatj-ons were made for Swedish by Gårding,
1975.1 Variation of fundamental frequency patterns due to tempo
changes are being studied separately.

Fundamental frequency features

To describe the variation of intonation contours h¡e need to
measure similarities and differences in some way. l\mong all pos-
sible alternatives, I have chosen to study the variation of fun-
damental frequency values of turning points (max and min), in-
cluding beginning poÍnts and end points. This is particuJ-arly
appropriate for sequences consisting of contour tones. In Figure
4, I have normalÍzed the patterns for overall duration and dura-
tions between consecutive turning points. From wbat rre can see
here the curves are roughly paralle1. This means that there is
covariation of the FO values of these points ancl hence a certain
stability in the configuratíon of the contour. A natural inter-
pretation of this covariation is that it is the direction (or
directions) of the configuration that is ímportant for the
speech act type and that it is possible to move it up an¿l do\^/n

on the frequency scal-e \^/ithout changing its speech-act informa-
tion.

Turning points related

In Figure 5, I have marked the positíon of the turning poínts
relative to the segments which have been normalized to a cer-
tain duration for the vowels and another for the consonants and

consonant clusters.

It is quite obvious that the position of tbe turníng points is
remarkably constant all through the productions of atl the pro-
sodic contours. The falling tone starts at the beginning of the
vocalic segment. There is one utterance in which the turning
point has crept forward a bit into the vocalic segment. I'le may

be abl-e to correlate this displacement to increased speech
^effort.' The faIl of the falling tone is completed before the

beginning of the following vowel which carries a rising tone.
AIso the rising tone ís connected with the beginning of the
vowel. l{e draw the natural conclusion that it is the vocalic
segment that carries the pertinent tone movement \^¡hether it is
falling or rising. This is j-n agreement with certaj-n statements
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in the literature (e.9. Howie, 19-14, and Kratochvil, 1968) and

in disagreement \^/ith others (Chao, 1968).

Figure 6 sho\rs the location of tur¡ing points in another tonal
sequence, uttered by the same speaker. In this sentence, måi

meaning buy with a low (dipping) tone, appears in a similar
position and context as mãi with a falling tone meaning sell,
\,7hich occurred in Figure 5.

'te notice that the speaker has fixed the turning point all
through the contours and utterances to the beginnìng of the
consonant m. The relevant tone pattern, which we have labelled
low, is reached in the middle or latter half of the vocalic
segment.

There is al-so a variation of tone movements over the subject
phrase. These are varying results of a sandhi rule' which will
be commented on presently.

ConsÍdering the alleged importance of turning points' it is in-
terestj-ng to see what a tonal pattern consisting of only level
tones looks like and how it behaves in the different contours.
Figure_7 shoh¡s an all high (levef) tonal pattern. i.iang Yi chou

xiangyan, rV'Iang Yi smokes cigarettes¡. The curves of the utter-
ances of the same prosodic pattern are rather paral1e1. As be-
fore,the tonal pattern has a constant shape and this shape has

a certain leeway on the time scale as wel-l as the frequency
scale.

one can ask about the size of this leeway. llow far down can a

speaker place this afl-level pattern without running the risk
of being misunderstood?

It turns out that the problem of keeping an all-Ievel pattern
distinct from e.g. an all-low one never becomes crj-tical. The

reason is that the alf-low one has a sandhi rule attached to it
which changes any low-1ow sequence into a rising-falling one.
(In this way the low tone really appears 'dipping' as one of
its names indicates.) This is the reason why the all-Iow pattern
rises and falls the way it does in Figure 6. The sandhi rule
says T3 -'12/ - T3, but this rul-e does not apply over deep syn-
tactic boundaries, at least not in the style of speech used here
(cf. Cheng, 19731. vle notice that speaker Chen adheres to this
rule (as do the other speakers). After the boundar]¡ between
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noun-phrase and verb-phrase, mãi never becomes rising' The noun-

phrase. on the other hand, has a variety of manifestati-ons, ris-

ing or level all through or rising-falling-level (Fig' 6)'

Pivots

Figure ? also shovts that there are bends in the all-high pat-

tern. Some of them are caused by di-sturbances of the laryngeal

tone in connection \"títh the consonants' but others are pivots,

associated with the syntactíc/semantic structure of the sen-

tence (see Introduction). fn the figure pivots occur ín connec-

tion with the boundary between the noun-phrase and the verb-
phrase.

InteractÍon of and intonation contours

Figure B completes the story of Chen. It shol{rs four tonal pat-

terns on top of each other for the five different prosodic con-

tours. Each curve has been chosen as the most representative
one out of the speaker's three productions of each sentence

(see Appendlx).

The tonal patterns are represented as follows-

Unbroken line 

- 

fevel tones
Dotted line ,.... falling-rising tones

Dashed line --- low tones, by sandhi rule converted to rises
and falIs
Dashed and dotted line -'-'-'-' level and low tones, phoneti-
ca1ly rising and falling with a lingering on high frequencies
and the low frequencies often accompanied by creak, which is
marked by vertl-cal pieces of line-

From this figure it is possible to grasp the different imposi-
tions of the speech acts on the tonal patterns.

Tn most contours the leve1 tone pattern seems to represent an

i-ntonational mean around which the other curves move. The over-
all tendency for statement intonation is falling. It seems that
a corresponding grid should have four levels for the contour

tones but the material does not permit precision at this point.

The interrogative intonation is rising except for the low-tone

sequence, in which the question is signalled by a local termi-
nal rise, lengthening the pattern of a contour which otherwise
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looks like a statement. fn our material, thís ìs the only ex-

ception to the general rule that tonal patterns adjust to an

intonation contour.

The statement after focus has characteristics similar to the

first statement but here all the tonal events occur in a com-

pressed grid. Even in this compressed state there are traces
of the four levels, however.

The last th/o patterns will be treated together. One striking
feature is the asymmetry between the effect of focus on the

first phrase as compared to the focus effect on the last one-

In both cases focus is manifested by an expanded grid' but the

compression is considerably greater after focus than before.
This feature seems to be general across languages (Gårding,

1983, For Swedish, see Bruce, 1977 and 19781. With focus to
the left, the level tone pattern leaves its mean position and

reaches the same high 1evel as the other tonal patterns. Thj-s

may be the optimaf way of bringing out focus in a sequence of
Ievel tones where the speaker cannot- expand a local up and down

tonal movement.

CONSTAÌ.ICY Al{D VARIATIOIi: SEVERAL SPEAKERS

TonaI atterns and intonatíon contours

The figures in the appendix (41-A12) show the test sentences

produced by Li, Shl and zhang and the remaining ones by Chen.

The voices of the speakers have different ranges from Zhang's

close to two octaves to Shi's less than one.5 rh" tonal pat-
terns are the same for all speakers in al-l situations except
for Shi's after-focus statement. Here the last part of the

utterance is creakY'

The intonation contours of the speakers have the same overafl
trends as before with falting statements ancl rising questions.
The focus patterns are also similar v/ith different degrees of
compression depending on the position of focus-

As earlier the end of the utterances has been used as a colnmon

time reference, because, as was remarked already, the variabi-
lity is much larger ín the beginning of an utterance than in
the end. There is for these speakers the same covariation of FO

vafues of consecutive turning points as found for Chen. This
gives stability to the configurat.ion of the contour.
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Interaction

Figures 9-1 1 show four tonal patterns on top of each other for
the fÍve different prosodic contours.

The following conments made in connection \'rith Chen's lntona-
tion patterns remain valid:

The level-tone sequences represent some mean around $/hich the

contour-tone patterns move up and dovrn.

The statements are in general falling and the questions rising.

The manifestation of focus is a combínation of expansion and

compressíon.

Li's high-level tone in the first part of the statement seems

to be an isolated occurrence. Shi's statements are falling ac-
cording to the general rule but his questions are l-evel rather
than r.ising. On the other hand they are much shorter than hls
statements. (According to Kratochvll it should be possible to
produce a question iust by quickening the tempo. )

The interaction between tone and intonation is clarified by the
introduction of the descriptive terms of our model, especially
grids and pivots.

Li and Zhang follow the focus rule for grids in a1I cases. Shi

replaces a compressed grid in the latler part of the sentence

by creaky voice just as he did in the after-focus statement.

The normal variability of repeated renderings of the same pro-
sodic pattern makes it necessary to replace the idealized lines
of a theoretical grid by preferably non-overlappíng zones, which

are nevertheless approxinately paraltel. The greater variability
in fundamental frequency values of the high-frequency turning
points of our material compared to the 1ow ones (cf. figures in
the Appendix) makes it natural to let the high zones be broader
than the low ones.

Flgure 12 shr:ws grids for the questions of all our speakers.

The scale is logarithmic for speaker Zhang to facilitate com-

parison between his t\"ro-octave voice and the one-octave voices
of the other speakers. V¡hen looking at the lines of the grid,
one has to bear in mind that they are supported by the most re-
presentative utterance and that in real life they correspond to
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zones due to the variabilj-ty of the position on the frequency

scale of the contours.

Î¡then constructing these grids I have not included the all-high

(level) patterns, which, as I have mentioned earlier' seem to

represent an average of a speaker's voice register' f have also

left the all-low pattern aside because for this tonal pattern'

all speakers' excePt Z]nang, have used a statement contour com-

bined with a local terminal rise to signal question' fn our

material this is the only case where a tonal pattern seems to

influence the choice of an intonation contour' As a result the

grids drawn in Figure 12 ate only derived from the falling-

rising and high-low tonal patterns' The grids have been ob-

tained in the fotlowing way: I have connected the maxima and

minima of the rising-fal1ing pattern (dotted l-ine) with the

purpose of obtaining two parallel lines' This produces an 'in-
terior grid' which seems to give a good indication of the gen-

eraldirectionofthecontour.V'lecanseeho\¡¡Chenandshíuse
rising grids, whereas T,i and zhang have falling-rising ones

with a change of directionr i.e. a pivot, in connection wíth

the subject/predicate boundary. It is obvious that the bidirec-

tional grid .is connected with a slower rate of speech' Hence

the pivot is not obligatorY.

I.liththeparallelgridlineswealsonoticethatthefalling-
rising subject phrase of Chen and Zhang has a compressed grid

as compared to a more expanded grid enclosing the predicate

phrase. This indicates that these speahers have given more

weight to the predicate phrase in accordance with the nuclear

stress rule of their dÍalect.

The credibility of these grids is perhaps so far a matter of

judgement.Inanycasetherearet\^'otonalpattersinthiscon-
tour with three clear turning-point zones, as demonstrated in

Figure 1 2.

Turn and interval s

Figures AT2' AT3 and AT4 at the end of the appendix present the

positions of turning points in relation to segments across

speakersforthethreesequencesin\^'hichthisfeatureisrele-
vant. (The level tonal pattern has been left out for natural

reasons. )
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In the sequence Sòng Yán mài niú!òu (Fí9. AT2) the turning
points for the rising and falling tones occur near the C/V

boundary. The refevant tone movement, then, seems to start \,tith
the vocalic segment. A junction between a falling and a rising
tone tends to produce turning interval-s whereas a junction be-
tween a rising and a falling one seems to produce pointed peaks

In the sequence Shén LI ¡S! 1,úsãn, the sandhi rule invariably
produces a rise for the first syllable of the compound yüsãn'
starting from a low turning point at the beginning of the voca-
lic segment (Fig. AT3). The morpheme mái introducing the pre-
dlcate phrase always has a fall from a high turning point in
the beginning of the consonant [m] whích continues to a lov,r

turning point in the first half of the fofl-owing vocalic seg-
ment. In many cases this low point is fol-lowed by a turning
interval. In the subject phrase, on the other hand, the sandhi
rule has different results depending on both speaker and into-
nation. one result is a rising intonation over the whoÌe phrase

regardless of the individual word tones.

In the sequence llãng T.f chuan yüyi (Fig. AT4) the turning points
have clear locations in most cases. The high and low tones seem

to be weII represented by high and low frequency levels in the
vocalic segments. The exceptions, namely the slight rise over
the first vowel, the incomplete tonal segments before the voice-
less affricate and the end of the utterance are clear coarticu-
lation effects. fn many cases a low is accompanied by a creaky
segment. The characteristic feature of the fo\,/ tone' then, is
an.interval of low frequencies in the vowel after a sharp fall.

The observations above agree well with those made earlier for
the prototype speaker. The constancy of the turning-point fea-
ture permits an easy specification of the alignment rules of
accents and tones onto the grids and a conveníent arrangement
of the rules of the pitch algorithm \^/ith the global features
first and the local ones Ìater (see Introduction).

Perce ual t.est work in

the tr^ro sentences containing the sequence mai have }:een the ob-
ject of a special study.

Figure 1 3 illustrates fundamental frequency curves from our
speakers' productions of the sequence mai witlr a fow or a
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falling tone in all five prosodic patterns. The productions
have been taken from a comparable context and are superimposed

with the beginning of the vocalic segment as a com.mon time ref-
erence.

The two tones have distinct manifestations regardless of speaker
and prosodic pattern. The common feature of Tone 4 can be de-
scribed as a fal-l from a rather high level at the beginning or
near the beginning of the vowef. This fa1l is preceded by a rise
includíng the syllab1e-initial consonant.

The common characteristic of Tone 3 is a fafl reachinqi 1ov¡ level
and sometimes accompanied by creak in the latter half of the
vocalic segment. This fal-l is in most cases a continuation of a

fall which started in the preceding consonant. In the last three
prosodic patterns, Zhang's low-tone fal-1 shows a discontinuity
at the beginning of the vocalic segment as if the vocal cords
went into another mode of vibration.

At this point !\re might perhaps venture the hypothesis that the
perceptual characteristic of Tone 4 is a fall prepared by high
frequencies in the beginning of the syllable (mainly in the
consonant) and that of Tone 3 is low frequencies in the l-atter
haff of the syllable prepared by a fall.

Using the ILS program we have tried to change a falling tone
into a l-ow one by various maneuvers, e.g. by translating the
falling movement of Tone 4 backwards in time or by introducing
a simulated creak into the falling tone. It has been claimed
that the creak or gJ,ottal stop is THE dístinctive feature of
the fob/ tone. The reactions of my two chinese-speaking collabo-
rators do not support this claim (Kratochvil, Svantesson). A

test tape has been evaluated by a group of listeners in Beijíng
who respond in a similar way. The results are presented in a

separate paper (1985, Gårding, Kratochvil, Svantesson' Zhang).

This experiment marks a new direction in our research. I¡]e would
l-ike to give our intonation mod.e1, which is production oriented,
a perceptual complement. And with all the experience we wifl
gaj-n from our analyses of Chinese, Arabic and Hausa we will re-
turn to Swedish for reconsldered analysis.
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SU¡4lI,ARY OF RESULTS AND CONCLUSIONS

Finally f \^¡ould like to sum up our maín fj-ndings.

1. The four speakers use the same tonal patterns with turning
poínts very much fixed relative to the segments. As a conse-
quence the main falls and rises are al-so fixed.

2. The tonal patterns have overall shapes characterj-stic of the
five situations whi-ch have been used to elicit the utterances.
fn terms of the model we can say that the grids are similar ex-
cept that the use of pivots may differ from speaker to speaker,
obviously depending on tempo and sty1e. Hoqrever, when pivots do
occurrthey are in the same location.

3. In contrast to this constancy there is indlvidual variation
in voice range. One speaker has a two-octave voice in a declama-
tory speech style and the others use about one octave. There is
also some individual- variation in stress patterns. When focus
has not been explicitly provoked to fall on a particular part
of the utterance as in the first statement and the question,
stresses are either equally distributed over the sentence or
the last phrase has been given stronger st.ress in accordance
with the nuclear stress ru1e.

4. There is also varì-ability in the mani-festation of the sandhi
rul-e for Tone 3 but all four speakers agree in letting the rul-e
be blocked by a deep constituent boundary.

5. The model we proposed for Chinese tone and intonation based
on one speaker has been validated ín at least the followj_ng
sense: It serves as a convenient frame for further explorations
of the interaction of tone and intonation in Chinese. At the
same time \4re have strengthened our claim that the model gives a

general frame for any prosodic system and that it sheds light
on the structu.re of intonation in general.
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1{OTES

1 ) Modified version of talk given to the Prosody CIub of the
Department of Linguistícs, Stockholm University, 1 5. 1 1 . 1 984 .

2) My collaborators are for the Chinese part, Jan-Olof Svantes-
son and. for Arabic and Hausa, t4ona Líndau Webb and Kjell Norlin.
I should also like to thank Jiã1ù Zhãng, Acoustics Institute'
Academia Sinica, Beijing, and Paul Kratochvif, Faculty of Ori-
ental Studies, Cambridge University, for help and advice. Jan-
olof Svantesson and Jíãlu Zhãng composed the material and made
the recordings.
3) The material was recorded in speech laboratories in Lund,
Stockholm and Beijing and analysed by Spectrograph Kay Digital
Sona-Graph 7800 and by the Ils-program implemented on VAX 730.

4) The effect of speech effort is being
material.

special

5) zhãng has used a declamatory speech
recitals.

common rn
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APPEI{DIX

Here the complete material is collected as drawings of FO and

diagrams of turning-point locations from spectrograns except
parts given in the text (Chen 1 and Chen 2).

CODE

A

1

2

3

4

T

s

o
SAF

SFL

SFR

Appendix
wãns YÎ chõu xiãngyãn
Sðng Yán mài niúròu
chén Ll mái yúsän

Ilãng LI cnuãn yüyI
Turning-point diagram
Statement
Ouestion
Statement after focus
Statement focus ler"t
Statement focus ríght
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Tone 4 and Tone 3 discrimination in Modern

Standard Chinese

Eva Gårdlng, Paul Kratochvil, Jan-Olof Svantesson

and Jialu Zhang

INTRODUCTION

Unless affecÈed by tone sandhi (see Ch9n9 1973¿46-53 and

Kratochvil 1985 ), the pitch contour of Tone 3 in the mid
poeition in Modern Standard Chinese declarative Eent€nr:es is
generally falLing, tlre same as that of Tone 4, but the pÍtch
of the two tones differs in such respects as the relative
level and the shape of the contour, as seen in the existJ-ng
descriptions of Standard Chinese tones, such as Hovrie 1976,
and in our own material (see Gårding, Zhãng anil Svanteason
L983 and Gårding 1985 ) . I'hese t\.ro tones may aIEo dif fer as
regards the presence or absence of creaki see Hockett
L9472256, \rhere glottalization (i.e. creak) is referred to as
one of the properties of Tone 3.

It has, l¡orrrever, neither been kno\dn which, or the combination
of which of these differences were distinctive, nor have tt¡e
differences been underetood clearly in quantitative terms.
Ttre aim of the experiment described in this paper was to
examine the pitch cÏraracteristics distinguishing from eacÌ¡
other Tone 4 and Tone 3 in such circumstances. It was hoped
that the experimen! would also contribute to the understan-
ding of tone discrimination in continuous Standard Chinese
speectr in general.

Figure 1 shows the F0 contours of these two tones on
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segmentally identical syllables (mài "sell" and måi "buy"),
as said by four male speakers of Stanilaril Chinese in five
prosodic patterns. TÎ:¡êse syllables were said in cornparable

statements with stress equally disÈributed over the pÌ¡rase.

Conpa.rison of Tone 3 and Tone 4 in our material and in other
studies shows that although lhe two tones are realized in
¿lífferent ways by differenÈ speakers, certain features seem

to be invariant. Tone 4 generally starts i\tigh or quickly
reaches a peak, from which it falls gradually lowards a

minimum which is often not reached until in the beginning of
tÌ¡e next syÌlable. Tt¡e thiril lone generally has a relatively
low pitch level throughout the second half of the vowel. This
can be achieved either by starling lower tÌ¡an for Tone 4, or
by making the pitch fall quicker. Ttrese observations
suggested various manipulations for changing Tone 4 into Tone

3 in our experiment.

BASIC DATA

TÌ¡e basis for the experiment was one of the isolateal
sentences Sòng Yán ¡nài niírròu "sòng yán. sells beef",
mentioned above. Since the sentence is voiced throughout
after the initial voiceless fricative I e] in g)gg, its
alternating Tones 4 and 2 gave its pltch contour !}re shape of
a regular sequence of peaks and troughs. fhe key syllable mài

"sellg" eoincided rvith the top of the middle peak (see Figure
21.

(¡) àng v ln m àl

tr'igure 2. Stimulus l, segmentecl
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This and the immediately adjoining parts of the sentence

pitch curve were modified in _various controlled ways, in
order to find out what modification or modifications made the
syllable become perceivecl as carrying Tone 3, i.e. as måi

"buys".

The processing of the original sentence j.ncorporating the
modifícations was carried out by using the programs of the
ILS package. Although only the F0 in the relevant part of the
sentence rras manipulated, ÈÌris resulted in some changes in
the corresponding amplitude values ilue to the automaÈic

adjustments carrieil out by the given Program.

The F0 curve of the whole voicetl part of the sentence ttas

first extracted and segmented by referring to tÌ¡e waveform.

In particular, tÌ¡e boriterlines of the vocalic and nasal

components in the area of the transition from the syllable

Ég to the syllable mài \Àtere established as precisely as

posaible. FO has a maxi-mum reached about 30 ms afÈer the

nasal-vowel borderline in mài, and then it falls to a mínimum

reached in the vocalic part iu of tt¡e follorrring syllable niû'

The periodicity of the vtaveform was undisturbed throughout
the whole syllable, and tt¡ere was no sign of the kind of
irregularièies in iÈ which signal creak.

MODIFICATION OF THE DATÀ

TÌ¡e FO curve of the original sentence was manipulated in
various \¡tays, and each time the respecÈive variant of ùhe

sentence was recorded on a magnetic tape, so that it could
serve as a stimulus in the subsequent perceptual tesL. In
aII, 18 different stimuli were prepared.

the manlpulation followe¿l three main strategies as suggested

from inspection of Èhe realizations of tÌ¡e tones in our

material. FÍgure 3 surmnarizes tl¡ese moitifications, which are

labelled as follows:
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StimuluE

I
2

3

4

5

6

7

I
9

10

I1
t2

I3
14

15

16

T7

18

Peak
shifted

32 ms

64 ms

96 ms

128 ms

32 ms

64 mE

96 ms

128 ms

Pêak
lo\,tered

20 Hz

40 Hz

20 Hz

20 Hz

40 Hz

SteepneEs
'increased

32 ms

64 ms

32 ms

Creak
added

+

+

+

+

+

32 ms

64 ms

96 ms

Figure 3. Design of the stimuÏi.
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l. Peak shifted.

The middte peak was moved to the left (tt¡at is, in Èhe

direction of the beginníng of the .sentence) in four ateps of
32 ms each ( each step corresponding to 5 frames in the ILS
program terms), withouÈ changing its general shape anil t?re

shape of the terminal peaks. The movement. r¡ras thus achieved
only at the cost of shortening the trough preceding the
middle peak and lengthening the trougtr following it. See

Figures 3 and 4 for the four steps of the movement to the
left ( stimuti l-5 ).

2. Peak lowered

The peak was lowered by 2O Ílz (stimulue fI) anil by 40 flz
(stimulus l-'2') without changing its shape and steepness, and

r,r'iÈhout proceeding below the level of the surrounding
troughE. Tl1e movement thus prolonged the trouglts. Stimulua 2,

i.e. step I of the leftward move¡nent by which the niddle peak
was made to coincide with the nasal-vowel borderline in mài,
was used as the sÈarting point. See Figures 3 anil 5 for the
first step of the leftrrraril movement and the ¿\ro steps of
lowering the peak (stinuli 2, L]-, L2).

3. Steepness increased.

Íhe original drop of the curve to the level of Èhe following
trough \¡ras made steeper in three steps (stimuli 13-15), by
aiming the curve to points which were 32 ms, 64 ms and 96 mE

cloeer to the midille peak (again made to coincide vrith the
nasal-vowel borderline of mài first). T'he movement prolonged
the trough following the miildle peak. See Figures 3 anil 6 for
the first step of the leftwarCl movement and the three Bteps
of making the fall of thê F0 curve st.eeper (st.imuli 2,

13-r5 ) .

2+3. Combination of peak lowered anil reased

In a¿ldition, tÏ¡ree stimuli were prepared which combined the
Iast two st.rategies. frhe first and the second of these stimu-
Ii (16-f7) combined lowering of the peak by 20 Hz with making
the following curve drop to points 32 ms anil 64 ms closer to
the peak respectively, an¿l the thírd (stimulus 18) conbined
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Figure 8. Stimulus 6. Creak added.

* måt

1()()

50

o
2

7

t
3

t{6
t e 10

Figure 9. Result of added creak (stirûuli 6-10,
aE compared to the same stimuli
(stimuli 1-5, solid tine).

dashed line)
without creak

lowering of the peak by 40 Hz with ilropping the curve
point 32 ms closer to tlre peak. (See Figures 3 and 7;
2, 16-18).

to the
Etimuli.

4. Creak added.

Finally, five stimuli (6-1O ) \rere prepared, which ì/ùere

identical to etimuli 1-5, except that simulated creak was
added. Creak was simulated by abrupÈ halving of F0 over the
middle part of the vowel in ¡nài. (Ualving of F0 brought about
by biphasi.c pt¡onation is one of the most common features of
creak in Standard Chinese; for biphasic phonation see Lehiste
1970:59.) See Figure I for the F0 curve of stimulus 6.
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PERCEPTUAL TEST

The perceptual test in which the subjects were exposed to the
individual stimuli and simply asked w?¡ether they heard Sòng
Yán nài niûròu "Sòng Yán sells beef" or Sông yån nåi niúròu
"Sòng Yán buys beef" in each case, \ras carried out in the
Inatitute of AcousticE, Academia Sinica, in BéijÎng. T1¡ere

were I8 subjects, alt native speakers of Bëijing dialect.
Altogether 6O stimuli recorded on magnetic tape \.rere pre-
sented to the subjecte. Of these sti¡nuli, the firEt six were
used v'r'ith Èhe intention of getting the subjects accuatomecl to
the dat.a, and responses to them were subsequently discarded.
The remaining 54 stimuli were the 18 stimuli deEcribecl above,
each repeated ÈÌ¡ree times in the corpus, anal randomly
orilered.

RESULTS AND DISCUSSION

The results of the perceptual teEt are found in Table 1 and
shown in the diagrams in Figures 4-7 and 9.

T'he reaults indj.cate that all the three strategies according
to vitrich the FO curve r¡ùas manipulaled (leftward shifting of
the turning-point in the syllable g!!, decreaaing of the FO

value at the lurning-point, and increasing of the steepness
of the fall after the turning-point) proved succe€rsful in
changing Tone 4 to Tone 3.

A common alenominator of these cÌ¡anges is a decrease of the F0

average over the segments Iai] of the syllable nài. Figure I0
sho\ds the mài percentage plotted against. the FO averagê for
the Etimuli which did not have aimulated creak. It sl.o\rs thaÈ
listeners aeparated the sÈimuli into three distinct groups:

I. Stimuli which were perceived as carrying Tone 3 (stimuli
4, 5, L2, r5-18).

2. Sti¡nuLi which were perceived as carrying Tone 4 (stimuli
r, 2, 13 ).
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Stimulus Responaes

mar.

2

3

40

53

54

FO average
(Hz)

r84
r70
r48
L26
tt2

I
2

3

4

5

6

7

I
9

10

tl
T2

13

14*
15

16

L7

I8

54

53

26

50

7

35

52

47

52

52

L46
L29

r6L
147

133

r33
r22
r20

mài

52

51

t4
I
o

53

49
1t

0

I
28

4

47

18

2

6

2

2

t mài

96

94

26

2

0

98

91

20

0

2

52

7

87

34

4

II
4

4

I
5

43

*One responge is missing for this stimulus

Table l. Responses to the different stimuli and F0 averaçte
over I ai ].

3. Stinuli for vit¡ich tl¡e results clid not inclicate any clear
preference for one of the tonês (stimuli 3, 11, 14).

The stimulí of group I have a low, rather flat interval at
tlre end of the vocalic segments.

Group 2 Ì¡ave a high, rather flat or rising ínterval at the
beginning of the corresponding segments.

With this description in mind, it is interesting to inspect
ttre dubious cases of group 3, which have percenÈages between
2O and 50. Number 3 (26t) is _falIing throughout the pêrtinent
segments, number 1I (529) is also falling w"ith a very Ehort
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Figure 1 0. Tone 4 percentage plotted against F0 average

First half Second half

Tone 4

Tone 3

Figure

Hz

11. Mean values and standard deviations (in Hz) for F0
over the first and second half of the segments ai
for stimuli judgeat as carrying Tone 4 or Tone 3l_

m=143

s=14.1

m=188

s=1 .5

m=108

s=2 -6

m=155

s=21 .6
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flat part at the end, and number 14 (34t) is falling with
flat parts at both ends.

If rre assume the hl¡pothesis that a flat or rising part at the
beginning of a fall is clraracteristic of Tone 4 and a fIåt or
rising part at the end of a fall is characteristic of Tone 3,

one case above, number L4, has conflicting cues, and the
others (3 and Il) have no distinctive tonal cues at a1l.
Hence our hypothesis fits the three dubious caÉtes. Also our
production data give Eupport to this hlTrothesis. Figure 2,

for inetance, shows l¡o\lt the falling !one6 are precedeil by

rising intervals (except the first, beginning vt-ith voiceless
Is]) an¿t the rising tones are precedeil by flat onês.

Ànother feature which strengthens the h]Þothesis is indicated
by Figure 1I, which sÌ¡o!"s tTre mean fundamental frequency
values and Standard deviations for the first and the second

halves of the vocalic segments of t'he Eynthetic stimuli. For

thoEe judged as Tone 4, the values of thê firEt half have

very little variability compareil to those of the second half.
For Tone 3 the situation is reversed. Here the Eecond half
has little varíability eompareil to t}ìe first ha1f. one may

perhaps concluile that the change to a faII from a certain
leve1 is import.ant for the identification of Tone 4, and a

change from a fall to a certain lot^t level ís important for
Tone 3. If r/e uae the notion of turning pointsl in our
interpretation of the results, we might say tlrat Tone 4 has

an early high turning point introducing a fall in the vocalic
É¡egments I ai], whereas Tone 3 has â late low one ending a

fall in the sarne segments2. T'he following scÌ¡ematic figure
illustrates the Eituation!

c/v c/v

Tone 4

65

Tone 3



Our hypothesis may not be r/,r'ithout general perceptual
significance. A Lurning point marka the change from one
clearly perceived ¡node (falling, rising, level) into anothêr
clearly perceived mode and should therefore be a salient per-
ceptual event.

T'he fact that manipulation of F0 was sufficien! to change
Tone 4 into Tone 3 show8 that creak is not a necesaary per-
ceptual cue for Tone 3. It also turned out. that the addition
of simulated creak had very liÈtle or no effect (see Figure
9). fhis indicates that. the preaence of creak is not an
importanÈ cue for the iilentification of Tone 3. Ho\rever, it
is also possible thaÈ creak simulated by greater diEturbance
of the periodicity of the waveform woulcl have a greater
e ffect..

NOTES

1. Turning points are basic concepts in the generative ¡nodel
of intonation developed at Lund.

2. As the FO properties of the prevocalic tr)art in the syllab-
Ie nài had no effect on t?re interpretation of the tone the
syllable carried, the results inilicated support to t?re
hypothesis al¡ouÈ the domain of tone in Standard Chinese
formulated by Howie 1974:L29-48. According to this
hx)othesis, the tone-carrying part of the syllable in SÈan-
dard Chinese is its voiced part r¡ùith the exclusion of the
voiced non-vocalic component which may occur at the beginning
of the syllable.
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lmpllcatlons of rapid spcctral changes on the categorization of

tonrl prttornr ln spccch pcrccptlon

Davld Housc

ABSTRACT

In or¿ler to study what kinds of categorization features can be
used in the pãrception of tonal contours in Epeech, and to
Cletermine Ìro\,t these ieatures interact with spectraL changes,
four percepÈion experimenÈs ,were carried out. T'lle sti{¡ruli were
conpriãed óf syntñetÍc /"/ vowelg with different tonal
patierns, and listenerg \,tere presented \{'ith an ABx-test
äonfiguration. In t1.e first experiment, steady-state vov'els
were useil. In the three other experiments, a çtap in the tonal
pattern consisting of an intensity drop-pT""999q and followed
¡rt formant tranãitions was inlioduced in different places in
the vowel. T.he results of the tests suggeat that tonal movement
in vowels can be caÈeqorized in terms of pitch movenent such aa
rise-fall and fall-riãe or in terms of pitch levels. Listeners
whocat'egorízedintermgofpitchlevels¿lemonstrated
tendenci_es \.rhich can be interpreted as Ìreighteneil attention to
pitchfrequencyimmediatelyfollo\d'ingspectralchanges'T'hese'eirraitrg. cån naie implicatioãs for production and perception
models of tone and intonation.

1. INTRODUCTION

In stuilying the functions and lasks of the auditory system in
speech perceptíon, at least two levels of frequency ilependen!
anal.ysis can be distinguished. A firs! order frequency analysis
is carríed out based on the mecÌ¡anical properties of the
basalar membrane anil characteristic frequencies and temporal
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reaponses of auditory-nerve fibers. This first-order analysis
can be seen as provitling the raw inaterials for a second-order
analysis of pitch anil timbre (Plomp, 1976; Green, 1976; Young
and Sachs , 1979¡ Gelfand, f98l ).

Currentpsychoacoustic researcÌ¡ and physiologi-ca1 modelling
experiments are generally in agreement that this second-level
analysis, which resolves spectral information and pitch,
involves some degree of central processing (tlomp, I976;
Delgutte, 1982 ) . Although many models of pitch perception
presuppose a spectral resolution of the lohrer harmonics from
which pitch can tt¡èn be iterived (Wightman, 1973; coldstein,
1973¡ TerÌ¡ardt, 1974) it ie still unclear as to what ilegree of
spectral resolution is necessary for pit.ch perception and
exactly what !!T)e of information (spatial or temporal) is used
(Sachs, Young, anil Mi11er, 1982; Delgutte, 1982). A further
question involves the interaction betrdeen spectral cue6 and
pitch cues in speech perception.

The present study is concerneil \'Iith two issues related to
fundamental frequency perception and spectral analysis in
speech. The first issue is an aÈÈempt to define sÌ¡ort-term
memory categorization features in speech-Iike pitch movements.
The second issue is an attempt to st.udy ?tow such categorization
featurea of pitch night intêract with spectral changes during
pitch movement.

Two candidates for pitch movenent. categorization features can
be proposed. One would be a continuous pattern storage
involving categories such as rise-fall and fall-rise. T.he other
possibility would be the storage of discrete pitch frequencies
at given time intervals with movenent then being interpolateil
after the pítch analysis.

Where interaction with spectral changes is concerned,,
categorization features based on continuous pattern storage
might be sensitive to ilisturbances by sucÌ¡ rapid spectral
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cÌ¡anges as formant Èransitions. On the other hand, sPectral
changes associated r,ù-ith conaonants could provide perceptual
boundaries which, wt.en related to Iinguistic structure, migt¡t
facilitate discrete pitch frequency resoJ.utíon.

2. METHOD

A. stimuli design anil Eynthesis
Fundamental frequency cueg in speech such as syllabJ"e stress,
word accents, word tones, etc. are tightly related to lexical
items and are therefore, as categories, acquirecl and processed
centrally as are other features Ìraving tinguistic funcÈions. To

at.tempt to Éreparate lexical function from intonaèion contours,
question-Elatement categories have often been used
(Hadding-Koch and Studdert-Kennedy, 1964; Fourcin, 1980). In
the preEent study, Ìrowever, an ABX test clesign waa used to
force listeners to create categories 'inetead of using
presuppose¿l linguistic categories. The basic categoriee
expected to be created by the listeners were rise-falI and

falI-rise.

A Klatt software synthesizer and a VAX digital computer were
used to synthesize a S\redish /a/ vø¿e]- with formant frequencies
of 600, 925, 2540, and 3320 Hz. (Kratt, 1980; Fant, 1973).
Vowel duration was 3O0 msec. including 30 msec. intensity onset
and offset. Fundamental frequency was systematically varied to
create 18 different stinuli (rig. I ) . T'he Fo con¿our for
stimulus e (aIEo stimulus I), designed to elicit rise-fall
categories, rose from t2O Hz to a turning point of I8O Hz and

then fell to an end point of 100 Hz. The Fo contour for
stimulus B (gtimulus 12), ilesigned to elicit fall-rise
categories, began at I2O Hz fatling to 8O Étz and then riEing to
160 Hz. The difference in end-point frequency was designed to
test the effect of end-point variation on the rise-fal1,
fall-rise calegories, i.e. movement pattern recognition versus
discrete frequency analysis. The 18 8timulí \,tere constructed by
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Figure 1 Stylized Fo contours for the first
set of stimuli, steady-state vowel.
The dashed lines (stimuli 1 and 12)
represent stimuli A and B of the
ABx configuration.

systematically varying the turning point ín steps of 20 Hz from
80 llz to t8O Hz with tlrree ilÍfferent end-point configurations:
10O Hz, 160 Hz and 120 Hz.
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Varying the Fo parameter in the Klatt synthesis prograrn, as is
often the caEe in natural speech, causes concomitant intensity
variations. Àn informal listening test. u8ing LPC vergions of
selected stimuli t/ùith corrected intensity parameterE
dernonstrated that the difference between corrected stimuli and
uncorrected stimuli was marginal and in most cases could not be
perceiveil at aII. In view of the marginal perceptual nature of
the intensity variation ù!¡en compared to Fo variation, the
intensity variations in the stimuli used in the experimenÈE
vrere not corrected. This is not to sêy, however, that
intensity, especially in conjunction with Fo variation, is not
perceptually relevant, but simply that intensity variation due
to Fo changea in the context of these experiments is vieweil as

a concomitant feature of Fo.

An ABX-type test was constructed \trith a 1.3-second pause
between stimulus A and B and. a 2.2-seconal pauEe bet\rreen
etimulus B and X. Between atimulue X and the following À
stimulus there waa a 4.6-second pause. The X Etimuli were
randonized by a computer program and the test was divided up
into blocks of l0 stimuli each. The Èest congisted of IOO ABX

stimuli, the first block of 10 being a buffer block to acquaint
the listenerB \rith the teEt. Each of the 18 different Etimuli
occurreil five times in the remaining 90 stimuli; AII I8 stimuLi
\{ere presented once before any stimuluE wa9 repeated. The same
test configuration \ras alEo used for the second, third an¿l

fourth versions of the test. T}le stimuli \{ere recorded on tape
ueing a Revox PR99 tape recorder. A pause of about I0 seconds
was included between each block. ftle total durat.ion of the test.
was about L5 minutes.

To test the effects of rapid Epectral changes on the
categorLzation of the tonal patterns, four different versions
of the test \dere produced creating four experiments. The first
version coneisted of the steady-etabe /a/ vowel as describecl
above. In the aecond version, a gap, consisting of an intensity
drop preceded and follo\,úed by formant transitions, was
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introduced in the tonal pattern (fig. 21. The first set of
formant transitions extende¿l from'60 msec. into the vowel to 75
msec. Tl:Ie secontl set êxtended from 135 msec. to I5O mgec. into
t?¡e vowel . 'ltre intensity drop began 80 msec. into the vorrel and
ended at 13O msec. This creat.ed /a¡aa/-tife stimuli. Other\rise
the tonal patterns wêre the same as Ln the first version (fig.
3). ln the third version, the gap was placed in the last half
of the vowel; the transitions beginning and ending at I5O - f65
r¡sec. and 225 - 24O msec. respectively, ancl the íntensity drop
extending from 170 to 225 msec. (fig. 4\, This create¿l
/aa¡a/-tite sti¡nuli. In both seconct anil thircl versions the
actual turning point frequency tdas present. In the fourth
version, however, the gap was placed ín lhe middle of the
vowel; transitions beginning and eniling at IO5 - L2O Hz and lg0
- ]-95 Hz respecÈively, with the intensity drop extending from
I2o to I8o Hz. (Fig. 5). T.hese stimuli were /aba/-tike.

fhese manipulations were clone to test which parts of the tonal
pattern are most susceptible Èo possible disturbancee caused by
rapid spectral changes. All other elements of the test
configuration were hetd constanÈ throughout the four different
versions.

B. SubjecÈs
Five menbers of the secretarial staff at the Department of
Linguistics and Phonetics, I¡und University and 31 first-term
students in phonetics participated in the experiments. ÀIl of
the subjects had normal hearing and. were native speakers of
Swedish. To avoid fatigue effects, eacl¡ of the four tesÈs was
adminiatered on a sreparate occasion.

The five staff members parÈi.cipated in a1I four tests while
each individual studênt participated in only one of the four
tests. The tot.al nu¡nber of listeners for each test \ras II for
test I, lI for test 2, 10 for test 3, and 14 for test 4.
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C. Procedure
The test tapes lsere presented in a sound-treate¿l perception lab
via a Revox A77 taPe recorder and Burwen PMB6 orthodynamic
headphones. Each listener was given a printed instruction sheet

anil an answer sheet. The instructions \'tere also read aloud, the
listeners being instructêd to listen to the first two souncls of
each test item and, upon hearing the third sound, to deci'le if
it was most like the first or Èhe second sound and to circle
the corresponding number (t or 2) on the anawer sheet' TÏ¡e tape
was stopped after tlte practice block anël the listeners were

allowed to ask questions. fhe listeners were also given a rest
pause after half the test.

3. RESULTS

A.Steady-staÈe Yogg!
T,Ïre results of the test version consisting of the steady-sLate
vowel were uniform for all listeners. Tlxe test was easy to
perform, and all listeners categorized the stimuli on the basis
of movement Pattern recognition, i.e. rise-faLl or fall-rise
disregarding the differences in enil-point frequency.

Figure 6 strows that stimuli l-4 were categorized as rise-fall
(most like stimulus 1) while stimuli 5 and 6 were hearcl as

fall-rise (most like stimulus L2 ) despite the fact that thê
end-point frequency was the same in al1 6 stimuli ' In the group

of stimuli where the end-point frequency was i-6O Hz, stimuLi
?-9 were heard as rise-fall and stimuli 10-12 as fal-l-rise' The

same pattern of results was obtained in stimuli 13-18 with the
constant stimulus 16 chosen as most like stimuLus 1 ' No

listener chose categories on the basis of enil-point frequency'
although the ¿IÍfference in responses for stimul-i 4 anil 10 could
be interpreted as being influenced by encl-point frequencies'
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Figure 6. Averaged responses for test 1,
steady-state vowe1, showing rise-
fal1 and fall-rj-se categorization.

B.Spectral change early in the vorrrel .

The averaged results for the tes! version where spectral-
changes were placed early in the fÍrst part of lhe vo\rel show a
considerable ambiguity concerning stimulus categories (Fig. 7).
In conèrast. to the results obtained in the steaaly-state vor¡'el
version, stimulus 4 was perceived as most like stimulus 12,
stimuLus 10 as ambiguous and stimulus 16 as most like stimuLus
12. T'hese differences can not be expJ.ained in terms of
end-point frequencies as the categories seem to be formed
contrary to the frequencies of the end-points, i.e. there rrere
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morè stimulus 12 responses to stimuli l-6 and more stimulus I
responses to stimuli 7-12. When the enil-point frequency was 120
Hz, stimuli 13-18, the averageil responses showed rise-fall,
fall-rise categorization, but with much more ambiguity than in
the firat Lest.

fhere was also considerable indívidual_ variation among the
listeners. Basically, responses fell into three classes of
roughly equal size: 1.) those who seemed to perceive categories
contrary to end-poinÈ frequencies, 2. ) those who perceived the
same tonal categories as in the first version, ancl 3.) those
who could no longer perceive the categories (Fig. g).

C. Spectral changes late in the vor/rel .
In this version of the t,est, results \Àrere simil_ar to tÌ¡ose of
the gecond version !,¡ith the exception that the listeners who
perceì.ved caÈegories wtrich were not based on movement pattern
recognition tended to choose categories based on the end-point
frequency. For exarnple, st.imulus 3 which was ambiguous in test
2, \,tas perceived as most like stimulus 1. Stimulus 9, clearly
tnost like stimulus I in test 2, was perceived as most like
stimulus l-2 in this version. Although inclividual variation was
again considerable, Èhe averageil responses show a tendency
towar¿ls end-point cãtegorj_es (fi.g. 9) as there rdere more
stimulus I responses to sti¡nuli 1-6 and more stimulus 12
responses to stimuli 7-12. Ttris tendency is more clearly seen
in individual responses (Fig. lO).

D. SpecÈra1 changes in the middle of the vowel.
In the fourth version of the test, the results hrere almost
iClentical to the results obtaíned from the third test where the
spectral changes occurrecl late in tlte vo\,eel (fig. 1l). There
\das, however, more of a tendency for listeners to perceive
categories base¿l on end-point frequencies in this version than
in any other version of the test as exernplified by Fig. 12.
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E. Summary of the results
In the first version of the test, comprising steady-state
vowels, listeners performed unj-form1y, categorizing the stimuli
in terms of movement ilirection; rise-fall or fall-rise. In the
three other versions, where spectral changes were introiluced in
the vowel, responaes fell into three classes: ambiguous
responses, categorizatíon based on movement ilirection, and

categorízation based on final pitch frequency. However, in the
stimuli vthere spectral changes occurred early in the votrrel, the
group of listeners '.tho did not use movement direction but s¿ill
performed categorizations, seemeil to do so baseCl on the reverse
of the end-point frequencies'

DISCUSSÏON

A. Movement pattern as categorical feature.
The first experiment lras designed to determi.ne if pitch
movement can be used as a categorization feature for tonal
patterna in speech perception. Íhe results for stimuli 3,4,9
and 15, all categorized as sti¡nulus 1, and for stimuli 5, 11,

ancl 17, which rrere categorized as stimulus 12 (Fig. 6), seem to
inilicate that listenera can use the movemenl features rise-fall
and fall-rise to categorize tonal patterns. The results of the
first experiment could also be explained in terms of
turning-point confíguralion where a change in the direction of
the pitch movenent results in a convex or a concavê
corrfiguration. It could be that the perceptual mechanism is
particularly sensítive to c?ranges in pitch movement direction
\rhereby an increasing nì.rmber of periods per time uniÈ followed
by a clecreasing number or vice-versa \,tould be registered by the
perceptual ¡nechanism as an event which could then forrn the
basis for categorization. Whatever the mechanism, the results
indicate that in the absence of spectral changes, movement
pattern rather than end-point frequency level is selected by
list.eners to form the basis for categorization ín this type of
forced choice test.
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Although it is a large step from synthetic vowel stimuLi to
actual speech stimuli, these r.esults suggest the possibility
that languages could make use of movement dírection in the
vowel as a distinctive perceptual feature. Furthermore, the
abiliÈy of about one-third of the lj.steners (12 listeners) to
perform the same movement categories in the stimuli containing
rapid spectral changes indicates that some listeners are able
to interpolate the movement and arrive at t'he same kinits of
categories as in the continuous pattern categorization.
However, the diversity of the responses to the stimuli
containing rapid spectral changes inilicates that spectral
changes do in fact influence patt.ern categories.

B. Pitch level as categorical feature.
In tests 3 and 4, those listeners who perceived categories
which v¡ere not based on movement pat.terns. Eeemed to perform
t}.e categories based on end-point identification. Had it not
beer¡ for the conflicting results of test 2 where listeners
seemecl to perform categories in direct opposition to end-poj_nt
frequencies, the results would seem to point Èovrard some kind
of movement masking effected by the rapid spectral changes.
This masking would lead listeners to use end-points for forming
categories. Ttre results of test 2, hovrever, complicate mat.ters.

In their classic etudy of pitch discrimination for synthetic
vowels, Flanagan and Saslo\r (1958) found slightly more acute
iliscrimination of cÌ¡anges in fundamental frequency in vowels
than in a pure tone. This could mean that 1isteners use the
relatively larger changes in the harmonics present. in the
vowels as an aid in iliscriminating Fo changes. Klatt (1973)
substantiated these results but found that discrimination
performance deteriorated when a linear ramp fundamental
frequency contour was used. in the place of a monotone. t'Hart,
in his stuily of just noticable differences in pitch movement
(1981-), founcl that falls were more ilifficult to judge than
rises anil that. many subjects compareit final_ pitches instead of
sizes of movements. He also reported from Nabelek (reference
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omitted) a separate concentration on the. initial or the final
piÈch if there was a pause between the lo¡^t and high frequency
parts of a stimulus rather lhan a cont.inuous glide.

These findings could be used to help explaín the present
results. If rapitl spectral ehanges are introduced in the vowel,
the load on both the processor anil memory is ilrastically
increased. In some cases, an economy measure may be necessary
whereby the pitch movenent is recoded into pitch levels. In
tests 3 and 4, Èhe final pitch levels correspond to the
end-point frequencies. If the pitch levels are clefined as tlre
average frequency some 30 to 5O msec. after the vo\,Íel onêet
following the stop occlusion, stimulus I in test 2 (see Figure
3) would be stored as low-high and stimulus 12 as high-low.
Stimuli 3-6 might have therefore been classifiecl as high-low
(i.e. most like stimulus 12) while stimuli 7-1O might have been
classified as low-hlgh (i.e. most.Like stimulus 1). This would
account for the difference in results bet\,reen test 2 and tests
3 and 4. Categorization in tÌ¡ese tests would therefore not be
based on end-point frequency but on averagecl frequency level
following the votdel onset' after the stop occlusion.

C. Interactíon w"ith spectral changes.
The results of these experiments indicate that spectral ctranges
occurring during a tonal movefnent can affect the perception of
the tonal contour. During the time period in which rapid
spectral chaåges occur and. immediatety follohring this period,
the perceptual mechanism may be somewhat less sensitive to
pitch rnovement than during a longer steady-state portion of the
vowel. !{hether this insensitivity is a result of an increased
load on the peripheral mechanism or a result of language
acquisition or both remains an open question. However, this
insensitivity to movement could require the pitch perception
mechanism to increase attention to averaged pitch frequency
during this time period. Íhe averaged frequency \¡eould then be
stored in memory as a pitch level, e.g. High, Low or Mid. These
levels could then be used linguistically as categorizalion
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features.

Tt. is possible, then, that rapid spectral changes such as a
stop release or any consonant release followed by a vowel can
serve as a perceptual boundary marker. This boundary marker
would inhibit perception of continuous pitch movement and,
enhance perception of discrete pitch frequency. The
perceptually important feature of the tonal contour immediatety
following this boundary would be, tt¡erefore, a tonal level.
Continuous movenent as an important feature of the tonal
contour would then need to be placed in a longer, sleady-state
portion of a presumably sÈressecl vowel.

D. PoEsible linguistic implications
The possible perceptual divisi_on of the tonal contour into
sections of differential sensitivity for levers an¿l movement.
might have implications for both production and perception
models of tone and. intonation. Knolrrledge of such sections ancl
ho\"r they relate to the segmental structure of an utterance
could, for example, facil-itate the exact placement of Lorrs and
Highs in production models. An aid for perception moclels would
be in iletermining \,rhat part of the tonal contour is relevant
for memory storage.

The results of these experiments and an explanation involving
differential sensitivity seem to agree with the results
obtained in percept.ion tests aimed at studying the perceptual
cueg necessary to dístinguish tone 3 from tone 4 in Modern
standard Chinese, (eårding, et al. I9g5, this issue). It could
be that Èone languageg are prone to use tonal patterns which
fit pitch sensitivity differences in the perceptual periphery.
These patterns would then be linguistically relevant
reinforcing the selective pitch sensitivity.

Finally, the idea of selective pit.ch sensitivity could
appllcable to speech synthesis and speech recognition
synthesis, the placement of the tonal cont.our in relation

be
In
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the segmental structure could be facilitated, and
recognition, segmental bounclaries could be used as markers
extracting critical parts of the t.onal contour.

tn
for

E. Further issues
Some further issues concerning the perception of pitch and
spectral change lying beyond the scope of the present study
involve perception of pitch immediately prior to spectral
change. Another issue could be the use of non-speech noise Èo

see if the perceptual boundary is constrained to spectral
changes produced by the articulators, Finally, more work needs
to be done using real speech material to more fully understan¿l
the processes involved in the perception of the tonal contour
in speech.
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Sentence prosody and syntax in speech perception

David House

ABSTRACT

In order to test the use of sentence prosody rèlated to syntax
in sentence processing, a listening test was constructed
consisting of marked and unmarked prosodic versions of
sentences with various syntactic structures. Results of a pilot
test showed consi.derable Iistener differences in sentence
interpretationd. t{trile listeners were able to use prosody as an
aid in sentence processing, they also relieC heavily upon other
cues such as simplicity straÈegies anil morphological
restrictions supplied by the lexicon. When the cues provided
conflicting information, Iisteners, on an individual basis,
tended to select the most salient cue to determine syntax'

I. INTRODUCTÏON

one of the functions of sentence prosody is to provide the
Iistener 'rith acoustic cues which represent aspects of
syntactic structure. This is accomplished prj-marily by means of
fundamental frequency excursjons (intonation) and manipulation
of the time dimension such as final lengthening and pauses'
T'hese aspects of the sPeech signal can be used by the speaker
to emphasize cert-ain structural relationships within a sentence
and by the listener to confirm underlying an¿l surface
structures or to resolve structural ambiguities.
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In a st-udy of the production and perception of ambiguous

sentences, Lehi-ste (I973) found a correlation between surface
consLituent strucÈure and success in rlisarnbiguation' Speakers
were abl-e to convey structural differences and Iisteners were
able to perceive them' Ambiguous sentences in which a

difference in meaning was not correlatecl htith a difference in
surface constituenl structure were generally not disambiguateil.
There v¡ere, however, considerable differences betrteen speakers
and between listeners concerninE success in disanbiguation'
NoneLheless, it seems clear thaL when available, intonation,
final lengthening and. pauses in the acousLic signal can impinge
on the syntactic structure of the sentence.

Cne question in this respect is to whaÈ extent listeners can

Ìnake use of the acoustic signat to aid in lhe processinE of
syntax. The goal of this paper is to investigate relationships
between the use of prosody in sentence percePtion and the
naLure Õf the sentence strucÈure in terms of complexity and

frequency of occurrence.

A reasonable hypoÈhesis \,¡ould be that generally the use of
prosodic cues in percepÈion increases as a function of
syntàctic complexily wilh certain reservations for frequency
rlifferences loeLween structures cf varying complexity. A

correlaÈe Lo this hypothesis v¡ould then be that the use of such
cues in perception ,lecreases as a function of syntactic cues

available through lexical subcategorization frames (rord,
Bresnan, & Kaplan, f982 ) ,

To test Lhe hypothesis, listeners could be presenÈed vrith
senLences having a reduced relative structure v/here tlte first
verb is IocaIJ-y ambiguous between bhe simple sentence structure
and the more complex reduced relative sÈructure. An example of
this t)¡pe of sentence in EnElish is Lhe cÌassic "garden palh"
sentence I

l.) The horse raced pasL the barn fell.
where the listener is Led down "the garden path" until the
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final verb is understood at h¡hich poi-nt the sentencê must be
reparsed,

Clàrk & Clark (1977) propose a compl-exity st.rategy by which a
listener wiII assume the first clause to be a maín clause
provided it is not marked at or prior to the main verb as
something other than a main clause. In accordance with this
strategy, if sentence prosody is also ambiguous, Iist.eners
would be expected to begin processing by assuming the first
clause to be a main clause thus incorrecÈly resolving the
ambiguièy of the verb by interpreting it as active. The
Iistener would therefore end up with a structure which does not
match the input upon input of the final verb. T?¡e sentence
\,vould then trave to be reparsed J-engthening processing time. If ,

Ìrowever, markedly appropriate prosodic cues are supplied in the
acoustic input, e.g. a final fall-rise in intonation at the end
of the subject combined \,v"ith a pause foll-owing the subject
marking the second clause as a relative clause prior to the
verb, the correct st.ructure should be projected earlier. This
would in turn lead to a shorter processing time. Reaction times
to the point at which the sen¿ence is understood could be used
as a rough gauge of processing time.

To test the correlate hlt)othesis, i.e. that the use of prosodic
information decreases as more syntactic information is
available fro¡n lexical redundancy rules,,'subcategorization
feaÈures" or morpÌ¡ologicaI restrictions, a second sentence type
such as:

2. ) ttre trorse clriven past the barn feLl.
could be used. Here, the syntactic struct.ure can be determined
by lexical information and the 1istener would be able to tell
upon processing the verb that it belongs to a reduced relative
clause. Thus the listener should be able to parse the sentence
correctly considerabLy earlier solely on the basis of segmental
cues and linguistic competence. In this case, marked prosodic
information shoul-d not contribute to the speeding-up of
processing time as much as vrtìen the verb is ambiguous if at
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all.

The differences in processing time between the two sentence
types could be manifested experimentally by ilifferences in
reaction times. Reaction times to sentence type l. with markecl

prosodic cues should be consiilerably shorter than !,¡ithout
markeil prosody. Reaction tj-mes to sentence type 2. with marked
prosodic cues should only be slighty shorÈer than $rithout
marked prosody.

There is then a proposed interplay bethteen sentence complexity,
prosodic features, and Iexical-morphological syntactic
information. fhis interplay should be manifested by processing
time for sent.ence parsing during speech perception.

2. SPEECE MATERIAL AND METHOD

Swedish sentences lrere ctrosen for the test such that plural
subject-verb agreement corresponiled to sentence type 1.
(ambiguous verb), and singular subject-verb agreement
corresponded to sentence type 2. (unambiguous verb) by virtue
of the fact that bhê plurat morpheme for passive in weak verbs
is identical to the imperfect, while for singular they are
differentiated. Two different sentence structures \rere chosen.
The first structure contained a single passive verb, the
preposition and the object followed by the active verb:

3a) Männen, ritade av flickan, rökte.
(The men, drawn by the girl, smoked.)

3b) Mannen, ritad av flickan, röktê.
(The man, drah¡n by the girl, smoked.)

In this structure, the preposition "av" can be misparsed as a

particle which follows an active verb. This hrould alter the
meaning of sentênce 3a to "The men d.rew Èhe girl, smoked".
Sentence 3b should not be misparsed because "ritad" can only be
passive. rrlhen "av" is used as a particle, ho\,/ever, it takes
primary sÈress ¡nanifested prosodically by rising intonation,
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lengthening anC increased intÈnsity. It v¡as feare,J that \^¡ithout
these prosodic cues, rravrr would be immediately parseil as a
preposition leadi-ng t-c a correct reparsing earlier than the
fina.l verb.

As a control ôf the possible effects of this
stressed-unstressed distinction in the first structure. a

seconil structure was also inclr¡rled in the test', This seconil
structure contâined a compound passive verb hr-ith the subject
implied followed by the active verb:

4a) KilIarna, rakade och tvättaile, sjóng.
(rne boys, shaved and washed, sang.)

4b) Killen, rakad och tv.ïttad, s jöng.
(ttre boy, shaved and washed, sang.)

In this structure, correct reparsing rrould not be expecte¿l
until the final verb is perceived.

A listening test. was constructecl cornprising three pairs of each
sentence type plus four þirs of unambiguous filIer sentences
of the follow'ing type:

5a) Killarna sa, êtt bilen skulle tvättas.
(lne boys said, that the car should be washed.)

5b) Kilten sa, att bilen skulle tvättas.
(rfre Uoy saiël, ttrat the car should be washed.)

Each sêntence waa recorded by a native female speaker of
Southern Swedish in tlrro versions, one version with marked
intonation and pausês and one version without pauses and with
unmarked intonation (fig. I and 2). lne forty Èest sentences
\^¡ere then ordered systematically so that different versions of
different sentences appeareil before eiÈher version or sentence
type was repeated. (See appendix for test sentences and
sentence order.) tttis type of Èest construction would enable
differenÈ test versions to be presented to different listeners
with the results being compiled across listeners to eliminate
Iearning effects. Four filler sentences vrere presented as a

buffer before the tesÈ began.
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Two listeners trained in linguistics and two naive listeners
participatecl in a pilot version of the test. The sentences vrere
presented over a loudspeaker in a sound-treatè¿l room wÌ¡ere the
listeners were Èested individually. They were instructed to
rest their index finger on a button and to press it as soon as
they had understood the sentence. They vrere requested to
paraphrase each sentence after pressing the button.

Reaction times were measureil by a micro-computer triggered aÈ

the beginning of each sentence by an envelope detector. T'he

paraphrased versions of each sentence were recorded. by the
experimenter.

3. PILOT TEST RESI'LTS

A. Reaction tíme measurements
T'hê expected reaction time results, i.e. that sentence versions
A anél B lsould elicit faster reaction times than sentence
versions C and D and that the difference betvreen reaction times
for A anil C would be greater than for B and D were not
obtained. Instead, reaction Limes varied from around 5O0 msec.
preceding the end of the sêntence to around 500 msec. following
the end of the sentence. The variation for all four listeners
appeared to be completely random. This is most probably ilue to
the rather coarse-grained naÈure of the task. To press a button
when "you have undèrstood the sentence" does not appear to be a

very precise measure of reaction time, and probably does not
correlate v¡ell at all !ùith actual processing time,

B. Sent.ence !g!=æ.=!"glo_nt
Results obtained from the listeners' paraphrases were much more
illuminating. Ttre two listeners with training in linguistics
(liéteners 1 and 2) were irnmediately a!ùare of ùhe atructures
involved and paraphrased each sentence correctly. T'he naive
listeners (listeners 3 anil 4), on the other hand, Cliffereil in
their interpret.ations of the sentences. Both listeners,
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however, correctly parsed the sentences in more instances in
the narked prosody versions (42E) tfian in the unmarked versions
(2sE) (r:.g. s).

oo% + Marked prosody

-. Unmarked prosody

5()%

+

òe

u'
.=
o
oè
o
o

oo

Figure 3. Correct
3and4

parsing in percent for listeners
(combined results).

Misparsings of the senLênces by both naive listeners conformed
Lo the complexiÈy straLegies outrinerl above. sentences having
the structure as in 3a and 3b (sentences I to 3 in the Èest,
see appendix) were most often parseil as two Np-Vp,s joined by
"och" (and). T.hus test sentence lA ',Männen, ritade av flickan,
rökte," (ttre men, drawn by the girl, smoked) was interpreted as
"Männen ritade och fl-ickan rökte,,, (tfre men drew and. the girl
srnokec). Listener 4, trowever, parsed severar of these sentences
.ls "Männen ritade av ftickan och hon rökte,,' (tne men d.rew the
girl and she smoked). Ìn thêse i-nstances. listener 4
rlisregardert the unsLressec prosodic features Õf the preposition

I
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"4v". Even sentences \,rhere the synt.ax was specified by lexicat
subcategorization frames were símilarly misparsed.

Sentences having t?re structure of 4a anit 4b (test sentences 4
to 6) were rnisparsed by both naive listeners as Np-compound Vp
by adding an additional "and', between the finaL two verbs. It
is interesting to note, however, that both sentencea containing
the phonetically more s¿irient arlo¡norph /-at/ (test sentences
58 and 5D) were correctly parsed by both listeners, and that
these two sentences rrêre the only trro with the except.ion of 68
that were correctly interpreted by listener 4 (FiS. a).

Figure 4. Sentences in which correct
parsj.ng was performed
(naive listeners, 3 and 4)

Correct parsings,

A B

5B

6B

Iistener 4

P
5D

Correct parsings, listener 3

è
1A

3A

4A

6A

B

2B

3B

4B

5B

c

4c

5c

6c

P

4D

5D
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4. DISCUSSION

A. ReactiÕn times
The tlifficulties invotved in obtaining reaction times which
could be correlaled to actual sentence processing times
rendered impossible Lhe testing of those aspects of lhe
hypothesis concerning the relationships betvteen
speed-of-processing, prelirninary misparsing anil reparsing. The

fact Lhat many of thè sentences were not reparsed upon
comprehension of the fínal .¡erb, but rather the misparsings
'¡/ere maintained t'o conform to a simple structure, seems tô
indicate Lhat in those sentences processing time might have
been fasLer than in the senLences which received correct
parsinE.

qactors other Lhan syntàx and prosody ñight also have
influenced reaction times. -\s previously mentioned, measrrring
reacti')n times where comprehensicn of an entire senlence is
cor-rcerned. at least judging from this pilot test, is a very
rough Lool for investigating the complex proces¡s of sentence
<:omprehension. The results inilicaÈe that perhaps more success
can be atbained by constructing mat'erial whi,ch can be
ìnisinterÞreted and then using listener interpretations to
investigate Lhe processing of syntactic structures.

B. syntacta_c- c-91p.l9ra!_y Ct_!1qqs_!99. qqq !is!9n9! rlif ferences
The alrareness cf structure on the part of listeners 1 and 2

( Iinguistically trained) reflect the necessity of usj-ng naive
listeners if misinterprelation results are to be used to
investigate syntax anil prosody. The difference in
interpretàtions between listeners 3 and 4 (naive) reflect the
individuaL nature of syntactic competence v¿hen processing
complex structures.

Basically, however, thesc rêsrrlts support Lhe
straLegy ¡lescribed above, The naive I isteners
interpret Lhe first verb i..s the LcEi.aI verb of -.he

compl exi t y
Leoded

ini tial
f_.)

\P

Ì,)Tl



even in cases \"rhere thi s interpretaÈion conf Iicted \,ù"ith
phonet.ic form. In other words, the processing mechanism can
override phonetic form to make it fit a simple sentence syntax.
Tï¡ere seem to be, however, certain límitations dependling on the
phonetic saliency of the morphology ( see D. below) . There was
not a strict priority order for choosing simple synt.ax over
phoneÈic form or linguistic competence, but rather if the
phonetic form of the sentence anil linguistic competence would
allotr the misinterpretation, the simple syntactic structure was
adhered to.

C. Effects of prosody on syntax
The preliminary resulÈs of t'he pilot tesl indicate that marked
prosody can be used in êpeêch perception to parse a sentence in
accordance trith a complex syntactic structure. prosody then
fits Ínto the complexity sÈrategy ae it supplies information
concerning sentence structure (a fall-rise in Fo an¿l a pause)
prior to the main verb.

The results also indicate, hoh¡ever, that such prosodic cues are
not alvrays needed for correct parsing depending on the
linguistic competence of the listener and tl.e saliency of the
segmental- phonetic aspects of the sentence. In a like manner,
prosody is not always used leading to misparsings of sentences.

D. Morphological Ealiency q!!q phonetic form
Ttrere seems to be. a rather complex interplay bet\^rèen phonetic
form (both segmenÈal and prosodic), morphology as manifested by
mapping bet¡rreen lexical items, and syntax. As evidenced by the
domination of the allomorph /-at/ over complexiÈy straÈegies
and unmarked proeody, the use of information specified by the
lexicon as iliscussed by Bresnan (1978) and vtasow (1972) can
depenil greatly on the phonetic saliency of the surface form.
The suffix /-at/ with its clearly perceived high-frequency
burst is imnediately ilistinguished from the suffix /-ade/
whereas /-ad,/+V is mucl. more easily interpreted as /-ade/+V.
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The results of this experiment can be seen as preliminary
evidence for a model of syntactic processing which operates by
simultaneously integratj-ng aspects of the acoustic signal,
syntactic complexity strategies involving linguistic
competence, and morphological restrictions in the Iexicon. This
model of syntax perception would be characterized by a
mechanism which latches on to the most. prominenÈ aspecÈ or cue
in the sentence \rhich can determine syntax. The important point
trere is that cue dominance is not cletermined by the linear
order in which the cues appear in the sentence, but rather
rlominance is affected by a number of different factors such as
phoneÈic saliency, linguistic competence, and relative
frequency of structure. It could also be conjectured that cue
dominance leads to a certain kind of perceptual masking of
other cues in an intricate interplay of processing.

E. Further elqeliments with sfnthetic stimuli
.q, more satisfactory test of the hypothesis and modeÌ proposed
in this paper would entail the synthetic manipulation of the
prosodic parameÈers of intonation anil pauses. A mucl. larger
number of listeners would of course also be needed Èo support
the trends indj_cate¿l by the pilot study.

An informal- experiment was carried out in which the intonalion
contour of tesÈ sentence 1A "Männen, ritade av flickan, rökte',
was replaced by the intonation contour of 1C ,,Männen ritade av
flickan rökte", i.e. unrnarked intonation replaced marked
intonation and vice versa (Fig. 5 and 6). Simply switching
intonation, however, without changing the timing aspects
produced extremely artificial sounding sentences. A systematic
alteration of both intonation and pauses would need to be
und.ertaken to more successfully test the degree of prosodic
representation necessary to serve as the dominating cue in the
perception of sentence syntax.
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Fígure 6
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APPENDIX

Test sentences, Commas indicate marked prosody

tA. Männen, ritade av flickan, rökt.e.
IB. Mannen, ritacl av flickan, rökte.
tC. Männen ritade av flickan rökte.
lD. Mannen rièad av flickan röktê.

24. Kvinnorna, måIade av mannen, 1og.
28. Kvinnan, målad av mannen, 1og.
2C. Kvinnorna mål-ade av mannen 1og.
2D. Kvinnan målad av mannen 1og.

34. Flickorna, Lecknade av pojken, skrattade.
38. F1ickan, tecknad av pojken, skrattade.
3C. Flickorna tecknade av pojken skrattade.
3D. Flickan tecknad av pojken skrattade.

44. Killarna, rakaale och tvåttade, sjöng
48. Killen, rakad och tväÈta¿l, sjöng.
4C. Killarna rakade och tvättade sjöng.
4D. Killen rakad och tväÈ¿ad sjöng.

54. Barnen, tvättade och torkade, lekte.
58. Barnet, tvättat och .torkat, IekÈe.
5C. Barnen tvättade och torkade lekte.
5D. Barnet tvättat ocÌ¡ torkat lekte.

6A.
68.
6c.
6D.

8A.
88.
8c.
8D.

9A.
98.
9c.
9D.

10A.
108.
Ioc.
10D.

Kvinnorna, tecknacle och målade, Iog
Kvinnan, tecknad och målad, Iog.
Kvinnorna tecknade och målade 1og.
Kvinnan tecknad och måIad 1og.

7^
7B
7c
7D

Killarna sa, att bilen skulle tvättas.
Killen sa, att bilen skutle tvättas.
Killarna sa att bilen skul.le tvättas.
Killen sa a!t. bilen skulle tvättas.

Pojkarna sa, att flickorna skulle spela med.
Pojken sa, att flickorna skulle spela med.
Pojkarna sa att flickorna skulle spela med.
Pojken sa att flickorna skulle spela med.

Flickorna sa, att pojkarna skulle måla huset.
Flickan sa, att pojkarna skulte rnåla huset.
Flickorna sa att pojkarna skulle må1a huset.
Flickan sa att pojkarna skulle måla huset.

Killarna aa, att huset skulle målas.
Kilten sa, att huset. skulle måIas.
Killarna sa att huset skulle måIas.
Kilten sa att huset skulle målas.
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Test Sentences (Translation). Commas indicate marked prosody.

lA.
18.
tc.
lD.

2A,.
28.
)1

2D,

3A.
38.

3D.

l0A.
108.
IOC.
loD.

l'Ïre men, dra\,rn by the gir1, smoked.
The man, drawn by the girl, smoked.
The men drawn by the girl smoked.
The man drawn by the girl smoked.

The women, painted by the man, smilecl.
The woman, painted by the man, smilecl.
Ttre women painted by the man smiled.
T?re woman painted by Èhe man smiled.

fhe gir1s, sketched by the boy, laughed
The girl, sketched by the boy, Iaughed.
The girls sketched by the boy ì-aughed.
The girl sketcÌ¡ed by the boy laughed.

The boys, shaved and washed, laughed,
The boy, shaved and washed, laughed.
The boys shaved anil washed laughed.
The boy shaved and washed laugheil.

The children, washed anC dried, played.
The chil-I, washed and dried, played.
The chi-ldren washed anC clried playecl.
The child washed and dried played.

4A
4B
4c
4D

5\
5B
qa

5D

(f,\

6B
6c
6D

7A
7B
7c
7D

The
The
The
The

The
The
The
The

8A. The boys said, that the girls should play along.
88. The boy said, that the girls should play along.
8C. The boys said that the girls should play along.
8D. The boy said that the girls should play along.

women, sketched and painted, smiled.
woman, sketched and painte¿I, smiled.
women sketched ancl painted smiled.
woman sketched and painted smiled.

boys said, Èhat the car should be washed
boy said, that the car should be washed.
boys said thaÈ the car shoul-cl be washed.
boy said that the car should be washeil.

irls said, that the boys shoulal paint the house.
irl said, that the boys should paint the house.
irls said that the boys should paint the h.ouse.
irl said that the boys should paint the trouse.

94. The g
98. The g
9C. The g
9D. The g

The boys said, that the house shoutd be painteil,
The boy said, thaÈ the house shouLil be painted.
The boys said that Lhe house should be painted.
T'he boy said that the house shoulil be painted,
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Sentence order in the

r. (roA) 11. (3c)

2. (108) 12. (6D)

3. (loc) 13. (eA)

4. (r.oD) 14. (rB)

s. (1A) rs. (4c)

6. (48) 16. (7D)

7. (7c) 17, (24)

8. (2D) r8. (58)

e. (sA) re. (8c)

10. (BB) 20. (3D)

listenilg test

21. (6A)

22. (98)

23. (rc)

24. (4D)

2s. (zA)

26. (28)

27. (5c)

28. (8D)

2e. (3A)

30. (68)

3r. (9c)

32. (ID)

33. (4A)

34. (78)

3s. (2c)

36. (5D)

37. (8A)

38. (38)

3e. (6c)

40. (9D)
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Swedish intonatioñ contours in text-tö-speech sinthcisis

Dieter Huber

ABSTRACT

The puxpose of this study is to analyse the intonation contours

of ten swedish sentences pronounced. by three clifferent native
speakers, in ord-er to define a set of generative rules that
can be useful in text-to-speech synthesie. Tntonation in this
context is r¡nderstood in terms of Ínteractions between word

accents, sentence accents, initial juncture a¡d terminal
juncture, but wíthout an¡r reference to intrinsic qualities,
segnentaL conditioning factors or various emotional and idio-
1ecta1 features.

Out of a aunber of already existing intonation models for
Swedish, the procedrrre d.eveloped. by Eva cSraing and her col-
labo:rators at l,r¡nd University is adopted in a simplified
version to syntheaize tid.eaLízedr Fo-contor¡rs for each of the

test sentences in the pronunciation chanacteristics of each

speaker (Bannert, 1984; Bruce¡ 19??; cSrding, 19?7,1W9,1981,
1gBV, lg}t+). The obtained results axe compared with the o::igi-
nal pitch sequencesr mappS.ng natches and nisnatches. Some

minor ad.Justments and nodifications are proposed to improve

the ¡nodel. I'inally, valid.íty testing d'enonstrates the effi-
ciency of the applíed procedu¡e a¡rd. its underlying concepts

with regard. to the analysed texb materialr at the same time

ind.icating areas for further research.

,I . PRESM{IATTON

'l .l lfert Material

The following ten Swed.ish sentences are analysed:

- Bussens förare fick körkortet indraget.
- Isen kan omöjligt bèira en vu:Ke*..
- Torpet hade blomrnor och gräs pä tal<et.
- M8niga trivs med att vandra i fjä11en.
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- Silcten Ëir ganska sþnd i kurvan.
- Skorna var D¡ra och alldeles för tränga.
- Lingonen^brUkar nogna i eeptenþer.
- P¡¡npea pä gäraen hácte rostat pä, vintern.
- Vã.gorna slog högt över bnyggan Í stornen.
- Ðagen firades ned klang och jubeJ..

These eentences were chosen fron Lists compiled by Margareta
Korsan-Bengtsen (Distorted. Speeeh Audionetr¡r, Acta Ota-Iaryngo-
logica, Suppl. ]1O, Götebory, 1971) a¡rd constitute statenents
without arqr prominent contextual featureg. They ¡{ere recoûr.ed.

in an ect¡oless sound. studio at the Acoustics T,aborator¡r of the
Swedish llelephone Conpany in Stockholm und.er equally cont¡olled.
conditÍons for each speaker.

1.2 [est Speakers

The three speakers compnise a 1|-yeat o1d nan, a J2-year oJ-d.

wonan and a 11-yeer old boy, all of then liv:ing i¡ tbe Stock-
holn area a.n.d speaking Swedish without noticeable pa¡ticuta¡Í-
ties. They were ínstructed to read tbe teo statenents one
after another, with short intenrals, in a no¡naL and. coJ.loquial
fashj.on as if talking to another person. As a natter of con-
venience I have chosen to appþ the labels DIAMAL, DIAEEI,I and
DIÂCHI througbout the course of this stud¡r whenever I refer
to the male, the fenale or the chiLd.rs voÍce respectiveþ.

l.J Vocoded PÍtch Contou¡re

A copy of the ori6inal tape recor.r:ling was analyeed aü ChaLners
University of TechnoLogy in Göteborg witb respect to voicing
d.eterni¡.ation, pitch value erbraction a¡rd. allophonic segnen-
tation, using the vocoder systen developed. by and. availabl-e
at the Departrnent of Info¡nation [heorXr (Hede1in, 1981). pitch
extraction was performed. by the autocorrelation nethod. (Hess¡
1987; Rabiner & Schafer, 1978). ALJ-ophone labelIÍng was cani.ed.
out narrually with judgenent based. on both visual and. audÍtory
evidence. i,rlord accents a-re narked only for syllabJ-es Èeceiving
prinar5r stress. idord. boundaries and lower levels of süress are
disregard.ed., as r¡ell as phrase accents and phrase bound-aries.
|lhis analysis resulted in a set of thirty vocoded intonatíon
contours, the first three of whích are denonstrated ia figure
1.
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'1.4 Generated Pitch Contours

A first superficial glance at the lined-up text materi-al re-
veals both si¡ni-larities and dissimilarities in the pitch fl-uc-
tuations of the various Fo-contours. Some of the irregularities
can be easily accounted for in terms of individual variation.
Others might prove more difficul-t to erplain. One fi-rst point
of interest is that we obviously have to consider large-scale
pitch rnovernents over relatively wJ-de ranges of frequency and

durati.on as well as comparativeÌy minute vacillations that are
added to or superimposed upon the larger strctures wlthout,
hcwever, changing their overall cou¡se of direction.

One possi-bIe approach to the investigation of the problems
involved would be by way of a detailed description of the
pitch sequences in the presented text material. Thus correla-
iin¿; the data obtained for DIAMAL, DIAFBM a¡d DïACHI and

viewing them in the broader light of established phonetic
tÌìeory, we might hope to unearth recurrent regularities that
can be formulated into a set of generative rul-es a¡d corobo-
rated by further systematic research. Such a¡r analysis method

requires, however, large and varj-able terb material from margr

dj--fferent sources if it is to yield rel-iabIe results, and does
cherefore not seem feasible withj-n the l-inited scope of this
study. Instead I irave chosen an analysis-by-synthesis procedure,
applying a simpì-ified version of the Lund model of sentence
intonation to synthesize ridealizedr pitch contours of all ten
senlrences in the prom:nciation characteristics of the three
test speakers, which T will then compare with the rrealr
(vocod.ed) Fo-contours.

The Lu¡d ¡nodel of sentence i-ntonatj-on comprises in its nost
comprehensive application nine consecutive süeps which gradualty
transform a given string of phonemic syrnbols representing the
utterance in common alphabetic writin6 (INPUT) into its con-
comitant Fo-contour (OUTPUT). For a more detailed d"escription
of the entire procedure see G8rding, 198+.

Applying this model- to the text material and using a tonal grid
defined by four paratlel 1j-nes at a distance of 2O/4O/2O Hz

from each other, with a overall fall of )O Hz, I obtained thirty
generated intonati.on contours, one of which j-¡; shown in figure 2.
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Figure 2. 'BUSSm{S FÖRARE FICK KÖRKORTET rNDIìÀGETI

Generated Fo-contour for DIAI\ïAL.

2. COMPARTSON

In order to facilital,e cornparison of the ridealizedt \^¿ith the
rrealr sequences f have tra¡sfeged the generated HIGHs and

LOlfs d.irectly into the vocoded contoursr using proninent
turning polnts in the latter to establish the grid. fhis v¡as

not aLways possible under the conventions suggested in para-
graph'1.4. Conpromise was sometimes necessary v'rith respect t('
both parallelism anat internal stratification. lt should be

noted., however, that construction of a tonal Srid obeying sorle

kind. of regularity v'ras possible without maior difficulties in
all the analysed sentences.

Figure l. 'BUSSNNS ¡TNANN FICK I{ÖRKORTET INDR¡'GETI

Vocod.ed Fo-contours for DTAMALT DIAFEM and DIACHI

with superimposed grid a¡al generated HIGHs and LO'vIs'
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Figure 3 cont'd.

2.1 Matches and Mismatches

Comparing a total of thirty intonatj-on contours representing
ten Swedish sentences in the pronuncj-ations of one male, one

female and one child speaker, i{e are confronted with a bewil-
dering number of both striking matches and blabant ¡nismatches.
Before entering a detailed discussj.on of the accumulated mate-
rial I have tried to condense the results into a systematic
amangement !,rhich I hope wi-1l contrj-bute to reveal some of
the underlying regularities.

Table I. Matches and rnisnatches between vocoded and generate,l
contours (Dxplanatory notes on page B),
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DTAiVIAL

DIA¡'EI.{

DTAC.:]Ï

complete correspondence betr¡reen

vocoded and generated a,spect

diverging grid
converging grid
misfit with respect to internal
stratification

generated. accent,/juncture mark to hiEh
generated accent,/juncture mark to 1ow

generated aecent,/juncture. nark to early
generated accent/juncture mark to late
Fo-rise missing in generated version
Fo-fal-l missing in generated version
total number of accent HIGHg and LOils

other misfits

f"^-level in vocoded version

2.2 Ðiseussion

2.2.1 Tlre îonal Grid

Permitting individual adjustments with respect to widüh, range
and xate of faIl, the model predicts correct grids in nineteen
out of thirty occurrences. This figure nay need sorne mod.ifica-
tion, taking into account those incidences (narked in the m-
colunn) where considerable parts of the intonation eontour
fall- one octave below the otherwise regular tonal surround.ings.
This happens eight times for DI.A"EEM and. twice for DIAMAI,. A

closer review reveals thigher-harrnonic detectiont or thigher-
harmonic trackingt (if continued for a longer tine) of ühe

M

F

A

v
0

1

¿

1P

I

\
!

m

Code to preceding table
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subharmonic at Fo/z as the probable cause- Errors of this kind
are also referred to as octave errors (Hess 1987) and ca-n be

treated in terms of individual aberrations on the phonation

level with neg!-igible impact on the j-ntonation sequence as a

whÒIe. Therefore they do not need to be taken into consideration
when drawing the grid.
Of the remaining tnon-correctr patterns in the presented text
material, four can be described as diverging and six as con-

verging tonal grids, all ten of them displaying accurate
internal stratification. I a¡n hesitant to dismiss those cases

sinply as not conformable, or rather, T e:çect that further
advances in ühe research of the general concept of the grid
and its applications to different languages and sentence tJæest

including emotional as well as attitude features, will sooner

or later provide us with the tools to ascribe correctness even

to these kinds of deviations. One possible lead in this direc-
tion night be that non-parallelism in our naterial occurs nine

out of ten times for male speakers (three tines for DIAIVIÀL'

six tines for DIACHI) but only once in the case of DIAFElvl.

Much larger text material has to be analyeed, however, before

these observations may be established" as reliable facts.

One exarnple, test sentence number four in the DIAFEII{-version,

rLisplays a grid which clearly deviates from the internal '1-2-1

¿tratification principlen at the same time differing marke<iJ"y

even with respect to the overall intonation slope. Far from

proffering any erçlanation I wish to stress that the vocoded

i-ntonation contou.r even in this case, however, provided enough

clues to establish some kind of grid pattern without any

greater d.ifficulties.

2.2.2 InLtíal Juncture

The placenent of the initial juncture I¡OWs has been predj-cted

correctly in thirteen out of thirty cases in the presented

text material. Faulty judgements are confined almost excLusive-
Iy to the frequency scale with an overwhelming tendency towards

und-eruating (14:l ratio too low versus too hi8h). Temporal

d-efects are conparatively rare (once too early and once too

late).
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If the model does very nicely with respect to at Ìeast the

temporal prediction of the initial .juncture LOtl/st it does

not succeed very lrefl in generating the Fo-rises that typi-
cally acconpany those LO!/s. Our text material displays eighteen

such Fo-rises (versus three Fo-falls and- nine tr'o-Ievels), none

of which is predicted by the generated sequences.

It will be d-iscussed later, if theses Fo-rises are to be treated
as intrinsic juncture features or rather as belonging to con-

catenation.

2.2.1 \tord- Accents

The tbirty Swedish sentences constituting the text material
for this study contaín 2)B word accent rnarkers (HIGHs and LO\'/s):

r.¡hj-ch are dist¡ibuted in pairs over 119 words. 61 of these

rior<ls receive acute accent (ACCtrNT I). The remaining lB words

Ìrave grave accent (AC0ENT rI).

116 cf the 2JB w1tc- :ccent markersr which means roughly half
oï them (4Br? ,L), are synthesized at thei-r proper locations
in the vocoded- contours. +B (zotz %) ate placed too high a¡d

66 (2? rl ió) too 1ow, which adds up üo a total of 'l'14 word

accent narkers (+7 19 îÐ which are positioned correctly on the

temporal scale with deviation in pitch determination only.
The remaining B r^rord, accent narkers (tr+ %) are located in-
accurately on the temporal scale. Half of them ('1 ,7 %) a:e
likewise faulty as to their frequency 1evel and can thus be

regarded as totally misPlaced.

To sum up the results so far it can be stated that with regard

to the presented 
:ï:-ïï"::::":::.'"::"Tn|"""""

ternporal prediction of
word- accent markers (9616 i¿')

considerabiy less rei-iable
in frecluency ranging (ror+ ?ó)

with a total failure rate as low as 1 ¡7 'Á.

Defects in corect Fo-Iabelling are distributed rather evenly

between overshooting and. undershooting values, which excludes

inaccurate grid. placement as possible cause. Improved results
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rni¿;ht be achieved by introducin5 phra:.;c structuret by adjusting
the al-gorithm for pitch generation to variable sentence types
or by altering the concatenation rule.

2.2.4 Unstrssssf, liords and Syllables

The Lund. modeL of sentence intonation defines the Fo-sequenees

of unstressed words and syllabÌes by way of concatenaticnt
using copy and join rules to establish both feveLs and direc-
tions. Applying these conventions to our text naterial we

usually obtain Fo-levels which are about half an octave below

the vocoded 9¡¡¿s. The table in paragraph 2.'1 reveals nlne
correct occurrences versus 24 where the contour is placed too
low. There is no incidence where the generated conour is Ioca-
ted too high.

One further d-iscrepancy between the synthesized a¡d the vocoded

contours is for:nd in the reallzation of small scale Fo-rises
(in 11 cases) and Fo-fa11s (in f5 cases) in u¡stressed words

and syllables, which the model does not distinguish at all.
Bven though most of them may simply be rripples on waves on

swel-ls on tidesr in Dwight Bolingers anal-ogy (1964) and thus
irrelevant to our perception of sentence intonationt I am stil-l
hesitant if it is wise to neglect them as is generally done in
speech synthesis.

2.2.5 Sentence Accent

One first observation has to deal with the absence oI sentence
accent in six out of thirty analysed sentencesr four of them

being pronounced by DIÀFEMr two by DIACHI. The appropriate
contours were thus generated totally disregarding any kind of
sentence accent eommands, producÍng correct results in all sj.x

cases.

lncluding these six occurrences in the o-colu¡rmr there is an

affout number of 26 accurate sentence accent narke¡s (63rt+ %)

versus / too high çlar+ ø), 2 too low (5r3 %) a¡id J too early
0,9 %).

Summing up these results under the same prerogative as in
paragraph 2.2.i¡ j-t can again be noted that the conventions -
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here fo¡ sentence accent rnarking - p"ove

- hi-ghly successful in the
temporal pred"j.ction (92r1 'ñ)

- l-ess reliable in frequency
ranging (76" f6)

with a total fail-ure rate a1l- the vray down at O %.

Two of the three rnarkings which are placed to early, are
specially interesting¡ as they seem to reveal- a plausible
ex¡rlanatíon for the delays. The sentence accent HIGHs in both
the DTAMAL and. DIACHT versíon cf 'ISEN KAN OMÖJLIGT BJIITA trI{

VUXENT together with the adjoining terminal juncture IOI/s

deùermine the ordinates of t!,/o large-scale intonation contour
ta11s¡ which according to the rul-es would have to be irnplemented
entirel-y rvj-thin the limits of gjg]5g speech segnents. l,ihat

tre vocoded text material displays, however, is that the Fo-
1'aL1: are placed not where lhe moclel predicts but in the
voiccd- speech areas fol-1owin6 i-rnmediately after. In other
v/ords, the vrhole Fo-,.ontour confined by the sentence accent
plus ùerminal juncture markers is in both cases tra¡sfemed
into the adjoining voiced sectj-on without changing neither
the pitch levels nor the falling rate.

SirniLar occ.Jrrences of pitch contou¡ reorganisation in comêc-
tion wibh voiceless segments have been described by Rapp (19?1),
Eriksson (1971), Bannert & Bredvad-Jensen (1975) and others.
The procedure seems both reasonable and logical. ït would
be difficul-t to imagine how large-scal-e pitch rnovements within
the limits of unvoiced speech coul-d be perforned otherwise by
lhe human voicing ¡nechanisrn without sirnply truncating them.
Two incj-dences out of thirty are, however, not enough to estab-
l-ish reliable evidence and have to serve in the context of this
limited study as mere observations.

2.2.6 Te¡minaL Juncture

The placernent of the terminal juncture ì,Oiis has been predicted
correctly in seven out of thirty cases in the presented text
material. Contrary to the results obtained for the initial
juncture, inaccurate predictions occur boÌ;h with respect to
frequency and time.
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Fo-rises after terminal juncture I0lr/s are even more cornmon

here (24 occurrences) than they were for initial junctr:res.
The modeL does not predict any one of them. Again the question
arises if these features a¡e to be treated as an outcome of
concatenation or rather as intrinsic juncture quality.

2.1 Modifications

It can reasonably be assumed that nany of the shortcomings
of the sJmthesÍzed contours wilf be avoided once there are
more adjustable rules arld conventions on how to establish
the grid to accomnodate dj-fferent contextual surroundings.
This kind of inprovement Ís specially to be expected with
regard to frequency level determination in both stressed and

unstressed parts of the speech utterance, but also when it
cones to include phrase structu¡e into the general model. I
viII therefore not deal with the problens of frequency ranging
in this paragraph, Ieaving possible solutions to future
research.

Sone minor adjustnents, howevero I would like to suggest already
here, in order to ameliorate the results obtained for the
text material analysed. in this stud¡r. One of these supple-
mentarJr ru1e6 d.eals with the construction of the grid, two
with initial juncture a¡rd terminal juncture respectively,
and the two remaining ones are amendnents to the concatenation

'process.

1. Pernit diverging a¡d converging patterns
as well as parallelisn when drawing the
g"¡id.

2. Connect initial juncture IOI'/ with the next
following word accent HIGH by direct inter-

' polation.
,. Add X'o-rise to terminal juncture IOI/.
4. Move large-scale Fo-movements into

adjacent voiced. areas without changing
their propertiesr if otherwise they would
be located entirely within voiceless
secùions.

5. Connect Fo-turning-points representing
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different pitch leveJ-s by cosíne
interpolation.

Application of these amendnents to our texü material of thirty
sentences would score the following improvenents:

1. llen more rcorrectr grids, rendering a total of
29 out of lO accurate predictions.

2. Considerable improvenents both with :respect to
initial juncture rises ('18 incid.ences) and. pre-
diction of unstressed words and. sy1lables (27

cases).

1. 24 conrect predÍctions out of 30.

4. Refers to sentence rIgEN KAN OMÖ,ILIGT BAÎA X[¡

Vt]rFr[r (see paragraph 2.2.5).
5. Reflects the general inpression of the Fo-

contours in all thirty texù sentences.

,. VALIDÏîT TNSTING

One question left unanswered in this stud¡r so fa¡ concs::ns ou¡
perception of intonation contor¡rs. Do the sinplified. contours
generated by the hrnd nodeL of sentence intonatíon actually
produce acceptable hr:man intonation when used. in speech
sJmthesis?

Using again the digital equipment available at the Department
of Info¡mation TheorSr aü Chalners University of Technolog¡r in
Göteborg, I replaced the vocoded contor¡¡s of the first three
sentences grad-ually by their respective generated ones, first
without the modifications suggested in paragraph 2.3, Iater
with them included. The fÍnal result for sentence 1 spoken
by DIAMAI is demonstrated in figure 4.
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Figuie 4. TBUSSm{S FöRA3E 5TCK KöRKORIET TNDRAGET'

.synttresized Fo-conèour for DIÄ¡{AL i¡ ttÊ lrodifie¿t fiÌtal ¡ærsion. flle arrop
mr}<s t¡re c"u-Ëoundaqf of tlre süæssed syllable in 'FöRARE! .

The conèonitant sound tracks were played to a group of listeners
after every introduced change and were continually criùisized
by then as to the naturalness of the percêived intonation.

J.l Results

Speech synthesis based on the tmmodified contours only pro-
duced curiously base pitch level inpressions in the first
part of all" sentencesr whereas the later sections sounded

quite acceptable. Sentence nu¡ober two (Ist{ I(AN OMÖJLIGT BiiaA

EN VtJXm) was beyond. that cha¡acterized by the total absence

of emphasis, which.díd not coincide with the impression from
the orig:lnal. recording.

The first d.efect could. be conpletely renedied in all incidences
by applying nodifícation nunber two, which neans by linear
interpolation between the initial juncture l0l'Is and the nert
following h¡ord accent IIIGHs without clinging to the baseline.

Àpplication of nodífication nr¡mber four reestablished sentence
accent in the voiced. part of the last word in sentence two,
which thus replicated the tonal contour of the original vocoded.

version.

Both rules nunber two a¡rd nr:.mber four proved thus highly
productive in the limited context of the s¡mthesized material.

The equal-ly proposed nodification nr¡mber three (ad.d.ing Fo-

rises after terninal juacture IOws) did on the other harrd. not
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produce any easily discernable inprovements and was iudged
negligible for the purpose of this study.

The renaining two moclification rules number one and nunber
five were not included in the test procedure at all, number

one out of fack of appropriate features in the synthesized
material (a11 three sentences show paralle1 tonaL grids in the
vocoded versions), nunber five because linear interpolation
already produced highfy satisfactory results.
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Language disordered children's reading and spelling:

Prellmlnary results

. Kerstln Nauclér and Eva l$agnusson

A great number of children r,rho have been diagnosed as language
disordered during their pre-school years will have reading and

spelling difficulties at school (Rabinovitch, 1968, Bergendal,
1969, Bruce et al, 19781. This is so for a majority of the
language disordered children, even if some of them seem to
acquire wrÍtten language in much the same r¡¿ay as normal children
do. For a few exceptional ones it has been noticed that learning
to read and write is foll-otted by a sudden increase in their
speech productlon ability.

All language dísordered children do not show the same kind of
language disturbances. For some children speech perception
problems dominate, whíle for others different types of speech
production problems are the most prevalent. It should thus be
possible to identify subgroups withín the larger group of
language disordered children and to relate these subgroups to
chil-dren's l-ater reading and spelling success. By doing so' it
would be possible to find out if children with one type of
language disorders are more likely to become poor readers and/
or spellers than chil-dren with another type of disorders.

It has been reported in several studies (e.g' Liberman et al,
1977, Lundberg et al, 1980) that the best predictor of pre-
school chil-dren's future reading and spelling success is their
linguistic awareness. In studies of normally developing children
it has been shown that linguistic awareness increases with age

1 ) Paper presented at the 7th world Congress of Applied
Linguistics, Brussels, Belgium, August 5 - 10, 1984
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(Bruce, 1964, Calfee et aI, 1973, Liberman, 1973).

Results from studies with language disordered children (e.9.

curtiss, 1977, Magnusson, 1983) indicate that linguistic aware-

ness is not necessarily directty related to Lhe linguistic level
as manifested in chil-dren's speech production. In this perspec-

tive, it is of interest to study the relationshÍp between

Iinguistic av¡areness and language developmental leve1 in pre-
school children, (especially in language disordered pre-schooÌ

children) and their l-ater reading and spelling success.

l^Ie hypothesize that different linguistic and metalinguistic
factors are differentially refevant for l-earning to read and

spell. lfe are now going to report on a study where we have tried
to identify some such linguistic and metalinguistic factors and

to evaluate the.ir importance as predictors for language dis-
ordered children's later reading and spelling success.

The subjects ín this investigation are taken from an earlier
study by Magnusson (1983) where the phonology of 32 language

disordered children was descrlbed. The chil-dren had been diag-
nosed by speech pathologists but had not yet been enroled in
any language programs. The age of the subjects ranged from 3:9

to 6:6. Twentyfive of these chíldren agreed to take part in this
follow-up study. The recordings from the first study were made

six years ago. The children's speech production v¡as (at that
time) registered by means of a naming test and in spontaneous

speech.. A rhyming test was used to test their linguistic aware-

ness. From these data subclassifications were made, based on

- phonological- patterns
- phonological devianCe score based on va]ues for developmental

sEãtus, range and frequency values for each phonological pro-

- rhyming scores
- syntactic production evaluated in spontaneous speech

- Iexicon calculated from the naming task

From the production data, the subjects were dívided into four
subgroups with different phonological patterns consisting of'
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1 - children whose speech was nearly normaf

2 - children in whose speech implicational patterns could be

found. The degree to which the subjects deviated from the

norm differed, but they were classed together since the

. same imþlicational ordering coul-d be observed in the pat-
terns they'exhibited, i.e. the subjeets had reached differ-
ènt'devel-opmental- levels though following the same develop-
mental order.

3 - chíldren who had one dominating segmental problem. The

problêrnatic segment rl¡as not among the types that are the

latest to be acquired by normally developing children.

4 - children whose speech was characterized by word patterns.
Restriction of rord structure seemed to be a more important
determinant of theii -speech than substitutions 'orcluster
reducÈion patterns.

The deviance scores ranged from 3 to 158 and were divided into
three degrees where 1 covers the range 0 - 49

3 " 100 -

.The rhvminq test consisted of nine tasks - Based on statistical-
criteria Èhe subjects were regarded as

. good rhyneis (5) (six correct cholces or more)

poor rhymers (5) (five correct choices) and

non-rhymers (14) (four correct choices or less)
(One subject was not tested.)

The svntactic production was assigned values from 1 to 4 ' where

1 indicated normal performance for the age '
2 nearlY normal,
3 below the norm and

4 far bel-ow the nolm for the age.

Lexical scores were calculated from the naming task' The

resul-ts were arranged into three groups \'/here

1 corresponds to 99? - 903 correct naming

2 " 89s-81
3 " 80? and less
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When first tested, the age of the subjects ranged from 3:9 to
6:6 as mentioned before. At the tirne of the present investiga-
tion, the children have attended school for 3 to 5 years. The

subjects' parents and teachers were intervievred about the
chi-ldren's reading and spelling, their general academic success

and their adjustment at school, as well as about the children's
enrolnent j.n special teaching programs and/or language programs

According to the parents, 46?. of. the children had had or stifl
had reading problems and 758 had spelling difficulties. Accôrd-
ing to the teachers, 558 of the children were poor readers and

only a few of them performed above the average. 40å were poor

spellers and about the same number were judged as average

spellers. Thus, in the parents opinion, spelling was more prob-
Iematic than reading, while the teachers considered reading a

bigger problem than spelIing. Although the judgements of the
parents and the teachers are not in complete agreement, the
number of poor readers and spellers ís much higher than in a

group of students of the same age with no history of language

disorder.

Two third of the children had been or stiÌl were enroled in
special teachíng programs or language programs. Earlier reports
on the higb frequency of reading and spelling problems among

language disordered children are thus supported.

Our aim was to eval-uated not only the reading and spelling per-
formance but the children's present linguistic and metalinguistic
ability as well. Both spoken and written performance in percep-
tion as well as production was to be considered.

Apart from the conventional reading and spelling tests, verbal
comprehension v¡as evaluated by means of Èhe Token test (de

Renzi et aL,19621. The test consists of tokens of various ge-

ometrical forms, sizes and colours to be maniPulated according
to verbal instructÍons.
The ion of ammatical relations was measured

by means of a test based on Luria's theories and developed fôr
linguistically normal children by Askman et al (1982). It
contains among other things inverted constructions, double
negations and double comparisóns.
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Comprehension on of syntactic structures were in-
vestJ-gated by encouraging the children to model syntactic
structures of various kinds.

Oral ion $¡as investigated by asking the children to telf

a story about a picture and written production by asking them

to v¡rite a composition about the same picture'
Finally, the children's phonofogical awareness was evaluated by

means of a rhyming test, the same one as was used when the

subjects were tested as pre-school children. The chifdren were

asked to choose rhyming word pairs out of sets of rhyming and

non-rhyming words.

Here are the preliminary results from the tests:

Reading and spelling Pe rformance

Nine of the 25 subjects made a fot of reading errors and two of

them clic1 not manage to read more than hal-f of the text' This

equals roughly the number of children judged by parents and

teachers as having reading probfems. Onty four of the subjects

read the text wiLh fess than five errors' Spelling performance

was somewhat better as six subjects made none or only one error

butten made a high amount of misspellings'

As can be seen in table 1, a1]- subjects with few reading errors

-made few spel-ling e.rrors, but not atl subjects with few spelling

errors made few reading errors. Seven of the 11 subjects who

made lots of reading errors al-so made lots of spelling errors,

while the other four made l-ess spelling errors. ThIee subiects

were better readers than spelJ-ers but six subjects were better

spell-ers than readers.

Lanquaqe comprehension

The Token lest was managed fairly well by the majority of the

subjects. six of them scored 1008 correct. A certain relation
to reading performance was found., as the two subjects who did

not manage to read the whole text both scored far befow the

others (13/22\ and five of the six subjects making more than 4

errors vrere among the worst readers.

131



Tabel 1. Number of good (I), average
readers and spellers.

(II), and poor (IIf)

READING
I TI TTT

S

P

E

L

L
ï
N

G

f

ÏT

ITI

Grammatical comprehens ion

The logic-grammatical test turned out to be more difficult than
the Token test, and only one subject scored,1008 correct. This
is what could be expected from the testing of finguistically
norrnal children (cf Askman et al, 1982) who also found some of
the tasks difficult to master. However; there seemed to exist a

certain connection between poor performance on the test and poor
reading, since all- nine subjects !"ith iow scores l< 18/221 aLso
scored low on the readj.ng test.

Comprehension and production of syntactic structures

This \4ras al-so a difficuft task for most subjects. None of them
scored higher than 9 out of 1 1 . No obv¡lous relation to reading
performance could be found by using only the raw data. The

quafj-tative analysis stil-1 remains to be done.

Spoken and written productíon

The linguistic analysis of the children's spoken and written
production when they were telling a story about a picture has
not yet been completed. Tt was obvious, however, that there was

no phonological deviance in the children's productÍon anymore.

4

3

5

,

'7

4

132



Metalinqu istic ability

The metalinguistic ability or more precisely the phonological
a\{areness of the subjects as measured by the rhyming test \^¡as

compared wi-th the children's spelling scores sínce it has

been argued .that phonological awareness predicts spelling per-
fbrmance better than reading performance. We found that all
good spellers obtained top scores on the rhyming test. So did
some of the avarage and poor spellers as wel1, but the poor

rhymers were all poor spellers (and readers). This j-ndicates

,that phonologicat avrareness (rhyming ability) is a necessary

but not sufficient prerequisite for spelling'

Reading egr-es

By means of a detailed linguistic analysis of the reading errors'

taking into account not only error types such as deletion or

addition but afso what kind of linguistic unit and $¡hat linguis-

tic l-evel that was affected by the error, it could be shown

that all readers did not use the same readÍng strategy '

The errors made by the best readers '^tere almost exclusively

nade on meaningful units, i-e- morphemes or words, the errors

made by the worst readers on meaningless units as phonemes and

syllables. Four poor readers, however, showed the same reading

strategy as the good readers in that the majority of their

errors included and affected meaningful units. Those four were

al-1 better spe11ers. than re¡ders. This sbrongly suggests that

when investigating reading and spelling proficiency it is in-

sufficient to account for the quantitative aspects only'

We started this investigation with the hypothesis that various

linguistÍc and metalinguistic factors are differentially rele-

vantforlearningtoreadandspell.Theaim\^tastoidentify
such factors and evaluate their importance as predictors for

language disordered chifdren's reading and spelling success'

The subjects' reading and spelling was therefore examined in

relation to pre-school data of the following types:
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1 - phonological patterns
2 - phonological deviance scores
3 - rhyming scores
4 - syntactic production
5 - Iexicon
This was done in order to evaluate to what extent the following
predictions based on the pre-school data are valid:
Value 1 on a certain factor \"¡as taken to predict good perform-
ance, value 2 av,erage performance and value 3 poor performance.

Predictions based on phonological patterns imply good perform-
ance for subgroups 1 and 3, and p99I performance for subgroup

4. No prediction is made for subgroup 2 besides what can be

predicted from the deviance scores.

All factors are regarded as equally potent predictors for
reading and spelling at this poínt. Each vafue is considered in
refation to reading and spelling performance \"/ith regard to
whether the prediction is met or not. By this procedure the
following ranking Iists for factors predÍctÍng reading and

spelling correctly urere set up:

READING

syntax
group
deviance score
rhyming
lexicon

.68

.50

.48

.44

.40

.60

.44

.42

.36

.36

SPELLING

syntax
rhyming
group
d.eviance score
lexicon

The factors predicted readíng correctly to a somewhat greater
extent than spelling. The best predictor for both reading and

spelling \^¡as syntax. (As mentj-oned before, this is the same

correlation as we found when conparing reading and spel-ling
with the resul-ts from the syntactic testing in the follow-up
study,) The least predictive factor was lexicon.

Rhyming ís the second best predictor for spelling' while for
reading rhyming is placed lo\^/er in the ranking list although
the prediction value is the same. ThÍs is as could be expecte.d

from many observations made by both ed.ucators and researchers
that phonological a\^¿areness (here measured by a rhyming task)
predicts spelling performance better than reading performance..
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The next step !'7as to check how wel-l reading and spelling re-
spectively were predicted by the five factors for each subject.
When all factors indicated the same outcome the prediction was

considered rel-iable. When one factor at the most contradicted
the others the prediction was considered less re1iab1e, Lrut

sti11 a prediction. UsÍng these principles, the readingpe¡:for¡n-
ance for nlne subjects is reliably'predicted, and for another
seven subjects less reliable predictions are made. Thus, readi¡rg
performance of '16 of the 25 subjects can be predícted wit.h
fairly good reliability . Spefl-inq performance is also rel-iabI
predicted for nine subjects and l-ess reliabJ-y for another six,
thus accounting for 15 of the 25 subjects.

When both reading and spe lling are considered in the same indi-
vidual, reliable predictions are made for six subjects and less
reliabl-e ones for seven subjects. Thus, it is possíbJ-e to make

correct predictions for 13 subjects. When both reading and

spelling are taken lnto account' seven subjects showed reading
and spelling scores that were contradictory to what was pre-
dicted from the factors. Four subjects had developed better
reading and spelIÍng than predicted, and three less good than
predicted. If syntax were considered a more powerfuÌ predictor
than the other factors, the three subjects that developed less
well than predicted and. one of the subjects that developed
better than predicted could be accounted for.
-When reading and spelling proficiency both have the same value
(good, poor or average), the predictions are more reliable than

when reading and spelling performance have different values,
e.g. poor spell-ing and avarage reading' oÌ good reading and

poor spelling. This is so. because the same factors have been

used for predictÍng both reading and spelling and, furthermore,
have been assigned eq'tral power for predicting both reading and

spelJ-ing. Some of the results suggest that some factors have

differentíaIly predictive values for reading and spelfing, as

e.g. rhyming, whieh is a better predictor for spelling than for
reading. A further analysis of differenLially predictive values
seems to be promising in the quest for more reliable predictions
Ì4rhen reading and spelling are performed at di-fferent levels.
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On Lhe-whole, pöor reading and spelling is nore often reliably
predicted than good reading and spelling. Five out of eight
subjects t¡¡ith poor read5-ng and spelling are correctly predicted
while only one subject out of five with good reading and spell-
ing is correctly predicted. For clinical purposes the more

frequent predictions of poor readers and spellers, i.e. the

identlfication of the at-risk children, is more important than

the correct identification of the oÈher group.

TO SUM UP

Pre-school children t'¡ith language disorders will have more

problems \,'rith reading and spelling in school than linguistically
normal children. This investigation has shown that

1. Reading and spelling performance in language disordered
children can be predicted frorn pre-school data.

2. The most important factor for predicting both reading and

spelling is syntactic ability, the least important for both
is lexicon.

3. one factor seems to predict spelling better than reading,
i.e. phonological a'$tareness as measured by rhyming ability.

4. Poor reading and spelling is more correctly predicteal than
good reading and spelling.

This research was partly supported by a grant from HSFR,
Swedish Counci.l for Research in the Humanities and Social
Sciences.
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Pharyngalization in Gairo Arabic

Klell Norlln

1 . IT.ITRODUCIïOl'¡

This paper reports an investigation of pharyngalization in
Cairo Arabic, one of the nost irrlportant Arabic dialects.

A characteristic feature of Arabic is that it has few con-
trasting vort'el phonemes, but a large number of consonants, Fig.1
Among the consonants there is another striking feature, which
is ty¡rical of most Sen:itíc languages, namely the forming of
extra series of consonants by using Cifferent secondary arti-
cul-atÌons. In Arabic pharyngalization is used to form extra
series of stops and fricatives, a very rare way to produce
phonemic contrast in the languages of the v;orld.

The Arabs themselves consider pharyngali-zatíon to be a very
characteristic feature of the language and- generally ascribe it
to the consonant. There has been much discussion, however, about
what segreent is primarily pharyngalized, the consonant or the
surrounding vowels. Surroundj-ng vowels are namely strongly
affected.

2. PiTOCEDIJRE

The investigation is based on six speakers who have recorded
real words in a sentence fra¡ne with consonants in ¡rord initial
position, surrounded. by the vowef f.-ì. ftt" pharyngalized and' L-¡
non-pharyngalized stops are disregarded in this context. The
voiceless ones do not differ from each other in length of
aspitation or duration. The voiced ones do not diffeir fror¡. each
other in duration or wave-form.

3. ATALYSfS

1. For the investigation of the consonant segments FFT-spectra
of each frÍcative to the limit of 10 kHz were mac1e. These IFf-
spectra in logarithmlc scale were transforned to critÍcal band

spectra according to the rnethod which has been worked out by
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-'.{anfred Schroeder eI al . (1979\. Accordlng to this formula, the
spectrum is described as 24 bands" It is dra\^¡n as a histogram
with each critical band as a bar v/ith constant breadth where the
heigth of the bar indicates the average intensity l-evel in dB

within each critical Lrand. Each band corresponds to the same

distance on the basilar membrane of the ear and gives a more
correct auditory representation than the original FFT-spectra.
For practical reasons only bands 2-24 were used. To differenti-
ate between the fricatives three measures were used, namely. the
center of gravity in the criticaf band spectra, the dispersion
in the same spectra and the average.level of intensity. The

center of gravity is a measure of the overall pitch level of the
spectrum and the dispersion is a ¡neasure of its flatness.

2. Spectrograms were used to measure and conpare formant tran-
sitions and vowel- formants afLex /s/ and /s/.

4. RESUI-TS FROìl CRITICAL BAI:ID SPECTRA

A comparison between critical band spectra of. /s/ and /s/ shows

that both are characterized by a peak in the high frequency
range with a sharp fall tovùards lower frequencies, with /s/
having a more flattened peak than /s/, ytqure 2.

/z/ and /z/ botLi have a peak in the lotvest bands in addition to
the peaks in the high frequency range which characterize /s/ and

/s/ wlnere the voiced pair has lower intensity as compared with
the voiceless counterparts, Figure3 Plotting the center of
gravity in critical band spectra against dispersion shows that
pharyngalized fricatives have a lower center of gravity and
greater dispersion than their non-pharyngalized counterparts,
Figure 4. Plotting center of gravity against level of intensity
shows the pharyngalized fricatives to have lower intensity than
the non-pharyngalized counterparts, Figure 5.

5. RESU-I,TS FROi.l SP]CTROGRAI'4S

The mentioned differences are based on average val-ues of six
speakers and in the individual case they do not need. to be par-
ticularly great. fn one case the relation bet\,/een /s/ and /s/.
was even the opposite as compared \,eith Figure 2, Therefore the
difference does not always seem to be suffícient or reliable to
a1low a differentiation between pharyngalized and non-pharyng-
afized pairs of sibifants. As a consequence it is also necessary
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to look at the effects of pharyngalization on the following
vowef. lleasurements on spectrograms show strong lnfluence on

formant transitions of the following vowel, but there are also
differences betvneen pharyngalized and non-pharyngalized vowels

in the steady state of the vowel. Regarding formant transitions,
F2 ìn particular is affected and the beginning of F2 is rather
clrastically lowered for alf vowels except /uu/, Eig:ure 6- /:u:u/

is raised by'100-150 Hz instead, Figure 7. This is a consequence

of the pharyngal tounge constriction. Uvular-pharyngal tounge

constrictions have these effects on E2 as shown by Gunnar Fant
(1968). The formant frequencies were also measured in their
steady-states, however, to.clarify the differences in vowel

quality, A comparison between long pharyngalized and non-phar-
yngalized vowel pairs sho\"/s that /aa/ dillets strongly in F2 and

is further back than /aa/. /j-i/ and' /íi/ overlap to a great ex-

tent, but t-test shows that the difference is signifícant. /uul
anð, /ttu/ overlap altogether and t-test shows that the difference
is not sionificanl.. Figure 8. The short vowel pairs on the other
hand are always different, where a1I short vowels are further
back in pharyngalized surroundings' Figure 9.

6. DTSCUSSION

In the end the picture of pharyngalization turns out to be rath-
er complicated. On the one hand pharyngalized and non-pharyng-

afized siL¡il-ants differ, but not in an altogether clear way' on

the other hand vowefs also differ' but in a more complex way'

Pharyngalized and non-pharyngalized low vowels show great dif-
ference in the F2 dimension with no difference between long ancr'

short voweLs, with pharyngalized vowels further back. Long, high

vowels show no or small difference, but short high vowels are

always further back. Since pharyngalization is phonemic in
Arabic it is onty natural to ask vrhat factor is the most import-
ant one in this connection. There are very few investigations
done in this field, but one made with synthetic speech by Dean

obrecht (1968) shows that the formant transitions are the most

important cue to perceive pharyngalization.

The conclusion is that the acoustic correlates of pharyngali-

zation cannot be ascrlbed to one single segment. Its minimal

domain is the syllable where formant transitions are the most

inportant perceptual feature.
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A study of question intonation in polish

Janina Petecka

THE PROBLEM

This investigation has been inspired by similar work carried
out for Swedish and other languages by Eva Gårdino and Gösta
Bruce at the Department of Linguistics and phonetics at Lund
University. Audio tape recordings, oscillograms and spectro-
grams have been made with the help of t-he equipment of this
department /Sona-Graph 78O0, Spectrograph Kay Digital/.

The purpose of this paper is to try to add detail to the pic-
ture of question intonation in polish. Ìntonation is used here
as the tonal feature signalling sentence typeri.e. the functa-
mental frequency contour /Fo contour/.

In this paper yes/no questions and question-word-questions /wh-
questions/ have been investigated. There are two kinds of yes/no
questions in Polishi lexically marked and lexÍcal1y unmarked
questions.

A. Lexically unmarked yes/no questions
A statement can be ch.anged into a question only by alteríng
the falling intonation contour into a rising one in the
final tonal segment of an utterance.

ts. Lexically rnlrr\ed yes/no questions are j-ntroduced by an
interrogatj.ve particle.

C. l:h-questions investigated in this paper are introduced
by an interrogative pronoun.

In earlier research it has been stated that yes/no questions
are characterized by a rising Fo contour, wh-questj-ons,on the
other hand,have more or less the same falling !'o contour as
statements (c.f . Dluska 1947, II 1976, T,{odarz j962) .
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Gårding /1974/ points out that it is quite a common phenomenon

with regard to question utterances that a lexically or gramma-

tically marked question does not need to be further marked with
the help of a tonal feature and can therefore have the same in-
tonation as a statement.

These t\"¡o assertions have been the point of departure for my

investigation since both marked and unmarked question utter-
ances exist in Pol-ish.

It has been my intention to elicit the prosodic features that
characterize intonation in natural, neutral questions.

i4y hypothesis is that in a gíven situation it is possi.ble to
have a neutral question intonation wíthout any paralinguistic
features.

The intonation can be seen as neutral even oütside the VP rrhere'

it is otherwise normally positioned (Gårding, 1974, Dukiewicz,
19771.

Sentence stress has been marked in the test materi-aI for tv¡o

reasons:
- in order to position j-t as far as possible from the VP in

some utterances,
- in order to investigate syllable length for some syllabtes

which occur in the materi-al several- times in both focused and

unfocused positions.

EARLTER RESEARCH

The correlation between stress and intonation in Polish hras ob-
served at the beginning of this century.

Benni /1916/ compares data evaluated by auditive and instrumental
methods- His hypoLhesis is that a stressed syllab]-e has a higher
pitch in most utterances except questions, where the final, in
Polish always unstressed., syllable receives a higher pitch.

Dluska /1947, ff 1976/ distinguishes t\^ro basic intonation con-
tours: the falling (cadence) and the risíng contour (anticad-
ence). The falling contour characterizes statements and wh-
questions, the rising contour characterizes other questions.
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Jassem /1959 and 1962/ poínLs out some regularities in pitch
movements in Polish, postulating 6 nuclear tunes. Those are ex-
panded by Staffen-Batogoh¡a' 1966' to 26 intonation patterns.
Jassem claims that Pol"Ísh stress is tonal. In his both auditive
and. instrumentally based investigation Jassem examines four fea-
tures: j-ntensity, pitch, duration and quality. Jassem states
that "relat.ions in pitch are rel-evant for stress in Polish' re-
l-ati-ons in duration and j-ntensity being incidental" (Jassem,

1959, 2691.

iifodarz /1962/ discusses three types of intonation contours:

1) Terminal, as in statements and vrh-questions
2) Continuative
3) Interrogative, as in yes/no questions and, when in-

cluding speakers' attitudes, also 1n wh-questions.

In general the intonation curve fal1s on the last stressed syl-
lable and lies betow the levef of the preceding syllables. In
question utterances the final sy11able, which is unstressed, is
elevated and the intonatiòn contour rises to a higher level than

the other syllab1es within the question utterances.

Dukiewicz presents the results of a number of investigations on

intonation in e.g. 1977, 1978, 1979, 1982. Concerning question
intonation Dukiewicz examines turning points and asserts for
yes/no questions a rising (or slightly falling-rising) Fo con-

tour and for wh-questions a strono fallinq-rising contour.

The correlation bet\"/een stress and intonation was investigated
Íurthermore by Dobrogo\4¡ska /1978/ and Pluciñskl /1978/, the cor-
relation betv/een duration and intonation by Richter /1978 and.

lego/.

Earlj-er research resufts show some differences in the descrip-
tion .of question intonation especially concerning lth-questions.

The purpose of the present investigation is to try to give a

more detailed picture of question intonation in Polish with re-
gard to the above mentioned question type.

1. 4 yes/no questions and 4 wh-questions were examined regard-
j-ng fundarnental frequency.

2. By marking focus in the test material attempts were made to
examine the effect of focus on the intonation pattern of yes/no
questions.
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3. The question of whether pitch and intensity peaks occurred

in the same position as focus \^¡as also studíed.

4. The syll-able length was examined in three syffables which

occurred both stressed and unstressed in the material.

Besides the basic question material,6 statements were investi-
gated /cf. below/.

IlATERIAL

The test rflaterial consists of 6 statements and 8 questions. The

phonematic structure is similar to the tlaterial used by Gårdino

and Bruce at the Department of Línguistj-cs and Phonetics, Lund

University (cf. Bruce and Gårdinq, 19'78, Gårding' 1919, 1981,

1984).

The statements are comPosed of:
a) six sytlabic vowels: i,i,e,a,o,u
b) two nonsyllabic Phonemes: j and w

c) four consonants: mrnrl,b

lurthermore, in the questions the fol-lowing consonants and con-

sonant clusters are present: k,t,tJ and ts. Al-l voicel-ess con-

sonants are located initially in the interrogatíve particle or
in interrogative pronouns. For a description of Polish phonemes

see IÌierzchowska /1 980/.

AII words occurring in the test material have the lexical stress
on the penultimate syllable.

The sj-x statements are meant to give a situational background

to the questions. It has been stated that a little girl named

Alina and her mother like raspberries, my small raspberrÍes.
The statements and questions in the Polish original version are

presented in Appendix 1.

The basic structure (S V O) has been extended right and left
:rom the verb. The number of syllables in each utterance is
presented belor¡¡ (Table I a) .

Statements ST-2 and ST-3 have the same number of syllables but
the focus varies as shown in Table 2 a.
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Tab. I a.

Tab. 1 b.

Ycsz'no
quê s t rong

A. un!ì¡rkcd

B. ¡¡rked

c. YH-
qucstionr

n unbe r
of sylÌ. v o

2)

:-:-3 --:1:]
2)
2 2r3
\rs

s

ST-I
ST-2
sr-l
sr -4
sr-5
ST.ó

Q-l 8

9:2--- 19
a-3 9

9 
=1 

-===

a-5
q-6

e-7
Q-8

n uñDe r
of syll.

l.J
r't r.2.

s v o

3 2 t
2.1 'j

I
lo
to
1a

11.

t6

J
?.)
213

2,J
2+2,J
!- å.1

2)
2J
2)
2 2-3
22+j
2 2*2*''

I
6

I I =quc!t 1on
pàrticlê
or inteF-
ro6¡ t ive6

8

t J
Dronoun2 2-)

All the fourteen utterances \"/ere written on cards. Focus !\ras

marked i-n order to achieve a maximal variation of sentence
stress. The stressed word !^¡as underlined in red. Focus marking
is presented here be1ow.
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Tab. 2 a
NUMBER
of svll

g -!-
lo x- ---
'I o .I., -- ---
12

t4
16

syllable preceeds

8 -I
to x

9

13

v

ST- I

ST- 2

ST-3

ST-lr

ST-5

ST-5
stressed

x./

__ x_

ST- ]

I

ST-J:
5T-6 :

the

Tab. 2 b

subjects narked focus by themselves

NLÎ.{BÐR
of vII. v

q-r

9:2----
Q-l
a-l{

x_ ---
x

E

E-

/cf.. origLnal versions' Appendíx 1/

SUBJECTS

Two Polish speakinE subjects, a male and a female, read the
statements and questions at their normal- rate of speech. Both
were native Poles visiting Si^¡eden for onl-y a short tÍme. Three

other subjects, also native speakers of Polish, took part in
the auditory test.

]4XPERII{EI.TTAL PROCEDURES

Recordinq I

Fírst the t\,7o speakers were informed that there would be infor-
mation about raspberries to be passed on. This information con-
sisted of six sentences, each of them \,rith additional informa-
tion. To facilitate the readinq the nevJ lnformation on some

a-5
a-6
c-7
Q-8

x

x

6

8

6

8
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cards was marked in red. Next the subjects pretended that they

were calling somebody .in order to get the information about the

raspberries themselves' They had to ask some questions, which,

owing to e.g. noise interference, had to come in a given order'

Recording II

The speakers were asked to repeat the information to another
person, but they were told that it did not matter in which or-
der the statements were repeated. The order of the statement

cards had been randomized. Then the speakers had to repeat the

questions to check the information once again (the order of the

question cards had also been randomized).

Recording TII

Both the six ST-cards and the eight Q-cards were mixed at ran-

dom. The speakers mixed al-l the cards by themselves and read

them in order to examine if they had aII the fourteen utter-
ances.They were asked before reading to note whether there was

a question mark or full stop. The test material was recorded

as follows:

1. Statements /sT-'l Lo sr-6/
2. Questions /Q-1 to Q-8l
3. P.andom statements
4. Random questions
5. Random statements and questions

The auditory test
1. Three other subjects listened to the recorded utterances'

The listeners had t.o indicate simple pitch patterns for each ut-

terance showíng the auditory impression. only three marks were

gÍven: rising /4, fal-Lj-ng /V and Level /-/.
2. Each utterance was numbered.

3. The syllable the listeners perceived as focused had to

be marked with x. Each recorded utterance was repeated as many

tines as the listeners wished.
4. The li-steners were asked to examine utterances from No

29-42, i,e. recording ffT, of both the male and the female

speaker, and to note down a full stop or a question mark'

5, Finall-y the listeners were asked to define their impres-

sions about the paralinguistic featules regarding questíon utter-

ances.
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Instrumental an sis

For each recorded sample oscilfograms were made and the 84 fun-
damental frequency contours were examined with regard to

1a. Fo minimal and maximal vafues
b. Fo values at the beginning and end of each utterance

2. The auditory pitch patterns ¡tere then compared with the
pitch curves derived from the oscillograms, and the pitch con-
tours for statements and questions \{¡ere compared.

3. The difference betvTeen Fo curves for yes/no questions
and wh-questions was examined in more detail. The male voice in
recording II vras chosen (MR II) for its complete Fo contour.
The choice of recording II can be motivated as follows: ft was

expected that the most natural intonation would occur precisely
in this part. Firstly: the questions were situationally based.

Secondly: the questions came in random order so as to avoid the
possibility of perhaps slightly unnatural intonation in record--
ing I. Recording III, where statements and questions were mixed

at random could not be accepted as natural speech acts. This
recording, however, could be of interest for the evaluation of
other aspects. It could be more important for comparing a)

statement and question intonation and b) yes/no- and wh-ques-
tion intonation.

4. The listeners' question patterns were transformed to
oscillograms from which pitch curves and intensity curves were

extracted.
5. Spectrograms were made for recording II 1"1R.

6. Intensity peaks on oscillograms v/ere compared to focus
marks ln the auditory patterns.

7. Duration of statements and questions was measured. Syl-
lable length for three syllables was studied in both focused
and unfocused positions. For the sake of comparì-son, additionaÌ
spectrograms for four statements and three questions were made

from recording III l4R. The duration measurements with an accu-
racy of 0,01 sec. were made from oscillograms and compared to
spectrograms.

S,ESULTS

The audi test Tesults

Full stops and question marks have been correctly placed. A1l
the listening subjects have

- stated that the unmarked yes/no questions Q-1 and Q-2 ex-
press surprise, the oi:her questions are clescribed as neutral-
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- noted a rising pattern for both types of questions

- placed the focus mark x at the same syllable as posí-
tioned in the test material concerning questions.

Pitch curves and intensity curves have been extracted from the
recordings judged auditively. The results are discussed below.

1. F^ contours and F. s

'1.1. The pitch curves shor¿ that al1 statements have a loca1
fal1ing, all questions a local rising fundamental frequency
contour 5-n the final part of the utterance /cf. Appendix 24, B,

C, D and 3A, B/.

1.2. În all the pitch curves'the Fo rises on the vowel in the
iinal unstressed syllable. The spectrograms show the same. The

Fo values in the beginning of the question utterances, the high-
est and lowest values of the final syllab1e compared to the
vrhole question contour /recording rI l,lR/ at" pt"".ttted below.

a) b) c)
90- 1 90Ã

__ __9

Tab. 3

14- I I!'U- T IU

-2 110-12

8. Q-l

- -- -c:!----c. a-5
e-6
Q-7

Q-8

2
r30-l50
1 40-
1 60-200
160-r4o-l90
l 50-2oo
r50-r30-r80

95 - 180

roo-190
1 00-220

90-1 go

21=!20--
95 -1 90

100-?20

95-2Oo

90- 1 90

95 -2oo
loo-r80

95 -1 60

90- 1 lO

9i-140.
lOO-l5O

a)
b)
c)

Fo movement at the beginni.ng of the question
Fo movement on the final syl1able
Fo (min) and Fo (rnax¡ for the whole question
utterance.

The local fall for the plosive b and the inter-
vocalic glottal stop have not b6en included.

It has been found that the two types of questions are differ-
entiated by interval values in the rising contour of the funda-
mental frequency in the final syIIable.

l¡or yes/no questions the values are between 85Hz and 120H2 there-
by agreeing with the range for the whole question contour.
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I/¡h-question curves show lower values than do yes/no questìons:
betr^reen 40LIz and 65H2, and lower than the values for the whole
question.

In wh-questions the highest values are in most utterances iden-
tical to the values for the vowel in the focused syl1able. This,
however_, cannot provide sufficient support for the hypothesis in
previous investígations that intonation contours in wh-questions
and in statements are the same.

2. Auditory patterns and instrumental contours

The ínterval value of the rising contour in wh-questions seems

to be great enough to be noticeable. AII the listenÍng subjects
noted a rising pattern for wh-questions as well as for yes/no
questions. There were no significant differences between the
subjects regarding the Fo contours for questions. However,

statement contours differ.

As to the differences bet\,/een the auditory patterns and the in-
strumental- contours the foll-owing can be noted:

a) The contours are identical for Q-3, Q-4, Q-5 anct Q-7
which indicates that the subjects have realized a rising in the
fundamental frequency from 2OHz upwards.

b) In the other four questions the rising is not greater
than 5-15H2 and has not been noticed. Here the auditory patterns
differ from the instrumental contours. In the follohring the same

marks are used as in the auditory test (see Appendix 2A-B-C-D).

AUDITORY PATTERNS INSTIìI'I{ENTAL PATTERNS

Q-2 \\\

Q-l

a-6

Q-8

----\ \

\\.----
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In all the auditory patternS the pitch movements agree with
those $/ithin the first three harmonics on the spectrograms.

3. Fundamental frequency val-ues and focus

24 statement recordings and 24 question recordings of both male

/un/ and femaÌe /KVR/ have been studied.

The range for male voice /t{R/:

Fo (min) in ST: 85-100 Hz Fo lmaxl in ST: 150-220 Hz' in Q : 80-100 uz ín Q : 160-22O Hz

The range for female voice /KVn/:

Fo (min) in ST: 185-21O Hz Fo (maxl in ST: 325-39O Hz
in 0 : 150-240 HZ in Q : 340-380 Hz

3,1. A different range for statements and questions has been ob-
served only for KVR.

3.2. In all statements the focused syllabl-e has received the
highest Fo value, cf. Tabte 3 a) bel-ow.

KVR

ST- I

sT-2

ST-]

ST-4

sr-5

x-19O
85- I 90

x-16O
80- r 60

*-1 65
loo-165

x-2OO'
l oo-200

x-17O
lOO-17O

x-2OO
r oo-200

x-1 70 x-l 9O
85-170 1OO-l90

I'tR
I II 'ñÏ_ I II III

x-f5o x-f6o x-f6o
r8o-35o 190-160 190-)60

x-35o x-f6o x-36o
2oo-)5o 200-36U- 200-360

x-l5o x-J25 x-16O
1 95-)50 210-325 19o-)5o

x-)7O x-'160 x-)sO
18547o 2oa-36Ù 19o-35O

x-)?Q x-39o x-35o
21O -)7O 2oO-)9O 2OO-35O

x-l90
90- 1 90

x-l70
80- r 70

x-2OO x- 1 !O
90-2OO 90- I 90

x-1PO x-22O
90-t90 IOO-220

x-2OO
80-200

sT-6 x-t60 x-165 x-lJo x-)7o x-36o x-36o
90-160 85-165 90-150 195-)70 210-)60 200-360

Tab. 4 a) x=Fo value for focused syllab1e
Fo (min¡ and Fo 1¡t*¡

3.3. For question utterances the conditions are quite different
As to yes/no questions the focused syllables have either the
l-o$/est Fo value or are close to it. As to wh-questions the sen-
tence stressed syllables often have Fo (max) values. The funda-
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mental frequency curve fal-Is innediately after focus to the low-
est value, cf. Appendix 2A and 29 for yes/no guestions' 2C and

2D for wh-questions, See also Table 4 b) belov¡.

x-values not always obtalnable
K-l¡R

Q:l

q-2

q-l

a-4

a-5

Q-6

a-7

Q-8

x-1!O
95-2oO
x-lJO

90- I 70
x-220

90-?2O
x-l1O

go-2oo

x-14o
90- l 80

x-l JO
1 00-21 0

x-1OO
too-190

x-1 OO
1 00-220

x-22O
1 00-2?o

x-l1O
1 00-200

x-1 90
90- 1 90

x-1OO
roo-190

--9ã:1

x-l 1O
90-1 90
x-12J

g5-1 80

x-1 OO

95 -1 90

x-l OO
l oo -220

¡-lOO
100-r80

..x-2OO
I OO-200

x-lOO
80- 1 80

x-1 OO

x-16o x-24o x-2po
160-:)4o 200-360 2oo-160

x-l50 x-24o x-22o
150-360 ¿0O-J7O 200-160

x-18J x-z4o x-z)o
r85-160 19o-)7o 2oo-)7o

x-24o x-26o r-24o
240- 35o 22o46a 21o-35o

x-)5O x-l6o x-flo
21O-l5O 190-)7O 2OO-l3o

x-')6o x-23o x-?}o
21O-J6O 200-36u- 2OO45A

x-16O x-37O
220-)60 195470 21ç.-760

x-2OO
95-2oO
x-l90

90- I 90
x-2OO

r oo-200
x-t80

r oo-l 80 2)0-360 2lo-l8o 2oo-)5o

Tab. 4 b) x=l'o value for focused syl1ab1e
Fo (mln) and Fo (rnax)

It can be stated that Fo (min) and Fo (max) values are related
to focus in a different way for the two types of questions. An

investigation of al-I guestion utterances shows that the highest
Fo values occur in yes/no questions in the fina1, unstressed
syllable regardless of the focus-position. In wh-guestions the
highest fundamental frequency values often occur in the focused
syllable.

4. The intensity study \n/as limited to a comparison of sentence
stress and intensity peaks

4.1 . fn the intensity curves the focused syllable has the high-
est or second. highest peak. These differences are probably due
to the different intensity 1eve1 of different vowels.
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4.2. Tlne focus marks in the material obtained by the auditive
method are positioned at the same syllable as in the test mate-

rial for question uÈterances. In statements there is some varia-
tion in the positioníng of focus marks, especially in ST-3'

/statement after focus / , and in 3T-6 where focus was not marked

in ådvance, cf. TEST MATERIAL.

5. Duration time for afl- utterances r¡¡as examined. The results
are presented below

Tab. 5

sT/Q NU].{BER
No. of syll. I II III I II III

e-5
a-7

ST- 1

Q-r
q-6
Q-8

e-l
ST-2
ST.]
Q-2

sr-4
Q-lr

sr-5
sr-6

6

6

I
I
I
I
9

10

lo
10

12

t3
14

16

125

125

155

I tro

155

150

155

190

170

180

225

215

240

26o-

t{R

t20
120

195

140

150

140

155

16u.

170

165

200

208

225

250

KYR

r30 115 r2O 12O

rlo r15 rro 1?o

180 180 160 t60
150 r50 r50 r40
1?O 14i 1¿¡O 15O

17o 125 l4o l¡ro
175 1 60 r4o 15O

160 z2o 19o t9o
17O 2OO 175 1 80
l8o ¡ 90 1 90 17O

2o5 2)5 23o 225
2O8 22O 21O 215

25o jro 285 145')
248 37o )4o )3o

x) repeated phrase

on the whole the duration time increases with the number of syl-
1ab1e,s, but the more syllables the shorter time each unfocused

syllable receives. In ST-1, where three words are focused ín or-

der to get introductory íntonation, the duration time is natu-
rally longer.

vlhen comparing the recordings for l4R ít can be observed that
during recording TI MR the material was read at the highest
speed. This could possibly be seen to confirm the expectations
that recording II was correctly chosen to obtain the most natu-
ral- intonation in questions /see Experimental procedures/.
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For KVR the stat.ements tend to take more time than for MR. Hotv-

ever, questions tend to be produced faster.

6. l1able in focused and unfocused sition

The values presented bel-ow were obtained from recording II MR

discussed above. In order to check these values further, four
statements and three questlons were examined from recording IIf
I4R. The only difference is that the highest vafue for ma-, 28

cs, is not present there.

6.1 . I.: occurs 1 9 times in statements and 1 3 times 1n ques-
tions. The duration time varies

- from 1 6 cs to 28 cs for focused syllable
- from 16 cs to 22 cs for unfocused

The length of the syllable ma d.oes not seem to be infl-uenced by
vthether the subject NP has sentence stress or not. Higher val_ues
can be found more often in the VP. The longest duration time for
ma occurs in Q-4 which has the largest number of syllables.

For -1i- similar values were found for stressed and unstreÈsed
syllables positioned in VP and outside VP. lu- is the first syl-
lable of the verb. It occurs once as focused and lasts then 19

cs. It lasts from 10 cs. to 14 cs. as unfocused.

It has been found that the syl1ables díscussed above tend to have a
longer duration time in rhematic position. The longest duration
time of all is found 1n the fínal and unstressed sy1lab1e in al1
question utterances: from 26 cs. to 30 cs.

SU¡4!1ARY

1, The results from the auditive investigation agree well in
themsel-ves and also with the results of the instrumental inves-
tigation regarding question utterances. Al-1 the listeníng sub-
jects have defined the intonation in wh-questions as neutral-.

2. Statement and question utterances have a clearly different
fundamental frequency contour. This indicates that it is pos-
sible to recognize whether the produced utterance is a question.
or a statement only with the help of the intonation contours.in
the final segment of the utterance. This is valid for both types
of questions.
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3. However, the characteristic rising Fo contour shov¡s some dif-
ferences for yes/no questions and for wh-questions. The differ-
ences are found in the Fo interval values. In yes/no questions
higher values are found for the final syllable of the utterance
than for the same segment in wh-questions.

4. The maximal values for pitch occur in the same position as

focus only in wh-questions. Regarding yes/no questions no

changes of the Fo curve could be observed when the position of
sentence stress was altered.

5. The duration time for focused syllables tends to be longer
than for other syllables. The longest duration time of all was

found in the final unstressed syllable in questions.

The results in point 1, point 2 and point 5 agree \^tith results
arrived at by other researchers. The results in point 3 and

point 4,however,throw light on the differences beth¡een the ris-
ing intonatÍon contours in yes/no questions and in hrh-questíons.

One cannot draw general- conclusions sj-nce thê investigated mate-
rial is too limited. However, in both types of question utter-
ances a tendency to\./ards rising Fo contours seems to be quite
c1ear.
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APPENDIX 1

THE ORTGTNAL VERSIONS TN POLISH

1. STArE!1EÌ{ÎS /ST/

ST-1 Alina ll¡bi malinv.

ST-2 ltlar¡a Äliny lubi mall-ny.

St-]-rmana Àliny lubi maliny.

ST-4'lMama Aliny lubi moJe mallny.

ST-5 llana na,fc j Aliny lubi rro je ¡¡allnv.

5T-6 Mama na/cJ Âliny lubl mojc rna/e naliny.

QUEsrroNs /Q/

a-t lllna_lubi maliny?

Q-2 þrne_Aliny lubi ma1lñ)r?

Q-) Czy Alina lubi maliny?

q-4 Czy mana Atiny lubi maie maliny?

a-5 ElS lubL maliny?

Q-6 Kto iubi malq maliny?

Q-7 Co lubL .â,11na?

Q-8 Co lubi ma¡na Allny?

All \rords ln the test daterial t¡ave lexlcal stress on

the penultlnatc syllablc.

YEs/NO

QUESTTONS A.
YÐS/NO

QUESTÏONS B.

SH=QUESTTOTÚS C.

A. Un¡narkcd ycs/no-
que s t ions

B. Yes/no questl,ons
rrLth a questLon
part Lc le

C. Yt¡-questions
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