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INTRODUCT ION

For over ten years now, a discuss-ion has been going on
r:oncerning bhe relationship between thè two prosodic features
of segment cluration, i. e. t.he temporaJ. structure of
rJtl;erances , and the tonal movements in utteran,les , i. e, their
tonal stluc{-.ure. The question has been whether these two
features are i.ndependent of each other or if Dne cån þe
cler.ivecl fronì the otlìer. Aclherents of the tatter view assume
that the tÐnâl- gestures (movemÞnts ) r:onstitute the primåry,
basic feature out of wh,ich the segment cluratiorìs fol1ow as an
àritonìati(: ùonsequence of the tonal demancls and requirements.
Tlìj.s stancl, which may be termecl the orimacv of Fo in a

prosody ànd st)eech model, is taken, for j-nst¿rnÈe, by 0hman et
al. (19?9) and Lyberg (1981).

OpposÍng this view, the time and tone dimensions of speech
are consiclered to be separâte entities, each of which exists
on its own grounds . However, time ancl f].equency do not exist
inclepenclentJ'y of each otlìer. Nevertheless, in a generative
prosocly mDdel, the l)åsj-r: temporal åncl tonal structures of àn
utteranc:€r are indeed generatec¡ séparate.ly of each other. The
tempora]- structure is pror:essecl first, because j-t serves the
tona.l- structure, clefinecl by its tonal anchor points <1>, as a
rL.ference for prLrjection. Then the t¡asic temporal and tonal
structures are adcied where clifferent kincis of adjustments
l)ecome necêssàry. This is the case when a tonal gesture Dr
successlve tona]. gestures onl"y have a .limited time to be
executeci. The resulting tonal conflicts are of two kinds:
time-depenclent ancl tr)osition-dependent {Bruce 19?7, 711. The
àpproårìh whj-ch considers tj,me ¿ìnd i'requenr:y ;ts separate
climensions, although time is seen as prj-mary del-imitating
frequency in cases of conflir:t betw¡?en them, is represented
by Thorsen (1980), Bruce (197?, l9B1), Gårdin9 et aI. (1982),
and Bannert ( 1 982a , b ) and may be termed the auLonomous mode.l
of prosocly.

A discussion crf the relatjonsh-ips between tonal- and temporal
features in a prosocly moclel ancl a first examination of
Lyberg's moclel of Fo-clepenclent segment duration is to be
found in Bannert ( 1 982a ) .

Taking these o¡rposing approaches as the starting point, it is
the aim of this paper <*> to continue the dj.sr:ussion and to
ar¡ive at a clearer picture of the prÍncipJ.es of a prosody
model" <2>. It wiIl be eskecl if it is justified åt aIl to
formu.laLe categorica_1 questions about the ciependence or
independence of t.imè and intonàtir¡n since data suggest that.
there is a complex âcting together of segment durations and
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Fo. Therefol'e thê dimensions of time and frequency should be

treated as equal partners anrl processed separate-ly, alt.hough

they shåre ino"penitÃt¡'"t 'ìncl interdèpenden¡:j'es ' Using

Swedish materj-aI which contains temporaJ- and tona]-

u"ri"tiont, thesè inteÏrelationshj-ps will be demonsUrated '

Compared to previous studies, the present investigation al-so

wiclens the number of variaþ1es by includj'ng bhe fol-lowing

three Variables: ( 1 ) the opposite tonal manifestation of

identicaf tonat features (word åccent I I ancl senLenüe accent )

in two Swedish dialects (Standard and Southern SwedÍsh) ' l2l

the quantity (comp].ementary Iengbh of bhe stressed vowel and

the following consonant in Standard swedish and ]-ong/short

"r*"f 
contrast in southern Sweclish ) ' ancl ( 3 ) three 

'

oiit"t.nt, non-finat sentence positions of the test wold'

THE INVESTIGATION

The variabtes are presented that are used
variation of time and frequency' Then the
is shown and information about the
analysis is given.

acc.ent

position of test word (sentence media].)
( Standard Swedish, Southern Swedish )

for the intended
desígn Õf the test

recordings ancl the

vowel of
Swedish,

manifested

Variab].es

The
fhe

foLlowing variables were changed in a statement spoken as

enswer to an aPProPriàte quesbion:

sentence
quantity
sentence
dialect,
speakers

For the manifestation of the prosodic features the folLowing
differences can Þe observed:

Besides the tonal differences in the ãccentuated
word accent I I in both diålects ( a fa11 in Standard
a rise in Southern Swedish ) , sentence accent is
strikingly dif ferentlY.

There are also dialectal differences as to the manifestation
of quantity. Whoreas the stressed VC-sequences show the
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pat.tern of complementãrY
Swedish, South€rn Swedish
vowel only ( Iv:Cl vs /VC

Iength ( lY:C/ vs /VC: / )

displays quantitY in
/t.

1n
the

Standârd
stressed

Ha teriel

As the staÌting material", the following sentence
which, with respec! to ibs phonetic and syntactic
corresponds to a weLl"-estab].ished standard in
studies of SwerJish:

Man kan l'ämna 1'ånga n'unnor efter 'åtta

wa s chosen
structure,
intonation

(You can Ieåve

2
ädject-
ive

1on9 nuns

1

verb
3

noun

af tèr e j,ght o'clock )

' = word accent II (grave accent)
1 , 2, 3 = position for test words

Test words were sjLlika with a 1ong vowel and stöcka with a

short vowel wlìich were àlso used in Bânnert (1979). The two
têst words were inserted in turn into the ttìree sentence
positj.ons. Sentence accent was placed on the tlìÌee positions
using ctuestions as appropriate contexts. 0therwisë, when the
test words should not l)e j.n f or:t¡s, sentence àccent was placed
on t'.he time aclverbial (åtta) at the end of the sentence. Thus
iL wes eÌìsured that the word accents were not infl"uenced by
the sentence accent because the worct accent ill position 3 wes
fo].lowed by three unstressed.sytlaÞl-es preceding the final
worcl carrying sentence accent. In 4.1.1, the whole material
¡:onsisted of twelve senten¡:ês: six sentences where the test
worcls clid nc)t carry sentence accent, the time adverbial being
focus sed , and six sentencès with sentence accent on each of
the three positions and the two test worcls. Sentence accent
wàs shifted ùry asking (¡uestj-ons about the test words in the
different positions (cf, the method used in Bruce 1977, 21

f f . ) .

Recordings and ana.lysis

Ttre test material, was read in a kind of one-person dia].ogue
of questj.on äncj answB¡' ( = test sentence) þy four speàkers
seven times each. Informants were TB (ma1e) and EH (female)
from stockholm ( i.dentical with the informànts in Bannert
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1 9?9 ) representing Standal'd swedish and EK àncl À0 ( trDth
fema]-e)fromMa].móandLund,respective]"y,representing
Southern Swedish. The sentences were read f]-uen!1'y as one
sing].e prosodic phrase, i.e. they were produced in one breath
witñout pausing þefor.e the time àdvêrbj-a1. Thë maberial was

recorded in the acoustic studio of the Departmênt of
LinguistÍcs and Phonetics, Lund University' usitrg a

stuõen-tape recorder A 62 at the speed of 7 '5 ips' The

recordings were analysed acousticåtIy using a FrøkjåeÌ-Jensen
Pitch Meter yielding a dupl-ex oscillogramme and an Fo curve
and, at the sâme time, a FtINEMA Intensity l'leLer yielding an

intensity curve; rêcording speed was 100 mm/s' The
registretions were segmented by hånd; segmenU durations
(atnl, s, t, ö, k, al were measured with an accuracy of 5 ms;
Fo was measured at four points A, B' c' D defined below (cf'
Fig, 1 ) with an accuracy of 5 Hz. The individual means were
caJ-culated and rounded off to the neârBst 1 ms and 1 Hz

respectively, Standard deviations were ä1so calculated'

RESUL TS

Superimposed tonal contours of a typical utterance containing
the test word ijr.]¡8,3 as an adjective in position 2 with and
without sentencê àccent for tloth dialects arÞ shown in Fig.
1. The four points of tonal measurement A, B, C, and D are
indicated and defined äs follows:

Point A:
Point B:

Point C:

Point D:

End of the preaccentuated, unstressecl vowe].'
Beginning of the àccentuated vowe]-' The Fo-
minimum in the Soutttern Swedish curves âre
most often preceded by ¡ short, small fall..
End of the accentuatecl voweI. The Fo-maximum
in the Southern Swodish curves a¡'e most often
followed þy a short. small fall-.
Fo-vaLue at the VC-Þourìdary, i. e, ât tlìe ërìd
of the unstressed vowe]. Ia] in the second
syLlable of the test wDrcl.

The results are presented as fo.Ilows:
First, based on the means of al]. the meåsured va].ues of
segment durations and Fo in the four tonaf. points, some
general observâtions are made, An overview of the tonâI
aspects of the materiaL is given in Fig. 2 where the
Fo-points àl'e plotted time not'mäIizecl including alI variables
for each speaker. Then, ba sed on the mean va].ues , the
influencê ànd effec! uf quântity, sentenùe aEcent, ànd
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sentênÉe positÍon on the temporal and tona]. structure of the

test words respectivety are reported' In each case' the

differences calculatecl from the means åre gi-ven in tåbles '

FinalJ.y a confl.ict "il'"lion 
between time and frequency is

shown wherê tj-mÉ Jominatts over frequency ' and a tonal

hierarchY at work is i]-tustrated'

Segment durations and Fo-values

on the Þasis of mean vâIues,
observâtÍons can be made:

Durãtion

-Es

the foll-owing gelleral

1. Sentence accent increases the duration of aIl segments

with a].l four speakers, a].though in some càses only to a

smal]-extent.Therearêa]'soinstances'however'wherethe
in"t""t" is consideråÞ1e ' There is only one exceplion:
;;;;;;" AQ, final tal , atr positj-ons ' where a svstematic
dLcrease of segment clurätion is to tre found '

2. Many segments show sma].ler durations j-n sentence posj'tion

Z compãreO to thê other positions ' This seems to lle a

positional effect, i.e. an expression of the rhythmica'l
orgänizatÍon. According to lhj-s pJ'incip].e ' a succession of

two or more equal 
".""nta 

is avoided by weakening the accent
in the middle temporally as wefl as tona].ty (r:f' Bruce 1983

for Swedish and Bannert 1983 for German) '

3, The VC-sequences of the Sto¡:khoIm speakers
typica]. pattern of compl-ementary Iength {cf' for
Eiert I 964 ) which Uhe Southern swedish speakers do

Their consonants fo.ll"owing short vowe].s are only
Ionger (cf. Gårding et a1. 197/') '

show the
instance

not hâve '
s1.i9ht1y

Fíg. 2 cl-early shows the different tonal behaviour of the
¡elpoints and the Fo-movements with and withoul sentence
accent, with l-ong and short vows'1s, in the three sentence
posit.ions, between the two cliatects, ancl bebween thu- two

speakers åf eacn dia].ect. It shoutcl be noted, however' when

inspect,ing the curves thàt onl.y tlre movement between Þoint B

and C (þeginning and end of the accentuated vowel) is to be

,""n 
"otpf "!eIy 

in the registr'åtiotìs ( cf ' Fig ' 1 ) ' Ttre other
two points are simpl.y connected by stl'aight lines' For the
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airn of this j.nvestigatiÐn, the våriation of the Fo-points is
of interest and not the complete Fo-movement.

All variables show an effeEt on the Fo-vå1ues, although the
shape arìd movement of the tonal" contours, by and largè, are
preserved in each r:ase. The tonal gesture of the word a¡:cent
is treated clifferently in the two dialects. Whereas the tonal
fal-I of accent I I in Stàndàrd Swedish is truncàted, the tonal
rise in Southern Swedj.sh is reorganized (cf. Bannert and
Bredvacl-Jensen 1975). Sentence acrlent shows up tonally not
on:[y in the post-accentuated syllabLe - âs a high point in
Standård Swedish and às a 1ow point in Southern Swedish - but.
al-so in the accentuated sylLabLe itsetf (this is clearLy to
be seen in the çurves r:f the Southern Swedish. speakers ) , Thus
sentence accent exerts an inff.uence tonal].y and tempora].ly on
bhe wtrole test word. This j.nf t.uence, though, is stiJ_I greater
where the Êìr:e..focal, accent and the overa.ll shape of the
sentence contout. is ¡:oncerned ( this effect can be r:Learly
seen in Fig. 1).

Quantity and sentence
structure, In F j.S. 2,
utterance is to be seen
speakers.

position a].so affect the
the Fo-declina tion throughout
exhibiting cliffernces between

tonaÌ
thè
the

What, then, are the effects in this particular case that
quantity, sentence acr:ent. and sèntence positÍon hâve on the
tonal" and temporal. structure of the test word in both
dia].ects? We wi].I Ior)k for pàtterns of väriation or
consistency that can be found eit.her in the whole materjal or
in one dialèct , respectively,

Oua ntity

Durations

The durational changes cJf aLl test segments es a consequence
of quantity àre calculated àncJ given in TaþIe l. A minus signindicates that the duration of a given segment is larger inthe word with the short voweL. As for the fotlowing iaþtes,
the val-ues in Tab.le 1 are derived from the means of the þasicdata. For. the sàke of simplicity. the stândard deviations are
omitted <3>.

TabJ.e 1 shows that, âs a
varies in aII r:onclitions

rule, the duration of all segments
The .].argês t durational differences
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are to bè found in th') atrcentuàted vowel and the fol].owing
consonant, especiaLl-y in the VC-sequence with sentênce
accent. Most ËLear1y, this difference is to þe sêen with the
Stockho]-m speakers. Thus the VC- sequençes dispLay a

r:unsistent påttern of variation. The 'rther segment durations
vary, by ancl large, on.ly to a smal.l extent and without any
cliscernÍbl-e pattBrn.

Fo-Þoints

Tab].e 2 shows the differences of the Fo-means in the four
tonal- points A, B, C, and D as a consequence of quant,ity (cf.
Fí9, 2 ). The minus sign indicates that the Fo-va1ue in the
test. word containing the slìort vowel is greater (lhe point is
higher') than in the test word with tfre :[ong vowel (ct. Fig,
1). In this cäse, except for ir few instances especiall,y in
sentence position 2, a consistent pattèrn of varietion for
the whole material is to tre found. Ihe Stockho]-m speakets
show a tonal^ clifference at the end of the vowel (Fo-point C)
which i-s considerably 1ãrger Èhan at tlìe beginning. The end
point of the shot't vowe]. contour wit,h and without sentence
accent in each position is cl-eårIy higher than that of the
long vowe.l çontour. The Southern Swedish speakers show the
largest bona]. difference at the beginning of the vowel
(Fo-point B), ttre short voweJ. causing thê highest Fo-vaf.ues.
The Fo-values in the ot.het' poÍnts A ànd 0, in general, vary
only slightly and inconsistentLy,

Sentence accent

DuÌations

With a few exceptions, sentence accent causes an increase in
the segment durâtions, Tatlle 3 gives the differencès of
segment clurations as a consequence of sentence accent, The
minus sign indicates that. the segment. durat,ion in the test
word witlìout sentence accent is Largér than in the test word
with sentence accent. Large and systematic variations are to
be found in the segments Is], the accentuated vowet Io], the
following consonant Ik], and the unstressed vowe] (al. The
sma]-].est and most inconsistent durationel chenges ere to þe
olrservecl Ín the segments Ia(n) ] and Itl. In Standard Swedish.
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Table 2. Differences of Fo (Hz) at the four Fo-points due to
quantitY.

SKANE

POS ITION

FO-POINTS

STOCKHOLM

TB

EH

SKÂNE

+SA

EH -SA

+SA

EK -SA

+SA

AO -SA

2

I
I

2

80

-2 -t0 1

'l -5 -2

POSITION

FO- PO I NTS

STOCKHOLM +SA -1

-sA -3

3

ABCDABCDABCD

TB

-7 -1s

5 -f0
1-4

-1 -1

-37 -10

-94

-14 I

-53
-23 -5
-80

I -3 -12 -3

0 -4 -ls -2

't 5-29 6

-1 -3 -11 -4

0

0

-83
06

-5-11 -s -4

1-8 -2 5

-3-15 1 0

-3 -15 4 -8

2-2 -3 2

10 -s 2 2

5-13 14 3

-3-B 2 0

0

2

40 -11 2

-4 -23 -4 -10

Negative values indicate that the Fo-points with short voweìs are higher
than with Iong vowels.

Table 4. Differences of Fo (Uz) at the four Fo-points due to
sentence accent.

3

ABCDABCDABCD

7

0

I

0

I

B

I

6

1

0

v

v

-2
-5

5

17

57

57

8 -24 5t

65

12 -t5

0

-2

't5

18

58

6t

-2

-?

53

58

3 f6 -14 62

-3845?

10

9

59

60

v

V

-4

4 11 6

V: -13

EKlú -7

5 -17

12 -8

-12

-4

10

f5

-3 -11

-3 -1f
-8

-15

-16

-11

-.l1

-11

-10

-7

-6

-1

t3

t0

-f8
-16

10

-2

-12

-15

-11

-,l5
-20

-32

-5

-1.|

-12
-26

-8

-5

AO

26 -19

29 -27

Negative values indicate that the Fo-points with sentence accent is lower than
that rvithout sentence accent.
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T
able J. D

ifferences of segnent durations (m
s) due to sentence accent.

3

astöka
2

astöka
1

stöka
V

C
 I'I0R

D
vc 

t,¡0R
D

an

P
O

S
IÏIO

N

S
E

G
M

E
N

T
S

V
C

 I,¡O
R

D

S
T

O
C

K
H

O
LMT

B

E
H

V
: 

522
v 

-1 
14

V
:818

u 
1220

61 
26

12 6?

43 
20

17 
30

I 
16

617

I 
t9

5 
1l

943
7 

11

344
017

74 135
79 138

6t 
96

52 
77

l516

2316

83 143
57 104

I 
16

325
56t03514

27

4716

42

121240

17

35

13

t9

19 87 130
7 

74 114
3t 

26

68 
31

-l0

851
76

83

219
020

11 63 96
54773

11 
56

S
K

Â
N

E

E
K

V
:

vV
:

v

-122

-l

f11t11

26

213
5 

t4

127
914

9

13

3t

64

18

14

173

216
-1 2l
119
0 

t4

323
-2 

16

127
97

18 
42

20 29
25 -7
34 -19

522
127

36 
-7

43 
-8

99

-33

-35
74

7

12

l518

22532
0?637

4f 't01
36 87

A
O

-f 
58 73 

-3

-2 78 t13 
-8

-3 32 
30

-? 21 
26

52 69
41 45

N
egative values indicate that the segm

ent durations w
ithout sentence accent are larger than those w

ith sentence accent.



the
(V:

durationat differenÊes ìlre l-argest iiì the Iong segment

and C: ), resPectivelY.

Fo-þoints

Sentence accent also affects the FÕ-val-ues ' Tab].e 4 shows thê
Fo-differences in the four tonal points A, B ' c ' and 0 as à

consequence of sentence accent' The minu-s sign indicates that
the vaLuê of the Fo-point is larger in the test wÕrd without
sentence accent, i.e. it is higher ' No consistent pattern for
the whole materiâL r:an Þe found. t^lithj'n the two clialects'
however, there is a simi].ar tona]. þehaviour'

With the StockhoLm speakers, the largê tc¡na1 difference
appears in poj-nt D' At bhis poj-nt (VC-bounclarv) ' thè
Fo-maximum of the sentence accent is almost reached' The high
tonal point at the beginning of the word accenL faI]. ( point
B) is also higher with the sentence accent, fJoth the 'long and

short vowe]. and i¡r eatrh sentence posÍgiDn ' Point A ' the
Fo-minimum in the pre-accentuated syl-IabIe remains nearly
unchanged. At point c, the Fo-minímum of ttìè word accent
tatl, ine speakers behave differentl-y ' Whereas speâker TB

narOiy varies in this point, speaker EH makÞs the worrJ accent
fallwithsentenceaccentendconsicleraþlytowe¡onlyinthe
long voweL,

The picture i s more uniform with
speâkers . The Fo-Points A, B , and 0 a

accent, point C is higher (one
positiÕr'ì 2, short vowel and pos j-lion
tonal movement þefore and in the test
sentence accent, i.e. the Fo-curve ma

up and down, the tonal movement shows
Fis. 2).

Position s

Durations

the S-el]-!¡-eI.!1 Swedish
re lowet with sentence
exception: speaker AO,
3). This meårts that the

woÌd is l"arger with
kes a Iargr:r excursion

a larger range ( cf.

as a consequence of sentence
cturationâ1 differenr:es between

of position 2 serves as a

Tabl-e 5 corÌesponds to the

Segment duratj.ons varY a].so
position. TàbIe 5 gives the
the positions where the value
refeÌence. The first value in
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Table 5. Differences of segnent durations (¡ns) between positions.

SEGI"IENTS a(n) s t ö k a VC [/ORD

18 I 6 0 3 -9 3 55 1 -6 0 9 I 9 16

14-5352-57_8
s I -3 t8 4 I 22 tf

r0 34 -2 44 5382943750
-f -12 -2 -13 -334 't3 ?1 17 33

sl0cKH0Lr,r

SKANT EK

Lì ne above:

Line below:

t8
t1

19
1t

-l I
-l
-6

0

-13
-3

-t0
-(

+SA

-sA

+sA

-sA

+SA

.SA

+sA

-4 -1
I 14

-14 -3
12

+sA

-sA
V

+SA

-sA

+SA

V:

AO

TB

-10
14

7
9

V:

V

t1
32

-2
I

90
20 28

?0 20
21 28

22
54

-20
't6

039
24 49 44

-2012
t3 9 ?8

I
4

5
7

V

0 -r0 -4
4 t0 20

25-7
54-4

I t3 4
3 9 11

111-2
34-3

8
16

't5

14

17-34
6t-3

21 80
392

-2 6 -l
12 t5 4

-84-6
38-2

4-106
3-912
2-6-4

-5-52

12
6

6
0

t8
4

4
-J

EH

12
2

12
1t

21
12

12
7

9
20

14
15

16
1il
il
44

34
26

24
22

1289
25 44 35 94

0173
17 t3 25 44

2
2

2
2

v -sn

+SA

v: 
-sA

7
0

7
Õ

-1
6

14
14

v
10

I
20

-8
10

214
13 32

0 -12
17 12

9
15

2
7

t4
14

-5
7

-7
-9

-12
-14

v -sn

drfterence between ls t and 2nd positiont 'i ve vaì ue i thatthe segment duration in
2nd position
d.ifference between 2nd

the lst position is smaller than that in the

3rd posi
znd pos

tion, negative vaìue indicates thatthe segment duration in the
and

ition is sr¡aller than that in the
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durationat diFference Df a givelì srlgment tletween position 1

and 2, the second val-ue to that þetween position 2 and 3 ' A

;;;"lir" value incticaLes thab Lhe segment cluration in thc

first position is smaJ-ler than that in the second position

andthatthesegmentdurationinthesecondpositi.lnj-s
smalferthanthatintheth.irdposition<4>'AsTable5
shows, lìo pattern of variation r:f segment cluration bètweerl

pos:,tions can be f ound, neither f or the whole mate:''ial- ' nor
foreàchdialect,norforeachspeaker'Thisisalsrrtrue¡lf.
the duration of the VC- sequence ancl the worcl '

Fo-ooints

With on]'y a f ew e)(c€)ptions, ¡ìbove al:t f or speaker AO ' l:he

position of the Uest wÐrd in the senLence' j- e its plat:emenl:

in the tonal contour of the serìtence with re ference l'o the
time àxis, affects the Fo-¡roints in a systemàtj'c way ' TatrIe 6

gives the differences in Hz of the four tona]. points A' B' c'
an¿ObetweenthesenLencepositions(r:f.Fig.2).Thefirst
ValueinTal)le6istheFo_clifferencebetweenpositionsland
2, the second value j-s the Fo-dj'fferenr:e betwêen positions 2

and 3. A minus sign preceding the first value irìdicâtes that
the Fo-våIue in posÍtion 2 is largel than that in position 1 '

A minus sign preceding the second velue ñeans that the
Fo-value j-n position 3 is 1àrger thàn th¿t in posj'tion 2 '

Tebl-e 6 shows that each Fo-poÍnt cjecreases the further it is
located to the righL in an tltteralìce Thus 'ìll 

the four
points obey the fotfow-ing rank cìr:der: 1 ( ? < 3, i'e' the
Fo-values are largest in posj-tion l and sm¡¡Ilesù in positir)lì
3. In other respects, however, no systemâtic variation is to
Þe observed. NeveÌtheless, there are i-ncli'vidual clifl'erenr:es
as to the size of the tonal differences according to
position. l¡hereås the Fo-va]-ues of speåker lB only show small
differences, they clrop, sometimes consiclerab].y, with the
other speakers. This mBàns that the Fo-der:1j'nation of speaker
TB is rather sma.Il-, the other speakers showing a clear
declination ( cf ' also Fi9 ' 2l ' Speâker A0 manj-fests the
].argest irregularities in her tonal variation '

The t,wo-dimensional atlal-ysis of thj-s investigrrtion has shown
that the tonâ1" and temporä1 features a ffect each other
mutua]-ly to some clegrÈe. Howeve!., the prosodic feàtures
themse.tves are presel'ved as charecteristic tempora]. and tonal
pàtterns. Sentence a¡:cent turns out to be a prosorlic feäture
with a Janus face; it is ctearty signa].led torìa'l1y as we]'l as

temporatly ovel' the whole word whir:h it màkes prominenL on

^1



Tabl-e 6. Differences of Fo-points (Hz) between positions.

DcBFO-POINTS

DIFFEREÍ'ICE BETI¡TEN
POSITIONS

sT0cKH0Lt"l

EH

V:

EK

AO

14

t6

23

17

fi
fi
16

t3

A

1-2 2-3 1-2 2-3 1-2 2-3 1-2 2-3

2TB 407
827

50675
t3 9 7 I 14

l6
t0

-4 ?0

89
8

8

I
3

3

4

2

?

7

0
V:

12 -1

5

4

+SA

-sA

+sA

-sA

73592613
55604-2s2v

12

5

0

4

t6

t0

4

9

6

5

+sA

-sA

+sA

-sA
V

SKÂNE

?1

l7

t3

17

12

17

t4
t9

t4

17

18

t3

4

t0

t0

7

31

24

29

24

10

-6

23

-8

I
-7

-4

-t3

3

9

12

12

7

9

3

0

t

2

8

1t

v

v

+SA

-sA

+sA

-SA

+sA

-sA

+SA

-sA

4

-1

12

0

l3
10

19

t9

-z 13

-79
0 15

0-6V
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the sentènce }evel.

In the present investigation, the tona]- featLlres in eâch

position had enough time ( syltables ) åt their disposa]' in

ãroer to be manifestêd without difficulty. However, a

positive stâtemeng about tlre irrdepencienr:e or dependence of
variaOles can best be made when a conf].ict alises between the
dimensions. Stlch â câsL: of conf].ict þetween tonäI feàturÞs
and the temporal structure of the LlLterance, i'e' between
frequency and time, wiI.]. be clemonstraUed in the following
section.

A tonal hierarchy

StartÍng from a phrase with four syl-1ab].es and the three
tona]. features of word accen¡ I, phr'àse ( sentence) accent and

terminal juncture (statement), a stepwise reduction of the
numbeÙ of syllaþ1es will show the dependenÜe of tr:naI
features on time. The tonal feature, with the targest clÕmaiñ

wiI]. dominate over the other features whiÈh r¿lnk ]-ower itr tlre
tonal hierarchY.

Consider the four Swedish Phrases

å '1änderna
å '1ånder
e Ìanq

'1and

"and the countries"
" and countries "

"and country"
"counlry"

As the numbêr of syllables is decreased, the duratj'on of the
phrase is âlso dec¡'êased, nàmely from abouL ?50 ms to allout
/.00 ms. Thê number of the tonal features, however, is kept
constant. Thus the one-sy11åt)Ie utterance is procluced with
the same tonal features as the four-sy1labl-e utterance. Fis'
3 shows the changes of time and Fo-contour in each ufteran¡:e
spoken by e Stockholm speaker. In this time-dependent case of
conf].ict, it becomes obvious that !he comp].ex overall
Fo-contour shrinks considereb.ly. The tonal contour is
reorganized disptäying a EIear hierarchy between tjhe three
tonal gestures each of which can be seen in the comp1ete
tonal contouÌ (cf. also Bruce 197?, 92 ff. ). Ihè finå1. faII
associated with the terminat juncture is preservêd in the one
syl-labLe phÌase but, at the sãme time, it ber:omes steeper ånd
"moves" to the J.eft on the time axis into the fina]. (and
only) accentuated voweI. The tonat movements associätecl with
the two other gestuÌes are skipped. The subordination of
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Hz
150

100

50

t50

cl

cl

c¡

æ nde

ænde r

and

a nd
0 200 ms

100

50

150

100

50

150

100

50

Hierarchical order of tonal features illustrated by a
step-by-step shortening of the duration avallable for
three tonal features. The final fall of the terminal
juncture dom¡nates over the features of phrase accent
and word accent which have smaller domains.

Fig.3
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Lonat fealures of a temporally smäller dÕmàin undÊr Lhe

feature of terminal juncture with the ].argest domain is to lre

observed in other languages too' Even if the hierarchicaLly
l-ower gestures are extinguished from the Fo-curve ' they '

frår.u.i, do not disappear for bhe listener' They will be

reconstructed and thus "heard" as a consequence of the
remainingtona]'moVementofthêhierarchir:aIlyhighBst
feature drawing upon the know].edge of the ru].es of tonal
variation in Swedish wj-th referent:e to tlìe syllable structure
of the utterance and thus, fina].ty, to its duratiorì'

DTSCUSSION

Before outlining a new concept Õf a prosody
aspects of the interrel-aþionships þetwaen time
discussed.

moclel, some
and Fo will be

Interrelationships between time and Fo

The resu]-ts of the present investigation show that there rs
no simple relationship between the temporâI änrj tonaI
structurê of an utterance ' Instead both structures are
connectecl and inlerlocked with each oLher in different ways '

Segment durations and Fo-movements that are to be found in
thã speecn signal resul-t partly from autonomous prosodic
features of time and tone, part]'y from their mutual effects
( tona].-to-temporal and temporà1-to-tonal ) , and partly from
intervening factoÌs tike speech tempo and the indivj-duaI
þehaviour of the speakèr. Thus, in conclusion, the
relationships þetween duration and Fo in speêch are nÕt
simpl-e and unidirectiona]., Þut rather complex and
bidirectíonal- '

Itter air, is it real-1y justified to ask the categorical
question as uo the independence of time and Fo-structure? A

question which leads, for instance, to the view of the
primåcy of Fo, As a matter of fact, llìe tonal gestul'es ol'
features, alone or in comþinâtion, are assigned to certein
linguisti': units l"ike vowe1, sylIåble, sbress group, phrase,
sentence, and text ' Therefore the prosodic gestures are
àssociâted phonologicall"y with linguistic units in some
arrângement which is to be thought of as linear ãnd punctua].'
However, even äbstract tona]- gestul'es àre l'elated to Èime
because these f.inguistic units have to be projected onto the
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timr¡ dimension when manifested.

Time remains an autorÌomous dimension of prosodic features,
even if we, as the gestu¡'e theory (öhman et aI. 1979,
Engstrand 1983), assume thaL aI1 the phonologica]. gestures,
spectr¿ìI ancl prDsocJic, ãre not def ined in tempori¡1" terms, Þut
appear, for a given uttetance, in an abstract string of
simple or combined gestures ànd which are coarticulated
together. When a.Il these tjme]-ess gestures are executed, af"l
of them, nevertheless, cannot come out as a natura]-
consequencé of the.ir essentia-L condÍtions and requirements.
Some phonological gestures are, sui generis, !emporal. by
nature. 0ne anci the same gesture may resul.t in very different
segment clurations, ar:cording t.Ò context. The s-gesture, for
instance, w-i-lt be executeci tempora].].y in different ways
clependj.ng on the segmerìtaI and prosodic context. Second,
segment dut'ation also varies in passages, context þeing
cDnstant, where Fo doe.s not change ancl thus the constant Fo
cloes r¡ot put any requirements at aL.l orì â given spectral
gesture. Third, t.he view is generally accepted that the
J.ength cl-istinction of quarrtity -in Swedish anc¡ other
liìnguiìges, such as Dãnislì dncl Gelrtan, is tied to strEss, i.e.
quantity can orìIy appeàr in stressed syllab].es. In tttis
respect, a coarticuliltirJn of prosòdic features Þxists. In
Llnstressed positions, however, a reduction or neutraJ-j.sation
r)f quantity tâkes place, as is often the case with sper:tral
gestules, for instance vowe.1. reciuction in Eng]"ish and
Russj-an. In other quantity lànguages, Iike for instanr:e
F:ir¡nistr arrd Czech, ttìe quantity gest.ures also âppeâr in
unstressêd sy1l.ab1es. Thus tlìey are independent of stress in
th€lse languag€rs.

The âutonotny rrf temporal. patterns wijl.l þe even rnore obviousj.n a rjontrâstjve perspective. Take for instan¡:e the gesture
or gestures for a voicefess, word-media:. lp/ whic:h we assume
to be identir:al irr långuagcs, srJch as Fj.nnish, Standard
Swed.ish, S¡ranisfr , and Greek. It is a matter of fact that
usually tlìe /p/ in Gr.er:k ând Spanish, absoLutely and
relative.ly, stìows e much shorter duration than thê /p/ in
Stanclard Swedish ot. Fi,nnish. In order to execute the
essential Frlement or e:l.ements of the p-9esture, a certain
minimum of tinìr-¡ j.s t.equired. HowevÈr, it is quite evident
that the p-occ.1usion in Finnish and Standard Swedish is he:l"dlonger than necessary, Êspecially following a st.ressed short
vowe1 in stanclarci swecrish or irr a r-on9 co.sonant in Finnish,
in orcler tr) be able tD p¡-oduce ä good ànd complete /p/.Ther€fore everyhody wiII reaJ.ize that in certain Ianguages,
like for instance Swedish and Finnish, temporal gestures or
features ( quant-i ty ) are superimposed on spectraJ- and tona].
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features in certain positions or ' to put j'l' in
gesture theory, spectret and tonal features are
with temporal gestures, the latter, though,
basic and control].ing frame of reference'

tBrms of the
coarticu].ated

providing the

From a generåt linguistic view, it can be assumed th¿ìt, j'n

principle, tempora]. and tonâ1. phonological features are
autonomous i-n every language. The kincl ånd degree of mutuiìl'
relationships, of course, may vary from language to language'
For instànce, Lhe tonÈI feàture of sentÊnce accent or
emphasis does not increase segment cluration in Danish
(Thorsen 1980), in German it miry do it optionally (Bannert
1982b),whereasinswedishitwi.l.l-dosoobligatorily'Danistl
does not show t.he clecrease of vowel duÌaLion as å consèquence
of the increasing number of unstres sed sy11ak)Ies in the
stress grouft ( Fisr:her-..1ørgensen 'l 982 ) wh j-t:h is well witnessed
in many Languages.

Another problem w-ith the mode]- of lhe primacy of Fo {Lyberg
1981 ) where the duration uf' thè sLr.()ssed vowr:1. i"s cal.culâllecl
from the change oÊ Fo over this segment is the fact that' as
a Ëonsequence, no segmÞnt durâtj.on can be r:a1.ct¡iLated wlìen
there is no chartge of Fo over a given segment' The
Fo-dec]-ination throughout ttlè utterance is not r:onsj-dered as
an Fo-change in this respect. A non-changing Fo :i-s to lle
found in cases where Fo-points of the silme IeveI àre
concatenated.low or high. Take, for lnstance, ].ong compounds
in Stanclard Swedish like bòstadsbvoqnadsnroqrarnkommitté where
the Iow end of the word act:erìt faÌ1 i.s çonne{lted low wiLh thr:
hegÍnning of the rise of the phrasê accent in the penu1-tima
or sentences with severnl sytlàbles tletween aÉt:entuåted ones i

Det var
concatenätiDn is high between the high tone of the phrase
accent in Pér and the fal-L of the word accent in trré-. If ,

then, vowel clu¡'ation ¡rannùL be calculatecJ in suEh (:¿ìses, lef
alone the duration of consonants, duration.s, in a mocie]- of
speech processing, lrave to þe tâken from somewlìere i¡r order
to assign typicat and correct durations to a:l.J- these
segments. Even th j-s r:onsitleration po j-nls to .l sDlutit)rl
treating duràtions and tonat movements âs autonomous units.

ApaÌt from the åutonomous temporal- àncl ton¿ìI fL.atures th¿t,
al-one or in coarticulation, .lay out their llasic patterns in
the time ånd frequency dimÈnsions, one ¡lan observe variLrus
mutua.l- effect.s of the prosodic features on €)actì othÊìr at the
phonetic 1evel. These åffeLìts are tèmporå1.-to-tDn¡ì1 àÌìd
tonal-to-temporal as weIl. A rÍsing tonal movr)ment t¡suaLl-y
takes more t j-me than ã f à1liu9 one (cf . {lhå1¿ì and Ewiìn 1973,
Sundberg 1979; EIert 1964). This effect, however, is rather

hâ skr-ivit bråvet. Here the tona].
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small compâred to the t,otaI segmênL duråtion

One effect cìf cluration on Fo is due to speech tempo.
Increased speèch tempo Ieads to shorter segment durations ând
therefore there ís less time availabLe to êxecute the tonef
gestures in addition to the spectral" ànd temporå1 ones,
Increasðd speectì tempo, in generaL, increases Fo globa]Ly
throughout the ut.terancÈ and the range of Fo-variation is
decreased (cf. Gårding 19?5),

Outline of a model for prosody

The evaluation of the resu]-ts of this study ànd the data änd
conclusions of other investigations (e.9. Thorsen 1980, Bruce
f981, Bannert 1982b) leads to the reasonab]-e view that !he
temporal- and tona.L structures of an utterance, in one sense,
are tot.al].y indcpondent of each other. In another sense,
however, they are connect'.ed and intêrlocked wittì each other.
The temporal structure j.s considered primary, thus
re¡rresenting the necessary requirement for the execution or
coårticulat.ion of tonà1. feàtures. Therèfore, in a generative
modeJ" of prosody, both dimensions, time and frequencey, have
to be treated ¿ìs åutDnomous dimensions, although mutuàl
clependencies are to bê found, t^rhat is important for the
design of a prosody modet is real.izing that there are some
separate temporaJ" and tonal phonol-ogir:al features, thus that
neither is derived from the ûthèr. Tlìê essentiàI parts of the
tonal contour of än utlerarrce¡ expressed as tona]- points or
tonal- movements, however, are ptojected onto t,he temporat
structure which has been processed without any a priori
depenclence on tonâ1 features.

Every prosody mocleL represents on.ly one part of a
comprehensive speech model. Tlìe gEneÌation of prosocJy must
not þe seen as the J"ast step in the derivation of the speech
signal. Given the interlor:king of thê pÌosodic featurês with
clifferent I-inguistic components ( pragmãtic, semantic,
syntå|:tic, motphologicà1, ärìcl phonological), it becomes quite
obvious that the prosodir: features have to be processed in a
f ul-.l-y integrated way orì several levels (cf . van l¡li jk and
Kempén 1 985 ) . Irì ãÉcorclancÉ' wiùtt tt¡is view of integration,
the treatment of temporal and tonal struEt.ure isolated fÌ.om
other features and processes is aþandoned and a comprehensive
and interactive prosody model wiLl be out].inecl , I t is
iI.l.ustrated in Fig. 4.
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As bef Dre, thfi input r)f the prosody moclel j.s ä lingu j.stically
flrl.Iy spec-i{iecl string of linguistic units in a

phonologi-r:aIly ,:anonir;al form, The sl-ring is completely
clef inecl ãncl contr¿rilrs ålL the neces sãry rJhonological
(sper:tra-1., tenrporal., ¿rncl t¡rnal) featurBs inÈluding voir:e
quâlity ancl vo.lunle <5> , â s weJ.t a s the morpho-1ogica1,
syntar:tic, semantic, iìnd pragmatir: features. ln r:Dntrast to
somb- prÒsocly mc)cle-1.s, it is assumed that a.11 re]'evant
linguistic rules have r)peråtecl bef oxe. lh':rref ore I presuppr:se
that al1 accent cleletions, the assignment of sentence accent,
etc. h;¡ve alre¿cjy llr-.en dDne.

Ttre processirrg of the irìformati()n of the input -is not done
st¡rp by step where the output of onB step sÊt'ves às the only
input to tho next step. In a previous version c¡f a prosody
model, the l)asic Lemporal ancl tonil sl;ructures of arl
utterarrce wêre proc(,ssecl in a stepwise way, then aclc¡ecl and
f inally, ar:r:r:unti.ng fo¡' the mutual ef f eELs, modif iecl in the
moclification component.

The clesign of ttre new moclel j-s based on the c.tear c¡istinction
between Iinguistj.c rules, information, änd knowledge of
various kincls. Al1 linguistic rules ancl information including
dependenr:ì-es between feaCures on differetrt linguistic leve!s
wlrich are necessaly for generating the prosÕctic struc:ture of
iln ul;Leran{:È ilre àvaj.l-a[]Ie for thÈ pror:essing of the
utterarìce simultaneousl.y and continuc,uslú. Ofreyj.ng ltìe
plinrjiples r¡f irpplictrlli.lity ànd uti].ity, the ruLes and
infOrmatiolr âre rec:a1.l.ed an(t used wfìenever necessary and
suitable. Fig. /+ shows the outline of â prosody model
clesignÊd ac:corclirrg to the ¡rrj-nciple of continuously fJ.owing
ancl ¡:DmpIetr: informàlion pror:essing. Although the basic
tenrporal ¿¡nd tona.l struc.i:urÈs, ancl the dimensions of vo]^ume
and vo.ir:e quality ¿ìs weJ_1, ¿lt.e geneÌ.aLecl in sepârate
cirarìne1s, theso sLth- pìÐcesses are ef f ected and control-l.ed atl
tlte tinrr: by the rhythmj.cal and tonäl rul¡,,s, the j.nformåtion
ã¡l'outi the mutual. ef f ects of t jme ancl .f requency, about speech
tempo, iì.ssimilâtj.Dns and reductions (spèctråt at.rirrtgements)
As a c;o.sequence of this, .o fut ther or final mociification
which otherw.ise woul.d l;e nr--r:essirry àft.eÌ. bhe addition of the
basic sLruc:ture is ncedecl. In the present version of the
modeI, the prosrrclic structures are generated ånd processed in
accordance w.it.h cont*xt and a.1.1 the ottìer rel.evant factors
fronì lhe very beginning. It is immediately cIeàr, however,
that. generat.ing prosÒcly in this on-Iine mode]. amounts to a
very complex process indeed. Nevertheless, tlìe Èomplexity of
the process-irìg of the speech signat.should not be a deterrent
argument agaj.nst such än approàch. 0n the cDnttary, it has to
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be assumed that the present outline of a prosDdy mode]. is
psychologicafly more reaListic than the more simp.le end
linear step-by-step model. In any cäse, the present design of
the prosody model- appears to be in rather good âccordance
with the essential ideas of coarticulåtion of gestures
suggested in the gesture theory of ôhman et a1. ( 1 979 ) .

It seems superf]-uous to remark, of Ëourse, ghät the present
out].ine of a prosody model- needs el-âborating, compJ.etion and
testing. However, the model in its present form makes it
easier to formulate re].evant and interesting questiÕns. It
a].so represents a nsw test pt'ogramme j-n order to, in a

coherent and dynamic mode.L, investigate prosotlic ru.les ãnd
interrelationships beUween differenL features in the tíme and
frequency dímensions. Using spêech synthesÍs by ru1e, it wi].t
lle possiþ1e to optimize prosoclic reseàrÊh by wåy r)f direr:t
feed-back. The present rnoclel of continuous information
pÌoces sing for the generation of prosody Dan be conner:tecl
with the representation of knowledge of artificia].
intel]-igence and with BxperL systems.

FOOTNOTES

This research was supportecJ þy the Bank of Sweden
TêrÈentenary Foundat.ion.

<*>

<1> These are the high and J"ow points which, in intonation
models, are j-nsertèd às supportj-ng points by rule with
reference to segments or sy1.Lables , thus generating the
Fo-contour sùep by step.

<2> For va]-uabLe he].p and discussion I am gratefu]. to Klaus-
Jürgen Enge].bêrg, 01Ie EngsLrand, Lennart Nordstrand,
Gerhard Rigol.I, and Herbert Tropf.

<3> No ståtistical testing was carrj-ed out for several
reesons: The number of observations is too sma-1 .I and
they coul-d not br-. col.Iåpsed over variables ånd speaket s

<4> For the purpose of this comparison, it is immateriat
that the first segment in position 1 is Ian] of kan,
whereas thè first segment in positions 2 atìd 3 is Ia] of
1åmna and lLAgs, respectively.

vo].ume (inljensj.ty) ànd voicr-. qualiUy
indicated to comp.lete the picture.

The dimensit]ns of
âre included end

<5>
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