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ANNUAL REPORT

This is a sunmary of the main events since the publication of
Working Papers 21, June 1981.

The ne\,, Iocation of the department near the hospital has ím-
proved our opportunities for collaboration \^tith the medical

departments interested in speech research- To provide a conmon

platform for exchange of knowledge and ideas, Sören Fex of the
Institute of Logopedics and Phoniatrics and rnyself started a

joint seminar around the themes Language *' Speech * Sound *

Hearing.

The program of this seminar' in English translation, has been

as follows

21.9 Research applied to the coÍlmu-
nication problems of the harcl
of hearing
What we knovt and \^rhat wê do not
knoh¡ about prosodY
Voice for speech and singing

Speech physiology and ling¡uis-
tic units

Eye movements and sPeech dis-
abilities

14.'12 Laryngeal kinetlcs

1 -2 Music as communication

Arne Risberg, KTH' Stock-
holm

Gösta Bruce & Eva Gårding

Johan Sundberg, KTH,
Stockholm
Joseph Perkell, Research
Laboratory of ErecËronfcs 'MIT

Nils Gunnar' Henriksson,
Ilmari Pykköö, Lucyna
Schalén, Carsten wennmo,
Laboratory for Balance
Research, University Hos-
pita1, Lund
Bertil Sonesson, Depart-
ment of Anatomy, Un.iver-
sity Hospital, Lund

Sören Nielzén' Depart-
ment of Psychiatry, Uni-
versity Hospital, Lund

Karin Andersson, Gösta
Bruce, Anders Löfqvist

5.',t 0

19.10

2.11

16.11

15 -2 Voice guality: one sPeaker's
phonology is anotherrs Pathol-
o9y?
Audiotogy I: Clinical and tber-
apeutical aspects of loss of
hearing

1.3



The Friday semínar for discussions of research in proqress has
continued as before hrith the following program:

8.3

15. 3

19 .4

3.5

17.5

7.9
14.9
28.9

13.11

20 .11

27 .11

4.12

11.12

18 .12
19.3

30.10
3.11

Audiology II: presentation of
research and laboratory

The need for pronunciation
norms

Right-hemisphere language
functions
Symbol, sign, Ianguage,
speech, distinctive features
Communication disturbances due
to trauma

Research paradigms in phonetics
Reports on dissertations
Bee-phonetics
Techniques in discussj_on

Speech productlon models
Method for measuring laryngeal
resistance

Experiments y¡ith the intona-
tion model
Direct and indirect measure-
ment of subglottal pressure
ïntrasegmental timing
Acoustic and perceptual ana-
lysis of nasal consonants
Testing prosodic functions in
aphasics
Physiological_ and perceptual
analysis of stress in Greek
Constancy and variation in
Swedish interrogative j_ntona-
tion
Finland-Swedish intonation
A review of Pierrehumbertrs
dissertation: The phonol-ogy
and phonetics of Enqlish in-
tonation

Hans Eric Holst, Jarle
Aursnäs, Ingvar Här1id,
Departnent of Oto-Rhino-
Laryngology, Uníversity
Hospital, Lund
Birgitta Heyman, The Drama
School, Stockholm
Christina Hedqvist, Karen
Johnson, Mc Gil-I, Montreal
Bertil Malmberg

Inger Vibeke Thomsen,
State hospiÈal, Copenhagen

Gabriella Koch
Gabriella Koch
Ulrika Nettelbladt
Barbara Prohovnik
Sidney Wood

Eva Holmberg, fnst f
lingvistik, University
of Stockholn
Gösta Bruce

Anders Löfqvist

David House

Christina Hedqvist

Antoni.s Botinis

Anne-Christine Bredvad-
Jensen

Kerstin Tevajärvi
Göstá Bruce



26 -3

2.4
16 .4

30-4

7.5

'l 4.5

4.6

Experiments \rith accelerated
speech

What is LPC?

A tonal grid as an expression
of sentence intonation and its
usefulness for the studY of
prosodic transfer
The j-ntonation workshoP in
Paris
On interrogative intonation
fnterspeaker variation
Report on child-language
research in Stanford
Tests differentiating various
forms of dyslexia
Lund - Copenhagen
Microsymposium on macroProblems
Phonology - Phonetics

Richard Schulman, Depart-
ment of Linguistics, Stock-
holm
Bengt Mandersson
Paul Touati

Eva Gårding

Anne-Christine Bredvad-
Jensen
Ulrika Nettelbladt

Kerstin Nauclér

Nina Thorsen, Paul Touati,
Gunnel Tottie, Thore
Pettersson, Eva Gårding

Two graduate courses were given, one on speech physiology Ín the
fall of 1981 by Anders Löfqvist, and one on vowel articulation
in lhe spring of 1982 by Sidney Wood.

On the undergraduate level- we have had the regular courses. A

new group of lo-oopedics students started their tvto-term phonetics

training in January 1982. There are at present 33 first term

students, 17 second, 11 third, 4 fourth, and 10 graduate students

Bengt Mandersson defended his thesis 'Resoluti-on of convolved

sigTnals in biomedical applications' at the Lund Institute of
Technology in January. Sidney Wood's dissertation 'X-ray and

model studies of vowel articulation'wP 23, is now in the press'

Gösta Bruce arranged the second all-Swedish symposium, rFrom Text

to Prosody', in September 1981. A collection of seminar papers

by second-term students around the theme Pnotodq was published
j-n the fall by Gösta Bruce as number 6 of our Swedish series'
Ph.a,lz.t-i..6t¿ lingv.Ltfitz. Robert Bannert has substituted for Sven öhman

j-n Uppsala. He also fed a seminar here, entitled IniønLanguagø.



Rurt Johansson has been appoínted lektor (reader). Mona Lindau
visited us in the fall and hetped plan for a new project. Ànders
Löfqvist was a temporary consultant at the Royal Institute of
Technology.

a}re Rö,sf- och fa-LvåtLd sectlon (volce and speech therapy) " housed
in the same building as our department, has been referred to our
department. We hope that this will be the beginning of joint
activj-ties in teaching as well as research, not just an adminis-
trati-ve manoeuvre.

It has been recognized by the administrative board for the
humanities that our laboratory needs special funds.

Finally, j-t is a special pfeasure to report that Lund University
will confer an honorary degree to ILSE LEHISTE on May 28th, in
the cathedral used for a similar occasion in Ingmar Bergmanrs
ttli,Ld Sf¡aøb etuip's .

Lund, May 1982

Eva Gårding
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TEMPORAL AND TONAL CONTROL IN GERMAN

Robert Bannert

ABSTRÀCT

A fundamental issue for a model of prosody is whether or not
the phonologi-cal features expressed by.time (duration) and pitch
(fundamental frequency) are independent variables. Vohtel dura-
tion j.n Central Swedish has been said to be dependent ôn the
fundamental frequency change associated with that segment. How-
ever, there is evidence that an Fo-dependent model for duration
does not adequately account for data on Swedish and Danish. This
report examines the relatlonship bet\^teen fundamental frequency
change and duration in German. Two statistical tests clearly
indicate that time and pitch should be treated independently i-n
German prosody. FinalIy, a model for German prosody is sketched
Èãsêtr-orr -these f indings.

1. TNTRODUCTÏON

In every model that generates speech utterances, be it artic-
ulatorily or acoustic-auditorily oriented, the t\^7o dimensions
tirne and fundamental frequency (Fo) play an important role.
To produce an utterance takes a certain length of time. Further-
more, everlz r-rtt-erance has its own temporal structure and a

tonal structure as well which, as it seems' exists in parallel-

Up to now a number of models for duration and intonation in
several languages have been developed (see references) . These

models attempt to generate either the durational or the tonal
structure of an utterance to be observed 1n the signal. The

question that then arises is how to arrive at a more complete

utterance containing both structures. Assumíng the independent
generation of the temporal and tonal features of an utterance'
this goal can be reached by sinply adding both structures to-
gether. This, ho\^rever, leads to problems of coordination which
have to be solved. It should be quite obvious that these two

structures generated independently of each other will have to
be changed or adjusted v¡hen put together. Tonal adjustments of
the basic Fo-contours as a consequence of factors of time and

sentence position were described by Bruce (1977, '74 ff.l.
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Recentl-y Lyberg (1981) made an attempt to handle these tv¡o pro_
sodic dimensions simultaneously. Taking up an idea of, among
others, öhman et a1. (19791, he presented an Fo-dependent ¡nodel
for segment duration where segment durations are the automatic
result of Fo-movements. The mor€ complex such a movement, i.e.
the larger the Fo-change or the Fo-difference over the segment,
the larger the segment duration has to be, The alleged causal
relationship between Fo-change and segment duration is expressed
by the for¡nu1a D = k . 

^ 
Fo, !,¡here D = segment duration, lç =

constant, and 
^ 

Fo = Fo-difference. Comprehensive counter evi_
dence against an Fo-dependent model for duration, however, has
been presented by Bruce (1981) and Bannert (1gg2l -

The aim of this p.p"r1 is to anshrer the crucial question from
the outset as to which relationship exj-sts between the temporal
and tonal d.-i.mension in a model of prosody2 for German. ft is of
course decisive to know whether segment duration must be treated
independent of intonation or not. The ansh,er to this question
will have fundamental consequences for the design of any model
'of prosody.

2. MATERTAL AND ANALYS]S

In order to be able to answer the question formulated above,
the following strategy was chosen. In a sentence with three
accents the tonal structure was varied while the temporal struc-
ture (the segments) $ras kept constant. The temporal structure
was also varied while the tonal structure was kept constant.
This was done in the following !{ay:

(1) Tonal variation (segments constant)

The statement
oer Lahne hat die MøLen gunahnt.-T- -Z-- --T-
("The lirnping man reminded the painter.,') containing three
accent positions (underlined and numbered) was embedded in
four different prosodic contexts. By this procedure, a tonal
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difference as large as possible between the four contexts
(versions) of the test sentence was to be produced' The starting

or neutral version ( 1 ) of the sentence contains three equivalent

accents. In the other three versions, the sentence accent would

be moved uy focusi+:;!l-!he-f.lls!-Gversion 4), second (version

2), and third (version 3) accent position. The third accent po-

sition served only as a dumrny, in order to be able to move the

sentence accent away from positions 1 and 2 ' only these two po-

sitions were ínvestigated. The sentence presented above served

also as a means of calibration throughout the recording session.

As the calibration sentence is semanticalfy quite natural, it

servedasapatternfortherêstofthematerial,andthevalid-
ity of the rneasurements in the test material could be checked

against this sentence.

Two versj_ons \,rere added where the test word appears in isola-
tion: affirmatìl¡j s-tatement (version 5) and eglo _gue¡t_ig,LJy-er-

--
. sion O[.-th""" isolared tèrb-iót1s Îiu]îher increased the tonal

and temporal variation within the test material'

(2) Segnental variation (intonation constant)

In each tonal version, two blsyllabic word pairs, containingt

the stressed vowel /a/, wete used. In order to achieve temporal

variation, different segmental features were introduced: con-

sonant type (voiced nasal sonorant vs' voicel-ess obstruent) '
quantity(longvs.shortvowel),and'numberofinitialconso-
nants, The test words and the distribution of the segments v¡ere

as follows:
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consonant type
sonorant (nasal) obstruent (voiceless)

c1 v1 c2 v2 cø c1 v1 c2 v2vowel quantity

V:

\t

M ahn er
[m a: n e ]

M a nner
[m â. n e ]

Spater
tJ p a:the l
S p a tter

tf p a the l

The test words, except Mahner (,admonisher'), are semantically
voj-d, although they pertain to a very conmon word structure (j-n
English e.g. sJ-nger). Each test word appears both in the first
and second sentence position, yielding a doubling of the words
to be investigated. This arrangement \"ras also necessary due to
semantic reasons. Each sentence contained test rrords with either
sonorants or obstruents respectively, but always a longr and a
short. vor.rel. Thus the foll_owing five sentences were used:

Der Lahme hat die Maler gemahnt. (calibration sentence)
Der Mahner hat die llanner gemahnt. (sonorants)
Der Manner hat die Mahner gemahnt. (sonorants)
Der Spater hat die Spatter gemahnt. (obstruents)
Der Spatter hat die Spater gemahnt. (obstruents)

As each sentence appeared in 6 versions, the material consisted
of 30 sentences in aII. They were arranged in random order and
spoken by four speakers4 from Northern Germany seven times in
randomised series with a buffer sentence at the beginning and
at the end of each serÍes. In a dialogue-type situation, Èhe
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author spoke the context sentences during the recording which
was made in the sLudio of the Department of Phonetics at Kiel
University. Two signals were recorded simultaneously on a Revox

tape recorder, speed 7 ips, the audio signal from a microphone

and the Fx-signal from a laryngograph (Fourcin and Abberton
1971). The speakers v¡ere well acquainted with the recording
situation and produced the sentences v¡ith satisfactory naturaf-
ness and consistency.

The acoustic analysis rendered an oscillogramme and an Fo-con-

tour, recorded on a Siemens Oscillomink with a paper speed of
100 n¡n/s. Seqments could be defined easily. The followíng para-
meters were measured by hand:

(1) Duration: senÈence (S), word (Vl

Inr P, Ii V1 = a (:);
the sequence Y'1C2.

=J;
tt')

Fo-value at each segment boundary, startlng with
the beginning of C1 and thus yielding five Fo-
values. If there l¡/as an Fo-maximum or Fo-minimum
within a segment, the number of Fo-measurements
increased. Thus the course of the Fo-movement
throughout the word is unequivocally determined.

-!^ !L^ ñ^-ñ -+--å5r^'lnese þasac values wefe useq L9 udruuldLc L¡rç rrrça¡¡

deviation, the VC-ratio (section 4.21, and the Fo-change ( AFo)

(section 5.2.21 .

The results vtj-Il be presented below. First, as an orientation'
the tonal structures of the six versions will- be shol^tn in sec-

tion 3. Second., some central aspects of the temporal structure
of the material under the varying prosodic conditions is treated
in section 4. Third, the central quesÈÍon concerni-nq a possÍble

relationship between the duration of segments and the Fo change

is investigated by statistical methods in section 5 -

3. TONAL STRUCTURE

By varying !þe=pfo,po.4i.c-.-qonte5t in the different versions, the

tonal contours in sentence positions 1 and 2 were expected to

be different. This was the case with al1 four speakers. Repre-

t,
îa

segments (CØ

= n, t, m, l;
C1 =

(2) Fo (test
words with
sonorants
only) :
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sentaÈive tonal contours of the four sentence versions (1_4)
and the two i_solated versions (5, 6) for th¡o speakers are shown
in Figure 1. The curves for each accent position are superimposed
with the beginning of the accentuated vowef as lhe rine-up point.
The third position is i-ncruded just for the sake of completeness
and will not be treated.

Comparing the tonal contours of the speakers, it can be seen
that all the contours, except for version 1 (neutral), are very
similar. The tonal differences in versj_on 1 may be the result
of not giving equal weight to the accents by each speaker. While
speakers u (and M) manifest the accent in all three positions,
speakers R (and C) de-accentuate the word in the third posi-tion.
rn this paper r do not r^¡ant to treat the tonal features of the
Fo-contours. A more detailed report on the tonar. aspects of the
German accents in statements and two kinds of questj_ons, inclu_
ding also syntactic variation, is being prepared (Bannert folth_
coming 2).

4. TEMPORÀL STRUCTURE

Primary data on the temporar structure of the test materiar wirl
not be presented due to limitation of space. Nevertheless, to
concentrate on a centrar issue, ,the relations within t,he accen-
tuated syllable will be examined. Írrhlle the durations of the
vowel and the following consonant are presented in the temporar
space' the relative temporal relations are shown in the vc-ratios.
4.1 The temporal space

Ìfithin accentuated syllabres, temporal relations of a certaj_n
kind seem to exist. One can think of the relationship between
two successive segments as being confined to a temporar field
or space and expressing a characteristic pattern of rhythmic
structure (Bannert 19j6, 1979). A special instance of t.emporal
relationships' the pattern of complementary length (Lehiste 197ol,
exist.s in, among other languages, Central Bavarian, a High
German variety (Bannert 19'761. This pattern is arso found in
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standard German, although there it has been reported to function
in a different way, namely in the contrast bet$/een voiceless
(fortis) and voiced (1enis) plosives (Kohler il979 a, bl.
T'he temporal relations between the accentuated vowel and the
folrowing consonant can be shown in the vorrel-to-consonant plot.
The data points expressing the tempoïal relations are grouped
into two clearly separated fiefds or spaces. Figure 2 depicts
the temporal space of the tr^¿o Vc-sequences. The mean values of
vowel- duration V1 are plotted against the mean values of the
duration of the followinq consonant C2 in alt the versions (1-6),
both positions, and for all four speakers, making a total of
120 points. Apart from the length contrast of the consonant,
Flgure 3 shows the same temporal picture, as was found in central
Bavarian- There, however, the duration of the consonant folrowing
the short vowef is much larger. Both fields, which are shown by
the points of the VC-sequence with long and short vowels respec-
tively, are clearly separated and expand in different directions
with increasing segment durations. rf the durations are increased
drastical-fyr e.9. in version 6, the field of the long vowels
extends j-n the direction of the long vowel, the field of the
short vowel-s, however, extends in the direction of the consonant.
Thus the temporal relations bet\deen the long and short vower and
the following consonant in stressed sytlables ín North German,
too, can be accounted for by using the pattern of complementary
length.

4.2 The Vc-sequence

Apart from expressing temporaf relations between the stressed
vowel and the following consonant i-n absolut.e terms, the temporal
structure of the segments can also be represented in relative
terms. The VC-ratio, i.e. the temporal relationship between the
parts (vowel, consonant) and the whote (vowel + consonant = the
sequence) was introduced in Bannert (j976). It is assumed that
the VC-sequences constítute some temporaf basic unit in ranguages
wíth quantj-ty and stress (Bannert j916, 1979). Chanqes of the
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segment durations of vowels and consonants which are caused by
varying segmental and prosodic conditions are brought about in
such a way that, according to the principle of complementary
length, the long and short vowef and the following consonant
tend to make up a certain part of the whole sequence. This
temporal relationship between the parts and the whole wiff remain
more or less unchanqed.

The Vc-ratios, which show the portion of the vowel in relation
to the duration of the vrhole VC-sequetìce, expressed in percent,
are gi-ven for each speaker and consonant type in Figr]re 3- cerr_ain
patterns of vc-sequences found. earlier in other mater.ial are arso
seen here very easily: the long vowel makes up a larger portion
of the Vc-sequence than does the short vowel. The VC-ratios are
smafrer when the consonant is a voiceless obstruent than when it
is a voiced sonorant. The ratio varies only a little and., above
a1l, not in a systematic vray throughout the six different versions
and the t\^7o positions. It can also be seen that the ratios keep
within a relativery limited area for each length category of the
vowels. Even Íf the ratio does not remaln constant, the variation
due to large durational differences appear to be minimal. rnherent
features, like consonant type, do affect the Vc-ratio (cf. Bannert
1976).

However ' there is also in this material a relativeÌy constant
temporal feature. As shown earfier for central Bavarian, central
Swedish, and fcelandic (Bannert 1976), this feature is not the
Vc-ratio itself, but rather the temporal distance (TD) between
the ratios of the /v:C/-sequences and the /Vc/-sequences. The
temporal distance seems to be rather independent of inherent
features. It is defined as. follows:

TD=Qv,-Qv

\"¿here TD = temporal distance, V(:) = long or short vo\rel, e =
VC-ratio

Mean values and standard deviation for the temporal distance for
each speaker and each consonant type are given in Table 3. The
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total mean is 18.258

Table 1 Mean val-ues and standard deviation for the temporal
di-stance. (TD) between the VC-ratios for each sþèaker
and consonant type in percent.

c. 
sPeaker 

u
SONORANT OBSTR. SONOR. OBSTR.. SONOR. OBSTR.

M
SONOR. OBSTR

't 8.0

1 .98

19 .4

1 .08

15 .0

1.63

16 .8

'l .27

18. 5

3.81

20 .0

2.65

19 .1

2.48

19 .2

1 .33:s

5. DURATTON AND TNTONATTON

In an Fo-dependent model for segment duration the definitive
duration of a given segment is thej result of the Fo-change over
this segment (Lyberg 1981). Lyberg showed that, in Central Swedish,
there exists a strongr posltive and linear relationship between
the segment duration .'na trr. ro-difference of the long vowel in
sentence initiar and final position with and without focus. rn
this North German material, however, no such retationship is to
be found. And what is more, the tonal movement is determined by
the feature of quantity as it is in Swedish (Bannert 19g2) .

5.1 Independent quantity
The phonologicar feature of quantity is manifested by a distinct
difference in duration bet$¡een the long and the short vo$rer.
This i-s true of all the different tonal contours in arr six
versions. flhat is, then, the effect of quantity on the Fo_contour
of the vowel, and also on 1arger units, e.g. the word?
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Two alternatives can be proposed (cf. Erikson and Alstermark
1972, F,anrrert and Bredvad-Jensen 1975,19771¿

(1) TRUNCATION. The Fo-contour of a word containing a long vowel

is identical with that of one containing a short vowel' 1.e. in
a word with a short vo'h¡el, the Fo-contour just ends earlier, due

to the shorter duration of the short vowel, compared to the cor-
responding word with a long vowe1. Line-up point is the beginning
of the accentuated vowel.

(2) COMPRESSIoN. The Fo-contour of a word containing a long vowel

is not identical vrith that of one containing a short vowel, i.e.
the Fo-contours of both words are identlcal in their course (aP-

pearance), the contour in the word with the short vowel' however,

is compressed in time. It shows the same tonal movements' but
makes them faster.

In all cases with tonal movement, all four speakers clearly show

compression. As a representative example, Fiqure 4 shows simpli-
fied Fo-contours of speaker M. They correspond to the mean vafues

of Fo and duration. The Fo-contours in the words with long and

short vowels are ídentical, by and large, at the beginning (in

tne j-nl-tLal consonanc L I , l-n atr vel saorls. r'lrc ue¡¡surrdl¡ u v¿ t

followi-ng the stressed vowel, and starting earlier after the

shorÈ vowel' counted. from the beginning of the stressed vowel'
affects the Fo-contour radically. The rise of Fo in statements

is interrupted and the falI is initiated- The rise in questions
is brought about earlier' fn other words, certain points or levels

of the tonal contour are tied to certain segments or parts of segT-

ments. Hencer quantity determines the course of the Fo-contour.
As quantity in German appears not only in accentuated syllables'
but also in non-accentuated ones, it has- to be concluded that
quantity is an independent feature, while the tonal contour' at
least in certai-n respects, is dependent on quantity.

5.2 Statisti"cal examination

Before the question about any causal relationship bet$¡een the
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seqment duration and the Fo-change can be answered, it has to

be settled whether or not there is any relationship at aI1 be-

t\,¡een these two features. In order to determine step by step

if any relationship exists, two methodss will be employed'

First, it wilt be determined if the durations of the segments'

the vc-sequence, and the word in all the four sentence versions

and both positions, are significantly different from each other.

ff they are different, it could be assumed then that this díf-

ference is related to the tonal difference. second., i-n any case,

it will be tested if there exists any relationship between du-

rations and Fo-changes, i.e. if both variables are correlated'

only if it can be established that they really are correlated'

will it be warranted to ask which variable is determined or

caused by the other.

5.2.1 Differences in segment duration

Using the statistical method of the l4ann-Whl-tney-Test' tlìe

question of whether the segment durations in the four sentence

versions were significantly different from each other was tested.

In most cases ' the versions differed from each other in their

tonal aspects (cf. Figure'l). In the test, every version was

compared with all the others, i.e' version 1 with 2' 1 wíL}]. 3'

1 with 4, 2 wíLjn 3 etc. Thus for each of the segments six com-

parisons were nade for each position and each speaker '

If one can find significant differences ín duration between the

different versions, and if all other factors t ê.9. speech tempo'

can be considered constant' it has to be assumed that these du-

rationaldifferenceshavetobeLracedbacktothetonaldif-
ferences. Thus, looking at the high tonal peak of focus in po-

sition 1 (version 4) and comparing i-t to the other three rather

similar and low contours, one could expect that the segment du-

rationsofversion4inposition.lwouldbedifferentfromthose
of versions 1,2¡ arrd 3. And, if there exists any relationship

between the Fo change and the segment duration' it should shcw

up in a systematic way, in some kind of pattern'

The result of the statistical testing ís shown in Table 2 ' As

can be seen, there is no regular picture to be found' No pattern
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of systematic vari-ations of durationar- differences can be detect-
ed, not even for one speaker alone.

In some cases, however, frag,ments of a systematic behaviour can
be discerned. They are, though, Iimited to a certain position
(indi-cated in Tabre 2). The initi-al consonant c1 of speaker R
has a different duration, but only in the words containing short
stressed vowels j-n position 1 . The word duration and almost
all durations of the long vowels of speaker M in position 1 are
significantly different. The third speaker U, however, shows
some instances of significanÈ1y different durations in position
2 (version 2 agaj_nst versions 1, 3 and 4)..And 1ast, the fourth
speaker C does not shohr any kind of regularity.
Therefore it has to be concluded that there is no general rela_
tionship between the segment duration and the corresponding Fo
change.

5.2.2 Segment durations and Fo-change

fn contrast to Lyberg (1981, 44), here the Fo_change r^ras defined
more completely. In a complex tonal contour, consisting of two
different movements and a maximum or a minímum in betweenr ê.9.
a rise-fall, the total tonal change is to be conSidered the
tonal difference in both directions. rn my opinion it is wrongf
to calculate the tonal fall only and di_sregard the rise or vj_ce
versa.

By way of si-nplification, though, the difference in direction
of the tonal movements wirl not be treated. Tt is knovrn that it
takes somewhat more time to increase Fo t.han to decrease j-t
(Sundberg 1979, Ohata & Evan 19731. However, it seems unlikely
that a dj-vision of the Fo-changes according to whether they
rise or fall would lead to different results.

The Fo-change of a simple, uninterrupted Fo-movement is defined
Fo irritiur - Fo finalas: Fo =

The Fo-change of a complex Fo-movement is defined as:
Fo = 

luo rr,r.rrt - Foma*,2*i-r, | * lFo*a*/mi., -Fo ri,.,ar 
I
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Due to restrictions of space, neither the Fo-measurements nor

the Fo-changes can be presented here. But examining Figures 1

and 5, one can get a fair impression of the size and range of
the Fo-change.

The relationshj_p bet\^¡een the segment durations and the Fo-changes

was examj-ned by rneans of lj-near regression. The calculation was

carried out \"tith the values of the sonorant words Lahme. Maler,
Mahner, and Manner j-n several sub-categories according to the
variables of test word, quantity, and position. As a represent-
ative sunmary, Table 3 shows the correlation coefficj-ent (r) as

a measure of the strength of the relationship according to seg-

ment, speaker, and quantity. The tevel of significance is in-

dicated. For each speaker, the calculation is based on 1008

values of segment durations and the corresponding values of Fo-

differences (6 segmentsxT renderingsx 4versions x 3 test

words x 2 positj.ons).

Table 3.

Speaker Quantj'ty C1

The relationship bethleen the duration of the segments
c1, V1. c2, v2, the sequence /v1c2/, and the word
/C1V'\C2V2/ and the Fo-change over these segments in
the four sentence versions, expressed as the correla-
tion coefficient (r) . The levels of significance are
indicated. g for each segment and speaker:
/vz/ = 118, /v/ = 56-

SEGMENTS
V1 c2 v2 v1c2 word

c

R

U

M

V:
\7

V:
V

V:

\7.

0.053 0.132 0.083 0.138 0.046 -0-162*
o.'t84 -0.015 0.019 0.338** -0.036 0.037

-0.075 0.181* 0.200* 0.253** 0-256** 0-2',l 0*

0.137 0.037 0.019 0.362** -0-115 0-421**

0-090 0.473** 0.335**-0.009 0.582** 0.361**

-o -225* 0.121 0.239 0.436** 0.258* 0 .353**

0.392** 0.557** 0.307** 0.419** 0.582** 0.706**
0.614** 0.323** 0.460** 0.504** 0.451** 0.789**
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It can be seen that the values of (r) are quite smal-I, perhaps
except for the word (W) of speaker M. Therefore it has to be
concluded once more that there is no statisticaÌIy provable and
systematic relationship between the segment duration and the
Fo-change in this North cerman material.

6. CONSEOUENCES FOR A MODEL OF PROSODY

On the basis of the present findings, showing that there is no
general and systematic rel-ationship between Fo-change and seg_
ment duration, the question of the temporal and tonal_ control,
j-n German can be highlighted in a few essential respects. A
comparj-son with the sj_tuation in the related languages Danish
and Swedish wilt render a deeper dimension of understanding to
these findings.

It could be shown that there is no relationship between the
temporaÌ and tonal dimension in this North German material.
rt does seem, however, that speakers are arso free to use the
temporal dimension, apart from the tonal, when focusing. The
double signalling of sentence prominence appears to be more
effective than the use of one dimension on1y. similar variations
between speakers in using the temporal and tonal dimension for
focus is also to be found in my central Bavarian materiaf (Bannert
19761. Furthermore, the four Nort.h cerman speakers of this i-n-
vestigation behave partly like the Danish speakers in Thorsen
(1980) and one of the Swedish speakers in Bruce (19g1), partl-y
like the Swedish speakers j_n Bannert (1979, forthcoming 1), and
the other speaker in Bruce (1991). Vlhile segment durations of
the Danish speakers and. one of Bruce's speakers remain unchanged
in focus, the duration of alr segments in focus is increased
with the other swedish speakers. And this in spite of the large
tonal difference between the central and southern variety of
swedish. Therefore, it has to be assumed that an increase of
durati-on in focus need not necessariry be a resurt of the changed
Fo-contour. On the contrary, as languages may differ in this
respect, time and tone have to be treated basicalfy as j-nde_
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pendent features.

Thus some consequences for a model of prosody in German emerge.

Starting from an input6, defined and specified by necessary

linguj-stj-c information, segmental and prosodic, the model first-
ly will generate the basic temporal and tonal structure of the
utterance separately and índependently of each other. This can

be done either in parallel or successively. Then both basic
structures wiII be joined or added. Due to various conditions,
certai-n adjustments wilt appear to be necessary' e.g. the ad-
justment of the basic tonal contours as a consequence of temporal

limitations (varying number of unstressed syllables between the

stressed ones) . It seems clear that these adjustments will be

less in German than in Swedish. There the tonaf structure is

much more complex due to the word accents. An important factor

of the mutual temporal and tonal adjustments is speech tempo.

The output contains the final prosodic form of the utterance'

A simple sketch of the model for generating the prosody of a

German utterance is shown in Figure 5. Although the model con-

tains the j-mportant components, it is just a beginning; devel-

oping the model further will require extensive work' However'

the point of departure is rather favourable. Quite obviously'

it is not necessary to start from scratch. As mentioned in the

introduction, models for time and intonation for related lan-

guages do exist. Therefore it seems to me most advantageous to

start out from suitable models developed for other languages

and to examine their usefulness for German. What is the new

approachhereristhetreatmentofthetwomaindimensionsof
prosody,timeandintonation,atthesametimeandbasically
independent of each other. In order to generate the temporal

basic structure, a model lj-ke Klatt's (1979) presents itself.

In order to generate the tonal basíc structure, the Danish model

(Thorsen 1979) and the Sv¡edish model (Bruce 19'77, Bruce 1982'

Gårding 1982, Gårding & Bruce 1981) seem convincing'

It can be expected that future v¡ork with this model will promote
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GENERATION OF
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Figure 5. The basic components of a model for prosody in
German.
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phonetic knowledge and understanding of prosody in German' It

witl not only brj-ng new insights into the nature of prosody,

and thus lead German intonation studies from the level of merely

describing auditory impressions to the level of acoustic measure-

ments. Later on, when the level of perception has been reached'

the development of speech synthesis will be pushed forward'

Of course, applied phonetícs, too, will profit by this, and

the teaching of rhythm and intonation, important for intelligi-

bility and acceptability of spoken German, will be improved'

FOOTNOTES

1. This investigation was begun at the same tj-me as Bruce (1981)

as a reaction against Lybergrs proposal of an Fo-dependent

rnodel for segment duration (Lyberg 19791 . While Bruce studied

Central Swedish, the same variety of S\"edish as Lyberg, my

work aimed at extending the issue to another language'

2. Prosody is used here in a restricted sense' ft means the

rhythm and rnelody of language, i.e. the temporal and tonal

structure of utterances. concentrating on the basic linguis-

tic components of prosody, other features' e'g' vocal quality'

are excluded for the sake of simplification'

3.Foradetaileddescriptionofthemethodofmovingfocus
within a sentence, see Bruce (19771.

4 Data concerning the sPeakers:

Abbreviation Sex Place of birth Year of birth
Läbeck 1957

Fintel (Rothenburg/ 1952
Wimme)

Bleckede (Lüneburg) ,t 195J. . ':'

Marne (Dithmarschen) 1952

R

U

M

female
female

female
male

5 The t\,ro statistical tests were run by using the SPSS-progranme

at the computer center of the christian-Albrechts-university
in Kiel.
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In this paper, f do not intend to explore any details of
the basic components of the model. Thus no further specifi_
cation of the input will be presented here. A more detail_ed
exposition of the modeL will be given in Bannert (forth_
coming 1, 2) .
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STRESS IN MODERN GREEK: AN ACOUSTIC STUDY

Antonis Botinis

INTRODUCTION

This paper reports an experímental investigation of the contri-
bution of fundamental frequency' duratj-on, and intensity to the
construction of \n¡ord stress and sentence stress in Modern Greek.

By vrord stress is meant the phonetic Prominence over a sylÌable
(of the Lype cONflict-conFlICT) to convey linguistic information'
By sentence stress is meant that part of the sentence which car-

ries the most important informationt in the terminology of gener-

ative grammar, .it is the foeus , referring to the nevt information
in contrast Lo presupposition, the information already shared by

the speaker and the listener (Jackendoff 19721 - Thus, sentence

stress is semanùica1ly rather syntactically conditioned.

The paper addresses three basic questions: (1) what is the acous-

tic manifestation of word and sentence stress in Modern Greek?

(2) Which is the most consistent acoustic parameter of word and

sentence stress? (3) Are tbe acoustic parameters equally con-

sistent across the utterance or does their contribution to the
construction of stress depend on the position of sentencè stress

in the sentence?

EXPERIMENTAL PROCEDURE

Fundamental frequency (Fo), duration, and intensity data were

recorded from two speakers who produced utterances with word

stress and sentence stress. oscillographic analyses \^¡ere made of

these recordings.

Speech materiaL

Eight meaningful Greek sentences were constructed. AII the sen-

tences were declarative, with the same syntactic structure, i.e.,

subject-verb-adverb. The words cornposi-nq the sentences \4tere pros-

odic minÍmal pairs and the position of sentence stress varied
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according to the contextual situation. The first two sentences
I¡tere pronounced neutraLlg, i.e., the speaker had no contextual
information. The remaining six test sentences were ericited as
ansriüers to questions formurated in different v¡ays, to make the
speaker choose one of tlre el_enents of the sentence as the focus
and the carrier of the information required by the questioner.
The segmental st.ructure of the sentences was composed excrusive-
ry of sonorants in order to have a continuous Fo-contour. Berow
is Èhe rist of the test sentences (capital letters indicate sen-
tence stress).

Conteætual fz'øne

1. lüone

2. lrlone

3. pja súnene móni?
(Ìitro was alone?)

4. pja su méni moni?
(Who is single?)

5. l;i súkane i nána nóni?
(What was ÍÞther doing alone?)

6. ti su ktini i naná moní?
(WhaL is Nana doing single?)

7. pos sínnene i mána?
(Ho¡¡ was n¡cther?)

8. pos su néni i narui?
(Hc,r,/ is Nana?)

Tealt sentences

i mdna mthnene móni
(l4other was alone.)
i narui mu néni moní
(Nana is single.)
I MÅNA mtinene nóni
(MctrIßR was alone. )

I NAÌ\Ã, mu méní moní
(NANJ\ is single.)
i mdna atiaqnu móni
(l,fother VßS STAYING alone.)
i naná MII MÉNf moní
(Nana IS STAYING single.)
i móna mthnene aóul
(l,lother lias AIONE.)

t naná mu máni MONí
(Nana is SINGI,E. )

The test sentences were read l-n a random ord.er, fÍve times by
each speaker. The speakers read the sentences as in everyday
speech.

Subjeets.

The nain subject is a male student,, 24 years o1d, brought up and
educated in À,thens; he speaks $rhat. is considered io be standard
Athenian. In addition the present investigator, male, 32 years old,
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was recorded. Both subjects speak about the same sociolect.

DíaLect.

The dialect investigated j-s Ì{odern Demotic Greek, a dialect
spoken in southern Greece, especially in Athens and Peloponnesos'

Erp e ximentaL e quipment.

The recordings took place in a sound-treated room at the phone-

tics laboratory, Lund University. The frequency response of the

tape recorder was ffat withir, I 2 de from 30 Hz to L4 000 Hz and

the signal to noise ratio was 63 dB. The microphone was flat

within the frequencies 35 to 17 000 Hz- The Fo-contour rttas ex-

tracted by a F-J Electronics pitch extracting device along with

a duplex oscillogram and recorded on a siemens oscillominc, with

a paper speed <¡f 100 nury'sec. Intensity was also recordcd using

a Fonema analYsis unit.

Acoustic anaLgsís.

oscilloqrams of the eight utterances were made from the tape re-

cording. From these oscillograms the first and the last repeti-

tions of the test sentences were rejected. From the remaining

three, the one which combined the best execution (in the investi-

gatorrs judgement.) and the finest oscillogram display I^/as selected

for acoustic analYsis.

Intensity \n¡as calibrated in 5 dB steps and fundamental frequency in

10 Hz steps. Both intensi-ty and fundamental frequency scales

were linear. For the segmentation of the utterances, a duplex

oscillogram and the intensÍty contour were used' Intensity was

measuredatthepeakoftheintensitycontourforeachsyllable¡
peak Fo values for the stressed syllables and Fo minima for the

unstressed ones were also measured.

RESULTS

The acoustic parameters of Fo, duration, and intensity are shown

in Figs. L, 2, 3, and 4. Figure I represents the neutral con-
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Neutral sentence. Intensity contour (upper), Fo_contour(niddle), and duration (boltom) of the sentences i ndnam.úmene móni (sol-j.d. lines) , and i nand mu méni moní(dashed lines). The thick lines represent the stressedsyllables and the thin lines the ui.rstressed syllables,subject 1 on the left and subject 2 on the riitrt.

figuration of the two sentences; the other three figures repre_
sent the acoustic manifestation of the sentences with sentence
stress located either at the first position, second position or
third (final) position, in response to the contextual situation
demanded by the question.

In Fig. I (the neutral sentence) the Fo-contour rj_ses on each
word stress although only moderately on the last stressed sylla.r,
b1e (for absolute values see Table I). The Fo_contour of the un_
stressed syrlables is either falling or revel, The stressed syr-
lables are longer than the unstressed ones; at the end of the
utterances the syrlables are longer no matter whether stressed
or unstressed. The intensiÈy contours have about the same con_
figuration as the Fo-contours, wi-th the addition of smarl peaks
on the unstressed syllables.
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In Fig. 2 (focus on the first poistion) , the Fo-contour rises on

the firsè stressed syltable (carrying the focus of the sentence)

and then falls and flattens towards the end of the utterance.

Duration preserves the same relations among the stressed and un-

stressedsyllablesasintheneutralsentences.Theintensityis
highest on the focus syllable, fearly high peaks on the other

word stresses right to the end of the utterances, in contrast to

the Fo-contour whi-ch remains low after tbe focus '

Focus 1 position. Intensity contour (upper), Fo-contgur
(niddle), and duration (bottom) of tþe sentences I MANA

^i^n"n m'óni ßaL]-.d lines), and f NAIIA mu méni monl
iá"tn"¿ lines). The thick lines represent the stressed
syif"¡fes and the thin lines the unstressed syllables '
ðåpi.t"f letters i-nd.icate focus, subject 1 on the left
and subject 2 on the right-
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.l on the leftand subject 2 on the right.

rn Fig. 3 (focus on the second position), the Fo-contour rises
on each stressed sylrable unt.ir the focus syrrable and then farrs
and frattens to the end of the utterances. Duration preserves the
same structure as the neutral and the first-focus position sen-
tences, The word stresses have higher intensity peaks than the
unstressed syllables and preseve the same relationship to the
end of the utterances, though the peak levels are lower after
focus- The intensity contour is highest on the focus syrlabres.
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The overall structure of Fig. 4 (focus on the Lhird position)

is quite similar to that of Fig. 1 (the neutral seàtence) . The

stressed syllabl_es are rnarked for Fo, duration, and intensity

relative the unstressed ones-

All eight investigated declarative sentences have shown some

degree of declination, both for Fo and intensity, which is more

evident after focus-

Focus 3 (final) Position. Intensity contour (upper) '
Fo-contour (middle), and {uration (bottom) of the
.ã"iå"."" i'.mdna múmene M7NI lsolj..ð' lines) , and i nand
nu néni MONí (das]ned lines). The thick lines represent -
the stressed syllables and the thin lines the unstressed

"yff.lf"". 
Capital letters indicate focus, subject 1

o-n the left and subject 2 on the right'
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The acoustic parameters Fo, duratj_on, andof the sentences i ndna múmene nóní anð, imon¿. Th¡e neutral sentences as v/e1l as thepositions for both subjects are shov/n.
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DISCUSSION

Before interpreting the results given in Table l, the main points

will be recapitulated. First, word stress is realized differently

before and after focus- Before focus, as \¡tell as in the neutral

statements, all the three parameters contribute to a stressed

syllable; after focus only duration and intensity are present in

v/ord stress. Second, sentence stress is realized as a relative

increase of Fo and intensity in comparison with an unfocused

word stress in the same position of the sentence; the structure

of the words bearing sentence stress is the same as those with-

out focus as far as duration is concerned. Lastly, the effect

of downdrift, the tendency of human languages to decline in pitch

fromthebeginningtotheendofanutterance(BreckenridgeI9TT'
Brîuce and Gårding 1978, Collier L972, Thorsen L978) ' is quite

apparent in the maiority of the utterances analysed'

It is convenient to discuss sentence stress first. f|hle word nána

infocalposition(Fig.2)willbecomparedwiththesameword
without focus (Fig. 3 and 4) in order to isolate the senténce

stress component. It is easy to be led astray by the absolute

acoustic values (Table I). For instance, in sentence (a), sub-

ject l, e¿hen the wotd mána is in focus' Fo rj-ses to 160 Hz on

thestressedsyllable.WhenmânaísnotfocusedrForisesto
180andl-75H2(theneutral-sentencenotconsidered)'Ifthe
stressed syllable is instead compared with the unstressed one,

the Fo difference Í.or mána i¡r focus is four¡d to be 48 Hz v¡tereas tlrc dif-

ferences for the unfocused má.na are 30 and 40 Hz. The other acous-

tic parameteïs can be examined in the same way. Differences in

duration are found to be almost constant, no matter whether the

vrord is in focus or not, while intensity is 11 dB higher for

the stressed syIlable in focus position, 4 and 5 dB higher in

non-foca1 position. Thus, rising Fo and higher intensity are

acoustic elements characterizing sentence stress for subject 1.

The same holds true for subject 2. Duration does not seem to

contribute to the acoustic structure of sentence stress.
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When the word, mâ.na is compared with naná in pre_focal position,
we see that the stressed syllables have noticeabry higher values
than the unstressed syrlables, for all three acoustic parameters,
for both subjects. Fo is arways reaÌi-zed as a rise to denote word
stress in Modern Greek (BotÍnis 1979). Hyman (j977) has observed
that in other languages word stress can be reafized both as
rising and fal]ing Fo. This has been reported for swedish as
welf (Gårding et al. 1970, Hadding-Kock f96f). Thus, Fo, dura_
tion, and intensity are present on the word stress in pre_focal
and focal position.

The acoustic pattern of the post_focus stressed syllables is
ñrri {-ô 

^i 
f €^-^-+ G-^* !L - ,yu¡uç uirrËiuriL ii.om ihe sLructure of ihe pre_tocus stressed

syllables. The most striking difference is that variations of
Fo are reduced to a minimum, about 10 Hz. Bruce (1977) and
orshaughnessy (1979) have reported similar data for sb/edish and
English respectively. Although these smal.l variations are above
the percept'al threshor,d (Lehiste rgio), it seems highry ques-
tionable whether they contribute to the perception of a post_
focaf word stress distinction.

Durati-on and intensity run parallel to each other in post-focus
stressed syllables, both increase in the majority of the utter-
ances. Durationar differences are only at a mi-nimum in one sen-
tence (focus in second position) by subject 2, see Fig. 3. Ä,1_
thouqh the durationaf difference in this case is fo msec. (above
the perceptual threshold, Lehiste 1970), and although there is
a 10 Hz Fo difference, the dominant acoustic factor in this posi_
tion seems to be refative intensity. The final syllable _n.¿j
(of both nôni and moní, r.e., both stressed and unstressed) has
lower intensity than no-. This may be due to the general differ_
ence in int¡insic intensity between /i/ and /o/ ana to the contrijcuti-on
of the final juncture. But the intensity difference is much
larger in nóni (12 dB) than in noní (5 da) . rhis is probabty the
decisive factor for the perception of this stressed syllable.
Thi-s modern Greek data suggests that it woufd be too simple to
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set a hierarchy of acoustic cues to describe stress (Fry 1955,

1958). Rather' it is my opinion that the different acoustic para-

meters contribute in different \^/ays across the syntagm. The dif-
ferent cc¡¡rbinations to denote the same phonetic concept, stress,
sho\^¡ that they can be independent of each other; moreover, there
seem to be no solid grounds to support a view of a one-to-one
mapping between phonetic features and the acoustic signal (Bail1y

and Sì.¡mnerfielil 1980 ) .

CONCLUSIONS

Finally, I shafl try to answer the questions posed at the be-
ginning. It is itifficult to generalise as Lhe present study has

been lj-mited to a small number of speakers and utterancesl-

Firstly, while all three acoustic parameters (Fo' duration and

intensity) contribute to the stÌucture of htord stress, only clura-

tion and intensity are present after focus; on the other hand,

relative intensity and Fo both contribute to the sentence stress.
Secondly, of the three acoustic parameters examined, relative
lnterìsit)r diffe::ences are always pl3sent for both r.¡ord ar¡d sentence stïess.
Last1y, the three acoustic parameters do not make a constant con-

tribution across the syntagm but tL¡eir relative contribution de-
pends on the position of sentence stress.

l. r am planning both perceptual and physiological experiments
related to the relative importance of the physiological and

acoustic parameters for the perception of stress -
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STRESS IN MODERN GREEK: A PHYSIOLOGICAL STUDY

Antonis Botinis

INTRODUCTION

This study deals with variations in subglottal pressure associ-
ated \,rith r,¡ord and sentence stress in modern Greek. We have

shown previously (Botinis 19821 ' that the acoustic parameters

of fundamental frequency (Eo), duration, and intensity contrib-
ute in different ways to the manifestation of \'¡ord and sentence

stress in Greek. All three of these acoust.ic parameters contrib-
ute to word stress, but only duration and intensity after focus'
On the other hand, relative Fo and intensity both contribute to

sentence strëss.

This paper raises the following questions: (1) Which of the a-

coustic parameters co-vary with subglottal pressure (Ps)? Do va-
riations in Ps mostly influence one or more of the acoustic 2ar-
ameters?

An indirect method for estimating Ps from records of oral pressure

.(Po) has been applied (Holmberg 1980t Smitheran and Hixon 1981) '
Its validity has been shown empirically (Löfqvist' Carlborg and

Kitzing 1g92l. This method exploits the fact that during the
production of voiceless stops, Po and Ps are identical' By con-

structing a suitable linguistic material where voiceless stop
consonants and vowels alternative, it is possible to obtain in-

direct measurements of Ps. This is done by linearly interpolating

the Po records of the stop consonants and thus estimating the

Ps associated with the intervening vowels.

EXPERIMENTAL PROCEDURE

Speech materiaL

Eight meaningful Greek sentences \"rere constructed. All the sen-

tences were declarative r^rith the same syntactic structure, i.e.,

vp-Np-AP. The v¡ords to be tested were minimal pairs \^¡ith stress
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on either the first or second sy1lable (pdpa ,'pope,, papd ,,priest,,)
The words were placed in the carrier sentence yt,dpse -,, pddti
"writ.e ... everywhere". The method of having minimal pairs onJ_y
in middle position was adopted for both accuracy and simpl-ici_ty.
By shiftÍ-ng sentence stress betvreen init.ial, medial, and final
posj.tions, the minimal pairs could be examined in post_focal,
focal, and pre-focar position. The fi.rst tvro sentences vrere
pronounced neutraLLy. i.e., the speaker had no contextuaf in-
formation. The remaining six sentences were elicited as answers
to questions formulated in different r^rays t.o make the speaker
choose one of the elements of the sentence as the focus and car_
rier of the information required by the question. The test sen_
tences are given in the foll0wing table (capitar letters indicate
sentence stress).

Contettual fz,øne Test sentences

ytdpse ptípa padú
(Vtrite "pope" eveqrùrere. )

yrripse paptí padú
(Write "priest,' eveÐ¡,vt¡ere. )

\RÃ.PSE pdpa padú
(WRIÎE "pope" everlnùere.)

YRÁPSE papti pa&i
(WRIIE "priest,' eve4uhere.)

1. None

2. I{one

ytripse eiíPA paùi
(l{rite "pOpE" everlnnrtrere. )

yz,tÍpse PAPA padti
(Write "PRIEST', everlnn¡trere. )

"¡t<ípse pápa PADIj
(I¡¡rite "Þope" EVmYViHERE. )

yt<ipse papti PADú
(lrlrite "priest" EVERYWITERE.)

The test sent.ences were read in random order, five times by
3 speakers - The speakers produced the sentences at a normal
tempo and loudness.

3. ti na káno ton pdpa pa&i?
(What shall I do w.ith pope everlnuhere?)

4. ti na kdno ton papd pa&i?
(What shall I ilo with priest everlnartrere?)

5. ti na yrripso padú?
(!,lhat shall I !,¡rite ever¡nrrtrere?)

6. ti na ywÍpso pa&i?
(What sha1l I write everlmirere?)

7. pu na yr<ipso pápa?
(I'ûhere sha11 I write ,'pope,'")

8. pu na yz,típso pagi?
(Wlrere sha1l T r¡rrite ,'pri_est"?)
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Subjecl;s

The main subjects are two males, 26 years old, brought up and

educated in Athens; they speak what is considered to be standard

Athenian. In addition, the present investigator, male, 32 years

old, was recorded. None of the speakers has any history of speech,

hearing, neurological, or respiratory disorders. All three speakers

have Greek as their native language and speak about the same

sociolect. The dialect investigaLed is Modern Demotic Greek, a

dialect spoken in southern Greece, especially in Attrens and

Peloponnesos.

Re coz,ding s

The recordings took place in a sound-treaLed roorn at the pho-

netics laboratory, Lund University. OraI pressure was sampled

through a plastic tube, 1 0 cm long and r¡ith an inner diameter

of 2 mm. The tube was held between the lips and the open end of

the tube was positioned just behind the upper teeth' The tube

was coupled to a differential pressure transducer. After suit-

able amplification, the pressure siqnal was recorded on one

channel of a multichannel instrumentation tape recorder. During

the experimentr the pressure signal was also monitored on an

oscilloscope in order to detect clogging of the tube' static ca1-

ibration on the recording system was performed before and after

the recording session using a water manometer'

Conventional acoustic recordings were made símultaneously' The

voice signal was recorded in direct mode on the tape recorder.

Recoz.d anaLysís

oscillograms of the eight utterances by alÌ three speakers \"tere

made from the tape recording. From these oscillograms the first

andthelastofthefiverepetitionswererejected.Fortheseg-
mentation of the utterances, a duplex oscillogram and the Po-

contour were used. Po \"ras measured in cm H2o on a linear scale'
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RESULTS

The pressure variations of the minimal paLrs pdpa and, papd in
their carrier sentences. in neutral configuratiorrr âFê shown inFig. 1; the acoustic parameters of duration, Fo, and intensity
are shor¿n as we1l. The utterances are produced by subject 1.
In the first utterance, \"¡hen stress is on the first syltable,
the Ps rises t.o a high leve1 at the very beginning of the syl_
Iable, i.e., during /p/ and t.hen falls gradually at the beginning
of the next syltable. rn thê seeond, utterance, stress is on the
second syltable and the ps does not change but remains level
during t.he vowel. ln both sentences, t.he stressed syllables are
longer than the unstressed ones and the ps declines from the
beginning to the end/ of the utterances.

I
" .-;1,.

..t
i'^''"

!ì

3-\ "' 
,\

P"l-o'
:l-a1'tt

40 Db

cmH 20

i.tiirt, tttL il

Figure 1 Record analysís of the utterances yrdpse pápa padti,left,_ and yrdpse papd padú, right. Thä curves representfrom top to bottom, _intensity, fundamentaf trequåncyl---oral pressure, and duplex osóillogram. The intãrpoiåi"abroken line between tñe pressures associated witir thevoiceless stops is an estimati-on of subglottal piessureduring the vo\^¡els.
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Figure 2. oral pressure and duration of the minimal pairs pdpa

and pàpá in post-foca1, foca1, and pre-focal position
tor Lutject i, subject 2, and subject 3' The repetitions
are rePresented by-solid lines, dashed Iines' and dots'
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ln Fig. 2 the oral pressure curves of the three repetitions of
the minj-mal pairs in post-focal, focaI, and pre_focaf position,
for all three subjects i-s shor^rni 1et us consider the first speak-
er. When the minimal pairs occur in post_focal position, they
have the same structure as j-n the neutral utterances, i.e., about
2.5 cm H2O hj-gher ps on the unstressed syllable in /pápa,/. In
the word /pap'a/, both the stressed and the unstressed syllables
have about the same ps. The minimal pairs in focal position ex_
hibit hiqher Ps on the stressed syl1ables, about 1.5 cm H2O, in
comparison with the minimal pairs in non_foca1 position. The
minimal- pairs in pre-focar position show the same kind of ps
varj-ation as when in post-focal position. We could g,eneralize
our results by saying that on the one side we have the stressed
syllables utilizing ps against the unstressed sy11ab1es, on the
other side we have the focused words utilizing ps even more
against the unfocused words. The same holds true for ar1 three
speakers; although the way and the degree they utilize ps may
vary, the structure of the ps variations across the sÞeakers is
basically the same.

DÏSCUSSTON

The analysed {ata of modern Greek show that every stressed syl_
labfe is associated with increase in ps and that there is a
declination of ps from the beginning to the end of the utterances.
These results agree with Ladefoged's (19671 earlier findings of
an increased activity of the respiratory muscles on stressed syr-
lables, whether emphatÍcatly stressed or not. Hor¡¡ever, van Katwijk
(1974') and Ohala (1977) report increased expiratory activity only
on emphatically, and not on normally stressed syllables.
rf we combine the resur-ts reported in Botinis (1gg2l with the
results obtained in this study, v/e see that every stressed syl_
lable has higher relative intensity associated with higher ps
(Ladefoged et aI. 1963; Isshiki, 1964).
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The pre-focal stressed syllables have higher Fo, longer duration'
and higher intensity; at thís position it is difficult to examine

the influence of the Ps on the acoustic parameters- If \^7e con-
sider the post-focal stressed syllables, we see that the higher
Ps has an effect only on intensity, whereas Fo remains low and

flat. This has important theoretical implications. First, it
implies that the human speech mechanism does not produce a quasi-
constant Ps, but a varied one. Èhat can produce linguistic effects.
Second, variations on Ps do not necessarily cause an effect on Fo.

studies reviewed in ohala (1978) arque that Fo is exclusively
regulated by the laryngeal muscles. Moreover, correlations found

bet!,reen Fo and intensity (which j.s causally correlated with Ps)

sho\.r that they both are influenced by the larynx. Thus, according
to Ohala, not only are observed Fo variations independent of Ps

variations but, to some extent, Ps variations are caused by

laryngeal activity.

The Greek data agree with Ohala's first point; the laryngeal
*,r"ó1"" are alone responsible for the Fo-contour- In post-focal
position, the Ps for a stressed syllable is highert if the vocal
cords maintained a constant level of tension, the Fo-contour

should automatically rise higher. But this is not the case'

The structure of the language requires that the Fo-contour be

flat in post-focal position. Thus, the laryngeal muscles will
have to keep Fo flat, although Ps variations could cause an

effect on Fo. We disagree with Ohala's second point in the same

post-focal positj.on. Here, there is no laryngeal activiÈy that
could raise the Ps. Moreover, it is clear at this point that the

Greek speakers do not produce a constant Ps but a varied one.

Since focal elements are so cornmon in speech, one can hardly
expect good correlations bet!"een Ps and Fo (Collier 19751.

Lieberman (19671 raised the question whethêr the observed Fo

variations htere accomplished by the activity of the laryngeal
muscles or the respiratory system. Lieberman had records only
on Ps and assumed that the laryngeal muscles maintained a con-
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st.ant level of tension. This was thought to be the case in de_
clarative sentences. fn yes-no questions, where there is a ter_
minal rise in Fo u/ithout any variation in ps, Lieberman assuned
the laryngeal muscles to operate.
The hypothesis "ps causes Fo" does not agree with the Greek data
reported here. fn post-focal position, where stress is associated
with Ps variations, flat Fo is the rure, arthough minor Fo vari-
ations, up to l0 Hz, may occasionally be found. Atkinson (197g)
argues that different physiological mechanisms may be invorved
at different Fo tevefs. fn particurar, in declarative sentences
and for low Fo (80-100 Hzl, Eo is mostly governed by ps. However,
in the anaJ-ysed creek utterances where Fo is between B0-i00 Hz
at post-focal posit,ion, ps still does not have the expected ef_
fect on Fo, i.e., 3-7 Hz/cm HrO (Baer 1979). Answering the ques_
tion whether it is the larynx or lungs that controls Fo (pitch) ,
the answer is the Lar.ynæ (Vanderslice 1967, Ohala 1g771.

of course vari-ations in ps can j-nfluence Fo, other things being
equa1, but Fo must take the configuration requj_red by the struc_
ture of a particufar J_anguage. In the case of Greek, Fo serves
one purpose (language structure) and ps another (stress distinc_
tion). Tt is possible that a stressed syltable may gather all
the acoustic and physiologJ-cal parameters, but it is far from
true that eÐerA stressed sy1lab1e is associated with an Fo (pitch)
change (Hyman 19771.

In Greek, there are t\,¡o facts that suggest that the acoustic
parameters are independent of each other and not produced by
the same mechanj_sm. First, hightened ps in post_focal position
does not produce any effect on the Fo-contour. Second, at post_
focal position, intensity is combined r^/ith duration to give the
impression of word stress, whereas for sentence stress intensity
is combined with Fo.

rn swedish' the Fo variations are distinctive for both word and
sentence stress, thouqh the Fo spans a smaller range after focus
(Bruce 197'71 . In a general study of the Scandinavj-an languages
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{Gårding 19771 ' it was shown how the Fo manifestations are dif-

ferent for the "same" tonal phenomena. Even for the swedish dia-

lects the Fo-contour may exhibit a great variability depending

on the dialect.

A recent comparison of the intonationaÌ patterns of Swedish,

creek, and French (Gårding et al. 19821, demonstrated how the

three languages utilize Fo in different ways for the "same" lin-
guistic ent1ties, i.e., word stressr sentence stress' etc'

The above findings suggest that there must be a great variability
in the ways speakers produce the same linguistic effect either

in one language or across lanquages. This is a strong evidence

against any correspondence bet\^Ieen phonetic features' articulation'

and the acoustic signal.

CONCLUSIONS

At the end of this study we have been able to give direct answers

to questions that may be difficult to answer. This has been done

by constructing a suitable linguistic material which isolated the

complex components of the acoustic parameters in speech'

The first question, which of the acoustic parametefs co-var1z wittt

Ps, the answer is intensity, occasionally Fo' dependinq on the

structure of the sentence. The second guestion, do variations in
ps mostly influence one or more of the acoustic Parameters' the
ansl¡rer is mostly intensity.

In this paper it has been shown how a language, and in principle

any language, uses dlfferent acoustic elements to convey the same

idea. A substantial question should be proper now: To what extent

do speakers of dl-fferent languages use different physiological
mechanisms to produce the same acoustic effect? In other r+ords

hobr much is universal and how much is specific in the production

of human speech across languages?
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DEVELOPTNG THE SVIEDISH INTONATION MODEL

Gôsta Bruce

ABSTRACT

A series of experiments were conducted to test an earlier model
for sv¡edish intonation where local specifications for accentu-
ation r^¡ere inserted in a global baseline-topline structure'
The course of the Fo downdrift is found to be stepwise at tþe..
accents rather than gradual over thé--uttéránóe. The speaker sig-
nàtÈ uiterance length by raj-sing the Fo peak and the Fo values
of succeeding accents in proportion to the number of upcoming
accents, rather than by varying the slope inversely with ut-
terance length. The ínvolvement of the speaker is expressed as
an increase in the overall Fo range with a preservation of the
Fo relations between the accents within the utterance' The Fo
bottom of Che speaker's rangfe appears to be fixed, while the
Fo maximum is variabfe. These findings l-ndlcate that a more
adequate account of the relationship betr^teen accentuation and
intónaÈion should give a more explicit role to their interaction
than is achieved by merely adding accentuation to intonation.
It is suggested thát Lhe overall Fo course of an utterance is
essentiaiiy formed by tþe relations between successive, Iocal-
exõürêions for accentuation.

O INTRODUCTION

In a model for Swedish intonation (Bruce & Gårding 1978,

Gårding & Bruce 1981) $¡e have shown how a phonetic represen'-
tation of an utterance in terms of an Fo contour can be genera-

ted from a phonological represent-.ation using only a few lin-
grristically relevant parameters.

The aim of the present study is to examine some of the predic-
tions and implicat.ions of the intonation mode1, and also t-o

try to extend the predictive power of the model to new kinds
of linguístic variation. T will concentrate on the problem of
the interaction of accentuation and intonation proper' and in
particular how accents are assigned Fo values in different con-
texts. This will lead us into questions of speech planníng and

ultimately into a discussion of the consequences for the into-
nation model itself.
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The first section of the paper gives a brief review of the in-
tonation model for Swedish. Then a series of experirnents, de_
signed to test t.he moder, is rêported and discussed. The first
of these experiments examines the nature of the Fo downdrift
that charact.erizes a declarat.ive type of intonatj_on. The next
two experiments are devoted to the effect of utterance length
on Fo. Utterance length is varied by a syntactic expansion ei.ther
only to the right (experiment two), or both to the right and to
the left (experiment th:ree). In experiment four the attitude of
the speaker - two degrees of involvement - is also varied. rn ex-
periment five, finaIly, the effect of introducing a clause bound_
ary in a sentence is examined. rn the final section problems of Fo
scaling are discussed and the results of the experiments are
interpreted in terms of a revised model for swedish intonation.

1 BRIEF REVIEI^I OF THE. INTONATTON MODEL

The point of departure for the present study is the Lund model
for Swedish j-ntonation. The model was developed to account for
the intonation of different Swedish dialects, but it can be
used to study the intonation of other languages as well.
Recently it has been applied t.o contrastive intonation studies
and studies of prosodic interference between a primary and a
secondary language (cårding 19821 .

In the present paper I will concentrate on Standard Swedish,
which is the dialect spoken in e.g. Stockholm. Figure 1 illu-
strates the model for this variety of Swedish.

The input to the model is a phrase or a sentence represented.
as a string of segments and theLr relative durations. To this
representation is attached a prosodic transcription with in-
formation abouL stress locatíon and word accent (accent 1 or
accent 2), placernent of sentence accent and sentence type (state-
ment or question). An example of tvro input phrases - a minimal
pair - is given in orthographic form in Figure 1.
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Swedish intonation mode1. Application of pitch rules
for Standard Swedish (after Bruce & Gårding 19781 .

Fo

Figure 1
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The basic assumption underJ-ying the modef is that intonation
proper can be separated from accentuatíon and that accentuati_on
can be divided into a word accentuation part and a phrase or sen-
tence accentuation part.

In model terms this is expressed in the following way. The

first step is to generate sentence intonat-ion, which takes the
form of a baseline - topline structure consisting of four ref-
erence l-ines to give the frame for accentuation. The word accents
are represented as combinations of high and low points with a
dif ferent timing for the t\^7o \"¡ord accents (A1 /A2l as the dis-
tinctive feature. The highs and fows of the word. accents are
inserted on the interior topline and basefine respectively.
Sentence accent (SA) is represented as a high following the
high-Iow of the word accent in focus. It 1s j-nserted on the
exterior topline. The exterior baseline is not relevant for
this día]ect.

For a declarative intonation type as illustrated in Figure 1

the interior lines fall and converge, while the exterior lines
remain more or less leve1, This global fall or downdrift gives
successj-vely loq/er Fo values to the word accent hj_ghs and lows,
while the Fo value of the sentence accent high is independent
of the position in the utterance.

For question intonation (Gårding 19791, the downdrift is largrely
suspended, and the exterior, focal topline is lifted, consequentfy
widening the total Fo range.

The final operation is to connect neighbouring points to form
the output Fo contour in which the highs and lows of the accents
become turning points. A simple truncation of the Fo contour
has been applied to voicefess consonants, while other known
segmental effects on the Fo contour have been ignored here.
This concatenation procedure also involves adjustments due to
time restrictions on the execution of tonal conmand.s (see Bruce
1977, cl:,apLer 5) such as anticipatÌon and undershooting of highs
and 1ows, which have been excluded from Fiqure 1.
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Various simj-lar representations of the relationship between in-
tonation proper and accentuation, where the accents are prin-
cipally superposed as local humps on the global, successive
downdrift of intonation, have been suggested by a number of
authors (see e-g. Thorsen 1978 for an overview). This approach

has been termed the "Iayered" theory of intonation' as the Fo

contour is assumed to be built up by superposition of layers
(Pierrehumbert 1980, P. 208).

In this paper the terms 'sentence accent' and 'phrase accent'
witl be used synonymously. we have used 'sentence accenL' in
the model reviewed here, which was based on test material con-

sisting of relatively short sentences with only one occurrence
of this kind of accent per sentence. rn an extended material
with longer sentences, where a division into prosodic phrases

seems to play an important role, t$¡o or more instances of this
kind of accent occur \^Iith one sucb accent per phrase. Replacing
the term rsentence accent' v¡iLh 'phrase accentr in later sec-
tions of the paper should be seen in this light.

2 EXPERÌIITENT ONE: THE NATURE OF FO DOWNDRTFT

The first experiment was designed to examine some of the pre-
dictions and implications of the model concernlng the nature

of the Fo downdrift in a declarative intonation type.

In particular, the fotlowing prediction and some of its impli-
cations r^rere tested: the Fo downdrift has a gradually decreasing

course. It follows from thj-s prediction that the Fo value of
the first accent of an utterance is lower, if it is preceded

by unaccented syl1ables than if it is not, and also that Fo
'L/

'gradually falls on "1T9"lt-1_1 
syllables bethreen tlto acce,nts

It also implies tfråt tf¡e very bottom level of Fo is not reached

until the last syllable of the utterance.

',rû 
I I
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A further j-mplication is that the downdrift before and after
focus wj-Ìl have the same course, i.e. placement of focus has
no effect on the course of the Fo downdri-ft..The model also
q19d-icts that word accents are executed as rise-falls both-be-

-!9t" ald af-t:_l focr¿s. As the starting points and end points of
the interj-or topli-ne and baseline are taken to be constant for
a given intonation, the slopes of these lines vary inversely
r¡ith utterance length. According to the model thi_s means that
Fo will fall more abruptly in a shorter utterance compared to
a longer one.

In the material that was designed to test these predictions the
following parameters are systematicatly varied: number of stress
groups (2, 41, placement of focus, and the number of unstressed
sy1lables before lO,2l, betv¡een (1, 3) and after (1, 3) the
stresses. A stress group contains a stressed syllable and a1l
succeeding unstressed syllables (if any) within an utterance.
TettÍ. n¡a.telui-a,(. - zxpeníment one:

-Ungen'nal,tntt
The l¿fü ,Os aÍ.ea.LLng
'Mwnman -Lönnøt honom / (Ja"l -ma¡nmonna" hann -kjnna honon
The motl'ten I-eavp.t lvún / IU\QLL) fhø nofhe¡.t na.yLa.gQ.d to X-¿avø hjm
I,la"n hann'Litnna honom'Lu+gøn / lJal man hann'Lönna n,å¡a'na,LX-a,t
0nø nana.gød io x-eavø h,ín r.lnø hin / fuexxt one nana.ged Í.o Leøvø tømø te.ddq bl,a,ä
- Manman' X.¿funyra,n' ungen' na.[,X,an
Thø moÍlten X,enve.,s thø tz,Ld tøddq beuu
(Jal 'manmctttna" hnnn 'X.itnna vånnn 'ungø nålø -na.(lan
(ttlel-[.) fhø mothetø na.na"gzd Lo Leavø õun l¿id 

^omø 
teddu bøaLr

The phonetic composition of the material is designed to rninimi.ze
segmental effects on the Fo contour. Differences in intrinsic
Fo of vowels and obstruent consonants have been avoided. Each
stressed syllable carries accent 2. My own earlier investi-
gations (Bruce 1977) have shown that the phonetic difference
between accent 1 and accent 2 is basically one of Fo timinq.



57

Restricting the present study to only one accent is therefore
justifíed, as the word accent distinction is not relevant here

and the iesults for one accent can be extrapolated to the other

accent.

The test material contains meaningful Swedish sentences' Each

sentence has the form of an ariswer to a question. various focus

assignments in the ansqter (response sentence) are elicited by

changing the question (context sentence). A neutral version of

the answer r¡/as not íncluded in this experirnent, as earlier in-

vestigatj"ons (Bruce 1977, secLíon 3.3) have shown it is similar

to the final focus version.

Tr,ì¡o .informants representing the Stockholm dialect were used' -
A male informant (TB) recorded the wlrole material seven times'

A female informant (UN) recorded a subset of the material ten

times - the sentence with four stress groups and three unstressed

syllables between the stresses plus sentences with two stress

groupsofaslightlydifferentcomPosition.Datafromthemain
informant (EH) from my thesis (Bruce 19771 - female, Stockholm

dialect - has been used for comparison.

The recordings were processed by hardware pj"tch and intensity

meters. Fo measurements were made by hand'

Figures2and3-withoneandthreeunstressedsyllablesre-
spectively between the stressed syllables - show repeated Fo

contours for the male informant- Table I gives the mean walues

and standard deviations of successive Fo maxima and Fo minima of

of the test sentences for both the male and the female lnformant'

For a comparison with the corresponding Fo values from the main

informant in my thesis see (Bruce 1977: chapts' 4,51'
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Figure 2 The nature of Fo downilrift. The effect of placement
of focus in a sentence containing four str-ess groupswith one unstressed syllable bet\reen the streséedsyllables. Repeated Fo contours by a male informant(TB). The arro\¡rs indicate the strãss group boundaries.The line-up point is at the third strèss group boundary.
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tisl. rh" .r.õt= indicate the stress qroup boundaries'
The line-up point is at the third stress group boundary
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2. 1 Results of experiment one

The main results of experiment one for informant rB are sununa-
rized be10w. The forl0wing findings agree e/ith the predictions
of the model:

The starting points and end points appear to be constant and
independent of utterance length. When an utterance starts
with an accented syllable, the Fo onset is naturally higher,
though, than when the init.iar sylrable is unaccented. There
is a tendency for the end point value to be slightly higher
in utterances with final focus, which is ascribed to under_
shoot j.ng.

2' The Fo values of succesive maxima and minima are simirar i-n
the thro versions of the four stress group utterance.

3. Focal Fo maxima have the same frequency in alI posÍÈions
exce,pt the final one. Here it is lower, hovrever, even if'wê iake into consideration the possibirity of undershooting
in thi-s position. when three instead of two syrrables foLlow
the accented syllable the focal maximum of the final po_

'siti-on i.s raised but it is still 10wer.than non-final. focal
maxima.

4. The very bottom Fo l_evel appears to be reached only on the
last syllable of an utterance. So the only true Fo doqrndrift
in this material is found after trre rast accent, when sever-
a1 unaccented syllables follow.

The following findings v/ere not pred.j.cted.by the model.:

5. The dov¡ndrift appears to have a stepv/ise rather than con_
tinuous course. The stepwise declina tion of Fo becomes more
evident when there are unaccented syllables between the
accents as in Figure 3, but it is 1ess apparent from Figure
2 where the accents are close together.

I

I
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6. The actual course of the Fo downdrj-ft appears to be dependent
on factors such as the locatíon of phrase accent (focus) and

of the word accents.

7. The pivot of the declination J.s the focus of an utterance
Before focus the declination is absen t or gentlei after focus
Fo decreases more rapidly. More specifically, when focus is
non-final, pre-focal declination is practically absent. But
when focus is fínal, there is a gentle declination. In con-
trast to the prediction of the modeÌ, the Fo values of pre-
focal maxima and mi-nima do not decrease faster in a t\,/o stress
group utterance as compared to a four stress group utterance.

The step down occurs j-n connection with the word accents - In
unaccented syllables bet\deen t\,/o accents there is no downward

slope but instead an Fo plate_3}-: Thís is true for both base-
fine and topline.

The Fo values of the first accent of an utterance appear to
be the same regardless of its position in relation to the
onset of the utterance. When ted syl1ab1es p.rgceq€,

there is no Fo downdrift up to the first accent.

10. The Fo range of the rise of a post focal accent is narrower

than that of a pre-focal accent. So there is a tendency

J9_¡ the word accents before focus to be executed as rise-
falts and after focus as simple falls. Accent maxima im-

mediately preceding a phrase accel_t (focal) maximum

to have higher values than other pre-foca1 maxima.

The prosodic behaviour of the second informant (UN) is very
similar as far as the material is comparable. Points 1, 3-6,
8 and 9 are supported, while point 10 is partly supported
the tendency for post-focal accents to be simpfe falls is not
typical of this informant. Point 7 is not fu1ly comparable

owing to her accentuation. lrlhen focus is non-initial' she mani-

fests t\^ro phrase accents - one for the first stress group and

one for the focus, except in one of the sentences containing
two stress groups.

(

I

{
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Tak¡le I

(a) Speaker Ts

initial
focus
final
focus

initi-al i
focus s

2nd ;
focus s

Jrct x
focus s
t.Lnal x
focus s

'ungen 'nallar

The nature of Fo downdrift. Mean Fo and standard de-viations (Hz) of successive minima and maxima of the testmaterial recorded in experiment one: (a) male infor-
mant TB, (b) female informant UN. The focal (phrase
accenL) maximum of each utterance is in italiès.

min max min max min max min
n=7

max min max min

135 104
3,0 4 ,0
134 104
2,4 2,O

'lämnar honom

inirial 1 lzg 103,165focus s 2,9 2,7 5, B

final ? lza 105 131focus s 611 3,0 2,4
man hann -Iämna honom -ungen

inirial i lll 136 105 169focus s 3,8 3,5 2,9 5, 3

fina] I I oz 128 1 03 126focus s 3r7 5r5 j,9 4,0
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n = 10

max min max min
(b) Speaker UN

min max min max mi.n max mín
ja -rnammorma hann lämna honom

initial x 1 89 224 169 297 1 47
focus s 5,2 1013 6,3 14,6 2,4

final i I ez 209 166 230 164 2î5 1 58
focus s 4r3 6,8 2,2 16r8 6,0 8,3 5,6

ja man hann '1ämna nåra -naI1ar

inirial i I Sl 215 170 294 146
focus s 6,2 12,7 5,5 18'6 3,7
finat i las 202 163 189 153 256 16'7
focus s 4,9 10r3 5r'l 7,4 5,7 13,9 7,6

ja 'mammorna hann 'lämna våran 'unge nåra 'nallar
inirial 7 'tgl 236 175 314 169 1 80 1 53 169
focus s 6,9 12,9 6r0 8,4 4,6 11,8 3,5 5,8
2nð. i I e¿ 215 169 257 178 308 156 167
focus s 5,7 911 3,9 10,3 6'8 8,9 3,7 7,9
3rd i I Ag 219 170 267 177 220 171 306
focus s 5,2 7 ,8 7 ,2 7 ,1 8,2 15,6 5,5 9 19

final i I ee 218 '171 269 191 205 1 68 192
focus s 5,5 6,4 5,0 7,1 5,0 8,6 2'6 6,7

143
2r6
144
2r4
144
3r2
158
6r3

2(t5
Yt I

149
8'5
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Apparently, it dependes on the composition of the sentence,
whether she manifests one or two phrase accents. This is evi-
dent from a comparison of the two sentences containing two
stress groups. ff the first stress group is an Np, which is
also the topic of the utterance, j_t is attributed a phrase
accent. If, on the other hand, the fj_rst stress group befongs
to the VP, whìch is also the comment of the utterance, it wj-ll
have no phrase accent. When focus is initial, only the first
stress group of an utterance will receive a phrase accent.
Therefore the declination before focus is not comparable to
that of the first informant. point 2 is not testable owíng to
the composition of the test mäterial recorded by the second in-
formant.

The main informant in my thesis (Bruce 19771 aLso conforms very
well with TB and UN. This is true for points 3, 5-g and 10.
Point 4 is not supported; in post-focal words in final_ positi_on,
when the accented syllable is an antepenult (or even earlier),
the bottom Fo levet may be reached before the utterance final
sy1lable. Points 1, 2 and 9 are not testable owing to the com-
position of the test materiaf.

4

BEFORE
" t)FOCUS AFTER

Downdrift in Swedish. Stylized Fo contour of a
Standard Swedish utterance.

Figure 4



65

Figure 4 is an attempt to surrunarize in a schematic form the
main features of the Fo downdrift in Swedish, as revealed by

experiment one: the pivot position of the focus' the absent or
gentle declj-nation before focus as opposed to the step!'rise de-
clination after focus coinciding with the accented syflables'
the rise-fal-l character of the accents before focus and the
tendency towards simple falls after focus.

2.2 Discussion

Downdrift in Fo is a well attested phenomenon among the lan-
guages of the world, e.g. in languages as distinct as Germanic,
West African and Japanese. A number of theories have been pro-
posed to explain downdrift, mostly as a dírect consequence of
human production constraints. The most widely held opinion un-

til recently has been to ascribe downdrift in Fo to the observed
gradual fa11 i-n subglottal pressure over an utterance (Lieber-
man 1967, Atkinson 1973' Collier 1975). But other investigations
(see references in Maeda 1976 and in Pierrehumbert 1979) show

that the fatl in subglottal pressure is hardly sufficient to
account for the whole Fo drop over an utterance.

Perceptual experiments by Pierrehumbert (19791 indicate that
listeners expect a downdrift in Fo.

Recently, however, it has been suggested that downdrift .is not
a direct consequence of human production or perception con-
straints but is learned behaviour, actively controlled and

linguistically purposeful (Oha1a 1978, Pierrehumbert 19791 - ft
is useful in the textual organization of speech- According to
this view downdrift in Fo oan be seen as a phonetically motiva-
ted and natural process that may become integrated j-n the linguí-
stic system of a language. It is therefore best regarde<1 as

only índirectly caused by production and perception constraínts '
For a similar reasoning on final tengthening see Lindblom (1978) '

Downdrift will normally be exploited in languages' if language-
specific demands do not interfere. The absence of downdrift in
a three tone language like Yoruba, for example, is a case in
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point (Hombert 1974). fL \^¡il1 counteract the possibility of
perceptual confusion of tones.

Downdriftl/as not ascribed a very significant rofe in my de-
scription of Standard Svredish (Bruce 19711. This is at least
partfy due to the fact that downdrift is not dírectly trans-
parent, as it i-s not usually distributed evenry over an utterance
The placement of phrase accent to the sentence final position
- even in a neutral version of a sentence - will tend to arrest
downdrift up to this point, and most of the Fo drop of an
utterance will be executed in the terminal Fo fal1.
The resufts of experiment one support the view that downdrift
is activefy controlled and is part of the linguistic system of
Standard Swedish. The absent or gentle declinati2 up to the
focus of an utterance and the stepwise decrination after focus
with the steps coinciding with the accented syllables are indi-
catj-ve of pl-anned behaviour. But these results suggest another
kind of planning of the overall Fo course than is predicted by
the model. Rather than a total preplanning of the global, de-
cliníng Fo course in relation to utterance length r,¡ith focal
accent humps inserted on this gradual downdrift of intonation,
it seems more likely that only certain Fo events are preplanned.

A more adequate account of the relationship between accentuation
and intonation proper should give a more explicit role to their
i-nteraction than can be obtained from a mere addition of accent-
uatj-on and intonation proper. This is al-so the view expressed
j-n trHart and Collier (1979). Recently pierrehumbert (19g0) has
presented an alternative to the ,'Iayered" theory of intonation,
which wilf be discussed in a fater section of this paper.

From a production point of view, planning only certain Fo events
- the Fo movements associated with accentuation and their re-
latj-ons - appears to be refatively simple. It j_s easier to plan
the step size of the accents if there is no Fo downdrift betv¡een
successive accents. But a stepwise declination may also be op-
timal from a perception point of vi-ew.



67

3 EXPERTMENT TWO: UTTERANCE LENGTH - EXPANSION TO THE RIGHT

Experiment t\^ro was designed to test the model further, in par-
ticular to examine in more detail the relationship between Fo
course and utterance length. The model predicts that the Fo

range of either the baseline or the topline is constant over
utterance length, while the slope varies j-nversely \^¡ith utterance
length due to the constancy of the starting points and end points
However/ the resufts of experiment one indicate that the rela-
tionship between Fo downdrift and utterance length is not of a
simple inverse type.

fn order to test this prediction the following parameters v/ere
systematically varied in the test material.
(1) Number of stress groups {from one to five) and consequently

utterance length
(2) Placement of focus, although not fully covered: neutral

'focus assignment or focus on the first or last stress group

As in experiment one a context sentence (guesL.j.on) was used to
elicit a neutral focus assignment on either the first or the
last stress group as the focus of the response sentence.

The increase in the number of stress groups from one to five in
this experiment is achieved by a syntactÍc expansion to the right
This means in each case the addition of a new phrase hTith a ne\^l

syntactic function, The longest utterance of the test material
has the following syntactic composition:

Subject NP Predicate P

Verb P Object NP Adv P Adv P

Nån av 'manmolLyLa ha"nn'Länna honom'ungoJlna mQ.d -na.L[anna bland -.Längonna

s
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This gives a test material consisting of the foJ-lowing five
sentences:

Tut ftú..tuLi.t-(, - øxpetinenf fno:

Nân av 'mannottna.
0nø o$ Í.hø motl+en¿. 

j

Nön av 'nanmottna hann'Litnna honom.
0nø od thø noi.lfte.tL, man:&gød to Leav¿ luûn.

(Oe,t va.a m¿d -naX..l,ilLytf,, b\a.nd. 'Iängonna.l
llt wa¿ wi-th thø tzddl be-alø among tle batu.l
N,1n av 'monmotnø hann ìX-tínna lrcnom -unganna.
)nz o( thø moÍ.ltens mad*gød Í.0 Lenvø luin fh¿ t¿iÅ,s.

Nân av 'no¿nnottnn hann ilitnna honom -ungalnß. ned 'na!,[-o,tna.
0nø o[ thø motlvt-s nanà,gan to Løave h;ln thø l¿Ld,s wi-th thø leddq bea.ns.

Nån av 'nammoana" llqnn tlLitnna 
honom ungalLyla med 'n*LLüLna" 6Lønd '!.il+gonna.

0nø ct( the. motlte¡'s nanàgød tct Løav¿ tuín thø þin6 wLt[L lle teddq be-oa.a onong
the batuø. 

Ì

Each utterance has an onset of two unstressed syllables and a
corresponding offset of two unstressed syllables, Utterance
no. 2 is an exception. It has an offset of three unstressed
syllables. Bet\,reen each stressed syllabIe in an utterance there
are three unstressed syllables. Each stressed syllable carries
accent 2.

The same requirements on the phonetic composition of the test
material- as in experiment one were also complied with in this
experj-ment -

The female informant UN (who had recorded a subset of the ma-

terial j-n experiment one) recorded the whole material ten times
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A subset of the material was recorded by a male informant (oE,

Uppsala dial-ect) seven times. Thís subset contained sentences
with three and five stress groups plus the sentence in parentheses
above with tvTo stress groups, all with neutral focus assignment.

Fo anafysis was carried out by the use of an autocorrelation
LPC algorithm at the phonetics laboratory in Uppsala' Fo meas-

urements being made interactively with the computer.

3.1 Results of experiment tv¡o

The main results of experiment two are summarized below.
Figures 5 and 6 show repeated Fo contours of the longest utte-
rance (5 stress groups, neutral version) for the femafe (10

repetitions) and the male informant (7 repetitions) respectively.
The Fo contours are qiven in both a Hz and a semitone scale.
Figures 7 and I show stylized basefj-nes and toplines (mean

val-ues of successive Fo minima and maxima respectively) of utte-
rances of varyíngr length (2-5 stress groups) for both informants..
Table II gives the means and standard deviations of successive
Fo minima and maxima and ranges of successive Fo rises and Fo

fall-s.

It should be pointed out that for both ínformants and in all
three versions for the .femafe informant (neutral, initial and

final focus) the first stress group is assigned a phrase accent.
In addition, the final focus and neutral versions of an utte-
rance containing at least two stress groups have a second phrase

accent on the last stress crrouD.

The startinq points and end points of an utterance appeàr

to be constant and independent of utterance length (cf.
experiment one). There is a tendencyr however, for the
shortest utterances (one or two stress groups) to have

somewhat higher Fo values of the end points (see Table II).
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Repeated Fo contours of a sentence containing five stress
gròups by a male informant (oE) with a semitone scafe
(above) and a Hz scale (below). The arrows indicate the
stress group boundaries. The lirie-up point is the onset
òf the utterance.
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2. The Fo maxLmum of the first phrase acc (in the first
stress group) for all three vensions (neutral, initial and
final focus) varies with utÈerance of stress

Fo maxi-

3

groups): the longer the utterance, the hi
mum (see Table II and Figures 7 and 8).

Up to the Fo maximum of the first phrase accent, the Fo
values are more or less constant. The single stress group
utterance is an exceptiont t,he onset is the same, but after
that poj-nt the Fo values are lower than for the longer utte-
rances. The values are comparable to those of the
stress group a1 utterance.

After the Fo maximum of the first phrase accent the Fo
values (minima as well as maxima) arle îigher fn a longer
utterance except for the final phçase accent maximum, whtch
does noÈ show any systematic va$iatlon but appears to be
relatively constant.

The step size of the flrst accent fall that follows the
first phrase accent maximum - as well as that of subsequent
ones - appears to be relatively constant (in Hz.) across
variations in utterance length. This relative constancy in
step size is indepenàent of the increase rrrith utterance
length of the Fo peak value of the first phrase accent and
the preservatign.of hlgher Fo values for succeeding accents.

For each word. -acçent after the first phrase accent maxlmufû
there is a supcessl-ve lowerlnq of the Fo values of both
maxima and ininima. The Fo declination appears to be
nential in'nature. step ze of successlve
âccent fåll-s decreases slmilarly within an utterance.
While the range of successive accent fal1s decreases grad-
ually within an utterance, the accent rLses preceding the
fa1ls tend to have a constant Fo range J-ndependently of
their position in the utterance.

5

4

6

7
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The neutral and final focus versions display similar Fo

patternst but the Fo values for the final focus version
tend to be somewhat lower initially and higher finally in

the utterance. 
"The 

first phrase accent maximum is the pivot
point,_

For the lnitial focus version the focal maximum i-s hj-gher,

and the succeeding Fo maxima and minima decrease faster to

lower (absolute) values than for the final focus and neutral I

versions. The latter difference may be related to the absence

versus presence of a phrase accent on the last stress group'

9

t.i i

These results suggest that each utterance containing at least

tv¡o stress groups is divided into two relatively independent

prosodic phrases: one consisting of the first stress group and

the other containing the rest of the utterance (1-4 stress
groups). Each phrase is assígned a phrase accent'

The division into -t!"o prosodic phrases is also apparent from a

comparison of the Fo values of the two minima surrounding the

first phrase accent maximum (cf. Figures 7 and B) ' While the

preceding Fo minimum is more or less constant across variations

in utterance lenqth, the Fo minimum following the phrase accent

maximum increases with the number of following stress groups -

This will inlroduce a change in the overall Fo course of an

utterance, which becomes more apparent with increased utterance

length.

Generally speaking, a prosodi-c phrase contains one or more stress

groups. As \"ras indicated in the preceding sectj-on, it is connected

vrith major syntactic phrases such as Subject NP and Predicate P

and also with topic comnent structure. But the ultimate division

into prosodic phrases is probably the speaker's ov/n choice de-

pending on his/her communicative intension'

The issue of division into phrases wÍll be examined further in

experíment three.



T
ab

le
 I

I. 
F

o 
co

ur
se

 a
nd

 u
tte

ra
nc

e 
le

ng
th

 (
ex

pa
ns

io
n 

t.o
 th

e 
rig

ht
).

 
F

o 
a.

ea
ns

 a
nd

 s
ta

nd
ar

d
de

vi
at

io
ns

 i
n 

H
z 

of
 s

uc
ce

ss
ic

e 
m

in
im

a 
an

d 
m

ax
im

a 
an

d 
F

o 
ra

ng
es

 o
f 

su
cc

es
si

ve
ris

es
 a

nd
 fa

lls
 

in
 t

he
 t

es
t. 

m
at

er
ia

l r
ec

or
de

d 
in

 e
xp

er
irn

en
t 

tw
ot

 (
a)

 f
e¡

na
le

in
fo

rm
an

t 
U

N
, 
(b

) 
m

al
e 

j.n
fo

rm
an

t 
O

E
. 

T
he

 p
hr

as
e 

ac
ce

nt
 m

ax
im

a 
ar

e 
in

 j
-t

a1
ic

s.
(a

) 
S

pe
ak

er
 U

N

m
in

 m
ax

 m
in

 m
ax

 m
in

 m
ax

 m
in

 m
ax

 m
in

 m
ax

 m
in

 n
ax

 m
in

 
n

nå
n 

av
 'm

am
m

or
na

ne
ur

ra
l 

î. 
lll

 
17

5 
14

0 
20

5 
14

9
fo

cu
s 

s 
61

 9
 

10
 ,9

 5
,5

 
13

,3
 9

,6

^ 
f 

+
5 

-3
6 

+
66

 -
56

nå
n 

av
 'm

am
m

or
na

 h
an

n 
'Iä

m
na

 h
on

om

¡r
eu

rr
al

 
I 

llø
 

19
5 

1 
53

 2
?5

 
1 
50

 2
21

 
14

4
fo

cu
s 

s 
5,

5 
10

,6
 3

,3
 

15
,2

 3
 r8

 
12

,5
 4

,0

^f
 

+
1 
9 

-4
2 

+
72

 -
75

 +
72

 
-7

8
in

iri
al

 
1 

lll
 

1 
98

 
1 
58

 2
55

 
i3

4
fo

cu
s 

s 
5,

6 
5,

7 
4,

2 
6 
,6

 
4,

1

^f
 

+
21

 
-4

1 
+

10
0 

-1
24

fin
ar

 
; 

17
2 

18
7 

14
8 

zz
0 

15
0 

zi
t 

i4
1

fo
cu

s 
s 

4,
1 

9,
3 

5,
2 

11
,5

 3
,3

 
4r

2 
5,

1

^f
 

+
15

 
-3

9 
+

72
 -

70
 +

81
 -

90
nå

n 
av

 -m
am

m
or

na
 h

an
n 

-I
äm

na
 h

on
om

 '
un

ga
rn

a

10 10

\¡ ol

8 9

ne
ut

ra
l

fo
cu

s

in
iti

al
fo

cu
s

fin
al

fo
cu

s

f

x s x̂ s A x s ^

17
8 

19
9 

15
7 

24
0 

1 
60

 
1 
86

 
14

0 
19

6 
13

7
5r

7 
4,

8 
4,

4 
10

12
 4

,1
 

7r
g 

1,
9 

11
,5

 9
,4

+
21

 
-4

2 
+

83
 -

80
 +

26
 -

46
 

+
56

 
-5

9
18

0 
20

8 
16

0 
27

8 
15

5 
16

9 
13

0
5,

7 
13

,1
 1

0,
1 

13
t5

 5
,6

 
g,

g 
3,

3
+

28
 

-4
8 

+
 l 

17
 -

'1
23

 +
14

 -
39

17
 4

 
18

7 
1 
51

 2
39

 
1 
63

 
19

0 
13

9
6,

7 
13

,2
 7

,7
 

5,
9 

5,
2 

4,
3 

6,
4

21
9 

't 
33

11 10 10

f f
+

1 
3 

-3
7 

+
88

 -
76

 
+

27
 -

51
 +

80
15

,7
 6

,8
-8

6



(a
) 

S
pe

ak
er

 U
N

m
in

 
m

ax
 m

in
 

m
ax

 m
i.n

 m
ax

 ¡
ni

n 
m

ax
 m

in
 

m
ax

 m
in

 
m

ax
 m

in

nå
n 

av
 -

m
am

m
or

na
 h

an
n 

'fä
m

na
 h

on
om

 -
un

ga
rn

a 
m

ed
 -

na
lla

rn
a

18
1 

19
7 

1s
5 

24
9 

16
9 

19
1 

14
5 

16
9 

13
6 

19
2

7,
0 

4,
9 

4,
4 

12
,7

 4
,3

 
6,

7 
3,

1 
5,

3 
4,

1 
16

,'7
+

17
 -

42
 

+
95

 
-8

0 
+

22
 -

46
 

+
25

 '
34

 
+

55
 -5

3

13
7

n

ne
ut

ra
l

fo
cu

s

in
iti

al
-

fo
cu

s

fin
al

fo
cu

s

ne
ut

ra
l

fo
cu

s

in
iti

al
fo

cu
s

fin
al

fo
cu

s

ne
ut

ra
l-

fo
cu

s

x s A
f

9

0
9

x ^f

17
4 

20
1 

1 
59

 2
78

 1
62

4,
5 

7 
,3

 
6,

o 
13

,9
 6

 ,2
+

27
 -

42
 +

11
9 

-1
16

*.
 

17
0 

18
5 

15
1 

25
1 

17
5

s 
5r

B
 

11
,4

 7
'6

 
9,

1 
3,

9
A

f 
+

15
 -

34
 +

10
1 

-7
6

^f x

11
7 

20
5 

16
2 

26
5 

17
5 

20
4

5,
3 

12
,1

 5
,9

 
17

,3
 7

,4
 

7,
8

+
28

 -
44

 +
10

3 
-9

0 
+

28
 -

54
17

 8
 

20
6 

16
2 

28
3 

1'
71

 1
97

5,
5 

4,
4 

2,
8 

11
,0

 7
,8

 
8,

3
+

28
 -

44
 +

12
1 

-1
12

 
+

26
 -

50
17

7 
1 
9s

 
15

7 
26

0 
18

7 
21

2
8,

8 
11

,7
 8

,1
 

17
,2

 1
0,

8 
16

,0
-1

8 
-3

7 
+

10
3 

-7
3 

+
25

-5
7

1 
48

 
17

 4
 

13
7 

22
2

2,
9 

4,
4 

4,
5 

8,
6

45
 +

2'
7 

-3
8 

+
87

 -
91

15
6 

17
7

5,
5 

7 
,5

+
22

 -
31

+
28

15
0 

17
6 

14
1 

16
8 

13
7 

19
5 

13
7

4,
7 

9,
6 

5,
3 

10
,7

 5
,4

 
15

,7
 8

,2
+

26
 -

35
 

+
27

 -
31

 
+

63
 

-6
2

+
22

16
9 

13
7 

1 
53

 
12

8
7 
,9

 
4,

3 
7 
,3

 
3,

7
-3

2 
+

16
 -

25
17

4 
13

9 
22

7 
13

8
10

 ,3
 5

 ,2
 

14
,O

 6
,7

-3
5 

+
88

 
-8

8

7,
5 

3
+

18
 -

42

38
 

1 
55

 
12

8
,9

 
5,

6 
3,

6
+

11
 -

27

18
0

IU 10 10 10 10

19
3

61
1

+
'l 
I 

-

13
1

4'
0

nå
n 

av
'm

am
m

or
na

 
ha

nn
 -

lä
m

na
 h

on
O

m
 -

un
ga

rn
a 

m
ed

'n
al

-la
rn

a 
bl

an
d'

lä
ng

or
na

14
7

4r
O

^f xS

14
5

4r
3

^f
(b

) 
S

pe
ak

er
 o

n

de
t 

va
r 

m
ed

 'n
al

la
rn

a 
bl

an
d 

'lä
ng

or
na

x 
lz

z 
13

5 
.1

 0
3 

14
7 

10
6 

16
8 

10
0

s 
6,

2 
6,

1 
2,

8 
7 
,6

 
2,

5 
9 
,3

 
2,

6

^ 
f 

+
1 
3 

-3
2 

+
44

 -
41

 
+

62
 -

68
nå

n 
av

 -
m

am
m

or
na

 h
an

n 
-lä

m
na

 h
on

om
 -

un
ga

rn
a

ne
ut

ra
l 

I 
llg

 
12

5 
1

fo
cu

s 
s 

3t
7 

6,
6 

9

^ 
f 

.+
6 

-1
6

nå
n 

av
 -m

an
ìm

or
na

 h
an

n 
-lä

m
na

 h
on

om
 -

un
ga

rn
a 

m
äd

 'n
al

la
rn

a.
bl

an
d 

-lä
ng

or
na

ne
ur

ra
l 

x 
lz

o 
13

0 
10

6 
15

8 
11

4 
13

0 
10

4 
11

6 
99

 
11

2 
10

2 
15

7 
10

3

fo
cu

s 
s 

4,
3 

5,
9 

3,
0 

9,
2 

3,
4 

4,
'I 

3,
8 

3,
9 

3,
4 

3'
3 

2'
1 

7'
9 

1'
5

^ 
f 

+
1 
O

 
-2

4 
+

52
 -

44
 

+
16

 -
26

 
+

12
 -

17
 

+
1 
3 

-1
 0

 
+

55
 -

54

7

15
4 

1 
09

 
11

9 
1 
03

 1
47

 1
 0

3
4,

3 
1,

8 
4,

1 
4,

9 
14

,0
 8

'2
45

 
-4

5 
+

1 
0 

-1
 6

 
+

44
 -

44

7
09

tr +

1
{ {



78

The results of experiment tbro also confirm the results of ex-
perimenL one as far as they are comparable. The only qualification
is the following: after a phrase accent maximum the word accents
are usuafly manifested as rise-falls and not as simple fal1s as
they were schematically char:acterized in the preceding section.
To some extent this difference may be due to different prominence
relations. In a versíon of an utterance where the phrase accent
is also focal (experiment one, experiment two: initial focus
version) the following (postfocal) accents may become downgraded
in prominence. AIso in the present experiment there is a tenden-
cy for the rise of at least the last accent of a declining Fo
course to be less pronounced., if it is not followed by a phrase
accent (initial focus version). There is no such tendency if it
is followed by a phrase accent (neutral and final focus versions) .

Even so the characterization of postfocaf accents as simple faIls
j-s an overgeneralization.

Moreover it should be added that "true" downdrift - a gradualry
decreasing Fo course - is found not only after the last accent,
when severaf unaccented syllables fol1ow, but also in the single
stress group utterance, i.e. v¡ith only one accent.

3. 2 Di-scussion

The results of experiment two are interesting from the point
of view of speech planning. Al_though the starting points and
end points appear to be constant and independent of utterance
length, there is no simple variation in slope of either base-
line or toplj-ne due to variations in utterance length as pre-
dicted by the model. In?tel.q lhe gpeaker will signal a 1onger
utterance primarity by increasing the peak value ;i ¿il iii;t
prriase äðôènt and by keeping the Fo varues of succeeding accents
ùõÀ;. as compared to a corresponding shorter utterance. rt is
possible that the listener may also benefit from this adjust_
ment of Fo peak value as an expression of utterance length.
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This variability of the first phrase accent peak is not ex-
piessed in our model, which in the present version predicts a

constarit phrase accent peak value for all contexts (see Section
1 ) . The model also expresses the independence of the interior
(slantíng) and exterior (horizontal) auxil-iary lines. This pre-
diction is not supported by the results of experiment two.
Instead. a higher peak value of the first phrase accent \,ri11 give
higher Fo values to the succeeding minima and maxima except for
the finaf phrase accent maximum.

Vle have seen that, while the Fo peak of the first phrase accent
varies with utterance length (number of stress groups) the very
onset of an utterance (the Fo starting point) is constant and

independent of variation in utterance length. These facts suggest
that the Fo onset and the Fo peak (of the first phrase accent)
may have different functions and express different things.

It seems justified to say that the, peak value of the first phrase
accent has the functíon of anticipatíng utterance length. As

the Fo end point appears to be constant, the speaker antícipates
a greater number of accentual downsteps by reaching a higher Fo

point of departure for the do\,¿nstepping, í.e. to ensure that the
Fo bottom of the speaker's voice wil-1 not be reacheo until the
end of an utterance (see further discussion in 5.2 and 7.1).
The role of the Fo onset is fess clear. There is some evidence
from another investigation (Bruce 1981) that the Fo onset vaÌue
of an utterance may be refated to that of the immediately pre-
qeding utterance and is part of the organization of running
discourse. It would therefore be natural that the Fo onset does

not vary \rith utterance length.

The relationship between Fo downdrift and utterance length has
been examined for Japanese (Fujisaki et a1. 19'79), Danish
(Thorsen 1980, 1981) and American English (Sorenson & Cooper
1980, Pierrehumbert 1980) as welI. A simple inverse relation-
ship between slope and utterance length is not typical of any
of these investigations.
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Fujisaki's investigatíon of Japanese sho\"/s that there 1s an

exponent.ial decay of the Fo course of an utterance - a steeper
faff in the beginning and then a leveling out to an asymptotic
value. The shape of the downdrift is approximately the same

independently of utterance length.

Thorsen also recognizes the exponentiaf character of the Fo

course of a longer utterance in Danish, although the tendency
is less clear. But the characteristic feature is stí1I as asymp-

totic decr:ease in the overall downdrift wíth increased utterance
length - in her investiqations ranging from two to eight stress
groups. Together with a widening of the Fo range an overall down-

drift wiÌI be preserved in a longer compared to a shorter utte-
rance by a non-linear decrease in sl-ope.

Sorenson & Cooperrs study of declination in American English
shows that the initj-al- Fo peak of an utterance tends to be higher
for a longer than for a shorter utterance, while the final Fo

peal< is nearly constant. A faster declination j-s also found in
the early part of an utterance.

In her thesj-s Pierrehumbert (1980) presents a very interesting
hypothesis concerning the implementation of the course of accent-
ual downsteps in Amcerican English. To account for the overall
Fo course of an utterance containing a number of accentual down-
steps, she proposes a local implementation rule, The rule com-
putes the value of a given pitch accent as a constant r:atio of
the value of the immediately preceding pitch accent. The over-
all Fo course of an utterance is the result of a recursive
application from left to right of this focal rufe. No look-
ahead j-s presupposed, but the rule sti11 generates the exponen-
tial character of the Fo.course¡ which is also asymptotic Lo

the bottom of the speaker's voice.

Thj-s focal approach is found to be superior to the non-focal
approach of the "layered" theory (see Section 1) where the Fo

contour of an utterance is the resuft of superposing essentially
j-ndependent layers: a global1y specified sentence intonation on
which the pit.ch accents are superimposed.
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Applied to the Swedish material of experiment two the locaf
approach also appears to correctly predict the constant ratio

of'successive downsteps and the consequent exponential character
of the Fo course. This wilÌ be examined in more detail in section

7.

A difference between Pierrehumbert's data on American English
and the present data on Swedish is the s-ensllivity of the Eo

pSI_t9 utter31c9 length, which 1s not c

still recognized in a footnote by Pierre
alculated with but is
humbert (1980). How-

ever, a local implementation is possible both with and ì^rithout

this varj-ability of the Fo peak of an ufterance.

The interesting implication for speech planning of the loca1

approach is that t.he speaker does not have to plan the Fo course

of the whole utterance in advance. This would have been necessary

if the speaker diviÉded the total Fo range by the number of up-

comlng accentual_ downsteps in the utterance. Instead, the speaker

._seems to plan for utterance length by acljusting the Fo peak value

to the number of upcoming accentual downsteps. in the utterance
and by keeping the Fo values of subsequent accents higher than

in an utterance with fewer accentual do\^Insteps. Equal prominence

of successive accents in a declini-ng Fo course can be achieved

by letting the Fo vafues of each accent be a constant ratio of

the corresponding value of the preceding accent.

4EXPERIMENTTHREE:UTTERANCELENGTH-EXPANSIoNToTHELEFT

In experiment t\^/o utterance length was varied by syntactic ex-

pansion to the right. This irnpties that in an utterance con-

taining several stress groups, one stress group belongs to the

subject NP and the remainder to the Predicate Phrase' Recently

Gårding et al. (19821 have argued that this bias in test material

should be counterbalanced by also including syntactic expansion

totheleft,i.e.inthepresentcaseexpansionofthesubject
NP. The argument is that the emphasis on syntactic expansion to

the right and on Fo downdrift may conceal an Fo updrift in the

early part of an utterance, which would be revealed when the
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utterance is expanded to the l-eft.

A test material was devised to test this hypothesis for Standard
Swedish. The test sentences used in experiment three were com-

posed by varyj-ng the theme from experíment two. The point of
departure was the sentence with three stress groups, which was

expanded both to the left and to the right. one sentence with
three stress groups, one \"Iith four and two r^tith fl-ve were in-
cluded:
Te¡t. maÍ.ení-a.t- - øxpøuinewt f.hnøø:

LN,ån ev 'manmolna.) Lh.a,nn'Lännn hctnon 'ungatrn]
)nz od the motlrctø mana.ged fut Leavø lvin thø l¿Ld-a

,tI' .
expansion to the left:

lVå.n av 'm6nnorlno, mød.'w!.Lo,ttna"l Lhayu+ 'X-iinna. honom -wqanna\
0nø od Íltenot!rcns wí.th fhe Íedd.qbeøø na.nr.g¿d, ta xpnvø ivin thø l¿Ldt

lNån av 'mannoftna nød,'na.un¡na bland'i..ängonna.J lhann'x.iínnd, honom -unganna)

0nø od Í.1ø molhe¡,s wi,th ihø teddqbearu anong fle banvø mana.ged fut !-eave lvin
fhø þi¡l¿

expansion to the right:
iNân av 'monrnoana) Ihann'LÍinna honon'unganrø ned.'na.{lanyw bland'LiíngonvnT
)ne od tlne mothetu managed to x.eave h,in the l¿¿dÁ wifll lhø teddtlbentø anong
Íhø ba^n's

The syntactic structure of the five srress group utterance hri-th
expansion to the left is the following (compare the corresponding
syntactic structure of the five stress group utterance with
expansion to the right in the preceding section) :

ò

Subject NP Predicate P

NP Attr P Verb P Object P

Nån av 'mammotma mød 'nÃ.U.a.nna. bxand 'Längonnallnnn 'x-änna" fuinom 'ungahna
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As can be seen the same constituents as in the ¡naterial of
experiment tv¡o vtere used. The syntactic expansion to the left
was achieved merely by transposinq the constituents. only
neutral focus assignment was included j-n the present experiment.
The same informants as in experiment two recorded the test
material of experiment three seven times in a new recordingt
ses sion.

As j-n experiment one the recordings \^/ere processed by hardware

pitch and intensity meters, and Fo was measured manually.

4.1 Results of experiment three

The most important results of experiment three are sum¡narized

below. Figures 9 and 10 show stylized Fo contours based on Fo

means of successive minima and maxima in utterances where the
direction of syntactic expansion was varied. Table III gives the
means and standard deviations of Fo minima and maxima of the
test material in experiment three.

The starting points and the end points appear to be constant
and independent of direction of syntactic expansion (cf.
the results of experiment one and two).

The position of the f-irst phrase accent and i-ts Fo maximum

varies hTith expansion to the left. ït marks the end of the
first prosodic phrase (subject NP).

Up to the first phrase accent maximum there. is no downdrift
ín Fo and the baseline and topl-ine are virtually fIat.

The Fo maximum of the first phrase accent varies with utte-
rance length. This is true of expansion to the right (cf.
experiment two) , but. therg +s a tendency also for.expansion
,to the left to give a higher Fo maximum at the first phrase
accent.

After the Fo maximum of the first phrase accent the Fo

minima and maxima décrease in a similar way independently
of the nu¡nber of stress groups (one, two or three) con-
taíned in the subject NP (left expansion) . The Fo course
of the right expansion is also the same as in experiment two

2

3

't

5
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Hz

2lrÛ

t80

r60

140

320

?A

[nån av'tnannnrna ned hallarnajt [trarur:linna honon lngarna.]

[nrån av'lnamrorna] [nann fanu:a honcrn ìrngarna]

UN

ù

V

[nån av ì'¡amÞrna red hallarna bland aängorna] fnann faxna honcm -ungarna]

[nån av ìnarnorna] [hann ìfärwn honorn lngarna. ned lal]-arna bland ì-ängorna]
Hz

UN

I
l¡
tì

't\ ,(_

^

260

210

220

180

160 v

Eo course and utterance lencith (expansion to the left
and to the ríght) . Stylized Fo contours - means in Hzof successive Fo minima and Fo maxima - of a three stressgroup utterance compared to a four stress group utterance(above) and of t\,ro versions of a five stress group utte-rance (below) by a female informant (UN).

Figure 9
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Hz
[nån avÌnannorna ned hallarna bland ì-lingorna] ffrann tamna honon lnøanra]

rt
,60 L

îl
,o0L

rïl

,ì UN

I
I

I
I

^

\

I
I

3 phrase accents
2 phrase accents

Figure 10. Fo course and utterance length (expanslon to the left) '
Stylized Fo contours - means in Hz of FÕ minima and Fo
n"-xinia - of two variants of the five stress group utte-
rance with left expansion by a female informant (UN) '

These results are representative of one informant (female) and

should be considered preliminary. As to her manifestatlon of

the five stress group utterance (left expanded version) there

appears to be some variation' however' In four out of seven

repetitions thê Fo contour agrees with the above description

- the first phrase accent marks the end of the sub'iect NP' and

there j-s no declination up to this point' In the remaining three

repetit.ions she manifests as many as three phrase accentsi one

on the first stress group' another on the final- stress group

of the subject NP, and a third on the final stress group of

the utterance. AfLer the first phrase accent maximum the Fo

course of accentual downsteps is comparable to that of the right

expanded version of the five stress group utterance' It is

arrested., however, by the j-nsertion of a second phrase accent

and is then started anew.
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For the second informant (male) the direction of syntactic
expansion is not refl-ected in the Fo pattern. He exhibits prac-

tÍcally the same Fo contour of the five stress group utterance,

whether it is the left expanded or the right expanded version.

The first stress group contains one phrase accent and the final

stress group another one. Bet\"reen these tv/o maxima the Fo con-

tour has an exponentially decreasing course.

The conclusion that can be drawn from the results of experiment

three is that the direction of syntactic expansion, vLz' expan-

sion to the left, may be decisive for the Fo pattern, but this

seems to be optional.

4.2 Dj.scussion

The divislon of a¡t utterance into (at least) two rclatively
independent, prosodic phrases is confirmed in experiment three
(cf. experiment two). Each prosodic phrase contains a phrasd

accent - at least in the neutral case - to which the other

accents of the phrase are subordinated.

It was hypothesized above based on findings in Gårding et al'
(1g82) that the extension of the test material by a syntactic

expansion to the left would reveal an Fo updrift precedi-ng the

usual Fo downdrift of an utterance" What was found was instead

no drift in Fo at all, i.e. a flat baseline and topline up to

the first phrase accent maximum. The situation appears to be

parallel to the one described in experiment one, where absence

of declination was found up to the focus of an utterance'

The results of experiment three suggest that the direction of

syntactic expansion may, but not necessarily, affect the Fo

course of an utt.erance. This may be taken to support the víew

that there is a relatively weak correlation bet\"/een syntax and

prosody -

The increase in the Fo maximum of the first phrase accent (cf.

experiment thTo) with increased utterance length is also found

inthepresentexperiment.Thisincreaseoccursbothwitharight
and a left expansion.
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Intuitively it makes more sense to conceive of an adjustment
of the Fo peak to !,/hat remains !o be done (number of stress
groups to be executed) than to what has already been done.
It is, however, interesting to compare with the durational
patterns in Sv¡edish described by Lindblom et al. (1976). The
shortening of a stressed vowel was found to increase as a function
of the number of following syllables but it was also to some
extent dependent on the number of preceding syllables.

5 EXPERIMENT FOUR: ATTITUDE - INVOLVEMENT

Most of the phonetic research in prosody in recent years has
been dj-rected towards elucidating what is regarded as neutral
prosody or symbol prosody, i.e. prosody v¡ithout emotional or
attitudinal colouring. prosodic expressions of emotions and
attitudes - sympton and signal prosody - have been considered
to be of secondary importance or too difficult to handle and
have therefore usuarry been ignored. There is reason to berieve,
however, that this neglect of symptom and signal prosody does
not correspond to its relative importance. ft has been sug-
gested that symptom prosody may be linguistically as basic as
s!¡mbol prosody and that research in this area could a1-so give
new insights into symbol prosody (see the discussion by Anward
in Nordic Prosody, 1978, pp. 292-2931.

In the experiments reported above the 
"€titoA. 

of a speaker: in
a recording session was held more or less constant, although
naturally some variation in attitude between speakers s¡as ob-
served. I¡: the present experiment a first attempt has been made
to include a systematic variation in attitude within the same
speaker. There is strong reason to believe, hoh¡ever, that
prosody mirrors emot.ions and attitudes incompletely, although
some, relativery rough categories are kept distinct prosodicarly
(see e.g. Hadding-Koch 1961, Brown eL al. 1980). The aim was to
elicit a simple, tvro-\"ray distinction along the dimension in-
volved - detached. It has been shown that a dichotomy of this
kind has clear prosodic correlates (cf. Hadding-Koch 1961,



p.122, Brown et af. 1980, p. 23). The prosodic correlate found

to express most directly an involved - detached distinction is
pitch range. It should be emphasized that Lhis prosodic dimen-

sion (wíde versus narrow pitch ranqe) does not primarily express
positive versus negative attitudes, but rather, as suggested

here, i-nvolved - be it an expression of joy or anger - versus

detached. Degree of involvement is also probably closely related
to degree of overall emphasis (see Gårding & Lindblad 1973,

Pierrehumbert 1 980, P. 1 1 9) .

The present experiment should make it possible to extend the
intonation model for Swedish to include variation in attitude.

The test material that was used to vary the degree of involve-
ment of the ,speaker is identlcal to a subset of the test material
from experiment tlro. The variables are thus number of stress
groups (2-5) with neutral focus assignment, and attitude (de-

tached - involved). one informant (femaLe, UN) recorded the
test material s.ix times.

As in experiment one and three the recordJ-ngs were processed

by hardware pitch and intensl-ty meters, and Fo was measured

by hand.

5,1 Results of exPeriment four

The main results of experiment four are summarized below.

Figures 1 1 and 1 2 show stylized Fo contours - means of succes-

sive Fo minima and Fo maxima - of utterances, where the degree

of involvement (detached - involved) was varied. Table IV gives

means and standard deviations of Fo minima and maxima and Fo

ranges in the test material of experiment four.

1. Dlfferences in attitude (detached - involved) are clearly
expressed as differences in Fo rangei range varies with
deçfree of involvement.

2. Variation in Fo range is achieved by a frequency expansion
upwardst the lower limit of the range is fixed, r¡hile the

upper limit is highty fl-exible.
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Fo at the endpoint appears to be constant and independent
of attitude (detached - involved) and of utterance length
(cf. experíments two and three).

The starting point varies with degree of involvement. But
within the same degree of involvement the starting point is
independent of utterance length (cf. experiments two and
three).

5. All other Fo points (minima and maxima) are affected by
variations in attitude (detached - ínvolved) . The Fo peaks
appear to be more affected than the valleys.

6. The same Fo pattern is maintai-ned across variations in atti--
tude (detached - involved) . This means that approximately
the same relations seem to hold between successive Fo maxi¡na
and Fo mj-nima within an utterance. The impression of dif-
ference between detached and involved is a matter of scaring.

The main trends from experiments two and three are repeated in
the present experiment within one and the same attitude category
(detached or involved). Utterance length affects the value of
the Fo peak of the first phrase accent of an utterance and the
following minima and maxi-ma up to the final phrase accent max-
imum, while the starting points and end points are unaffected.
The exponential decay of the Fo course of a longer utterance
also occurs in the present experiment.

concomitant with the increase in Fo range as a function of in-
creased invofvement is an increase in intensity, which is apparent
from the records but which has not been measured. Differences
in duration between the detached and the invorved version of an
utterance appear to be negligible.

5.2 Discussion
It can be considered highly expected and very natural that
large Fo movements (a wide Fo range) are associated v¿ith a

higher degree of invol_vement on t.he part of the speaker, while
small Fo movements (a narrow Fo range) mark the detachment of
the speaker. This pattern is naturafly paralleled in the body
Ianguage by large versus small gestures whife speaking.
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ïn the preceding experiments the r'o value of the end point was
constant and insensitive to variation in utterance length,
focus location and syntactic composition. The constancy of the
Fo end point is true also of variation in attitude (detached
- involved), as evidenced from the present experiment. Conse-
guently both large and small Fo movements have the same offset,
which is reached to$/ards the end of an utterance. The end point
seems to function as a reference egual to the bottom of the
speaker's voice. To go lower would not be possible unless a
change in voice quality is made, e.g. the use of a creaky voice,
which is in fact exploited by many speakers at the very end of
an utterance-

Vlhile there appears to be a definite floor for a speaker,s
voice, which is reached in almost every utterance, the corre-
spondj-ng Fo ceiling is out of range in normal_ speech (cf. pierre-
humbert 1980). Therefore it is parti_cularly the top of a
speaker's Fo range that is open to varj.ation, although a wide
range is signalled already from the very onset of an utterance.
We have seen in this experiment that there exists a.certain
relationship betÌ^reen successive Fo maxima and aISo betr^reen
successive Fo minima. A high Fo peak of the first phrase accent
as a signal of involve¡nent means that, the following Fo peaks
of the same utterance will have hj_gher values than in a corre-
sponding utterance vrhere the first phrase accent peak is rel-
atively 1ow as a signal of detachment.

In this connection ít is interesting to draw attention to a
perceptual experiment (Bruce 1977, chapter 7.21 that indicates
that it is important also from a perceptual point of view to
maintain certain proportions in Fo range between successive Fo
peaks wíthin an utterance. lrhe results of the test sho\{ that,
an Fo peak of a fixed value is neglected by the 1istener, if
the preceding initial Fo peak is relativeJ-y high, but it is
taken into consideration if the preceding Fo peak has a re1-
atively low value.
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These results \.¿ere interpreted in the followinq way: "The

listener expects a speaker to use approximately the same fun-
damentaf frequency range duríng a whole utterance. It is as-
sumed that the ranqe in the beginning of an utterance sets
the reference. Therefore, if the speaker begins with a rel-
atively wide frequency range in connection \"rith the first Fo

peak, the listener wiff disregard minor changes in Fo like a

small, medial Fo peak. But if the speaker starts with a rel-
atively narrow range, the same absolute value of the medial
Fo peak wifl be an integral part of the intonation pattern of
thaL utterance, and the listener wifl- pay attention to it"
{Bruce 1977 ' p. 127]- .

6 EXPERTMENT FÏVE: CLAUSE BOUNDARY

In the previous experiments we have studied the Fo pattern of
utterances $¡here focus location, utterance length (with both
right and Ieft expansion) and attitude (degree of involvement)
have been varied. All test sentences so far contain a single
clâuse, although they usually consist of t\"¡o phrases. The

present experiment wil-1 examine the effect on the Fo contour
of introducing a clause boundary i-n a sentence.

The materiaf consists of two different clauses containing two

stress groups each, These can occur as constituent parts of a

double clause sentence (coordinatj-ve with adversative coupling) '
they can be combined freely and they can afso occur as single
clause sentences. The two stress group clauses consist of one

phrase each, The double clause sentences were elicited both
with and without a physicaf pause at the clause boundary. The

same requirements on the phonetic composltion of the test mate-

rial as in the preceding exper.iments were also imposed on this
experiment.
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Te,at mafeni-at- - øx¡twûnenf [ivø:
Man'!-ii,nnnn'mann¡nan

)ne X-eave¿ f.l'Lø motlpn

Man -na.LLatt'ungen

0n¿ ¿iea.Ls tlp t¿id,

Man -X.ännan -monman (,1 møn røn'na-Ltan'ungzn
0nø Lenve.t tlte moÍhsn bu.t one ¿f.¿a.[,s the l¿Ld

Man 'na!,Lan 'ungen (,) møn man 'Xännøt 'namnan

0nø ¿Í.enLt tlte t¿i-d bu-t on¿ X-¿avu lhe mothen

A neutral context for a double clause sentence of the present
type in Standard Swedish wilI elicit one phrase accent on the
first stress group of the first clause and another phrase accent
on the finaf stress group of the second cr-ause. rn order to be
abl-e to compare Èhe single clause sentence wj-th each of the
constituent cl-auses of a doubre clause sentence placement of
focus (= phrase accent) has therefore been varied in the single
clause sentences by varying the context sentence.

The female informant UN recorded the naterial eight times.
The recording \¡¡as processed by hardware pj_tch and intensity
meters, and Fo was measured by hand.

6. 1 Results of experiment five

This is a pilot experiment, and the resurts should be considered
preliminary. Figure 13 compares typical Fo contours of the first
clause of a double clause sentence \4rith a physical pause at
the clause boundary and of the corresponding singre crause sen-
tence- Table v gives the means and standard deviations of suc-
cessive Fo minima and Fo maxima of the test sentences. The most
important results are the following:

1. The Fo maxima and minj"ma are higher for the first clause
of a double clause sentence (both versions v¡ith and without
a pause) than for a single clause sentence. This includes
the Eo starting point, which is Iower for a single clause
sentence than for a double clause sentence. The starting
point value of the single clause sentence is comparable to



97

UN

man naIlar ungenr

- 
man naÌl.ar ungen ?

Hz
3OOetr
2401

,o"t

lsoL

:*

3OOrtr
24()[-

L
200L

,rof

;::L

i.'

man lämnar mamm¿ìlì. -

I

h
I

! tl '-

O 2(X)ms

The effect of clause boundary. Typical Fo contours
of the first ilaûse of a double clause sentence with
a physical pause at the clause boundary /,/ arrd of.
the corresponding single clause sentence /./ by a
female informant (UN) . The line-up point is at the
Cv-boundary of the first stress group.

Figure 13
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that of the second clause of a double cl_ause sentence.

The Fo val-ues of the second clause of a double clause sen-
tence (both versions) are all comparable wi_th those of the
single clause sentence.

The Fo end point of a single clause sentence has approx-
i-mately the same value as that of a double clause sentence.
Interestingly, the end point value of the first clause of
of a double clause sentence (with an intruding physical
pause) appears to be as low as in the single clause sentence
(see Figure 13). The corresponding end point value of the
first clause of a double clause sentence - hrithout a physical
pause - is noticeably higher.

The difference between a single cl_ause utterance and the first
clause of a double clause utterance with a pause is in the over-
all Fo course, which apparently involves both clauses of a itòubi
le clause utterance. This will give higher Fo values to the first
clause of the double cfause utterance than to the single clause
utterance, where the domain of the Fo course is this very clause.
In both cases there is an Fo drop to the same end point value,
which introduces a local break into the overall course of the
double clause utterance before the internal pause. But imme-
diately after the pause Fo is reset to the course of the down-
drift. AIso in the non-pause version of the double clause utte-
rance there .is a local Fo drop at t.he clause boundary before
Fo is reset to t.he orj-ginal course. Tbis local Fo drop does
not, however, reach the same low value as in the pause version
but is enough to function as a prosodic boundary signal.
6.2 Discussion

It might be assumed that the results of the present experiment
are comparable to those of the above experiments, where utte-
rance length $ras varied. Disregarding the local disturbance in-
troduced by the clause boundary, the Fo values of a single clause
utterance of the actual type compared to a double clause utte-
rance would then be proportional to those of a shorter versus

3
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longer single clause utterance. Judging from the present, pre-
liminary experiment, thi_s turns out not to be the case. It
should be remembered, though, that in the above experiments the
number of phrases was usually held constant $rhen varying the
number of stress groups, while in this experiment the number
of phrases is varied at the same time. The results here are
most readibly cornparable with those of a single stress group
utterance $rith one phrase versus a tr¡¡o stress group ut.terance
containi-ng tqro phrases (cf. experiment two) except for the
starting point va1ue.

The results concerning the end point values are interesting to
díscuss in the light of a hypothesis proposed recently by
Pierrehumbert (1980). This discussion will be postponed to the
next sectíon.

7 REVISION OF THE SWEDISH INTONATfON MODEL

Rather than present a complete model for Swedish intonation to
replace the one described in Section 1, I will only try to
show in what direction the current model needs revising in
order to accomodate the results of the experiments of this
study. But first there are some problems of Fo scaling to be
resolved.

7. 1 Problems of Fo scaling

The experiments of this study all indicate that the Fo end
point is the least variable Fo point ôf an utterance across
variations j-n focus location, utterance length, syntactic com-
position and attj-tude (degree of invol-vement),

This lohrest Fo val_ue of an utterance i-s of course speaker-
dependent. As was pointed out above (cf. 5.2) it can be con-
sidered a reference for other Fo values. It has been called the
Fo floor or Fo bottom of a speaker,'s voice range (cf..Gårding
1979, Pierrehumbert 1980). In normal speech the voice does not
reach up to a corresponding Fo ceiling or Fo top. The Fo peak
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value of an utterance is highly variable; it varies \,¡ith utte-
rance length and especially rrith attitude (involved - detached) .

These facts - that there is a constant floor and a variable
ceiling - should be expressed in an intonation model. The

traditional Fo scales - the linear Hz scale or the logarithmic
semitone scale - do not express this assymetry directly. As

pointed out by Pierrehumbert (1980, p. 175), the values of a

semitone scale are asymptomic to 0 Hz and not to the Fo bottom
of a speaker's voice range.

To capture these facts - constant floor, variable ceilinq -
Pierrehumbert (1980) devised a scale \^/here Fo values are ex-
pressed as baseline units above the baseline. The baseline is
equal to the bottom of the speaker's voice range. Each value
is scaled as (Fo - Fobotto*) / Fo¡otto*. This formula thus
encompasses both a dj-fference betvreen the actual Fo value and

the bottom value and a division of this difference by the bottom
value. The combination of these two operations is shown to be

superior to choosing just one of them. The formulation of the
rule for accentual downsteps in American English becomes simple
and intuitively correct in this scale compared to a semitone
scale

In Pierrehumbert's conception the baseline declines slightly
over an utterance. This means that the lowest Fo value the
speaker is disposed to reach would be higher earlier in an utte-
rance. Her proposal is based on an experiment on an utte-
rance containing two phrases \,tith a prosodic boundary in between

but without a physical pause (Pierrehumbert 1980, chapter 3).
The lov¡est Fo value at the utterance internal boundary was

higher than at the utterance final boundary, which is followed
by a pause. This is interpreted as support for a declining base-
1ine.

This is worth discussing in the light of the results of experi-
ment five where two versions of a sentence' consisting of t\4ro
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clauses, were recorded: one with a physical pause at the clause
boundary and another \^rithout a pause but yet with a clear bound-
ary signal. In the non-pause version the results are very similar
to those of Pierrehumbertrs experiment; the lowest Fo value at
the utterance j-nternal boundary is higher than at the utterance
final boundary. But when a physj-cal pause is introduced bethreen
the two clauses of the sentence, there is no difference in the
lowest Fo value at the tv¡o boundaries. My interpretation of this
experiment is that the speaker is indeed disposed to reach the
bottom of the voice range not only at. the end of an utterance
but also earlj-er, e.g. before a pause within an utterance.

In the light of this experiment the evj_dence for a declining
baselj-ne as suggested by Pierrehumbert does not seem compelling.
I will..instead make the simpler assumption that the baseline
is flpt; i.e. a speaker is disposed to reach the Fo bottom at
any point of an utterance. Note that this conception of the
baseline as potential rather than actuaf is distinct from the
one given earlier (see Section 'l ) .

There may be some problems in defining the exact value of a
speaker's Fo bottom. But the important thing is to establish
that the Fo bottom is the reference value for the Fo events.
This is not taken into consideration in a Hz or a semitone scale.
To express Fo values in baseline units above the baseline is a
way of normalizing both different Fo ranges within one and the
same speaker and voices of different pitches, ê.9. male and
female voices. To illustrate this stylized Fo contours for the
male and female speakers of experiment two are given in Figure
14a. These show successive minima and maxíma of the five stress
group utterance expressed as baseline units above the baselíne
(cf. Figures 5 and 6) . A corresponding comparison between in-
volved and detached attitude rrithin the same speaker is made in
Figure 14b. The suitability of this scale for intra and inter-
individual comparisons needs to be examined more thoroughly.
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1,6

1,4
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0,9
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---- detached 5 stress groups UN

Normalization of Fo. Stylized Fo contours - means of
successive Fo mini-ma and Fo maxima expressed in base-
line units above the baseline: (a) five stress group
utterance by the female (UN) anil male (OE) informants,
(b) five stress group utterance of an involved and a
detached version by the same informant (UN).

Fì-gure 14-
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7.2 Outline of a revised model

In the current model for Swedish j-ntonation (Bruce a Gårding
1978, Gårding & Bruce 1981) pitch relations are not expressed
according to a specific type of scale. OnIy qualitative com-

parisons could therefore be made. In the present outlj-ne of a

revised model I will try to make quantitative comparisons of
pitch refations within and between speakers with reference to
baseline units above the baseline.

In the revised version of the model for Swedi-sh intonation a

prosodic transcription of the same kind as in the current ver-
sion (cf. Section 1) is presupposed as the input. A basic com-
ponent of the revised version is the division of an utterance
into prosodic phrases, each containing a number of word accents
and a terminating phrase accent. The step by step generation of
pitch layers, i.e. of sentence intonation followed by accentu-
ation as in the current version, will be replaced by left-to-
right implementation of the phonetíc rules converting the pro-
sodic ínput notation to an Fo contour. This underfines the
interaction Lretween accentuation and intonation proper more

effectively than the layered j-mplementation does. Word accents
will still be represented as combinations of hj-gh and low points
and phrase accents as Iow plus high points, where the lo\^¡ point
is usually shared by word accent and phrase accent. These points
wj-ll be converted directly to actual Fo values by the phonetic
rules sketched below and connected to form the actual Fo con-
tour. Although represented as high-Iows and 1ow-highs, pitch
relations bet\4reen successive accents expressed as pitch changes
will play a larger rofe in the revised version than in earlier
versions (cf. Bruce 1977, Bruce & Gårdinq 1978, Gårding & Bruce
1981). The old controversy of pitch levels versus confj-gurations
should be reexamined to see if it is still a real issue or
merely a point of view (cf. e.g. Hadding-Koch 1961, pp. 44-46).

The following regularities are to be expressed in a revised
version of the Swedish intonation model.
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llÍfuúnc¿ Løngth. One varj-ab1e that has been under exam.ination in
the present study is utterance length. Relevant expressions of
utterance length were found to be number of stress groups and

dj-vision into prosodic phrases. Unless stated otherwise, the
regularities below concern an utterance consistinq of two pro-
sodic phrases.

The point of departure is a t\4ro stress group utterance, where

the two phrases contain one stress group each. In this case

the tv¿o minima surrounding the first phrase accent peak have

nearly the same Fo value. A syntactic expansion to the right,
i.e, an increase in the number of stress groups in the second

phrase of the utterance reveals the following relationship.
The minimum preceding the phrase accent maximum stays nearly
constant, while the minimum after the maximum increases with
the number of stress groups. It is therefore possible to assume

that the accent minimum following the phrase accent peak has

a basic value that is copied from the accent minimum preceding
the peak and that is typical of the two stress group utterance'
where the tv/o phrases contain one stress group each. To this
basic value is then added an extra value that increases with
the number of stress groups contained in the phrase.

Also the phrase accent peak, which is identical to the phrase-
initiaf word accent maximum, increases with the number of stress
groups in the second phrase in a similar way to the following'
phrase initj-al word accent minimum. The phrase accent peak is
assumed to have a basic value that is found in the two stress
group utterance and that is added to the preceding minimum.

The same extra value as for the following accent minimum is
then added to the basic vafue depending on the number of stress
groups in the second phrase. This means that the step si-ze from
the first phrase accent peak to the following valley is more

or less constant.

An equivalent way of expressing these facts to give more em-

phasis to the interdependence between the phrase initial accent
maximum (=phrase accent peak) and the corresponding accent
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õ.7 * the preceding value for the involved version, and
0.75 x the preceding value for the detached version (for
both maxima and minima).
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minimum vroul-d be the following. The phrase initial accent max_
i¡num has a basic vafue to which is added an extra value that
increases with the number of following accents (see above) .
The followÍng accent minj_mum value will then resu]t from a
subtraction of the basic value from the preceding maximum value.
Oown'støpytíng, It is hypothesized that for equally prominent,
successive accents, accent maxima following the first phrase
accent peak and accent minima followíng the first minimum of
the second phrase are a constant ratio of the immediately pre-
ceding vafues. In Figures 1 5 and 1 6 an attempt has been made
to fit curves to the declining toplines and baselj_nes of the
second. phrase of a five stress group utterance, excluding the
Iast phrase accent (which is insensitive to utterance length)
according to the formula: each Fo value of a maximum or a
minimum is a constant ratio (O< k< 1) of the corresponding,
immediatel-y preceding Fo value. The first value of each top-
line and each baseline - the Fo maximurn value of the first
phrase accent and the following accent minimum - is given.
Figure 1 5 shows observed and predicted values of the neutraf
versi-on of the five stress group utterance from experiment tv/o
(informant UN), whÍ1e the data points of Figure 16 are from
experiment four (involved - detached). The difference between
observed and predicted values is fairly sma1l on the who1e.
The k value chosen is the same for both maxima and minima within
the same degree of involvement. and approximately the same for
both degrees of involvement. Therefore the relation might be
expressed as amount of Fo fall bethTeen successive accentual
dovrnsteps.

The most obvious difference between observed and predicted
val-ues in the Figures concerns the 1ast accent maximum _ the
one preceding the last phrase accent peak. fn both Figures the
observed Fo val-ue is noticeabry higher than the predicted val_ue.

rn this connection it is interesting to draw attention to the
fact thaL accent rises appear to be nearly constant in interval_
whether they occur in the upper or lower part of a speaker's
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frequency rançte' while accent falls decrease j-n interval with
posj-tion in the overall range (cf. Tables II and IV). Therefore
if we assume as before that each Fo minimum is a constant value
of the preceding minimum but instead that each Fo maximum is
a constant interval above the preceding minímum, the predicted
Fo maximum values in Figures 15 and 16 \^till in fact be closer
to the correspondi-ng observed values.

Another possibility would be that successive downsteps are a

constant interval expressed in a semitone scale- It is clear,
however, that the step size in semitones decreases v/ith position
in the frequency range too and that this scale does not reveal
any constancy here (cf. Figures 5 and 6) .

The formula discussed here can also be appli-ed to Fo values of
the first phrase. Apparently, the value of the accent minimum

following the starting point in the first phrase can be expressed

as a constant (0< k< 1) of the starting point value. Tf there
is more than one stress group in the first phrase of an utte-
rance, the k value for minima seems to approach one; i.e. base-

lines and consequently also toplines can be considered nearly
horizontal.

U'patøpping. The relation between an accent peak and a succeeding
phrase accent peak seems to be easiest to express as a râtio
of amount of Fo rj-se. The range of the rise is wider for the
phrase accent peak, often twice as wide or more, but the exact
ratio seems to be a free choice within certain limits.

The relationship between the first and the last phrase accent

peak should also be expressed as a ratio of amount of Fo rise'

The last phrase accent peak appears to be independent of utte-
rance length. The basic rerationship betr^reen the thlo peaks is

therefore to be found in the t\,ro stress group utterance. The

actual Fo maximum value of the last phrase accent is higher in

the two stress group utterance than in e.g. the five stress
group utterance. sut if we take into consideration Èhat the

immediately preceding Fo minimum is afso higher in the two
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stress group utterance, the Fo rise of the phrase can be shown
to be nearry constant in range. This means that phrase accents
tend to have equal height basj_cally.

InvoLvemønt. Another variable that has been examined in this
study and that has already been considered in this section is
degree of invofvement.

VÍhat has been said above about utterance 1ength, downstepping
and upstepping, is true of both an involved and a detached
attitude within the same speaker.

Within one and the same attitude (degree of involvement) starting
points and end points are constant and independent of the number
of stress groups contained in the utterance or in the phrase.
Starting points vary with attitude, though, as do alf other
Fo points except end points. The most obvious expression of an
involved attitude is therefore an increase in the overall Fo
range. The refationship between al1 Fo points of tv,¡o different
degrees of involvement might possibly be expressed as a mere
scaling factor. This would be true within one and the same
speaker and perhaps also between speakers.

Figure'17 shows a preliminary test of the hypothesis that the
same Fo pattern is maintained with a change in degree of in-
volvement- The difference is assumed. to be one of a mere scaling
factor. The similarity between observed and predicted vafues
in Figure 17 is less striking than in Figures 15 and 16, but
there is stiff a fair amount of agreement. The most apparent
difference is that predicted values undershoot observed vafues
at the Fo maximum of the two phrase accents. This discrepancy
might be due to a worse fit in the upper region of the Fo range.
On the other hand, the agreement for the Fo maximum preceding
the first phrase accent maximum is good, although the absolute
Fo value of this point is higher than that of the fast phrase
accent maximum. rt therefore seems plausible that the discrepancy
has to do with a somewhat different impfementation of phrase
accents in the two attitudes.
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five stress group utterence--Þy .a female itt¡6¡¡¿¡t (UN) '
@ved Fõ value is 1-5 x the Fo varue
of the detached version.

Fi-gure 17
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Another possibility, which has yet to be tested, is that the
Fo range j.s regulated by the Fo rise, which appears to be con_
stant in range within the same degree of involvement. An in_
crease in the overall range could therefore be expressed as an
increase by a certain factor in the Fo rise only.
There is also some evidence for a dependence between the range
of the Fo rise and the f'o starting poj.nt value. It may be hypoth_
esized that the range factor is sensitive to the amount of in_
crease in the starting poj_nt value, although this has to be
further substantiated. There would then be a constant increase
in the range of the Fo rise for each addition of a certain value
to èhe Fo starting point value. The phrase accent rise is afso
sensitive to the range factor. This ís true of both the basic
value of a phrase accent peak as well- as the added extra va1ue,
r.¡hich depends on the number of upcoming accents.
A conclusion to be drawn from the present study is that the
Fo course of an utterance is formed by the refations between
successi-ve 10ca1 Fo excursions for the accents within and be-
thTeen the prosodic phrases that make up the utterance. Tn these
rocal Fo excursions the rises and the falrs can be assumed to
have different functions. The Fo rise, the range of which tends
to be constant for successive accents within an utterance, is
seen as an expression of degree of involvement from the speaker.
This is true at least of a neutral utterance, where no specific
focussi-ng is presupposed. The range of the Fo fall, on t.he other
hand, tends to decrease for successive accents within the phrase
for a declarative type of intonation. The relation between
successive Fo falls is assumed to have the function of expressing
statement versus guestion or perhaps rather definiteness versus
indefiniteness.
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7.3 Conclusion

The follor¿ing main points, which are to be incorporated in a

revised intonation mode1, can be established from the present

study.

.TheFoendpointiStheleastvariablepointofanutterance.
ft j-s the bottom of a speaker's Fo range and is a reference-

for all other Fo values of an utterance. This is expressed

in Pierrehumbert's baseline units above the baseline'

. The overall Fo course of an utterance is expressed as the

relations between successive, local Fo excursions for accen-

tuation, with Fo plateaus in beLween.

. The Fo rise of SuCh a IOCaI excursion for accentuation tends

to have the same range.independently of whether it occurs in

the upper or lower part of a speaker's Fo range'

. There are t\^to kinds of Fo rise, the above mentioned accent

rise and the phrase accent rise, which has a wider range than

theaccentrj-se.Thephraseaccentriseterminatesaprosodic
phrase,

.Thedivisionofanutteranceintoprosodicphrasesisimportant
for Fo implementation.

.TherangeoftheFofallofalocalexcursionforaccentuation
appears to decrease for successive accents of a declarative

intonation type. This Fo downdrift can be descri-bed by a local

rule,whereeachFominimumvalueisaconstantratio(0<k<1)
of the immediately preceding Fo value' The rufe operates within

the phrase.

rn the transition between two prosodic phrases the following

regularities occur:

.TheFopeakafterthephraseaccentrjse,whichisidenticaf
withthe.firstaccentmaximumofthefollowingphrase'has
abasicvalue,towhichmaybeaddedanextravaluethatj-n-
creases with the number of following stress groups in the phrase

.: ,i !h
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. The first accent minimum of the second phrase has a basic
value that is the same as that of the preceding accent minirnum
of the first phrase, plus an extra varue that increases in
the same rtay as the preceding maximum.

The added extra value for the phrase initial maximum and minimum"------ :-'ì
is an anticipation of utterance rength expressed as a function
of the number of following stress groups within the phrase.
These higher Fo values in a longer compared to a shorter utte_
rance will persist for the following accent maxima and minima
in the phrase.

. The degree of involvement of the speaker is expressed as a
variation in the Fo range of an utterance. The same Fo pattern
is maintained across variations in invorvement. The difference
between detached and involved seems to be a matter of scaling.
There is also a dependence bet\"¡een the Fo range and the value
of the Fo starting point, which tends to increase with involve_
ment but j-s otherwise constant and higher than the Fo end point.
The exact nature of this relationship has yet to be estabrished.
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PROSODIC EXPRESSTONS AND PRAGMATIC CATEGORIES*

Eva Gårding

Our earlier work in prosody has been mainly concerned with iso-
lated sentences in a fixed situational frame (e.9. Gårcling and

Lindblad 1973, Bruce and Gårding 1978 and '198'1). our present
goal is to show how prosody makes isolated sentences a coherent
text and how it makes the coherent text part of situation-bound
speech act. Such functions, here called pragmaprosodic, are now

an object of current interest.

In this paper T shall present a preliminary frame for pragma-

prosodic categories and report on some experiments designed to
validate their existence.

THE FRÄME

Prosody has at least four functions with a bearing on text and

speech act. This is illustrated by Table 1, which is based on

traditional analysis . lìne hiLhÁhclvLca'L. function refers to prosodic
means of orderir\g y9¡u7?î, ánd comments which may be spread over

several sentences . Tlne" demancafivø-eonnecLLu¿ function refers to
the absence or presence of boundary signals. These two functions
are chiefly lelt:oriented,.,]þey dívíde the text into smaller u-
nits and arrange these unit-s hierarchically. The two other func-
tj-ons are Iistener-speaker oriented. The moda,t' function expresses '
orientation towards the listener, choice of utterance type, state-
ment or question intonation, for instance- T]ne øxPne's*Lvø-function,

finally, conveys attitudes and emotions of the speaker.

Let me try to motivate the frame by looking more closely at the
corresponding classes of prosodic expressíons.

TL¡e luLe,na¡chica.L cl.ass comprises accent (stress) and intonation.
Both can appear j-n one of three grades, neutral, upgraded and

downgraded. Upgraded accent has a prominence-lending focal effect,
downgraded ...".,t may be anaphoric. rts physical domain is local,
which means that it hits a minor part of the speech chain' a

* Paper presented to a conference on text linguistics in Lund'
Maich 1981. Published in "Textstrategier i tal och skrift",
Almqvist a VùikselI InternationaL, 1982.
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Functions of pragmatic prosody

TFXT ORIENTED LISTENER_SPEAKER ORIENTED
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syllabfe or a \^/ord. The phonetic correl-ates of accent are varying
combinat.ions of fundamental frequency, intensity and duratíon.
The actual combination of these correlates depends on the function
(focal, non-foca1) and the position in the intonation contour.

while the hierarchical function of accent is taken for granted'
the correspondi-ng function of intonation has been more or less
neglected, at Ieast experimentally. Since the domain of intona-
tion is global, its hierarchical function is manifest in a major
part of the utterance, a phrase or a sentence. The main acoustic r,,,.
correlates seem to be a continuation of the general course of fcac-t"""'
a contour, a repetition of a specific contour, shifts,up and down '''
of a neutral contour often combined \4rith expansion or jcompression

of the f requency range . i 5ct.2 ; , ;,,.' i ,, "1i., y

Intonation and accent also appear in the d.wnanco.tíve-c(rnnøc.Íivø \, ,.
class. rt is shown in Fig. 1, which is taken from an analysis \tt''')¡\-: '

by Bruce (1981), how a declarative intonation contour stretches
over t\"ro sentences. The phonetic expression is a gradual fal1
of the baseline and the topline which connect the local maxima

and minima of the fundamental frequency curve. In thj-s way in-
tonation refl-ects a larger constituent than the sentence, a

text unit, which j-s set off from the rest of the text. This use

of intonation at the same time has a hierarchical function.

Syntactic units may be delimited by tonal junctures' a local fall
as in the declarative sentence of Fig. 1'or a 1ocal rise as in
the interrogative contour of Fig. 2. There it is illustrated how

a question contour connects an interrogative speech act spread
over t\^ro sentences.

Accent may also be a demarcative signal. In many Swedish dialects
(e.g. in Stockholm) it fa11s on the last accentable syllable of
the phrase, if it has not been used to mark an earlier word in
the same sequence for focus. As Bruce demonstrated so convincing-
ly 119771, it is this demarcative function that gives rise to
the double-peaked Accents 2. In other Swedish dialects, e.g.
Finland Swedish, a different strategy is used to achieve the
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same 9oa1. Here the initial part of the intonation contour is
at an extra high level which in this way becomes a tonal junc-
ture, signalling the beginning of the sentence. 

r_.tt. :.
The demarcative function of accent \^/as implied in the concept
of sentence accent (Bruce and Gårding 1978l . However, the present
investigation of connected sentences suggests that this accent
is not related to the sentence but rather to the text. In'¿ny
of the two test sentences that form a coherent text in the ma-

terial used for this study (cf . Tabfe 2), 
-or919l1eged 

sentence
accent only appears Ín the second sentence. Correspondingly,
the init j-al tonaf juncture of Finland Swedish belongs to the
text unit.
xine nadal class includes intonation and tonal junctures. As has

been mentioned already, a statement is characterized by gradually
falling intonation stretching over the whole text unj-t, which
may consist of one or several sentences. It ís, then, the grad-
ually falling fundamental frequency which marks the statement.
Interrogative intonation is non-fallinS (Gårding 1979, Bredvad-
Jensen 1980). In addition, there is a non-fal1ing íntonation at
a low 1eve1, considerably lower than the question, which is very
conmon in spontaneous narratj-ve style (Gårding 19671 . I regard
this as the unmarked case. The speaker is too much involved in
the textual part of what he/she is saying to care about the mo-

dal function of prosody. Tonal junctures, i.e. local fal1s and

rises, strengthen the purport of the speech act. They are not
obligatory.

Tlne Q.xPLe,sÁLvø class comprises a whole set of prosodic features '
global as well as local. As a rule, they can be analysed as

superimposed on the other classes. What makes them expressive
is exãctly their deviation from an expected pattern.

SOME EXPERIMENTS

The aim of the experiments is to explore the hierarchical function
of accentuation and i-ntonation, in particular hovr speakers
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and listeners use these features to create coherence in a text.

The first experiment concerns accentuation, the second intona-
tion. fn both experiments I use text units consisting of t\.{o

sentences j-n which topics and comments have been varied sys-
tematically. These texts (Tabfe 2 and 5) were read by several
speakers. Recordings were made and analysed (Figs. 3 through 6),
A cfoser analysis of these contours in terms of the earlier men--lioned 

intonation model (Bruce and Gårding 1978) will be pre-
sented in a forthcoming paper. Some of these sentences were
later presented in tests in which subjects were ask-ed to match
them in such a \,'/ay that they formed naturaf text units (Tables
3 and 4). Similar experiments have been reported by Fónagy (1981).

The speakers, who were all phoneticj-ans, represented four dif-
ferent dialects of Swedish, southern (EG) , eastern (Stockholm,
UN), far east (Hel-singfors, KT), and received pronunciation, as

taught in the drama school of the National- Theatre in Stockholm
(GS). Typical productions by Speakers UN and EG are presented
in Figs. 3 and 4 for accentuation and in Figs. 5 and 6 for in-
tonation.

The speakers produced the text units in Lhree different orders.
They were asked to ponder the content of the text and express
it prosodically as clearly as possible. To secure natural pro-
ductions, the relevant text units were interspersed with other
text units, constructed after a dífferent design.

1. Accentuation

The materiaf used in this experiment is presented in Table 2.

The sentences in the leftmost part of this tabfe occur in pairs.
Every sentence has a topic (Referent A) and a comment (Referent
B) which are differently related to the topic and comment of
the neighboring sentence. AIf the sentences have the same syn-
tactic structure, a noun phrase followed by a verb phrase. The

content has been chosen in such a vray that we can expect the
speaker to strengthen and weaken the accentuation of refated
topics and comments according to a predetermined plan (cf. míddle
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part of Table 2). All sentences except one (no. 6, Table 2) have
decl-arative intonation. For orientation let us look at the first
example. There are three relations to be considered, the relations
between the two referents A and B in the paired sentences and.

the relation between the two sentences 1 and 2. The relation
between the referents is expressed in text-Iinguistic terms in
the rJ-ght-most part of the tabl_e. The middle part shows how
accentuation has been expected to be used to bring out these
relations. It may be neutral, downgraded or upgraded. We notice
that the prosodic categories are lq as compared to the
t::-l-L-nguistic ones

In text 1, referent A, Uno, is repeated in sentence 2. This may
happen in a communicative style used when grown-ups talk with
children, as if pronouns were too v/eak to serve as referents.
The repeated referent may be expressed by a downgraded accent.
We notj-ce how in both dialects (Figs . 1 una 4) the downgrading
affects the prefocal part (Uno gðlt /) ¡y a narrower range of
pitch. Referents B, on the other hand, are t$ro equivalent pieces
of information. Sti11, referent B of sentence 2 Ls upgraded.
This accent i-s ínterpreted as having a demarcative function.
Apart from the relation of the referents there is al_so the re-
lation between the two sentences that together form a text uni_t.
In text 1 they are given equal weight. This equivalence seems
to be achieved by the use of the same contour in both sentences
vtith a slight downshift of the intonation of sentence 2.

The referents of the sentences in text 2 can be related in dif-
ferent ways. We cân give referents A, Jannø anð, {.lno, an egual
neutral degree of accent which makes them equivalent pieces of
communication (Fig. 3). We can also give Uno an upgraded accent
and create a constrastive effect in meaning, equivalent to the
expression Uno, howeven. A third possibirity was used by tvro of
t.he speakers: The whole of sentences 2 was contrasted \^rith sen-
tence 1 by the repetition of an expanded version of the same in-
tonat.ion pattern (Fig. 4)
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Text 3 j-s deviant. For the recording it was supplied with the
par{nthesis Evutqbodq i.t a,t telLoo[.. In. this way sentences 1 and
2 actually form part of a three-sentence unit. The treâtmenL of
the A referents varied. Either the referents r¡rere given equal
weiqrht, or else Uno of the second sentence seemed to be favoured.
The intonation contour appropriate for the sentences of this text
unit is not. a simple declarat.ive intonation as in earlier cases
but one used in r=!"t.99" o¡ equal el,e,Lelle3e_iL g_gg4t.r{tg.
The speakers have achieved this effect by using the same into-
nation conLour for both sentences but with a downshift of sen-
tence 2 in a compressed range.

Text 4 called for equal treatment of the referents by means of
neutral accents in a repeated intonation contour. There is a

slight downshift of the total pattern of sentence 2.

Tn text 5, on the other hand, an upgraded accent seems to be

obligatory in t.he A referent Unú Lo express contrastiveness.
At the same time there is an upshift of the pattern together
wj-th a compression of the range in one speaker (EG), and an up-
shift, with expansion in the other (UN).

In t.ext 6, finally, there is a choice between neutral accents
(UN) or an upgraded accent in the referent of the second sentence
(EG). Furthermore the whole of, sentence 2, whj-ch is int,errogative,
seems to be contrastive with the whole of sentence 1, whÍch is
declarative. This contrastive effect may be due to the change
of intonation contour. To summarize the comments on the produc-
tions: Accentuation r^¡as used as expected in three classes to
express hierarchical relations. These accents, however, were
often accompanied by variations in the basic contour, upshift,
downshift, compression and expansì-on.

The productions of Speaker UN r"rere used in a listening test \^rith
seven subjects. A subject was asked to match one of the six
productions of sentence 2 with a given sentence 1, called the
anchor. The matching was done with the aid of a card reader, a

device permitting comparison between different stimuli and the

l"
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Results of matching task with card reade¡ (7 subjects).
Product.ions lJ. N.

Sentence 2

Uno går i skolan

'Uno goes to school'
1234

1. Uno är åtta år

'Uno is eightr
4. Janne qår på lekis

'Janne goes to the nursery'
5. Janne går inte i skolan

rJanne doesn't go to school

Table 3

Intonation

Results of matching task with card reader (7 subjects).
Productions [.] . N.

56

o
c
o
1)
c
o
Ø

Sentence 2

Hon gick inte o(ch) la
rShe didn't go to bed'

123456

4

sej

(¡)

c
0)s
c
r¡)
Ø

1

2

3

Table

1

4

5

3

7

1

1

5

4 J

2
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anchor, any number of times and at a leisurely pace. Three
anchors rrere used. from texts 1 , 4 and 5, representing pairs of
sentences with neutral, upgraded and downgraded accents on the
referents.

The task turned out to be quite easy. It did not take long for
the listeners (all students of phonetics) t.o find the correct
pairmate. Informal tests indicat.e that the tendency is the same
q¡ith sentence 2 as the anchor

The results of the matching test are given in Table 3. Broadly
speaking, the listeners preferred the original mate of the
anchor.

All listeners aqree that sentence 5.2 is the correct mate for
5.1. Iiere the anchor 5.1 seems to require an upgraded accent in
referent A, a downgraded accent in referent B and a terminal
declarative intonation contour. Only one sentence fulfills these
requirements, sentence 5.2! No. 3.2 has the required accent
pattern but a non-final intonation contour which does not fit
t,he given context.

Wit.h anchor 1.1 the sentences 3.2 and 6.2 have wrong intonations,
3.2 and 5.2 a wrong downgraded accent on referent B. Sentence
2.2 seems acceptable in intonation and accent but its tempo is
too slow for the anchor. The votes are about equally divided
among the two remaining ones, 1.2 and 4.2.'Iil,e upgraded accent
of Ílno ín 4.2 sounds plausible but intriguing. It gives an

element.of surprise to the message and obviously puts the example
in the expressive class.

With anchor 4.1 similar argluments pertaining to intonation,
accentuation and tempo show 4.2 to be the most natural match.
It, recei-ved 5 out of 7 votes.

To produce the t\^ro sentences as a semantically coherent unit
the spèaker uses not. only accentuation,
perj-menter for some of the text units '

as planned by the ex-
but also intonation and

tempo and perhaps other features as well, overall--ioirr*. àrr¿
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voice quality, for instance. To a large extent the use of such

features seems to fol-Iow general principles. This is evidenced

by the fact that listeners are able to recognize the missing
part of the text by prosodic features only. The test also in-

dicates that intonation and tempo are perhaps more important

cues than accentuation.

'' 
' t-:f-rl i''2. Intonation

Table 5 shows the sentences which have neem'constructed to test
the power of intonation to express hierarchy of sentences '
The text of sentence 2 is always the same, Hon gíclz inf¿ oclt

Latøj 'She didn't go to bed', but it had been pronounced at '

different intonation levels which I analysed as .neutral, shifted

up and shifted down, depending on the situation described by

sentence 1. The different relations between the sentences in

the text have been described in text-linguistic terms in the

rightmost column of the table. In the phonetic class only three

terms are needed, neutral, upgraded and downgraded. The text-

Iinguistic terminology is richer. The following comments on the

production of these sentences refer mainly to Speaker EG, Fig' 6'

Text 1 was pronounced with a neutral declarative sentence in-

tonation in both sentences. These sentences are connected by a

global fall stretching over both sentences (compare also Fig' 1

from Bruce 1980), This relation is textually additive in the

sense that the information of sentence 2 is added to sentence 1.

An equivalent syntactic arrangement would be to conjoin the two

sentences bY AND

In text 2 (FLq.6) sentence 2 has been pronounced with shifted

up intonatj-on which has been interpreted by the experimenter as

the prosodic expression of c.ontrast. A common text-linguistic
relation between the comments 1s adversative.term folc,þhis

The shifted-up intonation plays the same role as a conjunction

like BUT or an adverb like ON THE oTHER HAND.

In text 3 shifted-down intonation in sentence 2 is natural after

focus in the comPlement clause.
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! "a)
t ì-.

shifted-up intonation in sentence 2 of text 4 expresses asser-
tion and plays the same role as an ad.verb like CERTAïNLY.

In text 5 shifted-up Ín
in the last example, no tour

J
tj

There is some interspeaker variation in the accentuation of
these sentences. Speaker UN has a preference for a strong accentj-n the negaluion intø which in most cases is followed by an
equally strong accent in the folrowing predicate verb ¿a. But
again, the agreement is great enough to show that speakers use
lgg$ef , upgrqded and downgrê4e_d intonation in a systematic way
to interrelate s and sentences. These three prosodic cate-
gories may or may not coincide r{rith syntactic coordination,
superordination and subordination.
Test 2 (Table 4) was desígned to test listenersr abilíty to
recognJ_ze prosodic hierarchy and use it to.acbieve semantie
_c_gherence. AIso in this test the itistruction was to find the
best match for three anchors (1, 2 and 3), one at a time.
Another group of phonetics students served as subjects. The
results are shown i-n Table 4.

Again the original pair-mate was found easily. In the cases
where another candidate has been suggested, this is also a
possible choice. A guestion intonation Hon gícÍz infø ctch rn tøj?
after Han va.n izöÍf as in no. 6 is a quite natural continuation
and 4-2 after HoN sA makes the sentence a direct quotation rather
than an indirect one.

'í ', CONCLUSION

Our experiments seem to show that speakers use dÍfferent 1þyels,ì
of accentuation and intonatíon in a consistent \"ray to express
hlerarchy between referent,si SimilarIy, listeners rely on these
cues to establísh meaningful relations between sentences. The
hierarchical function, then, is effected by qh-" classes of
phonetic expressi.ons, neutral, downgraded u"a 

"pg."dài,-which
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is called accent (stress), if the domain is loca] and intonation
if it is
that dete

slobal . /rt i-=

rmine the clas
semantic welght and semantic relations;. \,s., ..¡' ,4 , ,

1rr" ¡i'
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ACoMPARÄTIVESTUDYoFSWEDISH'GREEKANDFRENCHINToNATIoN

Eva Gårdinq, Antonis Botinis and Paul Touati

AN TNTONATTON MODEL

l"lost intonation contours look very complex at first sight- Ex-

perience shor¡/s, horvever' that \À/e can get simple descriptions by

indicating the important turning points, their pitch values and

their positions in the sentence. The contour is then obtained by

connect.ing the turning points r"¡ith a smooth curve over the voiced

segments.

what are then these important turning points? with an appropriate

materiaf, consistj-ng of sonorant segTments that do not disturb the

local pressure conditions at the gl<;ttis, il- can be shown that

the turning points cooccur with crucial communicative events,

such as lexical accents, focal accents at phrase and sentence

level, morphological and phrasal boundaries. All of these lin- 
!

guistic variables are embadded in one and the same curve'

A model based on these qeneral observations has been developed

for srredish dialects, (e.g. Gårding & Lindblad 1973, Gårding 1977,

1979, Bruce 1977, Bruce & Gårding 1978,1981) anil in this paper

we shall demonstrate how it can be used to describe the intonation

of other languages as well. For the demonstration we shall use

one particular sentence for \"/hich the intonation will be gene-

ratedinSwedish,..GreekandFrench.Thesentenceis'Madame
Marianne tuarlarméffihich has been uttered in a narrative style

,
v¿ith equal semant'ic r,/eight given to the words MaXXarun-ø' mandrtlin

aîð, Mad^id as if it had been the first sentence of a short story.

Typical observed sentences are shown in Figure 1 ' The correspond-

ing inputs to the model are given in the lower part of the fig-

ure. There are markings for word accents (A), for swedj-sh only

oneofthetwoexistingaccentsisused(41)'phraseaccents
(PA) and sentencê accent (SA).
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Figure 1
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Brackets and slashes show three kinds of syntactic boundarj-es,

for the sentencer.the major phrases and the phrase internal con-

sti-tuents. In this example we have tried to find a complete cor-
respondence between syntactic and prosodic boundaries, which of

course is very unusual in spontaneous speech. Nevertheless, the
French speaker has put i"-"n jIlÏ:.-r_ggnÇe1¿-Þ9!91-9 Ma.tlann¿. rhe

sentence boundary is labellecl Sl for statement. Figure 2 presents
the stages of the model (for a fuller account see Gårding 1981).

Figure 2, Model for prosody. From Gårdj-ng 1981.
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Here we sha1l assume that the input phrase has passed through
the first two stages of the model, the syllable structure rules
and the syltable duration rules, the effecÈs of which have been
demonstrâted earlier (Gårding 19g1). These rules give syltable
durations and total durations consistent r¿ith the observed data.
The French sentence is short mainly due to the lack of long ac_
cented syllables, the Swedish sentence is long because of the
presence of such syllables.
Provided with the correct durations, the demonstration phrase is
ready for pitch assignment. At the third stage, the intermediary
phonological rules adjust context dependent syrnbols. One pheno_
menon v¡hich is fairly general across languages is that there are
no pitch obtrusions in connection with accents after focus.
Hence the word accent symbol which has already produced the du_
ration appropriate for an accented sylrabre wilr here be deteted
by an intermediary phonorogical rure. rt is in this rule among oth-
ers that our three compared ranguages differ. The pitch obtrusions
characteristic of accents are not present after focus in Greek
and French. They occur J.n Swedish, however (see examples in Fig_
ure 3).

The rules of the fourth stage, the l_ntermediary pitch represen_
tations, transform the abstract symbors into more concrete ones.
Grobal features, i-e. features connected with sentence and phrase,
are expressed as a Rise, a Fall or a Level. Local features, those
that pertaín to syllables or words, are expressed as Highs and
Lows whích are going to become turning points in the final pltch
contour.

The algorithm for pitch generation (Figure 4) works on this nerd
notatlon. ït has the following rules:
RULE 1 produces a tonal grid which represents the overall plan

for sentence intonation. For a declarative sentence of
the given structure it looks like the grid. of Figure 5.
The interior solid rines represent the bounds of not !,¡eak-
ened accents withr-n a phrase. The exterior hatched rines
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Figure 3. Different treatment of pitch eÉþs focus' Fron.Går$in9
1981 . 3- !î *.., ;.i'; L*1,9)

'(tP f /t"- 
'

, Syúat/n'c Ú L,, .;-*rl'3l:.*,{/ /
feragmatrc effects, e.9. for strengthened :::ft'are used for

accents as in combination with focusr here called sentence

accent (sA). To construct thls griil we use knowledge that
wehavegatheredfromstudyingthesameintonationcontour
in sentences h/ith different phonetic and gram¡natical struc-
ture, uttered by dÍfferent speakers. Results of interest
for this grid lritl be found in Bruce's vlork (1982) '

RULE 2 inserts Highs and Lovts for sentênce and phrase boundaries.

RULE 3 i"nserts the Highs and Lows of the sentence and phrase ac-

cents.

JonTo¿*"{'
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Figure 4. Algor ithm rFor generating pitch contours.
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Figure 5. Typical grid with insertion of Highl and Lotr^

APASA
355- 3___+___

--È___Þ_
---

1. Grid: Sentence intonation and major phrase Boundary
2. Sentence and Phrase Boundaries
3. Sentence and Phrase Accents
4. Word Accents

RULE 4 inserts the word accênt Highs and T,ows

RULE 5 inserts contrastive accents.

RULE 6 takes care of context phenomena. Two examples are given:
6A is carled Í'he pnepana.tona iur¿. rt prepares for a forl0wing
High or Low by inserting a point of the opposite value.
68 is calleð. Íhø at.simLta'LLon nu.te-. rt pushes the inserted
pi-tch value in the directj-on of a fotlowing value h¡hen a
ful-1 movement is not warranted by the context.

RULE 7 connects all the generated Highs and Lov¡s by a smooth l-ine.

APPLICATION TO SWEDISH, GREEK AND FRENCH

Table 1 shows how the rules of the pitch algorithm are applied
to Swedish, Greek and French. These rules are here expressed in
general terms. Specifications are given elsewheïe (e.g. Bruce
1977 and Bruce & Gårding 197g for Swedish, and Touati, forth_
coming, for French). The tabr-e has some redundancies. Rufes 2 and
3 overlap when a phrase or sentence accent is final. rn the case
demonstrated here there is no conflict. The rules give the same
result. In other cases, however, there j-s a need for priorj-ty
rules. For inst.ance, when in Swedish or creek a phrase or sen_
tence accent i-s initiar and there is a crash between the word
accent High and the phrase boundary Low, the accent High takes
priority. Note that a finat word accent in a phrase or a sentence
is analysed as a phrase or sentence accent respectively.
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Some of the rules in the algori-thm are common to all three lan-
guages, others differ. A detailed comparison will be given in
the next section. Here we sha11 just menLion the principal fea
tures.

Phrase endings are Low for South S\^tedish but High for Greek. For

French the phrase ending is also High, due to the phrase accent-
The word accent rule is void for French. Of the two Swedish word

accents only Accent 1 is used in the demonstration phrase. (It
differs from Accent 2 in that its High occurs earlier. The man-
j-festations of the two accents are dialect dependent. For details
see Bruce a Gårding 1978).

The contrast.ive accent is a pitch expanded word accent in the
South Swedish dialect and in Greek. In French contrastiveness
is expressed by a Low-High in the first syllable instead of a

Lovr in the contrasted word(s).

Figure 6 illustrates how the points given by the various rules
are inserted into the grict which has been generated by Rule 1.

The numbers 2, 3 etc. refer to the corresponding rules of the
algorithm. Note that the lengths of the grids have been adjusted
to the observed patterns. Table 1 and Figure 6 \^ri11 serve as a

basis for our comparison.

COMPARISON

SÍnce our input phrases have been constructed in such a vtay that
sentence accents and phrase accents occur in the same position,
the cornpar.ison concerns rnainly the manífestation of these accents

and the intonation contour. The comparison is based on observations
J.n a larger material than the one presented here, particularly
for Swedish and French. The French material will be described in
more detail in a forthcoming dissertation by Paul Touati- We sha1l

follow the order given by the pitch generating ru1es.

llulu 1 and 2: Tnlono,.tion qnd boundanLu

The grids that show the general outline of the declarative sen-

tence intonation are remarkably similar apart from differences
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Figure 6. Generated Highs and Lo$rs inserted on tonar state-ment grids for Swedish, Greek and French.

in overall length. They consist of a slightly risinq part cov_
ering the subject and a falfing part covering the predícat....rh. 

-_
.-fp^1l9_t_¡arks the boundary betvreen these two constituents. This

boundary occurs on different 1ines, however. For Greek and French
it is on the uppermost 1ine, for Skåne Swedish it is on one of
trle lowest. rt should be noted that, arthough the experimenters
made precautions to keep the pragnatic contect fixed, there is
sti1l room for variation, particularry in the treatment of phrase
boundaries- A slight.ly 'stronger' boundary in swedish v¡ilr re-
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sult in a continuation of the falt to the lowesL level, a similar
situation in Greek $/i11 create a fall after the rise, whereas

in French the duration of the rise and hence lhe whole syllab1e
on which ir occurs will be lengthened. r_!-jg:lg3r_!_49! !þ_ç.-¡.gnç.
tion of the lines of the grid differs in the three languages.\-.*,-.. -.---
fn Swedish the lowest lines mark the beginning as well as the
end of phrases and sentences. In Greek the low line is reserved
for the end of sentences and the high is used for the end of
phrases. In French the low line j-s used for the end of a sentence

and for the beginning of a phrase or sentence. The end of a phrase

uses one of the upper lines with the highest level rnarking the
boundary between the deepest constit.uents. The two accent lan-
guages, Swedish and Greek, use the highest line also in combj--

nation Ì^tith phrase and sentence accents.

î,uLe^ 3 and 4: Accønùntion

The manifestation of sentence accent is a steep fall in Swedish

and Greek as compared to a very insignificant fall in French.
we have regarded this as a support for our phonological analysis
of a High-Lo\^t sentence accent for Swedish and Greek and a Lo't^t

sentence accent for French.

The phrase accent is a fall of similar steepness in Swedish but
a rise in Greek, corresponding to the phonological representations
High-Low and High respectively. For French we have analysed the
final accent of a phrase as a phrase accent High to make it par-
alIel with the sentence accent which also has one point' Lovr.

Since all accents in French are phrase or sentence final it would

also be possibte to analyse them as pitch boundaries.' For the
Sr¿edish and Greek dialects under investigation' High seems to
be the obvious choice for the word accents. The early position
of the pitch peak typical of Accent 1 in South Swedish makes

this accent mainly falting, vthereas in Greek (as in Accent 2 of
South Srtedish) the peak has a late position in the syllable which
gives it a mainly rising Pitch.
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Ru.Lø 5: CowLnnsLLvø a"cce.nf

Figure 3 shows some interesting phenomena not present in the demon-
stration sentence- lfÍth contrastive (focal, insisting) accent in
Greek and French the pitch goes down to l-ow level and remaÍns
there until the end of the phrase. In Swedish, on the other hand,
the accents still have their pitch obtrusions. This may be due
to the different status of the word. accents in the phonological
system of Swedish.

rn Finland-sv/edish, at least in the dialects without fexical ac-
cent distinction, the accents behave fike in Greek or French
(Kerstin Tevajärvi, forthcoming). rn French we notice that under
contrastive accent the Low of the initia] boundary has been re_
placed by a rise (Figure 3).
Ru.L¿ ó: Cowtexf. ¡l(-u

The context rules reflect perceptuar and articulatory constraints.
As could be expected they show great similarities across the lan_
guages. For the demonstration phrase we shalf onfy need two. (For
a more careful analysis of tonal context phenomena in swedish see
Bruce 1 977 and for tone languages see Schuh 197g) .

Ru.Lz 6A: Thø pnepøø.tolLt/ ,Lu.(.¿

This rule says that the generated Highs and Lows are preceded by
inserted points of the opposite kind. our data suggest that the
purpose is to give prominence to the following High or Low. The
Greek curve in Figure 1 can be used as a d.enonstration. Ìn the
subject phrase (Madan¿ Ma¡,íannø íIa.LLnnndl bhere are several Lows
preceding accent Highs. simirar phenomena can be seen in the
Swedish sentence in the same figure.
In French the first Low of MøUahn-¿ is prepared for by a High
which, according to our interpretation, is introduced to emphasize
the Low. If it had not been there, the j-nitial boundary mark of
the phrase would not have been present.
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Ru.Lø óß: T[tø øt,simi-l.a,tLon nu'[-ø

The assimilation rule in the present materiaf expresses under-

shoot phenomena. Before a steep SA fall the preceding Low is

undershot in Swedish and Greek. This is so far unexplained' One

possible reason is that the steep faII is a strong manifestation
of the accent and therefore does not need a preceding full pre-
paratíon.

The previously mentioned Greek curve in Figure 1 gives other
examples of undershoot. In the subject phrase (l'ladon¿ [la^iann¿

llaXtnnn-ø) thäre are three Lows preceding three Highs. The assim-

ilation rule has raised the middle High. The reason may be a

lack of time for the full preparation before a weakened accent'

This is in agreement with a universal tendency of weakening the

second in a group of three'equal'accents. A simil-ar tendency

can be seen in the Swedish sentence in the same figure'

These interpretations are built on observati-ons in acoustic re-

cords of real speech that has been varied in a systematic \'¡ay'

We shall use synthesis to check our findings.

Ru.Lø 7 : Cctncøt¿Ywtion

This is a mechanj-cal rule and the same for all three languages.

In creek it accounts for tonal enclitization phenomena, i'e' ¡he

recognized fact that a group of unaccented syllables form a pro-

sodic unit \^/j_th the preceding accented one. fn the observed sen-

tence (Figure 1) concatenatíon prescribes the slow fall to the

Low of the following accent, prescribed by the preparatory rule'

Table 2 sho\,¡s the pitch representations proposed for the lin-

guistic variables. It gives an overview of the tonal part of the

prosodic structure of the three languages. At the same time it

summarj-zes our comparison: Phrase and sentence intonatj-on in

declarative sentences are similar, accentuation and boundaries

differ.

The anafysis displayed in Table 2 is consistent with j-mpression-

istic st.atements about the languages. The South swedish dialect
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Table 2

s!{ED-
ISH
SOUTH

GREEK

FRENCH

PTTCH REPRESENTATTONS FOR DECLARÄTTVE SENTENCES

PB SA PA !\IA

LETTERS TN PARENTHESES ARE CONSEQUENCES OE THE

PREPARÀTTON RULE

VERTICAL ARROWS INDTCATE VIIDENED R.ANGE

HORIZONTAL ARROW INDTCATE DELAYED TIMTNG
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L...7

L.. .L
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(L) H
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HL

(L) H

1. H(L)

-_>
2. H (L)

(L) H
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t

I
HL
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is often described as s1ow, monotonously chopped up_rand down to )
earth. The falling phrase accents may be responsible for these
impressions. The table also shows that Greek uses rísing pitch
much more than the other languages. This together with its pre-
ference for open syllables may explain why Greek has a hammering,

insisting effect on a Swedish listener. The most conspicuous
pitch characteristic of French to a S\^rede is the recurring phrase

finaÌ rising pitch.

The importance of the analysis summarized in Table 2 goes beyond

the impressionistic remarks just given. ft makes it possible to
compare the prosodic i-nventory and structure of various languages.
rn this way, it wilf aÌso be an eff$icient aid in the analysis

'.t -,of foreiqn accent and the teaching of pronunciation.
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IDENTIFTCATTON OF NASALS: AN ACOUSTICAL AND PERCEPTUAL ANALYSIS

OF NASAL CONSONANTSl)

David House

TNTRODUCTION

In generaf terms, the spectral cues governing perception and i-
dentification of nasal consonants are described as dichotomous.
rnformation concerning the presence of a .r.".L2) is thought to
reside in the nasal segment proper (the nasal murmur) while the
formant transitions of the adjoining vowel- segments are usually
regarded as comprising the major spectral cues necessary for
specific nasal phoneme identi-fication. In an attempt to inves-
tigate the extent to which vowel formant transítíon information
alone j-s sufficient for nasal phoneme identification in a VC-

syllable in the context of the vowels /i/, /a/, and /u/, three
experiments were carried out.

The first experiment took the form of a speech perception iden-
tification test using ovE III speech synthesis based on the Haskins

tests of the 1950's where vowel formant transitions were progres-

sively altered while keeping the nasal segment constant. The

failure of this test to elicit labia1 responses after the /u/
vowel and a general non-conformity of /u/ vowel context results
led to a spectrographic analysis of nasals fotlowing /u/ in natural

speech. The appearance of a characteristic spectral peak at about

11OO Hz in the /m/ segment led to the third experiment which once

again took the form of a synthetic speech .identification test'

This time, however, natural speech syllables were replicated as

closely as possible using an OVE III synthesizer in an attempt
to efi-cit labial responses afLet /u/ on the basis of Lh.e /m/
spectral peak keeping other information at a minimum. A parallel

identification test using naturaf recorded speech syllables was

also carried out in order to determine actual nasal phoneme i-

dentification dj-fficutty in Lhe /u/ vowel context in isolated
sy11ab1es.
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PROCEDURE

The first experi-ment comprised 60 stimuti in which a singre nasar
formant at 200 Hz follov/ed Swedj-sh vowel formants for /i/ , /a/,
and, /rt/. F, transitions in the vowel segments were altered in
steps of 500 Hz ranging from a final value of 500 Hz up to 2500
Hz. The test was presented for four Swedish fisteners, the task
being to identify each stlmufus as one of the following ni_ne sy1-
l-abf es : / ím, in, i0 , am, ar¡, a0 , um, un, u0 / .

In the second experiment, five sets of the nine syllables were
read in randomized sequences by five subjects. Afl but one of the
subjects were native speakers of swedish, the investigator repre-
senting American English. spectrograms of the middre three sets of
the recorded syrlables were anarysed regarding F, transitions and.
possible distinguishing spectral characteristics in the nasar seg-
ments. Particular attention was paid to the segments containing
the vowel /u/. sections from the middle of the nasal segments were
also analysed.

The thÍrd experiment, designed to investigate perception of syl-
Iables in which the nasal follows tine /u/ vowe1, comprised 1is-
tener identification tests using both naturar and synthetic speech
stimuli. rn the natural speech portion of the test, the syllables
/um/, /un/, and, /uq/ were rand.omized and read by one of the Swedish
speakers. Each syllable appeared 20 times. rn the speech synthesis
portion' an attempt was made to repricate the three sylrables of
nat.ural speech using an OVE III synthesizer in such a way as to
enable the testing of the forlowi-ng criteria of identifi-cation:
a) an N2 at 1100 Hz in the nasal segment of /urn/ with no formant
transit.ions, b) an F, transition to 1g00 Hz in /,an/ with no N2
in the nasal segment, and c) the absence of both formant tran-
sitions and N2 in /uD/ (Fig. 1). fne second. nasal formant of /m/
was produced by extending the formants of the vower- branch from
the vo\,¿ef segment into the nasal segment, thereby using F2 to
emphasize the nasal segment spectrum at'll0o Hz. This method \,,¡as

not compfetely satisfactory, however, as a substantial (-19 dB
re: the vowel) amplitude decrease of the vowel formants in the



1s5

nasal segment was necessary to maintain satisfactory nasal accept-
ability due to the effect of using vowel formants in a nasal seg-
ment, despite increased bandwidths. Nonetheless, given the single
nasal formant nature of oVE III synthesis, the stimulus was con-
sidered to be the best possible means of testing the identification
criteria given the equipment available.

The three synthetj-c speech stimuli were rando-mized and recorded'
each stirnulus appearing 20 times. Finally, the same stimuli were

presented in the form of a pair test where the /u0,/ stimulus \"tas

matched against /um/ stimuli having varying vowel branch amplitudes
in the nasal segment in order to test the possibility of an op-
timum F2 (N2) - N1 amplitude relationship. The test was presented

twice, the first time with instructions to identify the labia1
member of the pair ,/um,/ and the second time with instructions to
identify the velar /!q/. I 3 listeners particj-pated ín the third
experiment.

RESULTS

For vor^rels /i/ and /a/ tn the first experiment, results concerningT

F, transition patterns and nasal phoneme identification conform

very well with the Haskins results. Lo\.t F2 transitions elicited
labial responses, transitions ending at 1500 Iíz elicited dental
responses, and higher F2 transiti-ons elicited velar responses.
When the vowel /u/ preceded the nasal segment, however, the results
changed drastically (Fig. 2). Lo\^t F2 transitísns elicited velar
responses and high transitions dental responses while there was

only a single labial preference.

In the second experiment, spectrogram analysis of F, transitions
in the vowels /i/ and /a/ preceding the three nasâl phonemes

conforms well with the results obtained in the first experiment.
Further, two of the five speakers' rePresenting English and

Swedish, produced /n,/ segments having an extremely well defined
second formant at 1100 Hz which was lacking in the other nasal
segmenLs. Although LhLs /m/ resonance at 1100 Hz rllas not as
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sharply defined in the spectrograms of the other subjects, a

spectral peak at this frequency could easily be discerned. Spec-

trograms of the /u/ vowel syllab1es differed from the other vowels

in that no F2 transitions I^Iere present in the labiaf or vefar
context (Fig. 3) .

Identification of the natural speech syllables /tm/, /un/ , and

/ul/ in the third experiment proved to be a very easy task.
Correct identification of the three syllables was nearly 100?'

slight confusion (less than 10?) occuring, as could be expected,

between /um/ and /aq/ -Fj-g. 4) ' Identification of the synthetic
stimuli where dental and velar responses were expected (Fig. 5)

corresponded acceptably with the natural speech test (greater

than 75å) . Response where labials were expected did not corre-
spond well with the natural speech results. Responses for this
stimulus were distributed fairly evenly among the three possible
phonemes in the identification test. Labial identification was

obtained, ho\"tever, ì-n more than one-third of the responses (34.38) 
'

a result that compares favorably with that of the first experiment
(Flg. 2) where practically no labi-als were elicited. Results of
the pair test where the /uo,/ stimulus was paired against different

versions of /um/ did not differ substantially from the results

of the identification test. While a clear preference f.or t]ne /uQ/
stimulus was obtained when velar identification was requested
(over B0?) , no clear preference for any of the /um/ stimuli was

obtained when 1abia1 identification \^tas requested. Thus there

was no optimum stimulus for eliciting a labial response.

DTSCUSSION

Vfhere the identifícatj-on of /w/ anð' /uq/ are concerned, the

results of this investigation demonstrate that a perceptually

significant spectral cue for the identification of dental nasals

following the vowel /u/ can be said to lie in the second formant

transition of the vowel, while a spectral cue for identification
of vefars in the same context fies in a more general downward

shift of energy from the vowel segment to the nasal segment'
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Reqarding identif.icatj-on of fabials, results of this test (although
possibly attributable to guessing and far from conclusj-ve) do

indicate a possibility that identification could be based on a

spectral cue (perhaps a pole-zero pair emphasizing the envelope
at 1100 Hz) tocated within the nasal segment. The OVE III syn-
thesis available for this investigation did not enable this point
to be sufficiently tested. A number of labial responses \¡tere

obtained when expected, however, and very few where not expected
showing that it is possible to elicit labials by virtue of a more

complex nasal segment spectrum. As labial responses v/ere not ob-
tained in the first experiment, the addition of the second /m/
resonance can at least be seen as a step in the right direction.

This investigation further demonstrates the complicated nature of
the pereeptual mechanism and once again questions the concept
of perceptually invariant spectral cues. Evidence points toward
a double mechanism of spectral cues having no dependence upon

phonemic units. Thus, the same phonene /rJ/ in different contexts
refies upon different cue mechanisms. Following /i/, tne formant

transitions can provide the j-nformation. Following /u/, a general
downl¿ard shift of energy from the vowel to the nasaf segment can

provide the information. This also indicates a possible difference
in the point in time at which the perceptual mechanism determines
phonemic identity.

SUI{MARY

The purpose of this investigation was to determine the extent to
which nasal phonemic identification is governed by formant tran-
sitions in the vowel, following the transition patterns for place

of articulation as descrj-bed in the Haskins perception experiments.
While these patterns seem to hold true for nasal consonants fol-
lowing the vowels /i/ and /a/, a different type of cue is needed

for non-dental nasafs following /u/. T]ne identificalíon of /luq/
can be made on the basis of a downward energy shift from the vowel

segment into the nasal segment. It Ís hypothesized that identifi-
cation of /um/ is related to a pole-zero pair creating a spectral
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peak at about 1100 Hz.
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FOOTNOTES

1) This is a condensed version of a longer paper, copies of
which are available from the author.

2) The term nasal will be used here to pertain exclusively tonasal consonants.
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TNITIAL VALTDATION OF AN TNDTRECT MEASURE OF SUBGLOTTAL PRESSURE

DURING VOI¡IELS+

Anders Löfqvj-st, Björn Carlborg*, and Peter Kitzinq**

ABSTRACT

Some methods for dj-rect measurement of subglottal pressure during
speech are invasive and thus cannot be used on a routine Lrasis.
Tñe development of noninvasive techniques is thus desirable
and a simple indirect method for measuring subglottal pressure
from records oi oral pressure during consonants has recently
been proposed and applied to studies of glottal resistance during
phonatj-o¡. In order to be useful, indirect measurement procedures
èhould be validated by cornparisons with direct measurements' and
the present experiment ì¡/as designed for such a comparison. Min-
iature pressure transducers \.¡ere used to obtain records of pres-
sure below and above the glottis. Results showed nonsignificant
differences and a high correlation between the direct and indirect
measurements. This indirect method for measuring subglottal pres-
sure thus appears to provide valid results.

fNTRODUCTION

Measurements of subglottal pressure during speech may be obtained
by four different methods: 1) A needle-tap is passed through the
pretracheal waI1 and connected to a pressure transducer; 2) A smal.l

transducer is passed through the glottis and placed directly in
the trachea (in a variant, of this approach, a small catheter is
passed through the glottis vtith the open end of the catheter in
the trachea and the other end of the catheter coupled to a trans-
ducer outsied the subject);

+ To appear in Journal of the Acoustical Society of America
* Department of otolaryngoJ-ogy and Experimental Research, Malmö

General Hospital, l{almö
** Department of Phoniatrics, Malmö General Hospital' Malmö



'l 64

3) The subject swal-lows a small inflatable balloon into the
oesophagus v¡ith the balloon connected by a catheter to a
transducerr 4) The subject is placed in a body plethysmograph
and alveolar pressure is determined indirectly.

The first three of these procedures are invasj_ve, cause a
certain degree of discomfort for the subject, and thus cannot
be used on a routine basis. The use of an oesophageal balloon
requires, ln dddition, simultaneous recordings of lung volume,
since the bafloon itself wifl record intrathoracic pressure
(Bouhuys, Proctor and Mead, 1966). Tf a body plethysmograph
is used, the subject has to participate in rather elaborate
calj-bration procedures (Hixon, 1972l.. Due to the practical
problems associated with these methods for making measurements
of subglottal pressure, a simple noninvasive technique has
recently been proposed as a routi_ne clinical procedure (Holm-
berg, '1980; Smitheran and Hixon, 1981).

This method makes use of the fact that pressure befow and
above the glot.tis is equalized during the closure period of
voiceless stops (e.9., Shipp, 19j31. During this period, the
glottis is open and the oral cavity is closed. Measurements
of oral pressure during this phrase of voj-celess stop pro-
duction thus provide measures of subglottal- pressure as rrell.
By constructi-ng a suitable speech material, where voiceless
stop consonants and vowels alternate in a regular manner,
successj-ve measurements of oral pressure can be made during
the stop closures. A linear interpolation between the oral-
pressure reqistrations can then be made in order to get in-
direct measurements of subglottal pressure during the vowels
occurring between the voiceless consonants.

Applications of this procedure to studies of glottal resist-
ance during phonation under both normal and cl_inical condi-
tions have recently been describecl by Holmberg (1980) and by
Smitheran and Hixon ( 1 981 ) .
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Glottal resistance is defined here as the ratio between the
pressure drop across the glottis and the transglottal âir-
flow. Its calculation thus requires measurements of subglottal
pressure, and the sinplified procedure outlined above has

been used for that purpose. The reliabj-líty and usefulness
of such studies thus depend on the validity of the indirect
technique for estimating subglottal pressure. The measurement

of transglottal airflow is not a major problem in this case.

In support of t.he valiility of the method, tvto types of argu-
ment have been used. Smitheran and Hixon (1981) argue that
values of glottal resistance during phonation obtained \,tith
the indirect technique are more or less identical to values
of the same parameter obtained with direct measurements of
subglottal pressure. Holmberg (1980) sho\^ts that calculated
values of glottat resistance will discriminate between dj-f-
ferent phonation types where differences in glottal resistance
can be assumed to occur on a priori grounds.

The technique appears to be a promisj-ng one' and arguments

such as these are obviously useful in demonstrating its val-id-
ity. A more direct evaluation of thé procedure would, however,

compare simultaneous direct and indirect measurements of sub-
glottal pressure. The present experiment vtas designed for
such a cornparison.

METHOD

Subglottal pressure was recorded using a technique described
in detail elsewhere (Kitzing and LöfqvisL, 1975; Kitzing,
Carlborg and Löfqvist. in press). Briefly, a small miniature
transducer (Millar Instruments PC 350 5F) with adequate high
frequency response was introduced through the nose and passed

through the glottis under topical anesthesia of the pharyn-
geal and laryngeal mucosa.
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The cable connecting the transducer to power supply and am_
prifier was positioned in the posterior commissure v/ith the
transducer itself about 2 cm below the glottis. A second
transducer of the same type was used for recording oral pres_
sure. This transucer was also i_ntroduced through the nose and
placed in the pharynx about 4 cm above the glottis. The trans_
ducer output signals were recorded ou FM tape together with a
microphone signal for later processing.

The experimentaf procedure required anesthetization of the
laryngeal mucosa and the introduction of catheters through
the velopharyngeal port. Auditory and acoustic analysj.s of
the voice during the experiment did not reveal any excessíve
breaLhiness or hoarseness. A complete velopharyngeal closure
could aÌso be made with the catheters in place. This h¡as
verified by recordi-ng egrressive aÍrflow during preliminary
trj-als.

The speech material consisted of CVCVCV syllables. In order
to make the material as similar as possible to that used in
studies applying the indirect measurement procedure, the
l-abial voiceless sLop /p/ and the low back vowel /a/ were
used. A male speaker with a normal larynx and srithout any known
history of voice disorders, one of..the authors, served. as subject
Twenty repetitions of the speech material were obtained.
For processing, the signals were played back on an ink_writer.
During play-back, the pressure signals were low-pass filtered
at 70 Hz to remove most of the rapid pressure fluctuations
due to voicÍng and thus facilitate measurements.

The method of linear interpolation between the orar pressure
records is shown ín Fig. 1. The interpolation was made from
the point at r^rhich oral pressure started to fall rapidly at
the stop release, to the point at which a stable elevated
pressure occurred shortly after stop i,m.p10si-on. This is illus-
trated by the broken line in Fig. 1.
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Figure 1. Simultaneous records of oral pressure (top) 'subgrlottal pressure (middle) and audio signal (bottom)
during production of the nonsense syllab1es papa'pa.
The pressure slgnals have been low pass filtered at 70 Hz.
The broken lj-ne in the oral prêssure curve illustrates
the method of Ij-near interpolation between the pressures
associated \47ith the voiceless stops in order to get an
estimate of subglottal pressure during the vowels between
the voiceless consonants. The arro$¡s indicate the poinl
during the utterance at which the measurement was made
of direct and indirect subglottal pressure.
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Pressure was measured in the middle of the second vo$rel_ of
the utterance; this point is shown by the arrows in .Fig. 1.
For each utterance, two measurements of subglottal pressure
v¡ere thus obtained. One represented a direct measure, and.
was made from the output of the transducer in the trachea.
The other represented an indirect measure, and. $/as made from
the i-nterpofated oral pressure curve.

RESULTS

The mean dÍfference between the two sets of measurements v/as
0,85 mm of v/ater, with a standard deviation of 3,73. A paired
t-test showed this difference to be insignificant
(ttS = 1.019). The two sets of measurements are plot.ted a-
gainst each other in Fig. 2. A pearson product moment corre_
lation coefficient of 0,92 was obtaj_ned for the thro sets.
As can be seen from Fig. 2, Xlne data points are about evenly
distributed around the díagonal 1ine drawn in the figure.

DISCUSSTON

The resurts of the present experiment indicate that indirect
measurements of subglottal pressure interpolated between
measures of oral pressure during voicel_ess stops provide a
valid estimate of the ,'true" subglottal pressure durinqr the
vowel 0f the interporated interval. rn order to avoid possible
influences from extraneous factors, measurements shoul-d be
made i-n the middle of the vowel between the voicel_ess cotìso_
nants. since airflow during the period of aspiration after
stop release may perturb the subglottal pressure (cf., Löf_
qvist, 1975) . Wíth this caveat, the simplified procedure ap_
pears to be valid.

We should add a final note on its cl_inical application.
Here, one may be interested ín following changes in glottal
resistance as a result of therapy or phonosurgery.
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Comparisons of repeated measurements over a period of time
are thus of more interest than the absolute values of glot-
tal resistance on si.ngle occasj-ons. In this case, mj_nor de-
viations of the estimated subglottat pressure from the
"actual" subglottal pressure would not seem to be a serious
concern, since the error can be assumed to be constant across
measurements.
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RESOLUTfON OF CONVOLVED SIGNALS IN BTOMEDICAL APPLICATTONS*

Bengt Mandersson

This thesis deals with the design of pulse shaping filters with
finite impulse response (FIR) applied to the resolution of con-
volved signals. The thesis consists of three parts: I. Design

of FIT Filters for Deconvolution; II. Least Squares Filters
Using Bandpassing Subfilters; IfI. Digital Filtering of Ultra-
sonÍc Echo Signals.

The application of the pulse shaping technique to deconvolution
problems yield filters with "inverse" properties relative to the
input.signals. This means e,g. that the magnitudes of the spectra
of the filter impulse responses must be high where the magnitudes

of the input signal spectra are Iow. This filtering technique is
consequently sensitive to noise and to variations of the input
signal waveforms. When designing such fifters, the trade-off
bet\"¡een noise sensítivity and pulse shaping performance must be

taken into account. ft is then of great j-mportance to have meth-
ods for determining. filters that are robust in the sense that
they are as i-nsensitive as possible to noise and to variations
of the input waveforms.

Pulse shaping filters applied to deconvolution problems are often
determined by minimizing the mean squared difference between the
filter response to a speci-fied input and some desired pulse shape

(least squares filters). Hoh¡ever, the solution can be sensitive
to the detailed structure of the desired pulse. In many appli-
cations it is not always obvious what desired pulse shape to
select in order to obtaln the most suitable filter. Part I defines

* Summary of a doctoral dissertatíon in Telecommunication Theory,
Department of Electrical Engineering, Lund Institute of Technology
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"soft" versions of pulse shapíng firters. These are ar-so based
on minimizing squared differences between the fil_ter responses
and desired purses but with the modifÍcation that regions are in-
serted where the differences do not affect the solution. Both
amplj.tude and temporál regions are examined.

The number of adjustabre parameters in the design of FrR firters
is quite high. rterative sorution schemes using a steepest descent
algorithm are most easy to implement, since they do not need so
much computer storage space and the amount of computation in each
iteration is row. But the inverse filter technique reads to ilr-
conditioned minimization problems. part fr describes hoh¡ the rate
of convergence for the steepest descent algorithÍr can be increased
by configuring the FrR filters as sets of bandpass subfirters i-n
parallel. The computations are done in the frequency domain and
an FFT routine is used to determine the DFT of the signars. This
not only reduces the amount of computation but also suitably
relates the temporal properties of the filter to its frequency
characteristics .

fn the ultrasonic pulse echo method axial resolution is strongly
dependent on the durations of the impulse responses of the urtra-
sonic transducers. These impulse responses normally have narrow,
bandpass characteristics. owing to this it is difficult to derive
inverse filters suitable for ultrasonic signals. fn part rrr, the
weighted least squares pulse shaping filter defined in part r is
applied to the ultrasonic signals in order to decrease the du-
ration of the received ultrasoníc pulses. The weighted 1east
sguares filter is found to be suitable for ultrasonic signals
and improved resolution is achieved using this ftlter. This filter
i-s used both to firter received echoes and +-o preshape emitted
ultrasonic pulses.
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INTONATfON IN FINLAND-SWEDISH: VfOTd ANd SENTENCE STTESS iN thc

Helsinki Dialect

Kerstin Tevajärvi

The aim of this paper is to present an acoustic study of the
intonation of a less documented variant of Swedish i.e., F.in-
Iand-Swedish.

Word and sentence st.ress in Swedish have been thoroughly inves-
tigated by Bruce, Gårding and others, but there are only a few

reports on the prosody of Finland-Swedish. At the same time'
there are many speculations and theories about Finland-Swedish
which lack an empirical foundatíon. The aim of the present ex:
periment is to contribute to such a foundation.

Finland-Swedish is a minority language spoken by about 300.000

people living in the costal areas and archípelago of Finland'
Due to geographical and political reasons, the Swedish dialects
of Finland differ from those in Sweden in many respects. The

prosody is simpler, there is no word accent opposition' excepL

for the dialect of Västra Nyland, and there are also differences
on the segmental- and syntactic levels. These differences are

usually explained by ínterference from Finnish or by the archaic
character of the dialect.

Prosodically the most striking difference is the lack of a word

accent opposition and its effect on intonation. To study this
problem, I chose a material consisting of short statements where

the follor¡ing parameters \"lere varied; (1) the placement of focus
(sentence accent), (2) the placement of stress, and (3) the num-

bér of syllables in the words in focus. This material was first

* This is a sum¡nary of a longer report. Copies of the ful1 report
are available from the author.
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used by Gösta Bruce in his thesis swød,í,slL wond acc¿nts in ,lentønc¿
pet'tpøc-LLvø (Bruce 1977) anil later in intonation studies of sev-
eral- swedish dialects. His materiar was very suitable since it
was designed for studies of this probrem; it had also been tested
on other dialects and therefore my results could easily be con_
pared. Furthermore, the Lund-mode1 for swedish i-ntonation i-s
based on this material (Bruce & Gårding 197g, Gårding & Bruce 19g1).
Three informarìts, one mare and two females v/ith the same soci-al
dialect' were recorded in Lund. Measurements were made from mingo-
grams.

Results: rn r,¡ords with short vowels the word accent is signarl-ed
by an Fo-rise at the beginning of the accentuated syllable, and
an Fo-maximum in the middle of the accent.uated vowel or at the
vc-boundary. The Fo-maximum is foll-owed by an ímmediate Fo-farl
to the posttonic vowel (Fig. 1 ).
rn swedish dialects with a word accent opposition, the timing of
Fo-changes is decÍsive for the perceptual distinct,íon of the
accents. Due to the lack of an opposition in Finland-srredish it
was hypothesized that there should be a less exact timing of the
Fo-movements since a confusion of word accents was not possible.
The instability of the accent has arso been suggested before by
Selenj-us {Sel_enius 1979) .

Stilt in the present materj.al, the timing of the Fo-rise and.
in particular, the Fo-fall, \^¡as very precise both \^rithin and
across speakers. The accent is stable in tlming even though there
is no opposition,

The sentence accent is arso signalled by an Fo-rise with a maxi-
mum value in the accentuated vowel folrowed by an Fo-fal1 in the
posttonic syllable, and also by a larqer Fo-interval. The sen_
tence accent Fo-contour is dominated by the steep faII in the
posttonic sylrable, the posttoni-c farl seems to be the most stabfe
indication of focus. The difference between word and. sentence
accent Ís mainly a question of domain. The pl_acement of focus
affects the utterance as a whole, while the j_nfluence of the

I
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r^tord accenÈ is
Fig. 2).

limited to the surround.ing syllables (Fig. 1 and

The placement of focus is important for the planning of the ut_
terance. Word and sentence accent co-occur and up to focus the
tonal manifestation of the word accents is preserved. After
focus the word accents are very deaccentuated and there are very
1ow peaks or no tonal peaks at all manifesting word stress (Fig.
2). Deaccentuation occurs after focus as in other r-anguages h¡ith
one-peaked accents (Greek, French), even in the one-peaked swedish
dialects (1a, '¡g¡ where word and. sentence accent co-occur. rt
is never found in tv/o-peaked variants where word and. sentence
accent are mani-fested by separated tonal gestures. Deaccentuation
occurs for all informants regardress of Fo-range. Deaccentuation
before focus is rare but can be seen in very monotonous infor_
mants.

By testing the Lund-moder for swedish intonation on Finland-s\^red-
ish a comparison can be made with other variants of swedish.
The model is a schematic description of the prosody in short
Swedish statements, also accounting for dialectal variation
(Gårding & Bruce 1981).

The model is based on Meyer's observatj-ons of word accents in
different swedish dialects. Gårding and Lindbrad (Gårding and
Lindblad 19?3) made a further categorisation to four main types
due to tonal- contour, its t.iming, and geographical location.
These four types are calÌed South 1A (ì1a1mö), Central .lB (Dalarna),
East 2A (stockholm), and west 28 (cothenburg). Finrand-swedish
is call-ed Far East 0 (Helsinki) because of lack of word accent
oppos ition.

The moder is input-output oriented, where the input is information
about word prosody, sentence prosody and the actual dialect. The
output consists of sentences having correct intonatj.on.
A comparison of Einrand-swedish \"iith other vari-ants of swedish
sho\,¡s that the intonation in general resembles South lA but
\,¡ithout accent opposition (Fig. 3). The timing of the Fo_contour
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resembles the first peak of accent 2 in West 28. The shape of
this accent contour is said to be t.he consequence of a qenerarised
two-peaked contour and a subsequent loss of the second peak.
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