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DEVELOPTNG THE SVIEDISH INTONATION MODEL

Gôsta Bruce

ABSTRACT

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

O INTRODUCTION

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

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

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

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

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

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

1 BRIEF REVIEI^I OF THE. INTONATTON MODEL

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

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

The input to the model is a phrase or a sentence represented.
as a string of segments and theLr relative durations. To this
representation is attached a prosodic transcription with in-
formation abouL stress locatíon and word accent (accent 1 or
accent 2), placernent of sentence accent and sentence type (state-
ment or question). An example of tvro input phrases - a minimal
pair - is given in orthographic form in Figure 1.
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2) Dom kände oå lackerna.

En v7777n rø wû v7777n Vm V7777V,

wd r777v7t wi vÃ w7m71 Ø 777m2

H

+ra--

time
?7V',ÀV.?7Vm WØØ Øt7nra

{t.

time
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Swedish intonation mode1. Application of pitch rules
for Standard Swedish (after Bruce & Gårding 19781 .
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Figure 1
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The basic assumption underJ-ying the modef is that intonation
proper can be separated from accentuatíon and that accentuati_on
can be divided into a word accentuation part and a phrase or sen-
tence accentuation part.

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

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

For a declarative intonation type as illustrated in Figure 1

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

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

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

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

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

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

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

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

2 EXPERÌIITENT ONE: THE NATURE OF FO DOWNDRTFT

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

of the Fo downdrift in a declarative intonation type.

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

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

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

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

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

until the last syllable of the utterance.

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

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

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

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

^omø 
teddu bøaLr

The phonetic composition of the material is designed to rninimi.ze
segmental effects on the Fo contour. Differences in intrinsic
Fo of vowels and obstruent consonants have been avoided. Each
stressed syllable carries accent 2. My own earlier investi-
gations (Bruce 1977) have shown that the phonetic difference
between accent 1 and accent 2 is basically one of Fo timinq.
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Restricting the present study to only one accent is therefore
justifíed, as the word accent distinction is not relevant here

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

accent.

The test material contains meaningful Swedish sentences' Each

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

assignments in the ansqter (response sentence) are elicited by

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

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

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

to the final focus version.

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

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

times - the sentence with four stress groups and three unstressed

syllables between the stresses plus sentences with two stress

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

dialect - has been used for comparison.

The recordings were processed by hardware pj"tch and intensity

meters. Fo measurements were made by hand'

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

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

and standard deviations of successive Fo maxima and Fo minima of

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

For a comparison with the corresponding Fo values from the main

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



f"'t, , 
.

'i.... , 
:act:i' 

" .. '
59

5l'';. ,

J nrrrn aämna våran ìnge nåra Ìrallar

I

Focus 2

tí

Focus 3

0 200 ms

tõ

Hz

'lnammorn

Focus l

'*E--
r¿oL

,-t

--t

r80

't¿0

120

100

80

I

t

Focus 4

þ. __ ìs li

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
tisl. rh" .r.õt= indicate the stress qroup boundaries'
The line-up point is at the third stress group boundary
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2. 1 Results of experiment one

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

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

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

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

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

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

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

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

I

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

of the word accents.

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

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

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

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

there is no Fo downdrift up to the first accent.

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

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

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

mediately preceding a phrase accel_t (focal) maximum

to have higher values than other pre-foca1 maxima.

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

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

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

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

(

I

{
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The nature of Fo downdrift. Mean Fo and standard de-viations (Hz) of successive minima and maxima of the testmaterial recorded in experiment one: (a) male infor-
mant TB, (b) female informant UN. The focal (phrase
accenL) maximum of each utterance is in italiès.
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n = 10

max min max min
(b) Speaker UN

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

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

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

ja man hann '1ämna nåra -naI1ar

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

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

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

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

2(t5
Yt I

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

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

4

BEFORE
" t)FOCUS AFTER

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

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

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

2.2 Discussion

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Subject NP Predicate P

Verb P Object NP Adv P Adv P

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

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

Tut ftú..tuLi.t-(, - øxpetinenf fno:

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

j

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

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

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

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

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

Ì

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

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

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

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

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

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

urements being made interactively with the computer.

3.1 Results of experiment tv¡o

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

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

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

fall-s.

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

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

accent on the last stress crrouD.

The startinq points and end points of an utterance appeàr

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

somewhat higher Fo values of the end points (see Table II).
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2. The Fo maxLmum of the first phrase acc (in the first
stress group) for all three vensions (neutral, initial and
final focus) varies with utÈerance of stress

Fo maxi-

3

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

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

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

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

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

5

4

6

7
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The neutral and final focus versions display similar Fo

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

the utterance. 
"The 

first phrase accent maximum is the pivot
point,_

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

and the succeeding Fo maxima and minima decrease faster to

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

versions. The latter difference may be related to the absence

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

9

t.i i

These results suggest that each utterance containing at least

tv¡o stress groups is divided into two relatively independent

prosodic phrases: one consisting of the first stress group and

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

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

comparison of the Fo values of the two minima surrounding the

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

preceding Fo minimum is more or less constant across variations

in utterance lenqth, the Fo minimum following the phrase accent

maximum increases with the number of following stress groups -

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

utterance, which becomes more apparent with increased utterance

length.

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

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

vrith major syntactic phrases such as Subject NP and Predicate P

and also with topic comnent structure. But the ultimate division

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

pending on his/her communicative intension'

The issue of division into phrases wÍll be examined further in

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

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

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

3. 2 Di-scussion

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

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

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

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

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

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

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

not vary \rith utterance length.

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

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

independently of utterance length.

Thorsen also recognizes the exponentiaf character of the Fo

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

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

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

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

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

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

the bottom of the speaker's voice.

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

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

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

7.

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

pSI_t9 utter31c9 length, which 1s not c

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

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

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

The interesting implication for speech planning of the loca1

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

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

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

comlng accentual_ downsteps in the utterance. Instead, the speaker

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

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

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

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

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

the corresponding value of the preceding accent.

4EXPERIMENTTHREE:UTTERANCELENGTH-EXPANSIoNToTHELEFT

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

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

taining several stress groups, one stress group belongs to the

subject NP and the remainder to the Predicate Phrase' Recently

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

should be counterbalanced by also including syntactic expansion

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

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

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

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

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

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

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

,tI' .
expansion to the left:

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

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

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

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

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

ò

Subject NP Predicate P

NP Attr P Verb P Object P

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

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

pitch and intensity meters, and Fo was measured manually.

4.1 Results of experiment three

The most important results of experiment three are sum¡narized

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

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

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

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

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

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

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

After the Fo maximum of the first phrase accent the Fo

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

2

3

't

5
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Hz

2lrÛ

t80

r60

140

320

?A

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

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

UN

ù

V

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

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

UN

I
l¡
tì

't\ ,(_

^

260

210

220

180

160 v

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

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

rt
,60 L

îl
,o0L

rïl

,ì UN

I
I

I
I

^

\

I
I

3 phrase accents
2 phrase accents

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

These results are representative of one informant (female) and

should be considered preliminary. As to her manifestatlon of

the five stress group utterance (left expanded version) there

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

repetitions thê Fo contour agrees with the above description

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

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

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

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

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

the utterance. AfLer the first phrase accent maximum the Fo

course of accentual downsteps is comparable to that of the right

expanded version of the five stress group utterance' It is

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

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

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

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

The first stress group contains one phrase accent and the final

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

tour has an exponentially decreasing course.

The conclusion that can be drawn from the results of experiment

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

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

seems to be optional.

4.2 Dj.scussion

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

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

accents of the phrase are subordinated.

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

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

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

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

the first phrase accent maximum. The situation appears to be

parallel to the one described in experiment one, where absence

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

The results of experiment three suggest that the direction of

syntactic expansion may, but not necessarily, affect the Fo

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

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

prosody -

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

experiment thTo) with increased utterance length is also found

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

5 EXPERIMENT FOUR: ATTITUDE - INVOLVEMENT

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

In the experiments reported above the 
"€titoA. 

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



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

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

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

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

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

Pierrehumbert 1 980, P. 1 1 9) .

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

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

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

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

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

by hand.

5,1 Results of exPeriment four

The main results of experiment four are summarized below.

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

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

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

means and standard deviations of Fo minima and maxima and Fo

ranges in the test material of experiment four.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

6 EXPERTMENT FÏVE: CLAUSE BOUNDARY

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

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

The materiaf consists of two different clauses containing two

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

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

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

same requirements on the phonetic composltion of the test mate-

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

)ne X-eave¿ f.l'Lø motlpn

Man -na.LLatt'ungen

0n¿ ¿iea.Ls tlp t¿id,

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

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

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

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

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

6. 1 Results of experiment five

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

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

man naIlar ungenr

- 
man naÌl.ar ungen ?
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3OOetr
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O 2(X)ms

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

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

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

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

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

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

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

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

7 REVISION OF THE SWEDISH INTONATfON MODEL

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

7. 1 Problems of Fo scaling

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

that the accent minimum following the phrase accent peak has

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

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

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

or less constant.

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

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

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

rn this connection it is interesting to draw attention to the
fact thaL accent rises appear to be nearly constant in interval_
whether they occur in the upper or lower part of a speaker's



109

frequency rançte' while accent falls decrease j-n interval with
posj-tion in the overall range (cf. Tables II and IV). Therefore
if we assume as before that each Fo minimum is a constant value
of the preceding minimum but instead that each Fo maximum is
a constant interval above the preceding minímum, the predicted
Fo maximum values in Figures 15 and 16 \^till in fact be closer
to the correspondi-ng observed values.

Another possibility would be that successive downsteps are a

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

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

following the starting point in the first phrase can be expressed

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

lines and consequently also toplines can be considered nearly
horizontal.

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

The relationship between the first and the last phrase accent

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

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

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

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

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

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

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

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

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

Figure'17 shows a preliminary test of the hypothesis that the
same Fo pattern is maintained with a change in degree of in-
volvement- The difference is assumed. to be one of a mere scaling
factor. The similarity between observed and predicted vafues
in Figure 17 is less striking than in Figures 15 and 16, but
there is stiff a fair amount of agreement. The most apparent
difference is that predicted values undershoot observed vafues
at the Fo maximum of the two phrase accents. This discrepancy
might be due to a worse fit in the upper region of the Fo range.
On the other hand, the agreement for the Fo maximum preceding
the first phrase accent maximum is good, although the absolute
Fo value of this point is higher than that of the fast phrase
accent maximum. rt therefore seems plausible that the discrepancy
has to do with a somewhat different impfementation of phrase
accents in the two attitudes.
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Another possibility, which has yet to be tested, is that the
Fo range j.s regulated by the Fo rise, which appears to be con_
stant in range within the same degree of involvement. An in_
crease in the overall range could therefore be expressed as an
increase by a certain factor in the Fo rise only.
There is also some evidence for a dependence between the range
of the Fo rise and the f'o starting poj.nt value. It may be hypoth_
esized that the range factor is sensitive to the amount of in_
crease in the starting poj_nt value, although this has to be
further substantiated. There would then be a constant increase
in the range of the Fo rise for each addition of a certain value
to èhe Fo starting point value. The phrase accent rise is afso
sensitive to the range factor. This ís true of both the basic
value of a phrase accent peak as well- as the added extra va1ue,
r.¡hich depends on the number of upcoming accents.
A conclusion to be drawn from the present study is that the
Fo course of an utterance is formed by the refations between
successi-ve 10ca1 Fo excursions for the accents within and be-
thTeen the prosodic phrases that make up the utterance. Tn these
rocal Fo excursions the rises and the falrs can be assumed to
have different functions. The Fo rise, the range of which tends
to be constant for successive accents within an utterance, is
seen as an expression of degree of involvement from the speaker.
This is true at least of a neutral utterance, where no specific
focussi-ng is presupposed. The range of the Fo fall, on t.he other
hand, tends to decrease for successive accents within the phrase
for a declarative type of intonation. The relation between
successive Fo falls is assumed to have the function of expressing
statement versus guestion or perhaps rather definiteness versus
indefiniteness.
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7.3 Conclusion

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

revised intonation mode1, can be established from the present

study.

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

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

in Pierrehumbert's baseline units above the baseline'

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

relations between successive, local Fo excursions for accen-

tuation, with Fo plateaus in beLween.

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

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

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

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

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

theaccentrj-se.Thephraseaccentriseterminatesaprosodic
phrase,

.Thedivisionofanutteranceintoprosodicphrasesisimportant
for Fo implementation.

.TherangeoftheFofallofalocalexcursionforaccentuation
appears to decrease for successive accents of a declarative

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

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

the phrase.

rn the transition between two prosodic phrases the following

regularities occur:

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

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

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

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