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ANNUAL REPORT

This is a summary of the main events since the publication of

Working Papers 21, June 1981.

The new location of the department near the hospital has im-
proved our opportunities for collaboration with the medical
departments interested in speech research. To provide a common
platform for exchange of knowledge and ideas, Séren Fex of the
Institute of Logopedics and Phoniatrics and myself 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 commu-~ Arne Risberg, KTH, Stock-

nication problems of the hard holm
of hearing

5.10 What we know and what we do not G&sta Bruce & Eva Garding
know about prosody

19.10 Voice for speech and singing Johan Sundberg, KTH,
Stockholm
2.11 Speech physiology and linguis- Joseph Perkell, Research
tic units Laboratory of Electronics,
MIT
16.11 Eye movements and speech dis- Nils Gunnar Henriksson,
abilities Ilmari Pykkds, Lucyna

Schalén, Carsten Wennmo,
Laboratory for Balance
Research, University Hos-
pital, Lund

14.12 Laryngeal kinetics Bertil Sonesson, Depart-
ment of Anatomy, Univer-
sity Hospital, Lund

1.2 Music as communication Soren Nielzén, Depart-
ment of Psychiatry, Uni-
versity Hospital, Lund

15.2 Voice guality: one speaker's Karin Andersson, Gosta
phonology is another's pathol- Bruce, Anders Lofgvist
ogy?

1.3 Audiology I: Clinical and ther-

apeutical aspects of loss of
hearing



Audiology II: Presentation of
research and laboratory

The need for pronunciation
norms

Right-hemisphere language
functions

Symbol, sign, language,
speech, distinctive features

Communication disturbances due
to trauma

Hans Eric Holst, Jarle
Aursnds, Ingvar H&rlid,
Department of Oto-Rhino-
Laryngology, University
Hospital, Lund

Birgitta Heyman, The Drama

School, Stockholm

Christina Hedqgvist, Karen

Johnson, Mc Gill, Montreal

Bertil Malmberg

Inger Vibeke Thomsen,

State hospital, Copenhagen

The Friday seminar for discussions of research in progress has

continued as before with the following program:

7.9
14.9
28.9

30.10
3.11

13.11

20.11

27.11

11.12

18.12
19.3

Research paradigms in phonetics

Reports on dissertations
Bee-phonetics

Techniques in discussion

Speech production models

Method for measuring laryngeal
resistance

Experiments with the intona-
tion model

Direct and indirect measure-
ment of subglottal pressure
Intrasegmental 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 intona-
tion

Finland-Swedish intonation

A review of Pierrehumbert's
dissertation: The phonology

and phonetics of English in-
tonation

Gabriella Koch

Gabriella Koch
Ulrika Nettelbladt
Barbara Prohovnik

Sidney Wood

Eva Holmberg, Inst f
lingvistik, University
of Stockholm

G8sta Bruce

Anders LOfgvist

David House
Christina Hedqvist

Antonis Botinis

Anne-Christine Bredvad-

Jensen

Kerstin Tevajdrvi

G&sta Bruce



26.3

2.4
16.4

30.4

Experiments with accelerated
speech

What is LPC?

A tonal grid as an expression
of sentence intonation and its
usefulness for the study of
prosodic transfer

The intonation workshop in
Paris

On interrogative intonation
Interspeaker variation

Report on child-language
research in Stanford

Tests differentiating various
forms of dyslexia

Lund - Copenhagen
Microsymposium on macroproblems
Phonology - Phonetics

Richard Schulman,
ment of Linguistics,
holm

Bengt Mandersson

Depart-
Stock-

Paul Touati

Eva Garding

Anne-Christine Bredvad-
Jensen

Ulrika Nettelbladt
Kerstin Nauclér

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

Two graduate courses were given, one on speech physiclogy in the

fall of 1981 by Anders L&fgvist, and one on vowel articulation

in the spring of 1982 by Sidney Wood.

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

new group of logopedics students started their two-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 'Resolution of convolved

signals in biomedical applications' at the Lund Institute of

Technology in January.

model studies of vowel articulation’

Gdsta Bruce arranged the second all-Swedish symposium,

Sidney Wood's dissertation
WP 23,

'X-ray and

is now in the press.

'Trom Text

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

by second-term students around the theme Prosody was published

in the fall by G&sta Bruce as number 6 of our Swedish series,
Praktish Lingvistik. Robert Bannert has substituted for Sven Chman
in Uppsala. He also led a seminar here, entitled Interlanguage.



Kurt Johansson has been appointed lektor (reader). Mona Lindau
visited us in the fall and helped plan for a new project. Anders

Lofqvist was a temporary consultant at the Royal Institute of
Technology.

The REst- och talvird section (Voice 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
activities in teaching as well as research, not just an adminis-
trative manoeuvre.

It has been recognized by the administrative board for the

humanities that our laboratory needs special funds.

Finally, it is a special pleasure 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 Bergman's
Witd Strawbemries.

Lund, May 1982

Eva Garding
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TEMPORAL AND TONAL CONTROL IN GERMAN
Robert Bannert

ABSTRACT

A fundamental issue for a model of prosody is whether or not

the phonological features expressed by time (duration) and pitch
(fundamental frequency) are independent variables. Vowel dura-
tion in Central Swedish has been said to be dependent on 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 relationship between fundamental frequency
change and duration in German. Two statistical tests clearly
indicate that time and pitch should be treated independently in
German prosody. Finally, a model for German prosody is sketched
based on theése findings.

1. INTRODUCTION

In every model that generates speech utterances, be it artic-
ulatorily or acoustic-auditorily oriented, the two dimensions
time and fundamental frequency (Fo) play an important role.

To produce an utterance takes a certain length of time. Further-

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 in the signal. The
guestion that then arises is how to arrive at a more complete
utterance containing both structures. Assuming the independent
generation of the temporal and tonal features of an utterance,
this goal can be reached by simply adding both structures to-
gether. This, however, 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 when 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.}.



Recently Lyberg (1981) made an attempt to handle these two pro-
sodic dimensions simultaneously. Taking up an idea of, among
others, Ohman et al. (1979), he presented an Fo-dependent model
for segment duration where segment durations are the automatic
result of Fo-movements. The more 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 formula D = k - A Fo, where D = segment duration, k =
constant, and A Fo = Fo-difference. Comprehensive counter evi-
dence against an Fo-dependent model for duration, however, has
been presented by Bruce (1981) and Bannert (1982).

The aim of this paper1 is to answer the crucial guestion from
the outset as to which relationship exists between the temporal
and tonal dimension in a model of prosody2 for German. It is of
course decisive to know whether segment duration must be treated
independent of intonation or not. The answer to this question
will have fundamental consequences for the design of any model
of prosody.

2. MATERIAL AND ANALYSIS

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) was kept constant. The temporal structure
was also varied while the tonal structure was kept constant.
This was done in the following way:

(1) Tonal variation ({segments constant)

The statement

Der Lahme hat die Malea gemahnt.
1 2 3

("The limping man reminded the painter.") containing three
accent positions (underlined and numbered) was embedded in

four different prosodic contexts. By this procedure, a tonal



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 by focusing to the first (version 4), second (version
2), and third (veréiaﬁ 3) accent position. The third accent po-
sition served only as a dummy, in order to be able to move the
sentence accent away from positions 1 and 2. Only these two po-
sitions were investigated. The sentence presented above served
also as a means of calibration throughout the recording session.
As the calibration sentence is semantically quite natural, it
served as a pattern for the rest of the material, and the valid-
ity of the measurements in the test material could be checked

against this sentence.

Two versions were added where the test word appears in isola-
tion: affirmative statement (version 5) and echo question (ver-
sion 6). These isolated versions further increased the tonal

and temporal variation within the test material.

(2) Segmental variation (intonation constant)

In each tonal version, two bisyllabic word pairs, containing
the stressed vowel /a/, were used. In order to achieve temporal
variation, different segmental features were introduced: con-
sonant type (voiced nasal sonorant vs. voiceless obstruent),
guantity {(long vs. short vowel), and number of initial conso-
nants. The test words and the distribution of the segments were

as follows:



consonant type

sonorant (nasal) obstruent (volceless)
vowel quantity C1 vt Cc2 v2 C@g C1 v1 Cc2 v2
V: M ah n er S p a t er
[m arn e ] f p the I
\Y% M a nn exr S p tt er
[m a n e ] [f »p the ]
The test words, except Mahner ('admonisher'), are semantically

void, although they pertain to a very common word structure (in

English e.g.

singer). Each test word appears both in the first

and second sentence position, yielding a doubling of the words

to be investigated. This arrangement was also necessary due to

semantic reasons.

sonorants or

short vowel.

Der
Derxr
Der
Dexr

Der

Each sentence contained test words with either

obstruents respectively, but always a long and a

Thus the following five sentences were used:

Lahme hat die Maler gemahnt. (calibration sentence)

Mahner hat die Manner gemahnt.

Manner hat die Mahner gemahnt.

Spater hat die Spatter gemahnt.
Spatter hat die Spater gemahnt.

{sonorants)
(sonorants)
(obstruents)

(obstruents)

As each sentence appeared in 6 versions, the material consisted

of 30 sentences in all. 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 series.

In a dialogue-type situation, the



author spoke the context sentences during the recording which
was made in the studio 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 were well acquainted with the recording
situation and produced the sentences with satisfactory natural-

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 mm/s. Segments could be defined easily. The following para-
meters were measured by hand:

(1) Duration: sentence (S), word (W), segments (C§ =[; c1 =

m, p, 1; V1 = a (:); C2 = n, t, m, L; V2 =e,9
the sequence V1C2.

(2) Fo (test Fo-value at each segment boundary, starting with

words with the beginning of C1 and thus yielding five Fo-
sonorants values. If there was an Fo-maximum or Fo-minimum
only) : within a segment, the number of Fo-measurements

increased. Thus the course of the Fo-movement
throughout the word is unequivocally determined.

These basic values were used to calc
deviation, the VC-ratio (section 4.2), and the Fo-change ( AFo)

P R =Y +h =y
lculate the mean, standard

(section 5.2.2).

The results will be presented below. First, as an orientation,
the tonal structures of the six versions will be shown 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 question concerning a possible
relationship between the duration of segments and the Fo change

is investigated by statistical methods in section 5.

3. TONAL STRUCTURE

By varying the prosodic context in the different versions, the
tonal contours in sentence positions 1 and 2 were expected to

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



sentative tonal contours of the four sentence versions (1-4)

and the two isolated versions (5, 6) for two speakers are shown
in Figure 1. The curves for each accent position are superimposed
with the beginning of the accentuated vowel as the line-up point.
The third position is included 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 version 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 position.

In this paper I do not want to treat the tonal features of the
Fo-contours. A more detailed report on the tonal aspects of the
German accents in statements and two kinds of questions, inclu-
ding also syntactic variation, is being prepared (Bannert forth-
coming 2).

4. TEMPORAL STRUCTURE

Primary data on the temporal structure of the test material will
not be presented due to limitation of space. Nevertheless, to
concentrate on a central issue, the relations within the accen-
tuated syllable will be examined. While the durations of the
vowel and the following consonant are presented in the temporal

space, the relative temporal relations are shown in the VC-ratios.
4.1 The temporal space

Within accentuated syllables, temporal relations of a certain
kind seem to exist. One can think of the relationship between

two successive segments as being confined to a temporal field

or space and expressing a characteristic pattern of rhythmic
structure (Bannert 1976, 1979). A special instance of temporal
relationships, the pattern of complementary length (Lehiste 1970),
exists in, among other languages, Central Bavarian, a High

German variety (Bannert 1976). This pattern is also found in
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Standard German, although there it has been reported to function
in a different way, namely in the contrast between voiceless

(fortis) and voiced (lenis} plosives (Kohler 1979 a, b).

The temporal relations between the accentuated vowel and the
following consonant can be shown in the vowel-to-consonant plot.
The data points expressing the temporal relations are grouped
into two clearly separated fields or spaces. Figure 2 depicts

the temporal space of the two VC-sequences. The mean values of
vowel duration V1 are plotted against the mean values of the
duration of the following consonant €2 in all 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,
Figure 3 shows the same temporal picture, as was found in Central
Bavarian. There, however, the duration of the consonant following
the short vowel is much larger. Both fields, which are shown by
the points of the VC-sequence with ldng and short vowels respec-
tively, are clearly separated and expand in different directions
with increasing segment durations. If the durations are increased
drastically, e.g. in version 6, the field of the long vowels
extends in the direction of the long vowel, the field of the
short vowels, however, extends in the direction of the consonant.
Thus the temporal relations between the long and short vowel and
the following consonant in stressed syllables in North German,
too, can be accounted for by using the pattern of complementary
length.

4.2 The VC-sequence

Apart from expressing temporal relations between the stressed
vowel and the following consonant in absolute 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 whole (vowel + consonant = the
sequence) was introduced in Bannert (1976). It is assumed that
the VC-sequences constitute some temporal basic unit in languages

with quantity and stress (Bannert 1976, 1979). Changes 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 vowel and the following consonant

tend to make up a certain part of the whole sequence. This
temporal relationship between the parts and the whole will remain
more or less unchanged.

The VC-ratios, which show the portion of the vowel in relation

to the duration of the whole VC~sequence, expressed in percent,
are given for each speaker and consonant type in Figure 3. Certain
patterns of VC-sequences found earlier in other material are also
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
smaller when the consonant is a voiceless obstruent than when it
is a voiced sonorant. The ratio varies only a little and, above
all, not in a systematic way throughout the six different versions
and the two positions. It can also be seen that the ratios keep
within a relatively limited area for each length category of the
vowels. Even if the ratio does not remain constant, the variation
due to large durational differences appear to be minimal. Inherent

features, like consonant type, do affect the VC-ratio (cf. Bannert
1976) .

However, there is also in this material a relatively constant
temporal feature. As shown earlier for Central Bavarian, Central
Swedish, and Icelandic (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

where TD = temporal distance, V(:) = long or short vowel, Q =
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 18.25%.

Table 1. Mean values and standard deviation for the temporal
distance (TD) between the VC-ratios for each speaker
and consonant type in percent.

} speaker
C R 8] M
SONORANT OBSTR. SONOR. OBSTR. SONOR. OBSTR. SONOR. OBSTR.

Wi
-
[e2]
.
(o]
Y
0
iy
N
U
(=}
-
(&)}
.
0
-
[oe
Ul
N
[=
[
-
0
-
-
o
N

5. DURATION AND INTONATION

In an Fo-dependent model for segment duration the definitive
duration of a given segment is the result of the Fo-change over
this segment (Lyberg 1981). Lyberg showed thaf, in Central Swedish,
there exists a strong, positive and linear relationship between
the segment duration and the Fo-difference of the long vowel in
sentence initial and final position with and without focus. In
this North German material, however, no such relationship is to

be found. And what is more, the tonal movement is determined by
the feature of quantity as it is in Swedish (Bannert 1982).

5.1 Independent quantity

The phonological feature of quantity is manifésted by a distinct
difference in duration between the long and the short vowel.

This is true of all the different tonal contours in all six
versions. What is, then, the effect of quantity on the Fo=-contour

of the vowel, and also on larger units, e.g. the word?
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Two alternatives can be proposed (cf. Erikson and Alstermark

1972, Bannert and Bredvad—Jensen 1975, 1977)

(1) TRUNCATION. The Fo-contour of a word containing a long vowel
is identical with that of one containing a short vowel, i.e. in
a word with a short vowel, the Fo-contour just ends earlier, due
to the shorter duration of the short vowel, compared to the cor-
responding word with a long vowel. 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 with that of one containing a short vowel, i.e.

the Fo-contours of both words are identical 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, Figure 4 shows simpli-
fied Fo-contours of speaker M. They correspond to the mean values
of Fo and duration. The Fo-contours in the words with long and
short vowels are identical, by and large, at the beginning (in

rmr ot e Mo ey Sy P

} in all versions. The consonant C2,

the initial consonant Ci
following the stressed vowel, and starting earlier after the

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

is interrupted and the fall is initiated. The rise in questions

is brought about earlier. In other words, certain points or levels
of the tonal contour are tied to certain segments or parts of seg-
ments. Hence, gquantity 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, whilé the tonal contour, at

least in certain respects, is dependent on quantity.
5.2 Statistical examination

Before the question about any causal relationship between the
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Figure 4. The effect of quantity on the tonal contours. Super~
imposed Fo-contours of words with long and short vowels.
Line-up point is the beginning of the stressed vowel.
Mean durations and Fo-values. Sentence versions 1-4
(above), position 1; isolated versions 5,6 (below) .
Speaker M.
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segment duration and the Fo-change can be answered, it has to
be settled whether or not there is any relationship at all be-
tween these two features. In order to determine step by step

if any relationship exists, two methods5 will be employed.
First, it will 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.
If they are different, it could be assumed then that this dif-
ference is related to the tonal difference. Second, in 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 Mann-Whitney-Test, the
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 1). In the test, every version was
compared with all the others, i.e. version 1 with 2, 1 with 3,

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

parisons were made for each position and each speaker.

If one can find significant differences in duration between the
different versions, and if all other factors, e.g. speech tempo,
can be considered constant, it has to be assumed that these du-
rational differences have to be traced back to the tonal dif-
ferences. Thus, looking at the high tonal peak of focus in po-
sition 1 (version 4) and comparing it to the other three rather
similar and low contours, one could expect that the segment du-
rations of version 4 in position 1 would be different from those
of versions 1, 2, and 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 is shown in Table 2. As

can be seen, there is no regular picture to be found. No pattern
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of systematic variations of durational differences can be detect-

ed, not even for one speaker alone.

In some cases, however, fragments of a systematic behaviour can
be discerned. They are, though, limited to a certain position
(indicated in Table 2). The initial consonant C1 of speaker R
has a different duration, but only in the words containing short
stressed vowels in 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 significantly different durations in position
2 (version 2 against versions 1, 3 and 4)..And last, the fourth

speaker C dces not show 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

In contrast to Lyberg (1981, 44), here the Fo-change was defined
more completely. In a complex tonal contour, consisting of two
different movements and a maximum Or a minimum in between, e.qg.
a rise-fall, the total tonal change is to be considered the
tonal difference in both directions. In my opinion it is wrong
to calculate the tonal fall only and disregard the rise or vice

versa.

By way of simplification, though, the difference in direction
of the tonal movements will not be treated. It is known that it
takes somewhat more time to increase Fo than to decrease it
(Sundberg 1979, Ohala & Evan 1973) . However, it seems unlikely
that a division 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 - F

as:  Fo = initial © final

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

Fo = Fo - Fo l Fo - Fo

initial max/min l max,/min final
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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 relationship between the segment durations and the Fo-changes
was examined by means of linear regression. The calculation was
carried out with the values of the sonorant words Lahme, Maler,
Mahner, and Manner in several sub-categories according to the
variables of test word, guantity, and position. As a represent-
ative summary, Table 3 shows the correlation coefficient (r) as
a measure of the strength of the relationship according to seg-
ment, speaker, and quantity. The level 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 segments x 7 renderings x 4 versions x 3 test

words x 2 positions).

Table 3. The relationship between the duration of the segments
c1, v1, C2, V2, the sequence /V1C2/, and the word
/C1v1C2V2/ 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. n for each segment and speaker:

/Vv:/ = 118, /V/ = 56.

SEGMENTS

Speaker Quantity C1 V1 Cc2 V2 vi1c2 Word

c Vi 0.053 0.132 0.083 0.138 0.046 -0.162%*
v 0.184 =-0.015 0.019 0.338** -0.036 0.037

R Vi -0.075 0.181* 0.200% 0.253** (0.256** 0.210%
v 0.137 0.037 0.019 0.362** -0.115 0.421%%

U Vi 0.090 0.473**% (0,335*%-0.009 0.582%*% (.361*%
v -0.225* 0.121 0.239 0.436%* (0.258% 0.353%*

M Vi 0.392%*% (,557%% 0,307%% 0.419** 0.582*%* 0.706**
v 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 small, perhaps
except for the word (W) of speaker M. Therefore it has to be
concluded once more that there is no statistically provable and
systematic relationship between the segment duration and the
Fo-change in this North German material.

6. CONSEQUENCES FOR A MODEL OF PROSODY

On the basis of the present findings, showing that there is no
general and systematic relationship between Fo-change and seg-
ment duration, the question of the temporal and tonal control
in German can be highlighted in a few essential respects. A
comparison with the situation in the related languages Danish
and Swedish will render a deeper dimension of understanding to
these findings.

It could be shown that there is no relationship between the
temporal and tonal dimension in this North German material.

It does seem, however, that speakers are also 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 only. Similar variations
between speakers in using the temporal and tonal dimension for
focus is also to be found in my Central Bavarian material (Bannert
1976) . Furthermore, the four North German speakers of this in-
vestigation behave partly like the Danish speakers in Thorsen
(1980) and one of the Swedish speakers in Bruce (1981), partly
like the Swedish speakers in Bannert (1979, forthcoming 1), and
the other speaker in Bruce (1981). While segment durations of

the Danish speakers and one of Bruce's speakers remain unchanged
in focus, the duration of all 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
duration in focus need not necessarily be a result of the changed
Fo-contour. On the contrary, as languages may differ in this

respect, time and tone have to be treated basically as inde-
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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
linguistic information, segmental and prosodic, the model first-
ly will generate the basic temporal and tonal structure of the
utterance separately and independently of each other. This can
be done either in parallel or successively. Then both basic
structures will be joined or added. Due to various conditions,
certain adjustments will 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 tonal 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 important 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
approach here, is the treatment of the two main dimensions of
prosody, time and intonation, at the same time and basically
independent of each other. In order to generate the temporal
basic structure, a model like Klatt's (1979) presents itself.
In order to generate the tonal basic structure, the Danish model
(Thorsen 1979) and the Swedish model (Bruce 1977, Bruce 1982,
Carding 1982, G&rding & Bruce 1981) seem convincing.

It can be expected that future work with this model will promote
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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
will not only bring 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 phonetics, 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 time as Bruce (1981)
as a reaction against Lyberg's proposal of an Fo-dependent
model for segment duration (Tyberg 1979). While Bruce studied
Central Swedish, the same variety of Swedish as Lyberg, my

work aimed at extending the issue to another language.

2. Prosody is used here in a restricted sense. It means the
rhythm and melody 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. TFor a detailed description of the method of moving focus

within a sentence, see Bruce (1977).

4. Data concerning the speakers:
Abbreviation Sex Place of birth Year of birth
C E;;ale Lilbeck 1957
R female Fintel (Rothenburg/ 1952
Wimme)
U female Bleckede (Liineburg) 1952
M male Marne (Ditﬁﬁé;ééﬂehjr 1952

5. The two statistical tests were run by using the SPSS-programme
at the Computer Center of the Christian—~Albrechts-University

in Kiel.
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6. In this paper, I 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 detailed
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 experimental investigétion of the contri-
bution of fundamental frequency, duration, and intensity to the
construction of word stress and sentence stress in Modern Greek.
By word stress is meant the phonetic prominence over a syllable
(of the type CONflict-conFLICT) to convey linguistic information.
By sentence stress is meant that part of the sentence which car-
ries the most important information; in the terminology of gener-
ative grammar, it is the focus, referring to the new information
in contrast to presupposition, the information already shared by
the speaker and the listener (Jackendoff 1972). Thus, sentence

stress is semantically 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 the acoustic parameters equally con-
sistent across the utterance or does their contribution to the
construction of stress depend on the position of sentence 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 were made of

these recordings.
Speech material

Eight meaningful Greek sentences were constructed. All the sen-
tences were declarative, with the same syntactic structure, i.e.,
subject-verb-adverb. The words composing the sentences were pros-

odic minimal pairs and the position of sentence stress varied
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according to the contextual situation. The first two sentences

were pronounced neutrally, i.e.,

the speaker had no contextual

information. The remaining six test sentences were elicited as

answers to questions formulated in different ways, to make the

speaker choose one of the elements of the sentence as the focus

and the carrier of the information required by the questioner.

The segmental structure of the sentences was composed exclusive-

ly of sonorants in order to have a continuous Fo-contour. Below

is the list of the test sentences (capital letters indicate sen-

tence stress).

Contextual frame

. None

None

pda sivmene méni?
(Who was alone?)

pja su méni moni?
(Who is single?)

. ti svkane i mdna méni?

(What was mother doing alone?)

. ti su kdni i nand moni?

(What is Nana doing single?)

pos sumene 1 mdna?
(How was mother?)

. pos su méni 1 nand?

(How is Nana?)

Test sentences
© mdna mimene méni
(Mother was alone.)

T nand mu méni mont
(Nana is single.)

I MANA mimene mdni
(MOTHER was alone.)

T DANA mu méni mont
(NANA is single.)

7 mdna MUMENE mdni

(Mother WAS STAYING alone.)

7 nand MU MENT mont

(Nana IS STAYING single.)

1 mdna mimene MONT
(Mother was AIONE.)

i nand mu méni MONI
(Nana is SINGLE.)

The test sentences were read in a random order, five times by

each speaker. The speakers read the sentences as in everyday

speech.

Subjects.

The main subject is a male student, 24 years old, brought up and

educated in Athens; he speaks

Athenian. In addition the present investigator, male,

what is considered to be standard

32 years old,



was recorded. Both subjects speak about the same sociolect.

Dialect.

The dialect investigated is Modern Demotic Greek, a dialect

spoken in southern Greece, especially in Athens and Peloponnesos.

Experimental equipment.

The recordings tock place in a sound-treated room at the phone-
tics laboratory, Lund University. The frecuency response of the
tape recorder was flat within Y 2 ap from 30 Hz to 14 000 Hz and
the signal to noise ratio was 63 dB. The microphone was flat
within the freguencies 35 to 17 000 Hz. The Fo-contour was 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 of 100 mwm/sec. Intensity was also recorded using

a Fonema analysis unit.

Acoustic analysis.

Oscillograms 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-
gator's judgement) and the finest oscillogram display was selected

for acoustic analysis.

Intensity was calibrated in 5 dB steps and fundamental frequency in
10 Hz steps. Both intensity and fundamental freqguency scales

were linear. For the segmentation of the utterances, a duplex
oscillogram and the intensity contour were used. Intensity was
measured at the peak of the intensity contour for each syllable;
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. 1, 2, 3, and 4. Figure 1 represents the neutral con-
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1 1

PSS S LA S P I B S O N L

I manamumene mo ni I'ma namume ne mo ni
TIME MS L__1200

Lllnalnamqme]nl[mol ni

nalné mu me’lnilmol ni

Figure 1. Neutral sentence. Intensity contour {upper), Fo-contour
(middle), and duration (bottom) of the sentences 7 mdna
mimene mdni (solid lines), and 4 nand mu méni mont
(dashed lines). The thick lines represent the stressed
syllables and the thin lines the unstressed syllables,
subject 1 on the left and subject 2 on the right.

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. 1 (the neutral sentence) the Fo-contour rises on each
word stress although only moderately on the last stressed syllahk
ble (for absolute values see Table I). The Fo-contour of the un-
stressed syllables is either falling or level. The stressed syl-
lables are longer than the unstressed ones; at the end of the
utterances the syllables are longer no matter whether stressed
or unstressed. The intensity contours have about the same con-
figuration as the Fo-contours, with the addition of small peaks
on the unstressed syllables.
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ilNA! l
i"MA NAmumene moé ' ni iTMANAMOImME ne mé’ ni |
TIME MSL__1200

NAlmulmé\nilmo[ ni

} lllNl\NA{nuI me lni mo, ni |

Figure 2. Focus 1 position. Intensity contour (upper), Fo-contour
(middle), and duration (bottom) of the sentences [ MANA
mumene mdni (solid lines), and I NANA mu mént mon<

(dashed lines). The thick lines represent the stressed
syllables and the thin lines the unstressed syllables.
Capital letters indicate focus, subject 1 on the left
and subject 2 on the right.

In Fig. 2 (focus on the first poistion), the Fo-contour rises on
the first stressed syllable (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-
stressed syllables as in the neutral sentences. The intensity is
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 which remains low after the focus.
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[ilna‘nélMU]MEINllmol ni Lilnalna'lMUlME:(Nl] mo  ni
i'ma naMUMENE m6' ni ' i'ma naMUMENEmS  ni!
TIME MS L__I 200

Figure 3. Focus 2 position. Intensity contour (upper) , Fo-contour
(middle), and duration (bottom) of the sentences 7 mdna
MUMENE mdni {solid lines), and < nand MU MENI mont
(dashed lines). The thick lines represent the stressed
syllables and the thin lines the unstressed syllables.
Capital letters indicate focus, subject 1 on the left
and subject 2 on the right.

In Fig. 3 (focus on the second position), the Fo-contour rises

on each stressed syllable until the focus syllable and then falls
and flattens 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 syllables.
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i na ndmu mé ni MO Ni i, na ndmymé ni MO, NI !

{
‘ijma'lna'mu'mefne‘ MO" NI ri,mai'nalmﬁlmelnelMé| NI '
TiME MS L__i 200

- [
I

Figure 4. Focus 3 (final) position. Intensity contour (upper),
Fo-contour (middle), and duration (bottom) of the
sentences < mdna miumene MONI {solid lines), and % nand
mu méni MONI (dashed lines). The thick lines represent
the stressed syllables and the thin lines the unstressed
syllables. Capital letters indicate focus, subject 1
on the left and subject 2 on the right.

The overall structure of Fig. 4 (focus on the third position)
is quite similar to that of Fig. 1 (the neutral sentence). The
stressed syllables are marked 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.
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Sub ject 1
Sentence (a) Sentence (b)
i mé& na mé me ne mé ni i na né mu mé ni ma ni
-
& Fo 115 160 140 140 145 145 185 100 130 130 165 140 160 160 140 150
5 b 70 170 120 130 120 110 210 200 60 130 140 110 150 110 150 250
Y o1 18 25 22 26 23 21 25 10 22 21 27 24 26 24 26 24
I MA NA mi:  me ne mé ni I NA NA mu mé ni mo  ni
w Fo 130 160 112 115 110 105 108 100 120 120 150 120 120 110 108 110
§ ] 60 190 140 140 130 110 210 200 50 130 160 130 180 100 160 220
L I 21 28 17 20 17 17 21 15 18 17 23 15 16 13 13 14
i mé na MU ME NE mé ni i na nd MU ME NI mo nf
o
w Fo 128 180 150 170 130 120 115 100 112 112 150 430 150 110 105 100
§ D 60 170 130 140 120 120 210 200 50 120 170 160 180 110 170 190
o I 21 31 27 32 24 20 22 1 16 16 23 19 24 11 11 14
. i m& na md  me ne MO NI i na nd& mu m8& ni MO NI
@ Fo 128 178 135 160 165 150 150 100 130 130 160 130 155 160 140 155
§ D 40 170 120 130 120 110 210 230 50 130 150 130 170 120 160 230
o I 17 30 25 26 24 22 28 16 18 20 28 23 25 23 24 24
Subject 2
Sentence (a) Sentence (b)
., i m& na md me ne mé ni i na né mu mé ni mo  ni
§ Fo 95 135 105 125 135 128 132 80 95 95 135 95 120 120 125 135
50 60 190 120 130 150 130 200 120 60 140 160 130 160 100 150 190
Y1 183 27 22 24 23 20 26 & 11 18 25 17 z2 20 417 22
I MA NA  ma me ne mé ni I NA NA nu mé ni mo ni
w Fo 100 150 95 90 85 B85 83 80 100 120 160 90 B85 85 B85 85
§ 0 60 180 120 120 130 130 180 140 60 130 150 140 180 110 150 170
L I 158 28 19 18 13 10 10 4 15 20 22 15 17 13 10 10
i mé na MU ME NE mé  ni i na nd MU ME NI mo nf
o
@ Fo 95 130 130 150 95 90 90 80 95 100 142 135 152 B85 80 80
a D 70 160 130 150 4130 130 190 180 60 140 150 140 180 110 170 170
8
o I 15 26 24 28 21 18 18 6 15 22 26 25 3 18 13 8
o i mé na mi me ne MO NI i na nd  mu m& ni MO NI
@ Fo 90 118 12 120 125 125 135 80 90 90 135 100 130 135 130 140
é 3} 60 170 120 120 120 120 150 190 50 140 160 120 170 110 160 190
o I 8 a2 8 22 22 19 25 6 6 20 25 20 26 25 22 25
Table I. The acoustic parameters Fo, duration, and intensity

of the sentences ¢ mdna mimene mdni and < nand mu ménd
moni. The neutral sentences as well as the three focal
positions for both subjects are shown.
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DISCUSSION

Before interpreting the results given in Table T, the main points
will be recapitulated. First, word stress is realized differently
before and after focus. Before focus, as well as in the neutral
statements, all the three parameters contribute to a stressed
syllable; after focus only duration and intensity are present in
word 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
from the beginning to the end of an utterance (Breckenridge 1977,
Bruce and G&rding 1978, Collier 1972, Thorsen 1978), is quite

apparent in the majority of the utterances analysed.

It is convenient to discuss sentence stress first. The word mdna
in focal position (Fig. 2) will be compared with the same word
without focus (Fig. 3 and 4) in order to isolate the sentence
stress component. It is easy to be led astray by the absolute
acoustic values (Table I). For instance, in sentence (a), sub-
ject 1, when the word mdna is in focus, Fo rises to 160 Hz on

the stressed syllable. When mdna is not focused, Fo rises to

180 and 175 Hz (the neutral sentence not considered). If the
stressed syllable is instead compared with the unstressed one,
the Fo difference for mdna in focus is found to be 48 Hz whereas the dif-
ferences for the unfocused mdna are 30 and 40 Hz. The other acous-
tic parameters can be examined in the same way. Differences in
duration are found to be almost constant, no matter whether the
word is in focus or not, while intensity is 11 dB higher for

the stressed syllable in focus position, 4 and 5 dB higher in
non-focal 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 mdna is compared with nand in pre~focal position,
we see that the stressed syllables have noticeably higher values
than the unstressed syllables, for all three acoustic parameters,
for both subjects. Fo is always realized as a rise to denote word
stress in Modern Greek (Botinis 1979). Hyman (1977) has observed
that in other languages word stress can be realized both as
rising and falling Fo. This has been reported for Swedish as

well (Garding et al. 1970, Hadding-XKock 1961) . 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
quite different from the structure of the pre-focus stressed
syllables. The most striking difference is that variations of
Fo are reduced to a minimum, about 10 Hz. Bruce (1977) and
0'shaughnessy (1979) have reported similar data for Swedish and
English respectively. Although these small variations are above
the perceptual threshold (Lehiste 1970), it seems highly ques-
tionable whether they contribute to the perception of a post-
focal word stress distinction.

Duration and intensity run parallel to each other in post-focus
stressed syllables, both increase in the majority of the utter-
ances. Durational differences are only at a minimum in one sen-
tence (focus in second position) by subject 2, see Fig. 3. Al-
though the durational difference in this case is 10 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 relative intensity. The final syllable -n<

(of both méni and mont, i.e., both stressed and unstressed) has
lower intensity than mo-. This may be due to the general differ—
ence in intrinsic intensity between /i/ and /o/ and to the contribution

of the final juncture. But the intensity difference is much
larger in méns (12 dB) than in mont (5 dB). This is probably the

decisive factor for the perception of this stressed syllable.

This modern Greek data suggests that it would 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 ways across the syntagm. The dif-
ferent combinations to denote the same phonetic concept, stress,
show 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 (Bailly
and Summerfield 1980).

CONCLUSIONS

Finally, I shall try to answer the guestions posed at the be-
ginning. It is difficult to generalise as the present study has

been limited to a small number of speakers and utterancesl.

Firstly, while all three acoustic parameters (Fo, duration and
intensity) contribute to the structure of word stress, only dura-
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
intensity differences are always present for both word and sentence stress.
Lastly, the three acoustic parameters do not make a constant con-
tribution across the syntagm but their relative contribution de-

pends on the position of sentence stress.

1. I 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 with word and sentence stress in modern Greek. We have
shown previously (Botinis 1982), that the acoustic parameters

of fundamental frequency (Fo), duration, and intensity contrib-
ute in different ways to the manifestation of word and sentence
stress in Greek. All three of these acoustic 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 stress.

This paper raises the following guestions: (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 par-

ameters?

An indirect method for estimating Ps from records of oral pressure
(Po) has been applied (Holmberg 1980; Smitheran and Hixon 1981).
Tts validity has been shown empirically (Ldfgvist, Carlborg and
Kitzing 1982). This method exploits the fact that during the
production of voiceless stops, Po and Ps are identical. Ry 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 were constructed. All the sen-
tences were declarative with the same syntactic structure, i.e.,

VP-NP-AP. The words to be tested were minimal pairs with stress
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on either the first or second syllable (pdpa "pope" papd "priest").
The words were placed in the carrier sentence Yrdpse ... padi
"write ... everywhere". The method of having minimal pairs only
in middle position was adopted for both accuracy and simplicity.
By shifting sentence stress between initial, medial, and final
positions, the minimal pairs could be examined in post-focal,
focal, and pre-focal position. The first two sentences were
pronounced neutrally, i.e., the speaker had no contextual in-
formation. The remaining six sentences were elicited as answers
to questions formulated in different ways to 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 following table (capital letters indicate
sentence stress).

Contextual frame Test sentences
1. None Yrdpse pdpa padi
(Write "pope" everywhere.)
2. None Yrdpse papd padii
(Write "priest" everywhere.)
3. ti na kdno ton pdpa padi? YRAPSE pdpa padi
(What shall I do with pope everywhere?) (WRITE “pope" everywhere.)
4. ¢ na kdno ton papd padi? YRAPSE papd padi
(What shall I do with priest everywhere?) (WRITE "priest" everywhere.)
5. tZ na Yrdpso padi? yrdpse PAPA padi
(What shall I write everywhere?) (Write "POPE" everywhere.)
6. t7 na Yrdpso padi? Yrdpse PAPA padu
(What shall I write everywhere?) (Write "PRIEST" everywhere.)
7. pu na Yrdpso pdpa? yrdpse pdpa PADU
(Where shall I write "pope"?) (Write "pope" EVERYWHERE.)
8. pu na Yrdpso papd? Yrdpse papd PADU
(Where shall I write "priest"?) (Write "priest" EVERYWHERE.)

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

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 investigated is Modern Demotic Greek, a
dialect spoken in southern Greece, especially in Athens and

Peloponnesos.
Recordings

The recordings took place in a sound-treated room at the pho-
netics laboratory, Lund University. Oral pressure was sampled
through a plastic tube, 10 cm long and with 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 signal was recorded on one
channel of a multichannel instrumentation tape recorder. During
the experiment, the pressure signal was also monitored on an
oscilloscope in order to detect clogging of the tube. Static cal-
ibration on the recording system was performed before and after

the recording session using a water manometer.

Conventional acoustic recordings were made simultaneously. The

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

Oscillograms of the eight utterances by all three speakers were
made from the tape recording. From these oscillograms the first

and the last of the five repetitions were rejected. For the seg-
mentation of the utterances, a duplex oscillogram and the Po-

contour were used. Po was measured in cm H20 on a linear scale.
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RESULTS

The pressure variations of the minimal pairs pdpa and papd in
their carrier sentences, in neutral configuration, are shown in
Fig. 1; the acoustic parameters of duration, Fo, and intensity
are shown as well. The utterances are produced by subject 1.

In the first utterance, when stress is on the first syllable,

the Ps rises to a high level at the very beginning of the.syl—
lable, i.e., during /p/ and then falls gradually at the beginning
of the next syllable. In the second utterance, stress is on the

second syllable and the Ps does not change but remains level
during the vowel. In both sentences, the stressed syllables are
longer than the unstressed ones and the Ps declines from the
beginning tg the end of the utterances.

Figure 1. Record analysis of the utterances Yrdpse pdpa padid,
left, and yrdpse papd padu, right. The curves represent
from top to bottom, intensity, fundamental frequency,
oral pressure, and duplex oscillogram. The interpolated
broken line between the Pressures associated with the
voiceless stops is an estimation of subglottal pressure
during the vowels.
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Figure 2. Oral pressure and duration of the minimal pairs pdpa
and papd in post-focal, focal, and pre-focal position
for subject 1, subject 2, and subject 3. The repetitions
are represented by solid lines, dashed lines, and dots.



44

In Fig. 2 the oral pressure curves of the three repetitions of
the minimal pairs in post-focal, focal, and pre-focal position,
for all three subjects is shown; let us consider the first speak-
er. When the minimal pairs occur in post-focal position, they
have the same structure as in the neutral utterances, i.e., about
2.5 cm H20 higher Ps on the unstressed syllable in /pédpa/. In

the word /papd/, both the stressed and the unstressed syllables
have about the same Ps. The minimal pairs in focal position ex-
hibit higher Ps on the stressed syllables, about 1.5 cm HZO’ in
comparison with the minimal pairs in non-focal position. The
minimal pairs in pre-focal position show the same kind of Ps
variation as when in post-focal position. We could generalize

our results by saying that on the one side we have the stressed
syllables utilizing Ps against the unstressed syllables, on the
other side we have the focused words utilizing Ps even more
against the unfocused words. The same holds true for all three
speakers; although the way and'the degree they utilize Ps may
vary, the structure of the Ps variations across the speakers is
basically the same.

DISCUSSION

The analysed data of modern Greek show that every stressed syl-
lable 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 (1967) earlier findings of

an increased activity of the respiratory muscles on stressed syl-
lables, whether emphatically stressed or not. However, van Katwijk
(1974) and Ohala (1977) report increased expiratory activity only
on emphatically, and not on normally stressed syllables.

If we combine the results reported in Botinis (1982) with the
results obtained in this study, we see that every stressed syl-
lable has higher relative intensity associated with higher Ps
(Ladefoged et al. 1963; Isshiki, 1964).
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The pre-focal stressed syllables have higher Fo, longer duration,
and higher intensity; at this position it is difficult to examine
the influence of the Ps on the acoustic parameters. If we 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 guasi-
constant Ps, but a varied one that can produce linguistic effects.

Second, variations on Ps do not necessarily cause an effect on Fo.

Studies reviewed in Ohala (1978) argue that Fo is exclusively
regulated by the laryngeal muscles. Moreover, correlations found
between Fo and intensity (which is causally correlated with Ps)
show that they both are influenced by the larynx. Thus, according
to Ohala, not only are cbserved 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
muscles are alone responsible for the Fo-contour. In post-focal
position, the Ps for a stressed syllable is higher; 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 position. Here, there is no laryngeal activity 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 common in speech, one can hardly

expect good correlations between Ps and Fo (Collier 1975).

Lieberman (1967) raised the question whether the observed Fo
variations were 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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stant level of tension. This was thought to be the case in de-
clarative sentences. In yes-no questions, where there is a ter-
minal rise in Fo without any variation in Ps, Lieberman assumed
the laryngeal muscles to operate.

The hypothesis "Ps causes Fo" does not agree with the Greek data
reported here. In post-focal position, where stress is associated
with Ps variations, flat Fo is the rule, although minor Fo vari-
ations, up to 10 Hz, may occasionally be found. Atkinson (1978)
argues that different physiological mechanisms may be involved

at different Fo levels. In particular, in declarative sentences
and for low Fo (80-100 Hz), Fo is mostly governed by Ps. However,
in the analysed Greek utterances where Fo is between 80-100 Hz

at post-focal position, Ps still does not have the expected ef-
fect on Fo, i.e., 3-7 Hz/cm HZO (Baer 1979). Answering the ques-
tion whether it is the larynx or lungs that controls Fo (pitch),
the answer is the larynz (Vanderslice 1967, Ohala 1977) .

Of course variations in Ps can influence Fo, other things being
equal, but Fo must take the configuration required by the struc-
ture of a particular language. In the case of Greek, Fo serves
one purpose (language structure) and Ps another (stress distinc-
tion). It is 'possible that a stressed syllable may gather all

the acoustic and physiological parameters, but it is far from

true that every stressed syllable is associated with an Fo (pitch)
change (Hyman 1977).

In Greek, there are two facts that suggest that the acoustic
parameters are independent of each other and not produced by

the same mechanism. First, hightened Ps in post-focal position
does not produce any effect on the Fo-contour. Second, at post~-
focal position, intensity is combined with duration to give the
impression of word stress, whereas for sentence stress intensity
is combined with Fo.

In Swedish; the Fo variations are distinctive for both word and
sentence stress, though the Fo spans a smaller range after focus

(Bruce 1977). In a general study of the Scandinavian languages
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{Garding 1977), 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 intonational patterns of Swedish,
Greek, and French (Garding et al. 1982), demonstrated how the
three languages utilize Fo in different ways for the "same" lin-

guistic entities, i.e., word stress, 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 languages. This is a strong evidence
against any correspondence between 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 parameters co-vary with
Ps, the answer is intensity, occasionally Fo, depending on the
structure of the sentence. The second question, do variations in
Ps mostly influence one or more of the acoustic parameters, the

answer is mostly intensity.

In this paper it has been shown how a language, and in principle
any language, uses different acoustic elements to convey the same
idea. A substantial question should be proper now: To what extent
do speakers of different languages use different physiological
mechanisms to produce the same acoustic effect? In other words
how much is universal and how much is specific in the production

of human speech across languages?
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DEVELOPING THE SWEDISH INTONATION MODEL
Gbsta Bruce

ABSTRACT

A series of experiments were conducted to test an earlier model
for Swedish intonation where local specifications for accentu-
ation were inserted in a global baseline-topline structure.

The course of the Fo downdrift is found to be stepwise at the .
accents rather than gradual over the Uttérance. The speaker sig-
nals utterance length by raising 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 involvement 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 To
bottom of the speaker's range appears to be fixed, while the

Fo maximum is variable. These findings indicate that a more
adequate account of the relationship between accentuation and
intonation should give a more explicit role to their interaction
than is achieved by merely adding accentuation to intonation.

It is suggested that the overall Fo course of an utterance is
essentially formed by the relations between successive, local
excursions for accentuation. ) o )

0 INTRODUCTION

In a model for Swedish intonation (Bruce & Garding 1978,
Garding & Bruce 1981) we have shown how a phonetic represen-
tation of an utterance in terms of an Fo contour can be genera-
ted from a phonological representation using only a few lin-

guistically relevant parameters.

The aim of the present study is to examine some of the predic-
tions and implications of the intonation model, and also *to
try to extend the predictive power of the model to new kinds

of linguistic variation. I 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 guestions of speech planning 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 experiments, de-
signed to test the model, is reported and discussed. The first

of these experiments examines the nature of the Fo downdrift

that characterizes a declarative type of intonation. The next

two experiments are devoted to the effect of utterance length

on Fo. Utterance length is varied by a syntactic expansion either
only to the right ({experiment two), or both to the right and to
the left (experiment three). In experiment four the attitude of
the speaker - two degrees of involvement - is also varied. In ex-
periment five, finally, the effect of introducing a clause bound-
ary in a sentence is examined. In 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 REVIEW OF THE INTONATION MODEL

The point of departure for the present study is the Lund model
for Swedish intonation. 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 to contrastive intonation studies
and studies of prosodic interference between a primary and a
secondary language (G&rding 1982).

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 their relative durations. To this
representation is attached a prosodic transcription with in-
formation about stress location and word accent (accent 1 or
accent 2}, placement of sentence accent and sentence type (state-
ment or question). An example of two input phrases - a minimal

pair - is given in orthographic form in Figure 1.
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Swedish intonation model

SA
A2 Al
lnput 1) Dom k&#nde polackerna, 0+ecn0
phrases SA
a2 A2
; 2) Dom kinde n& lackerna, =
sentence ro To—2 7 T T T T T
intonation ———
‘ - - = _-»:____M‘
time
vl 2414/ zz
word PO me—mg e e e
accent .
e
e
—_— - - - L T
time
; VA W WA VA W
sentence R e
accent T e —
L.

‘ T T T e time
71 7l vz’ va iz

concate-— ———
nation

— 04—

f\

time
VA Zza A v
Figure 1. Swedish intonation model. Application of pitch rules

for Standard Swedish (after Bruce & GAarding 1978).
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The basic assumption underlying the model is that intonation
proper can be separated from accentuation and that accentuation
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 intonation, which takes the
form of a baseline = topline structure consisting of four ref-
erence lines to give the frame for accentuation. The word accents
are represented as combinations of high and low points with a
different timing for the two word accents (A1/A2) as the dis-
tinctive feature. The highs and lows of the word accents are
inserted on the interior topline and baseline respectively.
Sentence accent (SA) is represented as a high following the
high-low of the word accent in focus. It is inserted on the
exterior topline. The exterior baseline is not relevant for
this dialect.

For a declarative intonation type as illustrated in Figure 1
the interior lines fall and converge, while the exterior lines
remain more or less level. This global fall or downdrift gives
successively lower Fo values to the word accent highs and lows,
while the Fo value of the sentence accent high is independent
of the position in the utterance.

For question intonation (Garding 1979), the downdrift is largely
suspended, and the exterior, focal topline is lifted, consegquently
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 voiceless 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 commands (see Bruce
1977, chapter 5) such as anticipation and undershooting of highs

and lows, which have been excluded from Figure 1.




55

Various similar 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 "layered" 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'
will be used synonymously. We have used 'sentence accent' 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. In an extended material
with longer sentences, where a division into prosodic phrases
seems to play an important role, two or more instances of this
kind of accent occur with one such accent per phrase. Replacing
the term 'sentence accent' with 'phrase accent' in later sec-—

tions of the paper should be seen in this light.

2 EXPERIMENT ONE: THE NATURE OF Fo DOWNDRIFT

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

of the Fo downdrift in a declarative intonation type.

In particular, the following prediction and some of its impli-
cations were tested: the Fo downdrift has a gradually decreasing
course. It follows from this prediction that the Fo value of
the first accent of an utterance is lower, if it is preceded

by unaccented syllables than if it is not, and also that Fo
‘gfadually‘falls on unaccented syliables between two accents.

It also implies thég thé very bottom level of Fo is not reached
until the last syllable of the utterance.
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A further implication is that the downdrift before and after
focus will have the same course, i.e. placement of focus has
no effect on the course of the Fo downdrift. The model also
Eredicts that word accents are executed as rise-falls both be-
\f&feyand after focus. As the starting poihts and end points of
the interior fopline and baseline are taken to be constant for
a given intonation, the slopes of these lines vary inversely
with utterance length. According to the model this 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 systematically varied: number of stress
groups (2, 4), placement of focus, and the number of unstressed
syllables before (0, 2), between (1, 3) and after (1, 3) the
stresses. A stress group contains a stressed syllable and all

succeeding unstressed syllables (if any) within an utterance.
Test material - experiment one: k

“Ungen “nallfar

The kid is stealing

“Mamman ~Lédmnan honom [/ (Ja) “mammorna hann “Ldmna honom
The mothern Leaves him [/ (Well] the motherns managed to Leave him

Man hann ~Limna honom “ungen / (Ja} man hann “Lémna ndra “nallar
One managed to Leave him the kid / (Well) one managed Lo Leave some Teddy bearns

“Mamman ~Ldmnan “ungen “nallai
The mothen Leaves the kid teddy bears

(Ja) “mammonna hann ~Ldmna véran “unge ndra “nallan

(Well) the mothens managed o Leave our kid some teddy bears

The phonetic composition of the material is designed to minimize
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 timing.
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Restricting the present study to only one accent is therefore
justified, as the word accent distinction is not relevant here
and the results for one accent can be extrapolated to the other

accent.

The test material contains meaningful Swedish sentences. Each
sentence has the form of an answer to a question. Various focus
assignments in the answer (response sentence) are elicited by
changing the guestion (context sentence). A neutral version of
the answer was not included in this experiment, as earlier in-
vestigations (Bruce 1977, section 3.3) have shown it is similar

to the final focus version.

Two informants representing the Stockholm dialect were used.

A male informant (TB) recorded the whole 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
groups of a slightly different composition. Data from the main
informant (EH) from my thesis (Bruce 1977) - female, Stockholm

dialect - has been used for comparison.

The recordings were processed by hardware pitch and intensity

meters. Fo measurements were made by hand.

Figures 2 and 3 - with one and three unstressed syllables re-
spectively between the stressed syllables - show repeated Fo
contours for the male informant. Table I gives the mean values
and standard deviations of successive Fo maxima and Fo minima of
of the test sentences for both the male and the female informant.
For a comparison with the corresponding Fo values from the main

informant in my thesis see (Bruce 1977: chapts. 4, 5).
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Mmamman “1&mnar “ungen hallar TB
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100}
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Figure 2. The nature of Fo downdrift. The effect of placement
of focus in a sentence containing four stress groups
with one unstressed syllable between the stressed
syllables. Repeated Fo contours by a male informant
(TB) . The arrows indicate the stress group boundaries.
The line-up point is at the third stress group boundary.
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!
Tammorna hann “l&mna v&ran unge ndra hallar TB

Hz Focus 1

Focus 3

180
140
120]

100

80

1
0 200 ms

Figure 3. The nature of Fo downdrift. The effect of placement
of focus in a sentence containing four stress groups
with three unstressed syllables between the stressed
syllables. Repeated Fo contours by a male informant
(TB). The arrows indicate the stress group 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 TB are summa-
rized below. The following findings agree with the predictions
of the model:

1. 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 initial syllable is unaccented. There
is a tendency for the end point value to be slightly higher

fin utterances with final focus, which is ascribed to under-

fshooting.

2. The Fo values of succesive maxima and minima are similar in

the two versions of the four stress group utterance.

3. Focal Fo maxima have the same frequency in all positions
except the final one. Here it is lower, however, even if
"we take into consideration the possibility of undershooting
in this position. When three instead of two syllables follow
the accented syllable the focal maximum of the final po~
sition is raised but it is still lower .than non-final focal
maxima.

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

The following findings were not predicted by the model:

5. The downdrift appears to have a stepwise rather than con-
tinuous course. The stepwise declination of Fo bedémes more
evident when there are unaccented syllables between the
accents as in Figure 3, but it is less apparent from Figure
2 where the accents are close together.
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6. The actual course of the Fo downdrift appears to be dependent
on factors such as the location of phrase accent {(focus) and

of the word accents.

7. The pivot of the declination is the focus of an utterance.
Before focus the declination is absent or gentle; after focus
Fo decreaéés more‘fapidly. More specifically, when focus is
non-final, pre-focal declination is practically absent. But
when focus is final, there is a gentle declination. In con-
trast to the prediction of the model, the Fo values of pre-
focal maxima and minima do not decrease faster in a two stress

group utterance as compared to a four stress group utterance.

8. The step down occurs in connection with the word accents. In
unaccented syllables between two accents there is no downward
slope but instead an Fo plateau. This is true for both base-

line and topline.

Ko}

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 unaccented syllables precede,

there is no Fo downdrlft up to the flrst 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
_for the word accents before focus to be executed as rise-
“falls and after focus as simple falls. Accent maxima im-
mediately preceding a phrase accent (focal) maximum tend

to have higher values than other pre-focal 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 simple falls is not
typical of this informant. Point 7 is not fully comparable
owing to her accentuation. When focus is non-initial, she mani-
fests two phrase accents - one for the first stress group and
one for the focus, except in one of the sentences containing

two stress groups.
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Table I.

The nature of Fo downdrift. Mean Fo and standard de-
viations

mant TB,
accent) maximum of each utterance is in italics.

(a) Speaker TB

min

“ungen “nallar

initial
focus

final
focus

man hann

X

initial
focus s
final X
focus ]
“mamman
initial X
focus s
2nd X
focus s
3rd x
focus s
final %
focus s

initial
focus

2nd
focus

3rd
focus

final
focus

max min max min max min
135 104 167 8o

3,0 4,0 7,6 3,7

134 104 126 98 144 87
2,4 2,0 6,3 4,6 5,7 9,6
honom

129 103 165 80

2,8 2,7 5,8 4,4

126 105 131 100 155 84
6,1 3,0 2,4 3,0 11,2 7,8
honom “ungen

136 105 169 79

3,5 2,9 5,3 5,2

128 103 126 102 149 82
5,5 1,9 4,0 3,7 3,5 4,5
“ungen “nallar

127 103 164 105 113 93
2,7 3,2 10,2 2,7 2,0 1,2
124 104 131 103 7165 100
4,8 2,8 5,6 4,8 8,2 3,4
123 104 120 104 131 105
3,7 2,4 6,4 1,9 5,0 3,4
119 103 117 103 112 98
6,4 3,8 6,4 2,0 4,4 2,3

“mammorna hann ~lidmna vdran “unge n&ra “nallar

123 101 179 105 115 95
6,3 4,3 8,0 2,7 1,7 2,5
126 105 133 106 * 167 101
7,5 2,0 5,0 2,8 5,7 3,5
126 104 132 103 137 105
6,1 2,8 6,1 2,5 7,9 1,7
128 105 132 104 119 98
5,9 2,5 8,7 2,0 2,4 1,9

0 Xt m Xt m Xt X

T ldmnar

~ldmna

111
3,8

107
3,7

“ldmnar

(Hz)

(a)
female informant UN. The focal

male infor-

n

max

99
4,0

102
4,7
165

29

118
6,4

99
3,5

105
2,5
169

8,9

115
2,0

7

min

76
3,5

78
3,4
78
5,1

94
2,8

77
3,9

75
2,9
80
3,9

95
4,1

(phrase

of successive minima and maxima of the test
material recorded in experiment one:
(b)

max min
“143 78
10,3 4,9
144 - 86
7,5 6,4
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(b) Speaker UN n = 10
min max min max min max min max min max wmin

ja “mammorma hann l&mna honom

initial X 189 224 169 297 147
focus s 5,2 10,3 6,3 14,6 2,4
final % 187 209 166 230 164 275 158
focus s 4,3 6,8 2,2 16,8 6,0 8,3 5,6

ja man hann ~l&mna ndra “nallar

initial x 191 215 170 294 146
focus s 6,2 12,7 5,5 18,6 3,7
final X 189 202 163 189 153 256 167
focus s 4,9 10,3 5,17 7,4 5,7 13,9 7,6

ja “mammorna hann ~l&mna varan ~unge nara "nallar

Xt

initial 191 236 175 314 169 180 153 169 143
focus s 6,9 12,96,0 8,4 4,6 11,8 3,5 5,8 2,6
2nd X 184 215 169 257 178 30§ 156 167 144
focus s 5,7 9,1 3,9 10,3 6,8 8,9 3,7 7,9 2,4
3rd x 189 219 170 267 177 220 171 306 144
focus s 5,2 7,8 7,2 7,1 8,2 15,6 5,5 9,9 3,2
final X 186 218 171 269 191 205 168 192 158 265 149
focus s 5,5 6,4 5,0 7,1 5,0 8,6 2,6 6,7 6,3 9,7 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. If the first stress group is an NP, which is
also the topic of the utterance, it is attributed a phrase
accent. If, on the other hand, the first stress group belongs
to the VP, which is also the comment of the utterance, it will
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 owing to
the composition of the test material recorded by the second in-

formant.

The main informant in my thesis (Bruce 1977) also conforms very
well with TB and UN. This is true for points 3, 5-8 and 10.
Point 4 is not supported; in post-focal words in final position,
when the accented syllable is an antepenult (or even earlier),
the bottom Fo level may be reached before the utterance final

syllable. Points 1, 2 and 9 are not testable owing to the com-

position of the test material.

BEFORE FOCUS AFTER '

Figure 4. Downdrift in Swedish. Stylized Fo contour of a
Standard Swedish utterance.
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Figure 4 is an attempt to summarize 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 declination before focus as opposed to the stepwise de-
clination after focus coinciding with the accented syllables,
the rise-fall 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 direct consequence of
human production constraints. The most widely held opinion un-
til recently has been to ascribe downdrift in Fo to the observed
gradual fall in 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 fall in subglottal pressure is hardly sufficient to

account for the whole Fo drop over an utterance.

Perceptual experiments by Pierrehumbert (1979) 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 (Ohala 1978, Pierrehumbert 1979). It

is useful in the textual organization of speech. According to
this view downdrift in Fo can be seen as a phonetically motiva-
ted and natural process that may become integrated in the lingui-
stic system of a language. It is therefore best regarded as

only indirectly caused by production and perception constraints.

For a similar reasoning on final lengthening 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). It will counteract the possibility of
perceptual confusion of tones.

Downdrift was not ascribed a very significant role in my de-
scription of Standard Swedish (Bruce 1977). This is at least
partly due to the fact that downdrift is not directly trans-
parent, as it is not usually distributed evenly 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 fall.

The results of experiment one support the view that downdrift
is actively controlled and is part of the linguistic system of
Standard Swedish. The absent or gentle declinati9n up to the
focus of an utterance and the stepwise declination after focus
with the steps coinciding with the accented syllables are indi-
cative of planned 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-
clining Fo course in relation to utterance length with local
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
interaction than can be obtained from a mere addition of accent-
uation and intonation proper. This is also the view expressed

in t'Hart and Collier (1979). Recently Pierrechumbert (1980) has
presented an alternative to the "layered" theory of intonation,

which will be discussed in a later section of this paper.

From a production point of view, planning only certain Fo events
-~ the Fo movements associated with accentuation and their re-
lations -~ appears to be relatively simple. It is easier to plan
the step size of the accents if there is no Fo downdrift between
successive accents. But a stepwise declination may also be op-

timal from a perception point of view.
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3 EXPERIMENT TWO: UTTERANCE LENGTH - EXPANSION TO THE RIGHT

Experiment two 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 inversely with utterance
length due to the constancy of the starting points and end points.
However, the results of experiment one indicate that the rela-
tionship between Fo downdrift and utterance length is not of a

simple inverse type.

In order to test this prediction the following parameters were

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 (question) 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 syntactic expansion to the right.
This means in each case the addition of a new phrase with a new
syntactic function. The longest utterance of the test material
has the following syntactic composition:
S

f 1

Subject NP Predicate P
Vérb P Objéct NP Adb P Aév P

Nan av “mammorna hann ~Lémna honom ~ungarna med “nallarna bland ~Ridngorna
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This gives a test material consisting of the following five
sentences:

Test maternial - experiment 1wo:
Nén av “mammonrna.
One of the mothens.

Nédn av “mammorna hann ~Limna hownom.
One of the mothens managed to Leave him.

(Det var med “nallanna bland ~Lingorna.)
(1% was with the teddy beans among the barns.)

Nan av “mammorna hann ~Lémna honom “ungarna.
One of the mothers managed fo Leave him the kids.

Nan av “mammorna hann *Ldmna honom “ungarwna med “nallaind.
One of the mothens managed to Leave him the kids with the teddy beans.

Nan av “mammorna hann ~Ldmna honom ungarna med “nallarna bland ~Léngorna.

One of the mothers managed fo feave him the kids with the teddy bears among
the barns.

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. Between each stressed syllable 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
experiment.

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

terial in 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 dialect) seven times. This subset contained sentences
with three and five stress groups plus the sentence in parentheses

above with two stress groups, all with neutral focus assignment.

Fo analysis 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 two

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 female (10
repetitions) and the male informant (7 repetitions) respectively.
The Fo contours are given in both a Hz and a semitone scale.
Figures 7 and 8 show stylized baselines and toplines {(mean
values of successive Fo minima and maxima respectively) of utte-
rances of varying 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
falls.

It should be pointed out that for both informants and in all
three versions for the female 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 darouo.

1. The starting points and end points of an utterance appear
to be constant and independent of utterance length (cf.
experiment one). There is a tendency, 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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stress group boundaries. The liné-up point is the onset
&f the utterance.
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Figure 7. Fo course and utterance length (expansion to the right).
Stylized baselines and toplines - means in Hz of succes-—
sive Fo minima and Fo maxima - of utterances of varying
length (2-5 stress groups) . Neutral version for a fe-
male informant (UN) (above) and a male informant (OE)
(below) .
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Stylized baselines and toplines - means in Hz of suc-
cessive Fo minima and Fo maxima - of utterances of
varying length (2-5 stress groups). Initial focus ver-
sion (above) and final focus version (below) for a fe-
male informant (UN). .



The Fo maximum of th

first phrase accent. (in the first

stress group) forﬁa three versions (neutral, initial and
final focus) varies with utterance length (number of stress
groups) : the longer the utterance, the higher the Fo maxi=-

mum (see Table 1T 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 exception; the onset is the same, but after
that point the Fo values are lower than for the longer utte-
rances. The values are comparable to those of the final

stress group in a longer utterance

After the Fo maximum of the first phrase accent the Fo
values (minima as well as maxima) are higher in a longer
utterance except for the final phrase accent maximum, which
does not show any systematic variation but appears to be

relatively constant.

The step size of the first 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 independent of the increase with utterance
length of the Fo peak value of the first phrase accent and

the preservation of higher Fo values for succeeding accents.

For each word accent after the first phrase accent maximum
there is a successive lowering of the Fo values of both
maxima and minima. The Fo declination appears to be expo-

nential in nature. Consequently the step 51ze of successive

' accent falls decreases similarly within an utterance.

Whlle the range of successive accent falls decreases grad-
ually within an utterance, the accent rises preceding the
falls tend to have a constant Fo range independently of

their position in the utterance.
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8. The neutral and final focus versions display similar Fo
patterne}kbut 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.

9. For the initial focus version the focal maximum is higher,
and the succeeding Fo maxima and minima decrease faster to
lower (abeolute)kvalues than for the final focus and neutral
Versions. The latter difference may be related to the absence

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

These results suggest that each utterance containing at least
two 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 assigned a phrase accent.

The division into two 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 8) . While the
preceding Fo minimum is more or less constant across variations
in utterance length, the Fo minimum following the phrase accent
maximum increases with the number of following stress groups.
This will introduce a change in the overall Fo course of an
utterance, which becomes more apparent with increased utterance

length.

Generally speaking, a prosodic phrase contains one or more stress

groups. As was indicated in the preceding section, it is connected

with major syntactic phrases such as Subject NP and Predicate P
and also with topic comment structure. But the ultimate division
into prosodic phrases is probably the speaker's own choice de-

pending on his/her communicative intension.

The issue of division into phrases will be examined further in

experiment three.
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The results of experiment two also confirm the results of ex-—
periment one as far as they are comparable. The only qualification
is the following: after a phrase accent maximum the word accents
are usually manifested as rise-falls and not as simple falls as
they were schematically’characterized in the preceding section.
To some extent this difference may be due to different prominence
relations. In a version 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. Also 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 postfocal accents as simple falls

iis an overgeneralization.

Moreover it should be added that "true" downdrift - a gradually
decreasing Fo course - is found not only after the last accent,
when several unaccented syllables follow, but also in the single

stress group utterance, i.e. with only one accent.

3.2 Discussion

The results of experiment two are interesting from the point

of view of speech planning. Although 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 topline due to variations in utterance length as pre-
dicted by the model. Instead the speaker will 81gnal a longer
utterance primarily by increasing the peak value of the first
phrase accent and by keeping the Fo values of succeedlnq accents
hlgher as compared to a corresponding shorter utterance. It 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 varlablllty of the flrst phrase accent peak is not ex- .
pfessed 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
(slanting) and exterior (horizontal) auxiliary lines. This pre-
diction is not supported by the results of experiment two.
Instead, a higher peak value of the first phrase accent will give
higher Fo values to the succeeding minima and maxima except for

the final phrase accent maximum.

We 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 function of anticipeﬁing utterance length. As

ﬁhe Fo end point appears to be constant, the speaker anticipates
a greater number of accentual downsteps by reaching a higher Fo
point of departure for the downstepping, i.e. to ensure that the
Fo bottom of the speaker's voice will not be reached until the
end of an utterance (see further discussion in 5.2 and 7.1).

The role of the Fo onset is less clear. There is some evidence
from another investigation (Bruce 1981) that the Fo onset value
of an utterance may be related to that of the immediately pre-
ceding utterance and is part of the organization of running
discourse.hit would therefore be natural that the Fo onset does

not vary with utterance length.

The relationship between Fo downdrift and utterance length has
been examined for Japanese {(Fujisaki et al. 1979), Danish
(Thorsen 1980, 1981} and American English (Sorenson & Cooper
1980, Pierrehumbert 1980) as well. A simple inverse relation-
ship between slope and utterance length is not typical of any

of these investigations.
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Fujisaki's investigation of Japanese shows that there is an
exponential decay of the Fo course of an utterance - a steeper
fall in the beginning and then a leveling out to an asymptotic
value. The shape of the downdrift is approximately the same
indepenaently of utterance length.

Thorsen also recognizes the exponential character of the Fo
course of a longer utterance in Danish, although the tendency

is lzss clear. But the characteristic feature is still as asymp-
totic decrease in the overall downdrift with increased utterance
length - in her investigations ranging from two to eight stress
groups. Together with a widening of the Fo range an overall down-
drift will be preserved in a longer compared to a shorter utte-

rance by a non-linear decrease in slope.

Sorénson & Cooper's study of declination in American English
shows that the initial Fo peak of an utterance tends to be higher
for a longer than for a shorter utterance, while the final Fo
peak is nearly constant. A faster declination is also found in
the early part of an utterance. ‘

In her thesis 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 ratio 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 local rule. No look-
ahead is presupposed, but the rule still generates the exponen-
tial character of the Fo.course, which is also asymptotic to

the bottom of the speaker's voice.

This. local approach is found to be superior to the non-local
approach of the "layered" theory (see Section 1) where the Fo
contour of an utterance is the result of superposing essentially
independent layers: a globally specified sentence intonation on

which the pitch accents are superimposed.



81

Applied to the Swedish material of experiment two the local
approach also appears to correctly predict the constant ratio
of'successive downsteps and the consequent exponential character
of the Fo course. This will be examined in more detail in Section
7.

A difference between Pierrehumbert's data on American English
and the present data on Swedlsh 1s the sens1t1v1ty of the Fo
peak to utterance length which is not calculated w1th but 1s.
stiii recognized in a footnote by Pierrehumbert (1980). How-
ever, a local implementation is possible both with and without

this variability of the Fo peak of an utterance.

The interesting implication for speech planning of the local
approach is that the 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-
coming accentual downsteps in the utterance. Instead, the speaker
seems to plan for utterance length by adjusting 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 downsteps. Equal prominence
of successive accents in a declining Fo course can be achieved
by letting the Fo values of each accent be a constant ratio of

the corresponding value of the preceding accent.

4 EXPERIMENT THREE: UTTERANCE LENGTH - EXPANSION TO THE LEFT

In experiment two utterance length was varied by syntactic ex-
pansion to the right. This implies 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
Garding et al. (1982) have argued that this bias in test material
should be counterbalanced by also including syntactic expansion
to the left, i.e. in the present case expansion of the subject
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 left.

A test material was devised to test this hypothesis for Standard
Swedish. The test sentences used in experiment three were com-
posed by varying the theme from experiment 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 with four and two with five were in-

cluded:
Test maternial - experiment three:

[Ndn av “mammorna] [hann ~Ldmna honom “ungarnal
One of the mothers managed to Leave him the hids

expansion to the left:

UNdn av ~“mammorna med “natfarnal [ hann “Lémma honom “ungasna ]
one of the mothens with the teddybears managed to Leave him the hids

[Nan av “mammonna med “nallarna bland ~Léngonna] [hann “Lémna honom “ungaina ]

One of the motherns with the teddybears among the bawns managed to Leave him
the Rids

expansion to the right:

{Nan av “mammorna) Uhann ~Lémna honom “ungarna med “nallarna bland “Léngonna ]

One of the mothens managed to Leave him the hids with the Leddybearns among
Zhe bans

The syntactic structure of the five stress group utterance with
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):

S
r 1 -~
Subject NP Predicate P
f ' 1 f 1
NP Attr P Verb P Object P

Nan av “mammorna med “nallarna bland ~Lingorna hann “Lémna honom “ungarna
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As can be seen the same constituents as in the material of
experiment two were used. The syntactic expansion to the left
was achieved merely by transposing the constituents. Only
neutral focus assignment was included in the present experiment.
The same informants as in experiment two recorded the test
material of experiment three seven times in a new recording

session.

As in experiment one the recordings were 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 summarized
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.

1. 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).

2. The position of the first phrase accent and its Fo maximum
varies with expansion to the left. It marks the end of the
first prosodic phrase (subject NP).

3. Up to the first phrase accent maximum there is no downdrift

in Fo and the baseline and topline are virtually flat.

4., 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 there is a tendency also for expansion
Jto the left to give a higher Fo maximum at the first phrase

accent.

5. After the Fo maximum of the first phrase accent the Fo
minima and maxima decrease in a similar way independently
of the number of stress groups (one, two or three} con-
tained in the subject NP (left expansion). The Fo course

of the right expansion is also the same as in experiment two.
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{n&n av Tmammorna med hallarng] {hann <Ldmna honom ‘ungarna]

—————— [nén av mammorna] [hann “l&ma honom ‘ungarna)

UN

{nén av mammorna med hallarna bland “langornal [hann “1&mna honom ‘ungama]

—————— {nén av mammorna] {hann “1&mna honom ungarna. med hallarna bland ‘léingorna]

— UN

Figure 9. Fo course and utterance length (expansion to the left

and to the right). Stylized Fo contours - means in Hz

of successive Fo minima and Fo maxima - of a three stress
group utterance compared to a four stress group utterance
(above) and of two versions of a five stress group utte-—
rance (below) by a female informant (UN).
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Figure 10. Fo course and utterance length (expansion to the left).
Stylized Fo contours - means in Hz of Fo minima and Fo
maxima - 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 manifestation of

the five stress group utterance (left expanded version} there
appears to be some variation, however. In four out of seven
repetitions the Fo contour agrees with the above description

- the first phrase accent marks the end of the subiject NP, and
there is no declination up to this point. In the remaining three
repetitions she manifests as many as three phrase accents; 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. After 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 insertion 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 reflected in the Fo pattern. He exhibits prac-
tically 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. Between these two 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, viz. expan-
sion to the left, may be decisive for the Fo pattern, but this

seems to be optional.
4.2 Discussion

The division of an utterance into (at least) two rclatively
independent, prosodic phrases is confirmed in experiment three
(cf. experiment two). Each prosodic phrase contains a phrase
acecent - at least in the neutral case - to which the other

accents of the phrase are subordinated.

It was hypothesized above based on findings in G&rding et al.
(1982) that the extension of the test material by a syntactic
expansion to the left would reveal an Fo updrift preceding 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 utterance. This may be taken to support the view
that there is a relatively weak correlation between syntax and

prosody.

The increase in the Fo maximum of the first phrase accent (cf.
experiment two) with increased utterance length is also found
in the present experiment. This increase occurs both with a right

and a left expansion.
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Intuitively it makes more sense to conceive of an adjustment

of the Fo peak to what remains to 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 Swedish 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 directed towards elucidating what is regarded as neutral
prosody or symbol prosody, i.e. prosody without emotional or
attitudinal colouring. Prosodic expressions of emotions and
attitudes - symptom and signal prosody - have been considered
to be of secondary importance or too difficult to handle and
have therefore usually been ignored. There is reason to believe,
however, that this neglect of symptom and signal prosody does
not correspond to its relative importance. It has been sug-
gested that symptom prosody may be linguistically as basic as
symbol prosody and that research in this area could also give
new insights into symbol prosody (see the discussion by Anward
in Nordic Prosody, 1978, pp. 292-293).

In the experiments reported above the aﬁtitude of a speaker in
a recording session was held more or less constant, although
naturally some variation in attitude between speakers was 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, however, that
prosody mirrors emotions and attitudes incompletely, although
some, relatively rough categories are kept distinct prosodically
(see e.g. Hadding-Koch 1961, Brown et al. 1980). The aim was to
elicit a simple, two-way 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,
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p. 122, Brown et al. 1980, p. 23). The prosodic correlate found
to express most directly an involved - detached distinction is
pitch range. It should be emphasized that this prosodic dimen-
sion (wide versus narrow pitch range) does not primarily express
positive versus negative attitudes, but rather, as suggested
here, involved - be it an expression of joy or anger = versus
detached. Degree of involvement is also probably closely related
to degree of overall emphasis (see Garding & Lindblad 1973,
Pierrehumbert 1980, p. 119).

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 identical to a subset of the test material
from experiment two. 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 six times.

As in experiment one and three the recordings were processed
by hardware pitch and intensity meters, and Fo was measured
by hand.

5.1 Results of experiment four

The main results of experiment four are summarized below.
Figures 11 and 12 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. Differences in attitude (detached - involved) are clearly
expressed as differences in Fo range; range varies with

degree of involvement.

2. vVariation in Fo range is achieved by a frequency expansion
upwards; the lower limit of the range is fixed, while the
upper limit is highly flexible.
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3. Fo at the endpoint appears to be constant and independent
of attitude (detached - involved) and of utterance length

(cf. experiments two and three).

4. 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 - involved). The Fo peaks

appear to be more affected than the valleys.

6. The same Fo pattern is maintained across variations in atti-
tude (detached -~ involved). This means that approximately
the same relations seem to hold between successive Fo maxima
and Fo minima within an utterance. The impression of dif-

ference between detached and involved is a matter of scaling.

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 maxima 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 involvement 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 involved 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 with a
higher degree of involvement on the part of the speaker, while
small Fo movements {(a narrow Fo range) mark the detachment of
the speaker. This pattern is naturally paralleled in the body

language by large versus small gestures while speaking.
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In the preceding experiments the Fo 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~
quently both large and small Fo movements have the same offset,
which is reached towards the end of an utterance. The end point
seems to function as a reference equal 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.

While there appears to be a definite floor for a speaker's

voice, which is reached in almost every utterance, the corre-
sponding Fo ceiling is out of range in normal speech (cf. Pierre-
humbert 1980). Therefore it is particularly the top of a
speaker's Fo range that is open to variation, 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 between successive Fo maxima and also between
successive Fo minima. A high Fo peak of the first phrase accent
as a signal of involvement means that the following Fo peaks

of the same utterance will have higher values than in a corre-
sponding utterance where the first phrase accent peak is rel-
atively low as a signal of detachment.

In this connection it is interesting to draw attention to a
perceptual experiment (Bruce 1977, chapter 7.2) that indicates
that it is important also from a perceptual point of view to
maintain certain proportions in Fo range between successive Fo
peaks within an utterance. The results of the test show that
an Fo peak of a fixed value is neglected by the listener, if
the preceding initial Fo peak is relatively high, but it is
taken into consideration if the preceding Fo peak has a rel-

atively low value.
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These results were interpreted in the following way: "The
listener expects a speaker to use approximately the same fun-
damental frequency range during a whole utterance. It is as-
sumed that the range in the beginning of an utterance sets
the reference. Therefore, if the speaker begins with a rel-
atively wide frequency range in connection with the first Fo
peak, the listener will 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 will be an integral part of the intonation pattern of
that utterance, and the listener will pay attention to it"
(Bruce 1977, p. 127).

6 EXPERIMENT FIVE: CLAUSE BOUNDARY

In the previous experiments we have studied the Fo pattern of
utterances where focus location, utterance length (with both
right and left expansion) and attitude (degree of involvement)
have been varied. A1l test sentences so far contain a single
clause, although they usually consist of two phrases. The
present experiment will examine the effect on the Fo contour

of introducing a clause boundary in a sentence.

The material consists of two different clauses containing two
stress groups each. These can occur as constituent parts of a
double clause sentence (coordinative with adversative coupling),
they can be combined freely and they can also 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 physical pause at the clause boundary. The
same reqguirements on the phonetic composition of the test mate-
rial as in the preceding experiments were also imposed on this

experiment.
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Test material - experiment five:
Man ~Rdmnar “mamman

One Leaves the mothen

Man “nallar “ungen

One steals the kid

Man ~Ldmnarn “mamman (,) men man “nallar “ungen
One Leaves the mother but one steals the hid

Man “nallar “ungen (,) men man “Limnar “mamman

One steals the kid but one Leaves the mothen

A neutral context for a double clause sentence of the present
type in Standard Swedish will elicit one phrase accent on the
first stress group of the first clause and another phrase accent
on the final stress group of the second clause. In order to be
able to compare the single clause sentence with each of the
constituent clauses of a double 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 material eight times.
The recording was processed by hardware pitch and intensity

meters, and Fo was measured by hand.
6.1 Results of experiment five

This is a pilot experiment, and the results should be considered
preliminary. Figure 13 compares typical Fo contours of the first
clause of a double clause sentence with a physical pause at

the clause boundary and of the corresponding single clause 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 minima are higher for the first clause
of a double clause sentence (both versions with and without
a pause) than for a single clause sentence. This includes
the Fo starting point, which is lower for a single clause
sentence than for a double clause sentence. The starting

point value of the single clause sentence is comparable to
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Figure 13. The effect of clause boundary. Typical Fo contours
of the first clause of a double clause sentence with
a physical pause at the clause boundary /,/ and 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.
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that of the second clause of a double clause sentence.

2. The Fo values of the second clause of a double clause sen-
tence (both versions) are all comparable with those of the

single clause sentence.

3. The Fo end point of a single clause sentence has approx-
imately 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 k
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 - without a physical

pause - 1is noticeably higher.

The difference between a single clause 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 doub-
‘le clause utterance. This will give higher Fo values to the first
clause of the double clause 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. Also in the non-pause version of the double clause utte-
rance there is a local Fo drop at the clause boundary before

Fo is reset to the original course. This 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 was 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
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longer single clause utterance. Judging from the present, pre-
liminary experiment, this turns out not to be the case. Tt
should be remembered, though, that in the above experiments the
number of phrases was usually held constant when 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 comparable with those of a single stress group
utterance with one phrase versus a two stress group utterance
containing two phrases (cf. experiment two) except for the

starting point value.

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

7 REVISION OF THE SWEDISH INTONATION 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 of an utterance across
variations in focus location, utterance length, syntactic com-

position and attitude (degree of involvement) .

This lowest Fo value of an utterance is 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..Garding
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 with utte-

rance length and especially with 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 ceiling -

Pierrehumbert (1980) devised a scale where 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

Fopsttom) / FObottom®
encompasses both a difference between the actual Fo value and

is scaled as (Fo - This formula thus

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 with a prosodic boundary in between
but without a physical pause (Pierrehumbert 1980, chapter 3).
The lowest 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-

line.

This is worth discussing in the light of the results of experi-

ment five where two versions of a sentence, consisting of two
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clauses, were recorded: one with a physical pause at the clause
boundary and another without a pause but yet with a clear bound-
ary signal. In the non-pause version the results are very similar
to those of Pierrehumbert's experiment; the lowest Fo value at
the utterance internal boundary is higher than at the utterance
final boundary. But when a physical pause is introduced between
the two clauses of the sentence, there is no difference in the
lowest Fo value at the two 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 earlier, e.g. before a pause within an utterance.

In the light of this experiment the evidence for a declining
baseline as suggested by Pierrehumbert does not seem compelling.
I will instead make the simpler assumption that the baseline

is flat; i.e. a speaker is disposed to reach the Fo bottom at
aﬁyﬁpoint of an utterance. Note that this conception of the
baseline as potential rather than actual is distinct from the

one given earlier (see Section 1).

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, e.g. 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 maxima of the five stress
group utterance expressed as baseline units above the baseline
(cf. Figures 5 and 6). A corresponding comparison between in-
volved and detached attitude within 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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uN
5 stress groups

-—-— OE

involved
- detached 5 stress groups UN

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



104

7.2 Outline of a revised model

In the current model for Swedish intonation (Bruce & Garding
1978, GArding & Bruce 1981) pitch relations are not expressed
according to a specific type of scale. Only qualitative com-
parisons could therefore be made. In the present outline of a
revised model I will try to make quantitative comparisons of
pitch relations within and between speakers with reference to

baseline units above the baseline.

In the revised version of the model for Swedish 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 phonetic rules converting the pro-
sodic input notation to an Fo contour. This underlines the
interaction between accentuation and intonation proper more
effectively than the layered implementation does. Word accents
will still be represented as combinations of high and low points
and phrase accents as low plus high points, where the low point
is usually shared by word accent and phrase accent. These points
will 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-lows and low-highs, pitch
relations between successive accents expressed as pitch changes
will play a larger role in the revised version than in earlier
versions (cf. Bruce 1977, Bruce & GAarding 1978, Garding & Bruce
1981). The old controversy of pitch levels versus configurations
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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Uttenance Length. One variable that has been under examination in
the present study is utterance length. Relevant expressions of
utterance length were found to be number of stress groups and
division into prosodic phrases. Unless stated otherwise, the

regularities below concern an utterance consisting of two pro-

sodic phrases.

The point of departure is a two stress group utterance, where
the two phrases contain one stress group each. In this case

the two 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 two 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-
initial word accent maximum, increases with the number of stress
groups in the second phrase in a similar way to the following,
phrase initial 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 value depending on the number of stress
groups in the second phrase. This means that the step size 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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Figure 15.
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Prediction of Fo course. Observed and predicted toplines
and baselines of the neutral version of a five stress
group utterance - the second phrase except for the sec-
ond phrase accent - by a female informant (UN). The
initial maximum {(topline) and initial minimum (base-
line) values are given. Each Fo value is 0.6 X the
preceding Fo value (for both maxima and minima) .
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Prediction of Fo course. Observed and predicted toplines
and baselines of the involved and detached version of a

five stress group utterance by a female informant (UN) .

The initial maximum (topline) and minimum (baseline} are
given for both degrees of involvement. Each Fo value is

0.7 x 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 would be the following. The phrase initial accent max-
imum has a basic value to which is added an extra value that
increases with the number of following accents {see above).
The following accent minimum value will then result from a

subtraction of the basic value from the preceding maximum value.

Downstepping. It is hypothesized that Ffor equally prominent,
successive accents, accent maxima following the first phrase
accent peak and accent minima following the first minimum of
the second phrase are a constant ratio of the immediately pre-
ceding values. In Figures 15 and 16 an attempt has been made
to fit curves to the declining toplines and baselines of the
second phrase of a five stress group utterance, excluding the
last 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 (0< k< 1) of the corresponding,
immediately preceding Fo value. The first value of each top-
line and each baseline - the Fo maximum value of the first
phrase accent and the following accent minimum - ig given.
Figure 15 shows observed and predicted values of the neutral
version of the five stress group utterance from experiment two
{(informant UN), while the data points of Figure 16 are from
experiment four (involved - detached). The difference between
observed and predicted values is fairly small on the whole.
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 between successive accentual

downsteps.

The most obvious difference between observed and predicted
values in the Figures concerns the last accent maximum - the

one preceding the last phrase accent peak. In both Figures the
observed Fo value is noticeably higher than the predicted value.

In this connection it is interesting to draw attention to the
fact that accent rises appear to be nearly constant in interval

whether they occur in the upper or lower part of a speaker's



frequency range, while accent falls decrease in interval with
position 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 minimum, the predicted
Fo maximum values in Figures 15 and 16 will in fact be closer

to the corresponding 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 with 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 applied 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. If 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.

Upstepping. The relation between an accent peak and a succeeding
phrase accent peak seems to be easiest to express as a ratio
of amount of Fo rise. 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 relationship between the two peaks is
therefore to be found in the two 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. But if we take into consideration that the

immediately preceding Fo minimum is also higher in the two



stress group utterance, the Fo rise of the phrase can be shown
to be nearly constant in range. This means that phrase accents

tend to have equal height basically.

InvoLuvement. Another variable that has been examined in this
study and that has already been considered in this section is

degree of involvement.

What has been said above about utterance length, 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 all other

Fo points except end points. The most obvious expression of an
involved attitude is therefore an increase in the overall Fo
range. The relationship between all Fo points of two 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 values

in Figure 17 is less striking than in Figures 15 and 16, but
there is still a fair amount of agreement. The most apparent
difference is that predicted values undershoot observed values
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 last phrase
accent maximum. It therefore seems plausible that the discrepancy
has to do with a somewhat different implementation of phrase

accents in the two attitudes.
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detached observed baseline & topline
-———— involved predicted baseline & topline
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Figure 17. Prediction of Fo range. Observed topline and baseline
for the detached version and observed and predicted
toplines and baselines for the involved version of the
five stress group utterance by a female informant {UN).
Hach predicted involved Fo value is 1.5 x the Fo value
of the detached version.



Another possibility, which has yet to be tested, is that the
Fo range is 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 Fo starting point value. It may be hypoth-
esized that the range factor is sensitive to the amount of in-
crease in the starting point 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 the Fo starting point value. The phrase accent rise is also
sensitive to the range factor. This is true of both the basic
value of a phrase accent peak as well as the added extra value,

which 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 relations between
successive local Fo excursions for the accents within and be-
tween the prosodic phrases that make up the utterance. In these
local Fo excursions the rises and the falls 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
focussing is presupposed. The range of the Fo fall, on the other
hand, tends to decrease for successive accents within the phrase
for a declarative typé of intonation. The relation between
successive Fo falls is assumed to have the function of expressing
statement versus question or perhaps rather definiteness versus
indefiniteness.



7.3 Conclusion

The following main
revised intonation

study.

points, which are to be incorporated in a

model, can be established from the present

The Fo end point is the least variable point of an utterance.
It is 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 between.

The Fo rise of such a local 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 two kinds of Fo rise, the above mentioned accent
rise and the phrase accent rise, which has a wider range than
the accent rise. The phrase accent rise terminates a prosodic

phrase.

The division of an utterance into prosodic phrases is important

for Fo implementation.

The range of the Fo fall of a local excursion for accentuation
appears to decrease for successive accents of a declarative

intonation type. This Fo downdrift can be described by a local
rule, where each Fo minimum value is a constant ratio (0< k< 1)
of the immediately preceding Fo value. The rule operates within

the phrase.

In the transition between two prosodic phrases the following

regularities occur:

The Fo peak after the phrase accent rise, which is identical
with the first accent maximum of the following phrase, has
a basic value, to which may be added an extra value that in-—

creases with the number of following stress groups in the phrase.




. The first accent minimum of the second phrase has a basic
value that is the same as that of the preceding accent minimum
of the first phrase, plus an extra value that increases in

the same way as the preceding maximum.

The added extra value for the phrase initial maximum and minimum
is an'anficipation of utterance length expressed as a function
of ﬁhe 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 involvement. The difference
between detached and involved seems to be a matter of scaling.
There is also a dependence between the Fo range and the value
of the Fo starting point, which tends to increase with involve-
ment but is otherwise constant and higher than the Fo end point.
The exact nature of this relationship has yet to be established.
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PROSODIC EXPRESSIONS AND PRAGMATIC CATEGORIES*
Eva Garding

Our earlier work in prosody has been mainly concerned with iso-
lated sentences in a fixed situational frame (e.g. Garding and
Lindblad 1973, Bruce and Garding 1978 and 1981). 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 I shall present a preliminary frame for pragma-
prosodic categories and report on some experiments designed to

validate their existence.

THE FRAME

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. The hierarchical function refers to prosodic
means of orderlng tOplCS and comments which may be spread over
several sentences. Thecmmanmuave conmnective function refers to

the absence or presence of boundary signals. These two functions
are chiefly text oriented. They divide the text into smaller u-
nits and arrange these- unlts hlerarchlcally. The two other func-
tions are listener-speaker oriented. The modal function expresses
orientation towards the listener, choice of utterance type, state-
ment or guestion intonation, for instance. The expmuéiuewfunction,

finally, conveys attitudes and emotions of thewspeaker.

Let me try to motivate the frame by looking more closely at the

corresponding classes of prosodic expressions.

The hicrarchical class comprises accent {stress) and intonation.
Both can appear in one of three grades, neutral, upgraded and
downgraded. Upgraded accent has a prominence-lending focal effect,
downgraded accent may be anaphoric. Its physical domain is local,
which means that it hits a minor part of the speech chain, a

* pPaper presented to a conference on text linguistics in Lund,

March 1981. Published in "Textstrategier i tal och skrift",
Almgvist & Wiksell International, 1982.
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Functions of pragmatic prosody

TEXT ORIENTED ' LISTENER —SPEAKER ORIENTED
) demarcative-
hierarchical connective modal expressive
intonation g accent g
accent 1 jvolume g intonation g intonation g
tempo g valume g
voice g tempo g
quality
| tonal 1 lengthening 1,q
juncture
pause 1
intonation g”|accent 1 tonal 1 pause 1
juncture
lengthening 1 voice
quality
1= local domain, e.g. sylleble, morpheme, word
g= global domain, e.g. phrase, sentence, text unit

Table 1




syllable or. a word. The phonetic correlates of accent are varying
combinations of fundamental frequency, intensity and duration.
The actual combination of these correlates depends on the function

(focal, non-focal) and the position in the intonation contour.

While the hierarchical function of accent is taken for granted,
the corresponding function of intonation has been more or less
neglected, at least 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 )

correlates seem to be a continuation of the general course of /¢
a contour, a repetition of a specific contour, shifts up and down
of a neutral contour often combined with expansion or compression

of the frequency range. CRLG et e

Intonation and accent also appear in the demarcative-connective
class. It is shown in Fig. 1, which is taken from an analysis
by Bruce (1981), how a declarative intonation contour stretches
over two sentences. The phonetic expression is a gradual fall
of the baseline and the topline which connect the local maxima
and minima of the fundamental frequency curve. In this way in-
tonation reflects a larger constituent than the sentence, a
text unit, which is 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 local rise as in
the interrogative contour of Fig. 2. There it is illustrated how
a question contour connects an interrogative speech act spread

over two sentences.

Accent may also be a demarcative signal. In many Swedish dialects
(e.g. in Stockholm) it falls 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 (1977), 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 goal. 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.

The demarcative function of accent was implied in the concept

of sentence accent (Bruce and G&rding 1978). However, the present
investigation of connected sentences suggests that this accent

is not related to the sentence but rather to the text. In.any

of the two test sentences that form a coherent text in thekﬁa—
terial used for this study {(cf. Table 2), our alleged sentence
accent only appears in the second sentence. Correspondingly, k
the 1n1t1al tonal juncture of Finland Swedish belongs to the

text unlt.

The modal class includes intonation and tonal junctures. As has
been mentioned already, a statement is characterized by gradually
falling intonation stretching over the whole text unit, which
may consist of one or several sentences. It is, then, the grad-
ually falling fundamental frequency which marks the statement.
Interrogative intonation is non-falling (Garding 1979, Bredvad-
Jensen 1980). In addition, there is a non-falling intonation at
a low level, considerably lower than the question, which is very
common in spontaneous narrative style (Garding 1967). 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 falls and
rises, strengthen the purport of the speech act. They are not

obligatory.

The expresstve 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 exactly their deviation from an expected pattern.

SOME EXPERIMENTS

The aim of the experiments is to explore the hierarchical function

of accentuation and intonation, in particular how speakers
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and llsteners use these features to create coherence in a text.

The first experiment concerns accentuatlon, the second 1ntona—

tion. In both experiments I use text units consisting of two
sentences in which topics and comments have been varied sys-
tematically. These texts (Table 2 and 5) were read by several
speakers. Recordings were made and analysed (Figs. 3 through 6).
A closer analy51s of these contours in terms of the earlier men-
tloned lntonatlon model (Bruce and Garding 1978) w1ll be pre-
sented in a forthcoming paper. Some of these sentences were
later presented in tests in which subjects were asked to match
them in such a way that they formed natural text units (Tables

3 and 4). Similar experiments have been reported by Fdnagy (1981).

The speakers, who were all phoneticians, represented four dif-
ferent dialects of Swedish, southern (EG), eastern {Stockholm,
UN), far east (Helsingfors, 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 three 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 different design.
1. Accentuation

The material used in this experiment is presented in Table 2.
The sentences in the leftmost part of this table 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. All the sentences have the same syn-
tactic structure, a noun phrase followed by a verb phrase. The
content has been chosen in such a way that we can expect the
speaker to strengthen and weaken the accentuation of related

topics and comments according to a predetermined plan (cf. middle
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part of Table 2). All sentences except one (no. 6, Table 2) have
declarative 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-linguistic terms in
the right-most part of the table. 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 very simple as compared to the
text—iiﬁqﬁistic ones. ’

In text 1, referent A, lnv, is repeated in sentence 2. This may
happen in a communicative style used when grown-ups talk with
children, as if pronouns were too weak to serve as referents.
The repeated referent may be expressed by a downgraded accent.
We notice how in both dialects (Figs. i and 4) the downgrading
affects the prefocal part (Uno gdt 4) by a narrower range of
pitch. Referents B, on the other hand, are two equivalent pieces
of information. Still, referent B of sentence 2 is upgraded.
This accent is interpreted as having a demarcative function.
Apart from the relation of the referents there is also the re-~
lation between the two sentences that together form a text unit.
In text 1 they are given equal weight. This equivalence seems

to be achieved by the use of the same contour in both sentences

with 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 can give referents A, Janne and Uno, an equal
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, however. A third possibility was used by two of
the speakers: The whole of sentences 2 was contrasted with sen-~
tence 1 by the repetition of an expanded version of the same in-

tonation pattern (Fig. 4).
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Text 3 is deviant. For the recording it was supplied with the /

/
2 actually form part of a three-~sentence unit. The treatment of

par%nthesis Everybody 48 af schoof . In this way sentences 1 and e

the A referents varied. Either the referents were given equal
weight, 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 declarative intonation as in earlier cases
but one used in repetltlon of equal elements as in counting.

The speakers have achieved this effect by using the same into-
nation contour 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.

in text 5, on the other hand, an upgraded accent seems to be
obligatory in the A referent Unv to express contrastiveness.
At the same time there is an upshift of the pattern together
with a compression of the range in one speaker (EG), and an up-

shift with expansion in the other (UN).

In text 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, which is interrogative,
seems to be contrastive with the whole of sentence 1, which is
declarative. This contrastive effect may be due to the change

of intonation contour. To summarize the comments on the produc-
tions: Accentuation was used as expected in three classes to
express hierarchical relations. These accents, however, were
often accompanled by varlatlons ln the ba51c contour, upshlft

downshlft, compression and expansion.

The productions of Speaker UN were used in a listening test with
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



Sentence 1

128 Accentuation

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

Sentence 2

Uno gér i skolan
'Uno goes to school’

1 2 3 4 5 6

1. Uno &r &tta ar

4 3
'Uno is eight!
4. Janne gar pa lekis 1 5 1
'Janne goes to the nursery'
15. Janne gar inte i skolan 7
'Janne doesn't go to school!
Table 3
Intonation
Results of matching task with card reader (7 subjects).
Productions U.N.
Sentence 2
Hon gick inte o(ch) la sej
'She didn't go to bed'
1 2 3 4 5 4
1
b 7
=
M)
o | 2 5 2
o
5]
wn | 3 4 3

Table 4
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anchor, any number of times and at a leisurely pace. Three
anchors were 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) to find the eorrect
pairmate. Informal tests indicate that the tendency i1s the same

with 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 agree that sentence 5.2 is the correct mate for
5.1. llere 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

the given context.

With 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. The upgraded accent
of lno in 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 arguments pertaining to intonation,
accentuation and tempo show 4.2 to be the most natural match.

It received 5 out of 7 votes.

To produce the two sentences as a semantlcally coherent unlt
the speaker uses not only accentuatlon, as planned by the ex-
perlmenter for some of the text units, but also 1ntonatlon and

tempo and perhaps other features as well, overall volume and
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Pitch contours derived from texts consisting of two sentences
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Fig. 5
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voice quality, for instance. To a large extent the use of such
features seems to follow 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.

2. Intonation

Table 5 shows the sentences which have ﬁeem”constructed to test
the power of iptonation to express hierérchy of sentences.

The text of sentence 2 is always the same, Hon gick inte och

La sej '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 deécfibed 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-
linguistic 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 strétching 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 (Fig. 6) sentence 2 has been pronounced with shiftea
up intonation which has been interpreted by the experimenter as
the prosodic expression of contrast. A common text-linguistic
term for this relation between the comments is adversative.

The shiftéd;ﬁp 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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Shifted-up intonation in sentence 2 of text 4 expresses asser-
tion and plays the same role as an adverb like CERTAINLY.

In text 5 shifted-up lntonatlon has a contrastive, effect and

in the last example, no. 6, the samencontour_hés been used 17
thedinterrogative- contour‘

3
There is some interspeaker variation in the accentuation of
these sentences. Speaker UN has a preference for a strong accent
in the negation .{nfe which in most cases is followed by an
equally strong accent in the following predicate verb fa. But
again, the agreement is great enough to show that speakers use
neutral, upgraded and downgraded intonation in a systematic way
to interrelate”phreees eﬁd}eenﬁenqes. These three prosodic cate-—
goriegwﬁay or may4not eoincide with syntactic coordination,

superordination and subordination.

Test 2 (Table 4) was designed to test listeners' ability to
recognize prosodic hierarchy and use it to achieve semantie
coherence. Also in this test the instruction 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 in 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 question intonation Hon gick inte och La sef?
after Hon var ndtt 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.

CONCLUSION

Our experiments seem to show that speakers use different ‘levels :

of accentuation and intonation in a consistent way to express
hierarchy between referents. Similarly, listeners rely on these
cues to establish meaningful relations between sentences. The
hierarchical functlon, then, is effected by three classes of



is called accent (stress), if the domain is local and intonation

if it is global./it.is gsemantic weight and semantic relations

that determine the class.

ACKNOWLEDGEMENT

Kerstin Tevajdrvi, an assistant working on the project Swedish

Prosody, gave me efficient technical help.

REFERENCES

Bredvad-Jensen, A.C. (1980) Tonal Interaction between Attitude
and Grammar. In Fretheim, T. (Ed.) Nordic Prosody II, pp.
51-62. Trondheim: Tapir

Bruce, G. (1977) Swedish Word Accents in Sentence Perspective.
Travaux de l'Institut de Linguistique de Lund XII. Lund: Gleerups

Bruce, G. (1980) Om prosodisk koppling i svenska. In Fries, S. and
Elert, C.-C. (Eds.) Svenskans beskrivning 12, pp. 64-77. Umeéd

Bruce, G. and Garding, E. (1978) A prosodic typology for Swedish
dialects. In Garding, E., Bruce, G., and Bannert, R. (Eds.)
Nordic Prosody. Travaux de l'Institut de Linguistique de Lund
XIII, pp. 219-228. Lund

Enkvist, N.E. and Nordstrdm, H. (1978) On textual aspects of
intonation in Finland-Swedish newscasts. Studia Linguistica
XXXIT:I-II: 63-79

Fénagy, I. (1981) Fonction prédicative de l'intonation. In Léon, P.
and Rossi, M. (Eds.) Problémes de prosodie, pp.;113-120.
Paris: Didier

G&rding, E. (1967) Prosodiska drag i spontant och uppldst tal.
In Holm, G. (Ed.) Svenskt talsprdk, pp. 40-85. Stockholm

Garding, E. (1979) Sentence intonation in Swedish. Phonetica
36: 207-215

Garding, E. and Bruce, G. (1980) A presentation of the Lund model
for Swedish intonation. In Fretheim, T. (Ed.) Norxrdic Prosody
II, pp. 33-39. Trondheim: Tapir

G&rding, E. and Lindblad, P. (1973) Constancy and variation in
Swedish word accent patterns. Working Papers, Phonetics
Laboratory, Lund University 7: 36-110

Lehiste, I. (1975) The phonetic structure of paragraphs. In Cohen,
A. and Nooteboom, S.G. (Eds.) Structure and Process in Speech
Perception, pp. 195-203. Berlin: Springer



136




A COMPARATIVE STUDY OF SWEDISH, GREEK AND FRENCH INTONATION
Eva Garding, Antonis Botinis and Paul Touati

AN INTONATION MODEL

Most intonation contours loock very complex at first sight. Ex-~
perience shows, however, that we 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
connecting the turning points with a smooth curve over the voiced

segments.

What are then these important turning points? With an appropriate
material, consisting of sonorant segments that do not disturb the
local pressure conditions at the glottis, 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 1lin-

guistic variables are embadded in one and the same curve.

A model based on these general observations has been developed
for Swedish dialects, {e.g. G&rding & Lindblad 1973, Ga&rding 1977,
1979, Bruce 1977, Bruce & G&rding 1978, 1981) and 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 which the intonation will be gene-

rated in Swedish

reek and French. The sentence is 'Madame
Marianne Mallarm Which has been uttered in a narrative style
with equal semantic weight given to the words Mallarme, mandolin

and Madnid 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 Swedish only
one of the two existing accents is used (A1), phrase accents

(PA) and sentence accent (SA).
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A A PA JA PA SA
Gragk Stp madam marian malarme/exi to mandolino/apo tin madritﬂ +
PA Y PA / Sj
ar i alarme/a nA i i
French Stﬁadam mnr|aq/ma_arme/2 yn mﬁdalin/da madr|dst

word accent
1: acute word accent
A: whrase accent
SA: sentence accent
5t: statement

word bouncdaries: spacing
phrase boundaries:/ /
sentence boundaries: [ ]

Q> >

Figure 1. Statement intonation in observed sentences above.
Inputs to the model below. From Garding 1981,
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Brackets and slashes show three kinds of syntactic boundaries,

for the sentence, the major phrases and the phrase internal con-
stituents. In thié 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 in an

xtra boundary before Mallauné. The

sentence boundary is 1abeiled St for statement. Figure 2 presents
the stages of the model (for a fuller account see G&rding 1981).

PA PA SA

Al Al Al Al Al
INPUT sf[madam=marian:malarme:// har en mandullzn/fr:n madrl:dlsf

Syllable structure rules

Syllable duration rules

intermediary phonological rules

Intermediary pitch representations

Algorithm for pitch generation

OUTPUT I B S

Figure 2. Model for prosody. From Garding 1981.
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Here we shall assume that the input phrase has passed through
the first two stages of the model, the syllable structure rules
and the syllable duration rules, the effects of which have been
demonstrated earlier (G&rding 1981). These rules give syllable
durations and total durations consistent with 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 symbols. One pheno-
menon which 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 syllable will here be deleted
by an intermediary phonological rule. It is in this rule among oth-
ers that our three compared languages differ. The pitch obtrusions
characteristic of accents are not present after focus in Greek

and French. They occur in Swedish, however (see examples in Fig-
ure 3}.

The rules of the fourth stage, the intermediary pitch represen-
tations, transform the abstract symbols into more concrete ones.
Global features, i.e. features connected with sentence and phrase,
are expressed as a Rise, a Fall or a Level. Local features, those
that pertain to syllables or words, are expressed as Highs and
Lows which are going to become turning points in the final pitch
contour.

The algorithm for pitch generation (Figure 4) works on this new
notation. It 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 lines represent the bounds of not weak-

ened accents within a phrase. The exterior hatched lines
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Figure 3. Different treatment of pitch after focus. From Garding
1981. ot Lo
5
are used for pragmatic effects, e.g. for strengthened
accents as in combination with focus, here called sentence
accent (SA). To construct this grid we use knowledge that
we have gathered from studying the same intonation contour
in sentences with different phonetic and grammatical struc-
ture, uttered by different speakers. Results of interest
for this grid will be found in Bruce's work (1982).
RULE 2 inserts Highs and Lows for sentence and phrase boundaries.
RULE 3 inserts the Highs and Lows of the sentence and phrase ac-

cents.

-3



RULE

RULE

RULE

RULE

RULE

RULE

RULE

SENTENCE AND PHRASE INTONATION;

DRAW THE TONAL GRID USING SENTENCE INTONATION AND
MAJOR PHRASE BOUNDARTES '

SENTENCE AND PHRASE BOUNDARIES

INSERT HIGHS AND LOWS ON THE GRID ACCORDING TO LAN-
GUAGE AND DIALECT

SENTENCE AND PHRASE ACéENT

INSERT HIGHS AND LOWS ON ﬁHE GRID ACCORDING TO LAN-~
GUALGE AND DIALECT

WORD ACCENT

INSERT HIGHS AND LOWS ON THE GRID ACCORDING TO LAN-~
GUAGE AND DIALECT

CONTRASTIVE WORD ACCENT

ADJUST HIGHS AND LOWS ACCORDING TO LANGUAGE AND
DIALECT

CONTEXT RULES

ADJUST HIGHS AND LOWS ACCORDING TO CONTEXT

CONCATENATION

CONNECT NEIGHBORING GENERATED HIGHS AND LOWS

Figure 4. Algorithm for generating pitch contours.



143

sjuswbas poaoToA
aUy3 I9A0 SUTT yzoows e Aq

op op sautod BurtIOoqUbTaU JODUUOD uOTIeUSILOUOD L
*039
aTnNI UOTIBTTWISSY °d
op op 9TNI UOTIBTTWISSY g aTnx Kxojzexedsigd °v
op op oTnx Kxozexedsid v SUOTIEDTITPOU IXDJUOD 9
pIiom JO STgeITAS sbuex ko)
38ITI IO UBTH-MOT ob1eT YITM MOTI-UDLBTH sbuex @baeT UYITM MOT-UDTH U900 SATISRIIUOD g
M
DTOA ybTH ybtH JUSODO® PIOM ¥
vd
UybTH :v¥d ybTH :vYd MOT-UBTH :V¥d vs
MOT :YS MOT-UDBTH VS MOT-UDTH :¥S ausoor aseayd pur sOUDIUSS €
ad
Tt tMOT rdd ybtH* " moT :dd MO TMOT id9d gs
MO :dS MOTT* ¢ *"MOTT :gS MOT* " "MOT :gS Kxepunoq sseayd pue 20U23USg z
14
I8
op op pTab ButrTTeI-HUTSTY UOTILUOJUT oseayd pur s0US3USS L
{pIepuels ) ydusid (SU=sU3IY) 3e°ID {T3nog) USTPOMS oTny

*9TA3S SAT3IRIIRU

ut sesexyd zolew om3 JO HUTISTSUOD SSOUDIUDS SATIRIRTODD butyezsush wysrTIobTe yo3zTd Jo saIny " | STdRL



144

Figure 5. Typical grid with insertion of Highs and Lows

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 accent Highs and Lows.
RULE 5 inserts contrastive accents.

RULE 6 takes care of context phenomena. Two examples are given:
6A is called the preparatony nube. Tt prepares for a following
High or Low by inserting a point of the opposite value.
6B 1s called the assdmilation rule. Tt pushes the inserted
pitch value in the direction of a following value when a

full movement is not warranted by the context.

RULE 7 connects all the generated Highs and Lows by a smooth line.

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 elsewhere (e.g. Bruce
1977 and Bruce & Garding 1978 for Swedish, and Touati, forth-
coming, for French). The table has some redundancies. Rules 2 and
3 overlap when a phrase or sentence accent is final. In the case
demonstrated here there is no conflict. The rules give the same
result. In other cases, however, there is a need for priority
rules. For instance, when in Swedish or Greek a phrase or sen-
tence accent is initial and there is a clash between the word
accent High and the phrase boundary Low, the accent High takes
priority. Note that a final 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 algorithm are common to all three lan-
guages, others differ. A detailed comparison will be given in
the next section. Here we shall just mention the principal fea

tures.

Phrase endings are Low for South Swedish but High for Greek. For
Ffehéhythe 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-
ifestations of the two accents are dialect dependent. For details

see Bruce & Garding 1978).

The contrastive 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
Low in the contrasted word(s).

Figure 6 illustrates how the points given by the various rules
are inserted into the grid 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 will serve as a

basis for our comparison.

COMPARISON

Since our input phrases have been constructed in such a way that
sentence accents and phrase accents occur in the same position,

the comparison concerns mainly the manifestation of these accents
and the intonation contour. The comparison is based on observations
in 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 shall
follow the order given by the pitch generating rules.

Pules 1 and 2: Intonation and boundaries

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 Lows inserted on tonal state-
ment grids for Swedish, Greek and French.

in overall length. They consist of a slightly rising part cov-
ering the subject and a falling part covering the predicate. The
/ﬁpivgﬁwmarks the boundary between these two constituents. This
E’boﬂbly,ylnd’”a\ry occurs on different lines, however. For Greek and French
it is on the uppermost line, for Skine Swedish it is on one of
the lowest. It should be noted that, although the experimenters
made precautions to keep the pragmatic contect fixed, there is
still room for variation, particularly in the treatment of phrase

boundaries. A slightly ‘stronger' boundary in Swedish will re-
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sult in a continuation of the fall to the lowest level, a similar
situation in Greek will create a fall after the rise, whereas

in French the duration of the rise and hence the whole syllable
on which it occurs will be lengthened. It 1s clear that the func-
tlon of the lines of the grid differs in the three languages.

In 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 is 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 marking the
boundary between the deepest constituents. The two accent lan-
guages, Swedish and Greek, use the highest line also in combi-

nation with phrase and sentence accents.
Fules 3 and 4: Accentuation

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-Low sentence accent for Swedish and Greek and a Low

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-
allel with the sentence accent which also has one point, Low.
Since all accents in French are phrase or sentence final it would
also be possible to analyse them as pitch boundaries. For the
Swedish 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 falling, whereas in Greek (as in Accent 2 of
South Swedish) the peak has a late position in the syllable which

gives it a mainly rising pitch.
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Rule 5: Contrasitive accent

Figure 3 shows some interesting phenomena not present in the demon-
stration sentence. With contrastive (focal, insisting) accent in
Greek and French the pitch goes down to low level and remains

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.

In Finland-Swedish, at least in the dialects without lexical ac-
cent distinction, the accents behave like in Greek or French
(Kerstin Tevajirvi, forthcoming). In French we notice that under
contrastive accent the Low of the initial boundary has been re-

placed by a rise (Figure 3).
Rule 6: Context rules

The context rules reflect perceptual and articulatory constraints.
As could be expected they show great similarities across the lan-
guages. For the demonstration phrase we shall only need two. (For
a more careful analysis of tonal context phenomena in Swedish see

Bruce 1977 and for tone languages see Schuh 1978} .
Rule 6A: The preparatory rule

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 demonstration. In the
subject phrase (Madame Marianne Mallawmé) there are several Lows
preceding accent Highs. Similar phenomena can be seen in the

Swedish sentence in the same figure.

In French the first Low of Mallawné is prepared for by a High
which, according to our interpretation, is introduced to emphasize
the Low. If it had not been there, the initial boundary mark of
the phrase would not have been present.
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Rule 6B: The assimilation hule

The assimilation rule in the present material 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 fall is a strong manifestation
of the accent and therefore does not need a preceding full pre-

paration.

The previously mentioned Greek curve in Figure 1 gives other
examples of undershoot. In the subject phrase (Madame Marianne
Matlarme ) there 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 similar tendency

can be seen in the Swedish sentence in the same figure.

These interpretations are built on observations in acoustic re-
cords of real speech that has been varied in a systematic way.

We shall use synthesis to check our findings.
Rube 7: Concatenation

This is a mechanical rule and the same for all three languages.
In Greek it accounts for tonal enclitization phenomena, i.e. the
recognized fact that a group of unaccented syllables form a pro-
sodic unit with the preceding accented one. In the observed sen-
tence (Figure 1) concatenation prescribes the slow fall to the

Low of the following accent, prescribed by the preparatory rule.

Table 2 shows 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
summarizes our comparison: Phrase and sentence intonation in
declarative sentences are similar, accentuation and boundaries

differ.

The analysis displayed in Table 2 is consistent with impression-

istic statements about the languages. The South Swedish dialect
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Table 2
PITCH REPRESENTATIONS FOR DECLARATIVE SENTENCES

SB PB SA PA WA CA
SWED~ ¢ ¢
ISH L...L L...L HL HIL 1. H(L) HI:
SOUTH ¢ ¢

2. H{(L)
A ?

GREEK L...L L...H HL (L)H (L) H (L)H
FRENCH L... L... (H)L (LYH - (L)H

LETTERS IN PARENTHESES ARE CONSEQUENCES OF THE
PREPARATION RULE

VERTICAL ARROWS INDICATE WIDENED RANGE

HORIZONTAL ARROW INDICATE DELAYED TIMING
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is often described as slow, monotonously chopped up,and down to

et

earth. The falling phrase accents may be responsible for these
impressions. The table also shows that Greek uses rising 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 Swede is the recurring phrase

final rising pitch.

The importance of the analysis summarized in Table 2 goes beyond
the impressionistic remarks just given. It makes it possible to
compare the prosodic inventory and structure of various languages.
In this way, it will also be an efﬁ icient aid in the analysis

of forelgn accent and the teaching5oE pronunciation.
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IDENTIFICATION OF NASALS: AN ACOUSTICAL AND PERCEPTUAL ANALYSIS
OF NASAL CONSONANTS1)

David House

INTRODUCTION

In general terms, the spectral cues governing perception and i-
dentification of nasal consonants are described as dichotomous.
Information concerning the presence of a nasa12) 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 identification. In an attempt to inves-
tigate the extent to which vowel formant transition information
alone is 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 labial responses after the /u/

vowel and a general non-conformity of /u/ vowel context results

led to a spectrographic analysis of nasals following /u/ in natural
speech. The appearance of a characteristic spectral peak at about
1100 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 elicit labial responses after /u/ on the basis of the /m/
spectral peak keeping other information at a minimum. A parallel
identification test using natural recorded speech syllables was
also carried out in order to determine actual nasal phoneme i-
dentification difficulty in the /u/ vowel context in igsolated

syllables.
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PROCEDURE

The first experiment comprised 60 stimuli in which a single nasal
formant at 200 Hz followed Swedish vowel formants for /i/, /a/,
and /u/. F2 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 lisfeners, the task
being to identify each stimulus as one of Fhe following nine syl-

lables: /im, in, ig, am, an, an, um, un, un/.

In the second experiment, five sets of the nine syllables were
read in randomized sequences by five subjects. All but one of the
subjects were native speakers of Swedish, the investigator repre-
senting American English. Spectrograms of the middle three sets of
the recorded syllables were analysed regarding F2 transitions and
possible distinguishing spectral characteristics in the nasal 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 third experiment, designed to investigate perception of syl-
lables in which the nasal follows the /u/ vowel, comprised lis-
tener identification tests using both natural and synthetic speech
stimuli. In the natural speech portion of the test, the syllables
/um/, /un/, and /ug/ were randomized and read by one of the Swedish
speakers. Each syllable appeared 20 times. In the speech synthesis
portion, an attempt was made to replicate the three syllables of
natural speech using an OVE III synthesizer in such a way as to
enable the testing of the following criteria of identification:

a) an N2 at 1100 Hz in the nasal segment of /um/ with no formant
transitions, b) an F, transition to 1800 Hz in /un/ with no N2

in the nasal segment, and c) the absence of both formant tran-
sitions and N2 in /un/ (Fig. 1). The second nasal formant of /m/
was produced by extending the formants of the vowel branch from
the vowel segment into the nasal segment, thereby using F2 to
emphasize the nasal segment spectrum at 1100 Hz. This method was
not completely satisfactory, however, as a substantial (-18 dB

re: the vowel) amplitude decrease of the vowel formants in the



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 synthetic speech stimuli were randomized and recorded,
each stimulus appearing 20 times. Finally, the same stimuli were
presented in the form of a pair test where the /un/ stimulus was
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 labial
member of the pair /um/ and the second time with instructions to
identify the velar /un/. 13 listeners participated in the third

experiment.

RESULTS

For vowels /i/ and /a/ in the first experiment, results concerning
F2 transition patterns and nasal phoneme identification conform
very well with the Haskins results. Low F2 transitions elicited
labial responses, transitions ending at 1500 Hz elicited dental
responses, and higher F2 transitions elicited velar responses.

When the vowel /u/ preceded the nasal segment, however, the results
changed drastically (Fig. 2). Low F2 transitions elicited velar
responses and high transitions dental responses while there was

only a single labial preference.

In the second experiment, spectrogram analysis of Fz transitions
in the vowels /i/ and /a/ preceding the three nasal phonemes
conforms well with the results obtained in the first experiment.
Further, two of the five speakers, representing English and
Swedish, produced /m/ segments having an extremely well defined
second formant at 1100 Hz which was lacking in the other nasal

segments. Although this /m/ resonance at 1100 Hz was 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 syllables differed from the other vowels
in that no F2 transitions were present in the labial or velar

context (Fig. 3).

Identification of the natural speech syllables /um/, /un/, and
/un/ 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 /un/ (Fig. 4). Identification of the synthetic
stimuli where dental and velar responses were expected (Fig. 5)
corresponded acceptably with the natural speech test (greater

than 75%). 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, however, in more than one-third of the responses (34.3%),
a result that compares favorably with that of the first experiment
(Fig. 2) where practically no labials were elicited. Results of
the pair test where the /un/ stimulus was paired against different
versions of /um/ did not differ substantially from the results

of the identification test. While a clear preference for the /un/
stimulus was obtained when velar identification was requested
(over 80%), no clear preference for any of the /um/ stimuli was
obtained when labial identification was requested. Thus there

was no optimum stimulus for eliciting a labial response.

DISCUSSION

Where the identification of /un/ and /un/ 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 velars in the same context lies in a more general downward

shift of energy from the vowel segment to the nasal segment.
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Regarding identification of labials, results of this test (although
possibly attributable to guessing and far from conclusive) do
indicate a possibility that identification could be based on a
spectral cue (perhaps a pole-zero pair emphasizing the envelope
at 1100 Hz) located 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 were
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 were 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 perceptual 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 phoneme /n/ in different contexts
relies upon different cue mechanisms. Following /i/, the formant
transitions can provide the information. Following /u/, a general
downward shift of energy from the vowel to the nasal segment can
provide the information. This also indicates a possible difference
in the point in time at which the perceptual mechanism determines

phonemic identity.

SUMMARY

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 described 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 nasals following /u/. The identification of /un/
can be made on the basis of a downward energy shift from the vowel
segment into the nasal segment. It is hypothesized that identifi-

cation of /um/ is related to a pole~zero pair creating a spectral



peak at about 1100 Hz.

ACKNOWLEDGEMENTS

I am greatly endebted to Sidney Wood for his extensive help with
the speech synthesis used in this investigation. Thanks also to
Anne~Christine Bredvad-Jensen, GSsta Bruce, and Lennart Nord for

their interest and encouragement.

REFERENCES

Fant, G. (1960) Acoustic Theory of Speech Production. The Hague:
Mouton & Co.

Fujimura, O. (1962) Analysis of Nasal Consonants. Journal of the
Acoustical Society of America 34: 1865-1875

House, A.S. (1975) Analog studies of nasal consonants. Journal
of Speech and Hearing Disorders 22: 190-204

Liberman, A.M. et al. (1952) Perception of Synthetic Speech Sounds.
Journal of the Acoustical Society of America 24: 597-606

Malécot, A. (1956) Acoustic Cues for Nasal Consonants. Language
32: 274-~284

Nord, L. (1976) Perceptual Experiments with Nasals. Quarterly
Progress and Status Report of the Speech Transmission Laboratory,
Royal Institute of Technology, Stockholm 2/3: 5-8

Nord, L. (1976) Experiments with Nasal Synthesis. Quarterly Progress
and Status Report of the Speech Transmission Laboratory, Royal
Institute of Technology, Stockholm 2/3: 14-19

FOOTNOTES
1) This is a condensed version of a longer paper, copies of
which are available from the author.
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INITIAL VALIDATION OF AN INDIRECT MEASURE OF SUBGLOTTAL PRESSURE
DURING VOWELS'

Anders L&fgvist, Bjdrn Carlborg*, and Peter Kitzing*¥*

ABSTRACT

Some methods for direct measurement of subglottal pressure during
speech are invasive and thus cannot be used on a routine basis.
The development of noninvasive techniques is thus desirable

and a simple indirect method for measuring subglottal pressure
from records of oral pressure during consonants has recently

been proposed and applied to studies of glottal resistance during
phonation. In order to be useful, indirect measurement procedures
should be validated by comparisons with direct measurements, and
the present experiment was designed for such a comparison. Min-
iature pressure transducers were 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.

INTRODUCTION

Measurements of subglottal pressure during speech may be obtained
by four different methods: 1) A needle-tap is passed through the
pretracheal wall and connected to a pressure transducer; 2) A small
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 with 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 Otolaryngology and Experimental Research, Malmd
General Hospital, Malmd

*% Department of Phoniatrics, Malm® General Hospital, Malmd
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3) The subject swallows a small inflatable balloon into the
oesophagus with the balloon connected by a catheter to a
transducer; 4) The subject is placed in a body plethysmograph

and alveolar pressure is determined indirectly.

The first three of these procedures are invasive, 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, in addition, simultaneous recordings of lung volume,
since the balloon itself will record intrathoracic pressure
(Bouhuys, Proctor and Mead, 1966). If a body plethysmograph

is used, the subject has to participate in rather elaborate
calibration procedures (Hixon, 1972). 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 routine clinical procedure (Holm-
berg, 1980; Smitheran and Hixon, 1981).

This method makes use of the fact that pressure below and
above the glottis is equalized during the closure period of
voiceless stops (e.g., Shipp, 1973). During this period, the
glottis is open and the oral cavity is closed. Measurements
of oral pressure during this phrase of voiceless stop pro-
duction thus provide measures of subglottal pressure as well.
By constructing a suitable speech material, where voiceless
stop consonants and vowels alternate in a regular manner,
successive measurements of oral pressure can be made during
the stop closures. A linear interpolation between the oral
pressure registrations 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 clinical condi-

tions have recently been described by Holmberg (1980) and by
Smitheran and Hixon (1981).
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Glottal resistance is defined here as the ratio between the
pressure drop across the glottis and the transglottal air-
flow. Its calculation thus requires measurements of subglottal
pressure, and the simplified procedure outlined above has

been used for that purpose. The reliability 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 the validity of the method, two types of argu-
ment have been used. Smitheran and Hixon (1981) argue that
values of glottal resistance during phonation obtained with
the indirect technique are more or less identical to values

of the same parameter obtained with direct measurements of
subglottal pressure. Holmberg (1980) shows that calculated
values of glottal resistance will discriminate between dif-
ferent phonation types where differences in glottal resistance

can be assumed to occur on a priori grounds.

The technique appears to be a promising one, and arguments
such as these are obviously useful in demonstrating its valid-
ity. A more direct evaluation of the procedure would, however,
compare simultaneous direct and indirect measurements of sub-
glottal pressure. The present experiment was designed for

such a comparison.

METHOD

Subglottal pressure was recorded using a technique described
in detail elsewhere (Kitzing and L&fgvist, 1975; Kitzing,
Carlborg and L8fgvist, 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-
plifier was positioned in the posterior commissure with 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 introduced through the nose and
placed in the pharynx about 4 cm above the glottis. The trans-
ducer output signals were recorded on FM tape together with a

microphone signal for later processing.

The experimental procedure required anesthetization of the
laryngeal mucosa and the introduction of catheters through
the velopharyngeal port. Auditory and acoustic analysis of
the voice during the experiment did not reveal any excessive
breathiness or hoarseness. A complete velopharyngeal closure
could also be made with the catheters in place. This was
verified by recording egressive airflow during preliminary
trials.

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

labial voiceless stop /p/ and the low back vowel /a/ were

used. A male speaker with a normal larynx and without 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 voicing and thus facilitate measurements.

The method of linear interpolation between the oral pressure
records is shown in Fig. 1. The interpolation was made from
the point at which oral pressure started to fall rapidly at
the stop release, to the point at which a stable elevated
pressure occurred shortly after stop implosion. This is illus-
trated by the broken line in Fig. 1.



Figure 1. Simultaneous records of oral pressure (top),
subglottal pressure (middle) and audio signal (bottom)
during production of the nonsense syllables papa'pa.

The pressure signals have been low pass filtered at 70 Hz.
The broken line in the oral pressure curve illustrates
the method of linear interpolation between the pressures
associated with the voiceless stops in order to get an
estimate of subglottal pressure during the vowels between
the voiceless consonants. The arrows indicate the point
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 vowel of
the utterance; this point is shown by the arrows in Fig. 1.
For each utterance, two measurements of subglottal pressure
were 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 was made from

the interpolated oral pressure curve.

RESULTS

The mean difference between the two sets of measurements was
0,85 mm of water, with a standard deviation of 3,73. A paired
t-test showed this difference to be insignificant

(t19 = 1.019). The two sets of measurements are plotted a-
gainst each other in Fig. 2. A Pearson product moment corre-
lation coefficient of 0,92 was obtained for the two sets.

As can be seen from Fig. 2, the data points are about evenly

distributed around the diagonal line drawn in the figure.

DISCUSSION

The results of the present experiment indicate that indirect
measurements of subglottal pressure interpolated between
measures of oral pressure during voiceless stops provide a
valid estimate of the "true" subglottal pressure during the
vowel of the interpolated interval. In order to avoid possible
influences from extraneous factors, measurements should be
made in the middle of the vowel between the voiceless conso-
nants, since airflow during the period of aspiration after
stop release may perturb the subglottal pressure (cf., L&f-
gvist, 1975). With this caveat, the simplified procedure ap-
pears to be valid.

We should add a final note on its clinical application.
Here, one may be interested in 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 single occasions. In this case, minor de-
viations of the estimated subglottal 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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RESOLUTION OF CONVOLVED SIGNALS IN BIOMEDICAL APPLICATIONS*
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 Sqguares Filters
Using Bandpassing Subfilters; III. Digital Filtering of Ultra-

sonic 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 low. This filtering technique is
consequently sensitive to noise and to variations of the input
signal waveforms. When designing such filters, the trade-off
between noise sensitivity and pulse shaping performance must be
taken into account. It is then of great importance to have meth-
ods for determining. filters that are robust in the sense that
they are as insensitive 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 specified input and some desired pulse shape
(least squares filters). However, 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 obtain the most suitable filter. Part I defines

* gummary of a doctoral dissertation in Telecommunication Theory,
Department of Electrical Engineering, Lund Institute of Technology



"soft" versions of pulse shaping filters. These are also based
on minimizing squared differences between the filter responses
and desired pulses but with the modification that regions are in-
serted where the differences do not affect the solution. Both

amplitude and temporal regions are examined.

The number of adjustable parameters in the design of FIR filters
is quite high. Iterative solution 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 low. But the inverse filter technique leads to ill-
conditioned minimization problems. Part IT describes how the rate
of convergence for the steepest descent algorithm can be increased
by configuring the FIR filters as sets of bandpass subfilters in
parallel. The computations are done in the frequency domain and

an FFT routine is used to determine the DFT of the signals. This
not only reduces the amount of computation but also suitably
relates the temporal properties of the filter to its frequency
characteristics.

In the ultrasonic pulse echo method axial resolution is strongly
dependent on the durations of the impulse responses of the ultra-
sonic transducers. These impulse responses normally have narrow
bandpass characteristics. Owing to this it is difficult to derive
inverse filters suitable for ultrasonic signals. In Part III, the
weighted least squares pulse shaping filter defined in Part I is
applied to the ultrasonic signals in order to decrease the du-
ration of the received ultrasonic pulses. The weighted least
squares filter is found to be suitable for ultrasonic signals

and improved resolution is achieved using this filter. This filter
is used both to filter received echoes and o preshape emitted

ultrasonic pulses.
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INTONATION IN FINLAND-SWEDISH: Word and Sentence Stress in the

Helsinki Dialect

Kerstin Tevajarvi

The aim of this paper is to present an acoustic study of the
intonation of a less documented variant of Swedish i.e., Fin-
land-~Swedish.

Word and sentence stress in Swedish have been thoroughly inves-
tigated by Bruce, Garding 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 foundation. 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 archipelago 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, except
for the dialect of V&stra Nyland, and there are also differences
on the segmental and syntactic levels. These differences are
usually explained by interference 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 following parameters were varied; (1) the placement of focus
(sentence accent), (2) the placement of stress, and (3) the num-

ber of syllables in the words in focus. This material was first

* This is a summary of a longer report. Copies of the full report
are available from the author.
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used by GOsta Bruce in his thesis Swedish word accents in sentence
perspective  (Bruce 1977) and later in intonation studies of sev—
eral Swedish dialects. His material was very suitable since it
was designed for studies of this problem; it had also been tested
on other dialects and therefore my results could easily be com-
pared. Furthermore, the Lund-model for Swedish intonation is

based on this material (Bruce & Garding 1978, Garding & Bruce 1981).

Three informants, one male and two females with the same social
dialect, were recorded in Lund. Measurements were made from mingo-
grams.

Results: In words with short vowels the word accent is signalled
by an Fo-rise at the beginning of the accentuated syllable, and
an Fo-maximum in the middle of the accentuated vowel or at the
VC~boundary. The Fo-maximum is followed by an immediate Fo-fall
to the posttonic vowel (Fig. 1).

In Swedish dialects with a word accent opposition, the timing of
Fo-changes is decisive for the perceptual distinction of the
accents. Due to the lack of an opposition in Finland-Swedish 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 also been suggested before by
Selenius (Selenius 1978).

Still in the present material, the timing of the Fo-rise and,
in particular, the Fo-fall, was very precise both within and
across speakers. The accent is stable in timing even though there

is no opposition.

The sentence accent is also signalled by an Fo-rise with a maxi-
mum value in the accentuated vowel followed by an Fo-fall in the
posttonic syllable, and also by a larger Fo~interval. The sen-
tence accent Fo-contour is dominated by the steep fall in the
posttonic syllable, the posttonic fall seems to be the most stable
indication of focus. The difference between word and sentence
accent is mainly a question of domain. The placement of focus

affects the utterance as a whole, while the influence of the
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word accent is limited to the surrounding syllables (Fig. 1 and
Fig. 2).

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
low peaks or no tonal peaks at all manifesting word stress (Fig.
2). Deaccentuation occurs after focus as in other languages with
one-peaked accents (Greek, French), even in the one-peaked Swedish
dialects (1A, 1B) where word and sentence accent co-occur. It

is never found in two-peaked variants where word and sentence
accent are manifested by separated tonal gestures. Deaccentuation
occurs for all informants regardless of Fo~range. Deaccentuation
before focus is rare but can be seen in very monotonous infor-
mants.

By testing the Lund-model for Swedish intonation on Finland-Swed~
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
(G&rding & Bruce 1981).

The model is based on Meyer's observations of word accents in
different Swedish dialects. Garding and Lindblad (Garding and
Lindblad 1973) made a further categorisation to four main types
due to tonal contour, its timing, and geographical location.

These four types are called South 1A (Malmd), Central 1B (Dalarna),
East 2A (Stockholm), and West 2B (Gothenburg). Finland~Swedish

is called Far East 0 (Helsinki) because of lack of word accent

opposition.

The model 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 intonation.

A comparison of Finland-Swedish with other variants of Swedish
shows that the intonation in general resembles South 1A but

without accent opposition (Fig. 3). The timing of the Fo-contour
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resembles the first peak of accent 2 in West 2B. The shape of
this accent contour is said to be the consequence of a generalised

two-peaked contour and a subsequent loss of the second peak.
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Praktisk lingvistik
Institutionen £&r lingvistik
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S-223 62 LUND
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{(Prices in Swedish Crowns)

Swedish Post Office giro account 439 34 92 - 6
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