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TONAL AND TEMPORAL INTERPLAY

Gösta Bruce

I NTRODUCTI ON

t^lhen in my thesis I discussed the jnterplay of tonal commands, I assumed a

basically f.ixed temporal program (Bruce .ì977, 
chapter 5). The observed tonal

adjustments, e.g. ìnterruption, anticipation and delay of Fo-changes, were

interpreted as the result of an adaptation to the g'iven time restrictions in

cases where tonal commands conflict. This tonal dependence on the temporaì

setting is presupposed jn the intonation models in Bruce (1977, chapter 8)

and Bruce and Gårding (1978). The rationale for this view is that certajn

rhythmical demands connected to the concept of isochrony must be fulfilled.

The same view that the temporaì program is basjc and the tonaì program has

to adjust to it finds support ìn a study by Erikson (1973) on the

synchronization of the onset of the secondary stress syllable and the

Fo-contour in Swedish disyìlabic compounds. An increase in the number of

consonants in the medial cluster and thus a delay of the second vowel

onset will cause a corresponding delay of the Fo-contour of this syllable.

In their modeling of the temporal organization of Swedìsh utterances

Lindblom et al. (1976) also imply a temporal independence from tonal events.

Recent work on tonal and ternporaì interpìay lends support to a different
view of this dependence. In a study of final lengthening, Lyberg (1979)

suggests that the final lengthenìng observed in swedish may at least partìy

be a functjon of the fundamental frequenc¡r change required in final
position, This is to say that tonal demands might govern the durations of

the segments involved.

Uhman et al. (1979) hypothesize that the actual durations of segments may

be secondary effects of other, "primary acoustic effects". For example they

have found that an Fo-change covering a wide range tends to lengthen the

segments involved.

In their extreme form these two hypotheses about tonal and temporaì

.interplay make opposìte predictions (cf. Lindblom's discussion in Nordic

Prosody 1978, pp. 293-?95). Figure 1 is an attempt to illustrate the

consequences of the hypotheses for the tonal and temporal domains' For each
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Figure 1

HYPOTHESIS A

HYPOTHESIS B

Illustration of consequences of two opposite hypotheses about
tonal.and temporal interpìay for the Fo-contour and segment
durations. For each hypothesìs a simpìer (upper part) ánd a
more complex (lower part) Fo-contour is shown.

hypothesis a sìmpìer (upper part) and a more complex Fo-contour are shovrn.

These hypothetical Fo-contours are similar to those found in a standard
Sweciish accent 2-word in non-focal and focal posìtion respectively.

According to hypothesìs A (temporal-to-tonal) the addition of a second
rise-fall after the first one forces Fo to make a shortcut - interruption of
the Fo-falì by the immediately following rise - to fit a fixeC temporal
progranr. Hypothesìs B (tonal-to-temporal), on the other hand, predicts that
adding another rise-fall to the first one will cause a lenghtening of the
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actual segments.

The purpose of the present study is to study the tonal and temporal inter-
play in the light of these two extreme hypotheses. It should be poinled

out from the begìnning that they serve as nuì1 hypotheses against which

thìs ìnterpìay can be studied. One way of doing this, the one that will
be used here, is to keep the segmental context constant (or nearly

constant) and vary the tonal context, Standard Swedish with its relatively
complex tonal system offers good possìbilities for studying this interpìay.

TEST MATERIAL AND INFORMANTS

The test material for this study consists of a subset of the test material

used in my thesis (Bruce 1977) and recorded by my main informant. In this
material placement of sentence accent lvas varied (three dìfferent focus

locations), and for the (first and) final focus'location choice of word

accent. The following sonorant test sentence are included. The portions

within parentheses have not been analysed for thìs study:

12
(¡,ian vilt fa-namma'¡ nåra) -lån

L -lämnaj

3123
- t ::ïï: J.,,ne 

wa n rs' 
f.....$ 

**, 
iïîTÌ ü:ï:.. J

A similar material was recorded by a second informant:

1 2 tn3*r.") r .fl3nsl¡nlmue'sl
(Dom virr -slippa) 'tt"t;;;;;J (Thev want to avoid)ltar,JLrr, l

t::¡!;;:ll. They want ,o uul,¿ .r'Sppins ,r.t:iin.,,'Ì.

In addition a paralleì material in an obstruent context, where segmentation

difficu.lties are judged to be less than in a sonorant environment, was

recorded by the same informant. Besides varyìng the placement of sentence

accent and choice of word accent in fjnal position in this material,

the phrase structure of the last part of the sentence containing

either one word (compound) or two words was varied. Variation ofthe
placement of secondary stress in the compound was also included:

a2

Dom vill 'slippa -nacka

1?
Dom vill -slìppa 'nacka,skotten. They want to avoid the Nacka-Scotsman

2
nacka, schacket
nackajac, kett

1

.(They want to avoid) the

2

./Nac ka-ches sI
lNacka-coat JJ

(Domvitr -srippa)[-
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Both informants are female and represent the Stockholm varìety of

Standard Swedìsh.

RISULTS

Fìgures 2 and 3 show average values of segment durations and Fo-peaks and

vatleys of sonorant test phrases for the two speakers'

In non-final position the two speakers seem to use different strategìes.
For the word'1ånga speaker EH appears to have approximately the same du-

rations in focal (Fig 2, medial part) and pre-focal position (Fig 2,

upper part). The higher tonal demands of the focus - because of the sen-

tence accent rise, which is absent out of focus (cf' Bruce 1977, chapter 3)-

result in an interruption of the word accent faìì by the sentence accent

rise in -långa. This is evident for -långa jn the context of the accent

2-word 'nunnor (Fls 2, right column), whjle the situation in the context

of the accent 1-word'nummer (Fig 2, left column) is less clear-cut.

Speaker UN, on the other hand, lengthens all segments in -långa in focal

pos.ition (Fjg 3, mediaì part), as compared to pre-focal position (flg S,

upper part). This Iengthening is non-uniform, however, and affects maìn1y

the duration of the long consonant In.] in -långa. No interruptìon of the

word accent fall is apparent, In fact, the range of the Fo-fall is wider

in focal than ìn pre-focal position. ln particular the extra increase of

the long consonant mìght be expla'ined by reference to the higher tonal

demands of the focus,with the sentence accent rise involvìng mainìy thìs
segment.

In fìnal position, however, the speakers use similar strategìes. For the
accent Z-word'nunnor the durations are longer in focal (Figs. Z and 3,
upper part) than in post-focal position (Figs. 2 and 3, medìal part).
The lengthening is found mainly for the long consonantIn,] and the
final vowel Ic], exactly those segments where a temporal adaptatìon to
tonal demanos should be expected in focal position, as the sentence accent

rise and the terminal jucture fall - which are absent ìn post-focal posì-
tion - are manjfested here (cf. Bruce 1977, chapter 3). The range of the

word accent fall is clearly wider jn post-focal positìon, however. ln focus
the word accent fall in -nunnor is interrupted by the sentence accent rise.
This means that for both speakers we have a tonal as well as a temporal

adaptation in focal position. A para11el pìcture is found also for the
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accent'l-word -nummer in focal and post-focal posìtion.

According to hypothesìs B (tonal-to-temporaì) we would expect more'lenghtening for an accent 2-word than for an accent 1-word in focus because
of the more complex tonaì pattern (cf, Figs. 2 and 3, upper part). This
preciìctìon ìs not supported by the data. r,re find approximately the same
durations for accent r and accent 2, There are only marginal differences in
duration. l.le woutd have expected a rarger increase of the rong consonant
and also of the finar vowel for the accent 2-word, as compared to the accent
1-word, with reference to the difference in tonar comprexity there. These
results contradict the findings by Uhman et al. (1979, p.309) for a
similar cornparison.

For speaker EH there is a durational d.ifference jn the final vowel, which
might be tied to the higher tonal demands in the accent 2-word. But com_
paring the post-focaì version of -nummer/-nuUel (cf. Figs. 2 and 3, medial
part), where the Fo-diffe..n.. forlr,.JììJ uo".r is absent, approxima-
tely the same difference in duration for the finar vower is present. There-
fore it is 1ike1y that the vowel difference Ie]versus Ic1 is responsìb1e
for the ìonger duration of the final vower in the accent z-word.

The conclusion is then that the same temporal program is used in focus (for
both speakers) for accent 1 and accent 2 in spite of the hìgher tonar de-
mands for accent 2.

That a wider range of an Fo-change does not necessariìy bring about ronger
durations is clearlv evident in Figs. 2 and 3, showìng the durations of-långa in post-focal (lower part) compared with pre-foca.ì posìt.ion (upper
part). The much wider range of the Fo-falr (for both EH and uN) in post-
focal than ìn pre-focal positìon is not accompanied by ìonger durat.ions of
the segments involved. In fact the durations are shorter.in post-focal
position.

For the two post-focal versions of'nummer and -nunnor (Figs. 2 and 3, me-
dial and ìower part) there is a considerable difference in the Fo-range of
the word accent falì. In spìte of thjs clear Fo-difference, the increase in
the segment durations of the version with a wìder range is onìy marginal,

A case where tonal demands cannot explain temporal differences ìs exempli-
fied in Figure 4. The temporal structure of the last portion / [aket¡ 6¡
the compound is clearly different, if the secondary stress is on the
penultimate or the ultimate syìlable. In focal position (Fig 4, left
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Fìgure 4 The effect of the placement of sentence accent. Speaker UN.

Typical Fo-contours of compounds wìth varying placement of
secondary stress. Mean values of 6 repetitions of segment
durati ons.

column) the Fo-contours are dìstinct, but in post-focal position (Fig 4,

right column) the Fo-contours are more or less identical. In this latter
context the secondary stress placement appears to be signalled primarily

by the dìfference in temporal structure (cf. Bruce 1977, p.14)'

DISCUSSION

Erikson's paper (.l973) on the synchronization of articulatory and phonatory

processes cited as evidence for the temporal-to-tonal hypothesis showed a

delay in the Fo-contour of the second syllable when the number of inter-
vocalic consonants increases, and consequently the vowel onset of the

second syllable is delaye d as in words like 'hingst,språng compared to
-bi,hang. It should be noted that it is often the case - at least in
running speech - that a heavy consonant cluster will be reduced' probably

decreasing the duration of the cluster, ê.9. Ihi0:stsprcrJr] pronounced

as [rri¡:spr:q:]. Although it is fulìy possìble to retain the whole

cluster even in running speech, the dropping of consonants is customary in

heavy clusters, which may partìy be due to the rhythmical constraints of

a relatjve isochrony.
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It is clear from thjs study, however, that the Fo-contour does not live its
own life, The Fo-contour - or certajn.critical Fo-points - are crucjally
dependent on certain artìculatory events. Thìs point is probably agreed on

even by those who advocate the tonal-to-temporal hypothesìs (cf.Ohman et

al. 1979, p, 3'l0) and is not under debate. In this sense the temporal-to-

tonal hypothesis is supported.

tsut it is stìll not clear , whether the realization of a complex tonal

pattern can force Fo to make adaptatìons to the temporal program' or

whethelit will elicit a stretching of the segments involved' or some

combination of both.

Comparing focal and non-focal positìon we find a more complex tonal pattern

in focus. Normally we also f.ind longer segment durations in focus. This is
evident from Figure 5, whjch gives the durations for speaker UN for the

phrase /s1ip:a nak:a skot:en/. The Figure shows that aì1 segments are being

stretched in focus posjtion. The increase is not confined to the segments

- mainly the long consonant - where the sentence accent rjse is found,

although the increase appears to be larger here, This general increase may

be ìnterpreted as a direct contribution of focus to the temporal domain.

'i.e. perhaps both tonal and temporaì changes are ìndependent consequences

of focus. Temporaìly this means that the focal part - the most informative
part of an utterance - is sìmply given more tìme space.

As was noted above, the largest jncrease in duration for focus position is
given to the long consonant of the stressed syllable. It has been pointed

out that this ìs the segment where the sentence accent rise ìs usually

executed, which lends support to the tonal-to-temporal hypothesis. But

there js another possìble explanatìon. In a study of the effect of sentence

accent on quantity, Bannert ('ì979) has shownthatit is the phonologìcaììy

long segment of a stressed syllable that is given the largest increase in

duration, i.e. the ìong vowel in a V:C-structure and the ìong consonant in

a VC:-structure. This non-unjform ìncrease in duration - the ìong segment
'increasìng more than other segments - ìs expected for the following
reason. If the quantìty contrast is to be preserved, the duratjonal djf-
ferences must increase with increasing segment durations (cf. Bannert

1979, p. 256). Therefore the non-uniform increase of segment durations in
focus can be accounted for without any reference to specific tonal demands.

Moreover the tonal-to-temporal hypothesis cannot be used to explaìn the
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extra increase of the ìong segment ìn a V:C-context, as the long voweì

does not directly involve the tonal contribution of focus.

In a situation where focus and position in the sentence are kept constant

and only word accent is varìed, givìng a more complex tonal pattern for
the accent Z-word than for the accent 1-word, the temporal differences

were shown to be minimal. If hypothesis B (tonal-to-temporal) were true,
we would have expected a clear temporal difference between the two tonal

contexts. l,lith reference to the above discussion it can be concluded that
the evidence for the tonal-to-temporal hypothesis in the present study is

scarce.

It is of course possible that the actual temporaì program for the focal
portion of an utterance in Swedish "has been sculptured by the evolutìon-
ary forces of language use" (cf. Lìndblom et al. 1976, p. 65). As there

is usually a more complex tonal pattern'in focal position, this may have

contnibuted to longer durations for the focal portìon than for non-focal
portions of an utterance. This would mean that we are faced with a temporal

preprogramming and not a moment-by-moment adjustment of the temporaì pro-

gram to the specific tonal demands, as has been suggested by Lyberg (1979,

p. le6).

In order to arrive at a better understanding of the tonal and temporal

interplay it is necessary to isolate the critical points of an Fo-contour

and to examine their variability in time and frequency. In spìte of the

relative .inert'ia of the laryngeal system compared to the supra-laryngeal

system Fo appears to be relatively fìexible in the executjon of a complex

tonal pattern. Interruption, anticipation and deìay of Fo-changes are

possible ways of coping with this kind of situation (see Bruce 1977,

chapter 5). For example the terminal juncture fall occurs with a deìay ìn
the accent 2-word'nunnor in focus (Figs. 2 and 3, upper part) relative to

the accent l-word -nummer. This flexibility of Fo makes it difficult to

see how tonal demands could affect the segment durations to any consider-

ab'le degree.

The results from the present study of tonal and temporal interpìay ìn

Standard Swedish indicate that there ìs a basic, temporal patternìng whìch

is independent of the tonal patternìng. It has not been possible to confirm
that this basìc, temporal pattern is modified by certain tonal demands.
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