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Abstract
The goal of this experiment is to find the most important pho-
netic features of Dutch accent-lending pitch movements, in
terms of shape, pitch level and alignment with the segmental
structure. Time pressure is used äs a heuristic method to isolate
important phonetic aspects of pitch movements, assuming that
under time pressure the Speaker will preserve those aspects. In
a production experiment, accent-lending rises (T) and falls
('A') were realized under various types of time pressure. The
pitch rise is time-compressed under all pressure types, which
would mean that the shape of the rise is relatively unimportant.
The segmental alignment of the rise proved to be more impor-
tant: the onset of the rise is synchronized with the syllable on-
set. For the fall no fixed synchronization point was found, but
its shape was relatively invariant, indicating that shape rather
than exact timing is the more important feature of the fall.

Introduction

A Question of Methodology
It has often been observed that speech is a

redundant code: it contains more detail than is
normally needed for successful communica-
tion. Much phonetic research has been aimed
at distinguishing the relative communicative

importance of the various properties of spoken
utterances. This type of research is motivated
by scientific curiosity per se, but its results can
readily be used in technological applications.
For example, if the designer of a text-to-
speech System, limited by memory space and
processing capacity, has to make a choice äs to
which properties to include in his talking ma-
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chine, and what to leave out, he may want to
draw on the results of fundamental research.
This type of research has its main history in
segmental phonetics, where, by now, a sub-
stantial body of knowledge has been assem-
bled on the relative importance of spectral and
temporal features of speech sounds. In more
recent years the research has been extended to-
wards prosody, in particular to Intonation.

The most favored research methodology
has been analysis-by-synthesis. Synthetic cop-
ies of natural utterances are produced from
which one or several of the original properties
have been eliminated or simplified. As long äs
the impoverished utterances remain intelli-
gible and acceptable, only properties of sec-
ondary importance must have been affected.
Crucially, the choice of the properties to be
manipulated in this research paradigm is under
the conscious control of the experimenter,
who, more often than not, has to go by trial
and error.

It occurred to us that, in the field of Intona-
tion studies, a different methodology might be
applied. In order to separate the properties of
pitch movements into categories of greater or
lesser importance, one might put a Speaker
under time pressure, i.e., induce a Speaker to
execute more movements in the same limited
time span, or execute the same number of
movements in less time. We assume that in
such circumstances, the Speaker would have to
sacrifice properties of lesser communicative
importance while preserving the more essen-
tial ingredients äs much äs possible. The im-
plicit choices made by Speakers under time
pressure may then serve äs heuristics for the
speech researcher working within the syn-
thetic speech paradigm.

In our research, time pressure is used äs an
experimental tool for focusing on the commu-
nicatively important properties of pitch move-
ments in Dutch, a language whose formal into-
national characteristics have been extensively

studied over the past 30 years ['t Hart et al.,
1990].

In principle, a Speaker may use two strate-
gies when put under time pressure: (i) deleting
complete accent-lending or boundary-marking
pitch movements, or (ii) adjusting the shape of
the Intonation contour or the shape of the indi-
vidual pitch movements. In earlier experi-
ments [Caspers and van Heuven, 1991; Cas-
pers, 1990, 1991], we found that (naive äs well
äs Professional) Speakers economize on the
number of prosodic boundaries when speaking
fast, whereas the number of accents remained
virtually constant, showing a slight tendency
towards simpler Intonation contours (i.e. with
fewer pitch movements). This means that in
most cases the accent-lending pitch move-
ments have to be adapted to a shorter time
scale. The present experiment concerns the ad-
justment of the phonetic properties of individ-
ual accent-lending pitch movements under
time pressure, when the distribution of accents
over the sentences is kept constant.

A Question ofSubstance
In the Dutch Intonation Grammar ['t Hart et

al., 1990], ten perceptually relevant pitch
movements are distinguished, characterized
by four features, most of which are binary. The
direction feature splits the inventory into five
rises and five falls, which may be either abrupt
or gradual (the rate of change feature). Fur-
thermore, movements may differ in global ex-
cursion size: füll versus half. Finally, the tim-
ing of a movement relative to the segmental
structure of the syllable is a distinctive feature:
movements can be early, late and very late in
the syllable. Functionally, abrupt movements
may be accent-lending or boundary-marking.
The most frequent rise is the accent-lending
rise ']', which is abrupt, full-size and early in
the syllable. 't Hart et al. [1990] specify the
timing of rise T äs follows: the rise should
reach its terminal frequency at 50 ms after the
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vowel onset. The most frequent accent-lend-
ing fall is type Ά', which is abrapt, full-size,
and occurs late in the syllable. No precise
specification of the segmental synchronization
for the fall is given in 't Hart et al. [1990].

The effects of time pressure on the follow-
ing phonetic aspects of rise T and fall Ά'
were examined: the shape (in terms of excur-
sion size, duration and slope), the overall pitch
level and the alignment with the segmental
structure. The pitch movements have to be ad-
justed to the shrunken time, by adaptations of
one or more of these phonetic properties. We
were looking for phonetic aspects that are rel-
atively invariant under time pressure, such äs
fixed synchronization points between the pitch
movement and the segmental structure ('an-
chor points').

Approach

Time pressure can be imposed on a Speaker
in a number of ways. First, there is the obvious
possibility of inducing a Speaker to talk fast. In
fast speech (time presure type i), the segments
will be shorter than in normal speech, so that
less time will be available for the execution of
pitch movements, resulting in the adaptation
of one or more properties of the movements.
This type of time pressure was used by Kohler
[1983], who reported that the sacrifice was
made along the size dimension, i.e. the move-
ments were smaller in fast speech. Interest-
ingly, the pitch peaks maintained their target
values, but the pitch valleys were raised,
which, to us, would indicate that reaching the
peak values is more important than preserving
the low baseline pitch.

Secondly, we may shorten the available
time for the execution of a pitch movement by
choosing target syllables containing phonemi-
cally and phonetically short versus long vow-
els (time pressure type ii).

Thirdly, we may cause a Speaker to execute
multiple pitch movements within a short time
span (time pressure type iii). In Dutch, the
same sentence may be spoken with only one
accent-lending pitch movement, or with two
(or more) pitch movements, which may occur
on nonadjacent syllables, on adjacent syl-
lables, or even on the same syllable. Intui-
tively, these conditions embody an ascending
order of time pressure. When, for example, a
rise and a fall have to be executed within the
same syllable, some sort of a compromise will
have to be struck. It will then be possible to
see whether the preservation of features of the
rise takes precedence over preserving features
of the fall. Since the synchronization is clearly
specified in 't Hart et al. [1990] for the rise,
but not for the fall, we expect the synchroniza-
tion feature to be more important for the for-
mer than for the latter. In our search for rele-
vant synchronization points we shall consider
six candidates in the segmental structure of the
syllable: beginning and end of voicing, begin-
ning and end of vowel, and beginning and end
of syllable. The better candidate can be iso-
lated from this set of candidates by including
syllable types with voiced versus voiceless on-
set and coda consonants.

We assume that under the time pressure
types chosen, natural speech will be produced:
the subjects were asked to speak at a normal
and a moderately fast speaking rate, pronounc-
ing existing Dutch words, realizing common
Intonation contours (in fact, the contour with
highest pressure, i.e. a rise and fall on the
same syllable, is the most frequently used ac-
cent-lending pitch configuration in Dutch). It
seemed important, for the purposes of our re-
search, not to push the Speakers beyond their
articulatory limits; we wanted to avoid unre-
alistic adaptations of pitch movements.

In our experiment, we did not want to
choose any one Implementation of time pres-
sure over another. Rather, we decided to
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Fig. 1. Time pressure type iii:
six FO contours used in Stimulus
material. Target movements are in
bold face; movements outside the
target syllable are in parentheses.
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systematically vary all three types of time
pressure discussed above.

If one wants a Speaker to pronounce the
same sentence with a number of specific into-

nation patterns, one cannot enlist naive Speak-
ers. This is because only the position of ac-

cents can be guided by the Stimuli, not the
choice from the inventory of accent-lending

movements (such äs the choice between rise or
fall, cf. 'Introduction'). In our experiment we
therefore explicitly instructed intonologists,
who were well acquainted with the Dutch Into-
nation System, to produce the required pitch
movements, which were identified for them in
terms of the Intonation Grammar.

Method

The accent-lending pitch rise (T) and fall ('A')
were incorporated in different Intonation contours in
order to vary the time available for the crucial pitch
movements (time pressure type iii). The six contours
are illustrated in figure 1. Contours l and 2 contain
only one pitch movement, so that the space available
for the Speaker to produce the pitch movement i s prac-
tically unlimited. Contours 3, 4 and 5 are made up of
an accent-lending pitch rise, followed by an accent-
lending pitch fall in the first or second syllable after

the syllable containing the rise (a 'flat hat'). It is
possible that a pitch movement in the direct vicinity of
the target syllable produces some pressure on the
target movement itself. The sixth contour contains a
'pointed hat', i.e., a ri&e and fall executed on one syl-
lable. We assume that contours 1-2, 3,4-5, and 6 rep-
resent Steps in an ascending order of time pressure.

The target syllable consists of an initial consonant
(Ci), a vowel (V) and a final consonant (Ca). V could
be one of two low vowels: phonologically (and pho-
netically) long (/a:/) versus short (/a/). The Opposition
between long and short target vowels constitutes the
second type of time pressure (ii). In order to be able to
choose between the various possible anchor points,
both voiced and unvoiced onset (/p/, /b/, /m/) and coda
(/n/, /s/) consonants were included. For experimental
details we refer to Caspers [1992].

Two phonetically trained native Speakers (l male,
l female, i.e. the present authors) produced the re-
quired Intonation contours on the carrier sentences at
a normal Speech tempo and äs fast äs they could com-
fortably manage (time pressure type i). Recordings
were made in a sound-proof cabin, using a Sennheiser
MKH-416 directional condenser microphone and a
Revox B77 MKII tape recorder.

Analysis

The recordings were A/D-converted (10 kHz, 12
bits, 4.5 kHz LP, 96 dB/oct) and stored on Computer
disk. The digital waveform was analyzed into 10 LPC
coefficients (256-point analysis window, JO-ms time
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Table 1. Excursion size,
duration and FQ slope for the
accent-lending pitch rise and fall
in normal and fast speech, broken
down by Speaker

Shape

Excursion size, ST
Rise (T) normal

fast
Fall ('A') normal

fast

Duration, ms
Rise (T) normal

fast
Fall ('A') normal

fast

Fg slope, ST/s
Rise (T) normal

fast
Fall ('A') normal

fast

Speaker VH

mean

6.8
6.7
8.4

10.0

194
165
205
174

40
47
44
62

SD

1.2
1.6
1.2
2.2

65
58
62
59

17
23
13
16

ca&es

60
64
48
48

64
64
48
48

60
64
48
48

Speaker JC

mean

8.1
7.4

10.8
9.9

173
139
169
147

51
59
67
71

SD

1.5
1.6
1.8
1.4

57
47
47
36

16
25
18
15

cases

63
64
48
48

64
64
48
48

63
64
48
48

Means, SD and number of cases are given.

shift). FQ was determined using the method of subhar-
monic summation [Hermes, 1988], followed by an au-
tomatic tracking procedure. The pitch determination
algorithm also made the voiced/voiceless decision.

In line with the principles of the Dutch Intona-
tional School ['t Hart et al., 1990], the FQ curves were
stylized into a minimal series of straight lines, such
lhat the resynthesized pitch contour sounded identical
to the (resynthesized) original. Relevant time-fre-
quency coordinates of line sections were stored in a
database.

Using a high resolution waveform editor, the
boundaries between relevant segments of the Stimuli
were marked, using criteria for segmentation based on
visual Information äs formulated in Van Zanten et al.
[1991].

Results

Our data analysis revealed that the 2 Speak-
ers differed substantially along several depen-
dent variables; therefore the results are not av-
eraged, but will be presented separately for
each Speaker. Unless stated otherwise, statisti-

cal backing is based on one-way analyses of
variance, assuming fixed effects.

Effects of Time Pressure on the Shape of
Rise and Fall
Time Pressure Type i (Normal versus Fast

Speech). The first type of time pressure was
sought in the fast speaking condition. The
mean speech rate in the normal speaking con-
dition was 6.3 syllables/s for Speaker VH and
6.4 syllables/s for Speaker JC; in the fast
speaking conditon VH uttered 8.1 and JC 7.9
syllables/s. Table l contains mean excursion
size in semitones (ST), duration (ms) and FO
slope (ST/s) of the accent-lending pitch rise
and fall in normal and fast speech, broken
down by Speaker. Both Speakers decrease the
duration of the rise in fast speech [VH
F(l,127) = 6.9, p<0.01; JC F(l,127)=13.5,
p<0.001]. Also, the duration of the fall Ά' di-
minishes in fast speech for both Speakers [VH
F(l,95) = 6.2, p<0.05 and JC (Fl,95) = 6.9,
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Table 2. Excursion size,
duration and FQ slope for thc
accent-lending pitch rise and fall,
on target syllables with long (/a:/)
versus short (/a/) vowels, broken
down by Speaker

Shape

Excursion size,
Rise (T)

Fall ('A')

Duration, mf.
Rise (T)

Fall ('A')

FQ slope, ST/s
Rise (T)

Fall ('A')

Speaker VH

ST
/a:/
/a/
/a:/
/a/

ΙΑ:!
/a/
/a:/
/a/

/a:/
/a/
ΙΆ-.Ι
/a/

mean

6.5
7.1
8.8
9.6

191
168
193
185

39
49
50
57

SD

1.3
1.5
2.0
1.9

58
66
68
57

18
21
14
19

cases

62
62
48
48

64
64
48
48

62
62
48
48

Speaker JC

mean

7.5
8.0

10.0
10.7

162
150
153
163

50
59
68
70

SD

1.8
1.3
1.4
1.9

55
54
39
46

16
24
15
19

cases

63
64
48
48

64
64
48
48

63
64
48
48

Means, SD and number of cases are given.

p<0.01J. Speaker JC increases the slope of the
rise in fast speech [F(l,126) = 4.8, p<0.05],
whereas the slope of the fall increases in fast
speech for Speaker VH [F( l, 95) = 34.4,
p «0.001]. No systematic influence of speech
rate was found on the excursion size of either
rise or fall. Generally speaking, the pitch
movements become shorter in fast speech,
with a tendency for the FQ slope to steepen,
which suggests time compression (rather than
frequency compression) of pitch movements
in fast speech.

Time Pressure Type U (Long versus Short
Target Vowel). In table 2, the shape of the ac-
cent-lending rise and fall, broken down by
vowel length and Speaker, is displayed. The
excursion size of the rise is increased for VH
when the vowel is shortened [F(l,123) = 4.7,
p<0.05); for JC the increase is not significant
[F( l, 126) = 2,7, NS]. The excursion size of the
fall is influenced by vowel length for both
Speakers: an increase in size of the fall occurs

when the vowel is shorl [F(l ,95) = 4.0, p<0.05
for VH, and F(l ,95) = 5.2, p<0.05 for JC]. For
Speaker VH the duration of the pitch rise
decreases when the vowel is short
[F(l,127) = 4.5, p<0.05]. JC also shortens the
rise, but the effect does not reach significance
[F(l,127) = 1.5, NS]. VH increases the slope
of both rise and fall when the vowel is
shortened [F(l,123) = 8.5, p<0.005 and
F(l,95) = 4.1, p<0.05J. JC has a steeper rise
on a short vowel [F(l, 126) = 6.9, p<0.01 ], but
shows no difference in slope of the fall äs a
function of vowel length [F(1,95)<1], To sum
up, the influence of vowel length on the shape
of the accent-lending pitch rise and fall is
small, but rather straightforward: on a short
vowel the movement tends to become shorter,
steeper and larger than on a long vowel.

Time Pressure Type iii (Contour Type). Ta-
ble 3 presents the shape of the accent-lending
pitch rise and fall, broken down by contour
type and Speaker. Contour types are listed in
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Table 3. Excursion size,
duration and FQ slope for the
accent-lending pitch rise and fall
in the different contour types
(target movements in bold face;
movements outside target syllable
in parentheses), broken down by
Speaker

Shape

Excursion
Rise

Fall

Duration,
Rise

Fall

Speaker VH

size, ST
1
1(0A)
1(A)
1&A

A
(l)A
l&A

ms
1
1(0A)
1( A)
1&A

A
(1)A
l&A

mean

5.3
7.8
6.4
7.8
9.8
8.5
9.3

227
188
179
123
206
189
172

SD

0.9
1.2
0.8
1.0
1.7
1.8
2.1

61
55
56
28
57
68
60

cases

32
28
32
32
32
32
32

32
32
32
32
32
32
32

Speaker JC

mean

8.3
7.6
8.3
6.7

10.8
10.1
10.2

192
164
168
102
167
136
171

SD

1.7
1.3
1.2
1.6
2.0
1.4
1.6

59
46
37
28
51
37
30

cases

32
31
32
32
32
32
32

32
32
32
32
32
32
32

FQ slope, ST/s
Rise

Fall

1
1(0 A)
1(A)
1&A

A
(1)A
l&A

26
45
39
66
51
50
59

10
12
14
18
15
17
18

32
28
32
32
32
32
32

46
49
52
72
70
77
61

12
12
13
31
22
13
9

32
31
32
32
32
32
32

Means, SD and number of cases are given.

(what we assumed would be) an ascending or-
der of pressure. The duration of the rise is
shortened when competing falls are present
[VH F(3,127) = 21.8, p«0.001, for JC
F(3,127) = 24.4, p«0.001] and the F0 slope
of the rise is steepened [VH F(l,123 = 46.5,
p«0.001, JC F(l,126)= 12.3, p«0.001], re-
flecting the ascending order of pressure as-
sumed. When multiple pitch movements have
to be executed within a short time span, it ap-
pears that the same compression strategy is
used for the accent-lending pitch rise äs in fast
speech (time pressure type i): both Speakers
shorten and steepen the rise. The shape of the
accent-lending fall is not systematically influ-

enced by the presence of a competing rise.
Roughly speaking, the fall has the same shape,
regardless of the presence of a nearby rise. No-
tice incidentally that the steepness of the ac-
cent-lending pitch rises and falls remains well
below the upper limit of 120 ST/s [Sundberg,
1979], showing that the articulatory limits
were not reached.

Effects o/Time Pressure on Pitch Level
No influence of vowel length (time pres-

sure type ii) and competing pitch movements
(time pressure type iii) will be presented, be-
cause the effects appeared to be small and un-
interpretable [Caspers, 1992].
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Table 4. Pitch level relative to
50 Hz of peaks and valleys, and
FO ränge in normal and fast
speech, broken down by Speaker

Speaker VH

mean SD cases

Speaker JC

jnean SD cases

Pitch level, ST
Peak

Valley

FO ränge, ST

normal
fast

normal
fast

normal
fast

19.9
22.6

12.4
14.4

7.5
8.2

1.5
1.4

1.0
1.6

1.4
2.3

80
80

80
80

80
80

30.9
31.4

21.3
22.7

9.7
8.7

1.2
0.9

1.3
1.3

1.7
1.5

80
80

80
80

80
80

Means, SD and number of cases are given. Cases pertaining to contour
type 3 (16 per Speaker) were excluded so äs to balance the influence of
potentially converging FQ topline and baseline.

Table 4 presents the mean pitch level of all
peaks and all valleys (i.e., the data for rises
and falls have been collapsed), äs well äs the
mean FO ränge for each Speaker in normal and
fast speech. Table 4 shows that, for both
Speakers, valleys äs well äs peaks are raised
when the speech rate is increased. However,
VH raises his peaks more than his valleys
[F(l, 159) = 137.2, p«0.001 for peaks,
F(l,159) = 101.2, p«0.001 for valleys],
thereby zVzcreasing his FO ränge in fast speech
[F(l,159) = 4.4, p<0.05], whereas JC raises
her valleys more than her peaks
[F(l,159) = 46.3, p<0.001 for valleys,
F(l,159) = 7.0, p<0.01 for peaks], thus de-
creasing the FQ ränge with approximately l ST
[F(l, 159)= 13.6, p«0.001].

We expected a reduction of the FO ränge
when the speech rate is raised, brought about
by an elevation in pitch for the valleys of the
accent-lending pitch movements [Kohler,
1983]. Only JC's behavior conforms to this
expectation. Apparently it is not obligatory to
economize on the FO ränge of pitch move-
ments when increasing the speech rate.

Effect ofTime Pressure on the Alignment
of Pitch Rise and Fall
The offset of the rise relative to the segmen-

tal structure (vowel onset, end of vowel, end
of voicing, end of syllable) varied consider-
ably under time pressure, mainly äs a result of
the presence of an accent-lending fall (but
there are secondary effects of vowel length
and speech rate), forcing us to reject the end of
the rise äs a viable anchor point.

The onset of the rise, however, displayed
little effect of the various types of time pres-
sure, and therefore the search for an anchor
point for the accent-lending rise concentrated
on the onset of the movement. We considered
syllable onset, beginning of voicing, and
vowel onset äs possible alignment points for
the start of the accent-lending rise. Syllable
onset proved to be the superior anchor point:
the distance (in milliseconds) between the
start of the rise and the start of the syllable was
scarcely affected by the three time pressure
types and by the voicing feature of the initial
consonant (which had a large effect on the dis-
tance between the start of the rise and the can-
didate anchor points voice onset and vowel
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Fig. 2. Time (m milhseconds,
relative to syllable onset) and
frequency (m semitones, relative
to 50 Hz) coordinales of the
accent-lendmg pitch nse in
noi mal (N) and fast (F) speech for
Speaker VH and JC, broken down
by contour type

-200 -100 JOO

Duration ms relative to S on

Fig. 3. Time (m milhseconds,
relative to vowel onset) and
frequency (in semitones, relative
to 50 Hz) coordmates of the
accent-lendmg pitch fall in normal
(N) and fast (F) speech foi
Speaker VH and JC, broken down
by contour type

l&A

T r
200 -100 0 100 200

Von

Duration ms relative to V on

300
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onset). For lack of space we cannot present all
the relevant figures and statistical backing; we
refer to Caspers [1992J. The suitability of the
syllable onset is sufficiently demonstrated,
however, by figure 2, which presents the time
(relative to syllable onset) and frequency coor-
dinates of the rise in contours l, 3, 4 and 6, in
normal and fast speech for both Speakers. For
the sake of clarity, rises are collapsed over
both types of flat hals (3-4).

Figure 3 displays the time and frequency
coordinates of the accent-lending fall for the
different contour types in normal and fast
speech, for both Speakers separately. The
vowel onset was chosen äs the synchroniza-
tion point, because it yielded the least unsatis-
factory results relative to the other candidate
anchor points. It is apparent from figure 3 that
the fall has no fixed synchronization point in
the segmental structure. Due to pressure from
a preceding rise, the fall is shifted away from
the beginning of the target syllable. Rather
large alignment differences between Speakers
are visible. The timing of the accent-lending
fall relative to the segmental structure seems
to be free, within a relatively wide time mar-
gin. Finally, figure 3 shows, more clearly than
table 3 above, that the shape of the falls per
Speaker is more or less constant across contour
types.

Conclusion and Discussion

In this research we examined the effects of
three types of time pressure on the phonetic re-
alization of the accent-lending pitch rise and
fall in Dutch. Three aspects of the phonetic re-
alization were studied: shifts in overall pitch
level, shape of individual movements, and
segmental alignment of movements.

Effect of Speech Rate on Pitch Level. In fast
speech both Speakers raised pitch peaks and
valleys; there seems to be no Obligation to

shrink the frequency ränge, since VH in-
creased the ränge when speaking fast, whereas
JC decreased it. This means in our view that
the precise level of valleys äs well äs peaks are
of lesser importance.

Effects of Time Pressure on Shape of Rise
and Fall. When time pressure is created by in-
creasing the speech rate, both the accent-lend-
ing pitch rise and fall are time-compressed
rather than frequency-compressed. The influ-
ence of substituting a phonologically short
vowel for a long vowel is small, but there is a
tendency towards simultaneous frequency ex-
pansion and time compression. The rise and
fall are steeper in short vowels than in long
vowels, which probably means that the Speak-
ers know that they have less time to complete
the pitch movement. The increased steepness
may lead to an overshoot of the target, result-
ing in the counterintuitive finding that the ex-
cursion size of the movemenls is increased a
little. When multiple pitch movements have to
be executed within a limited time span, the ac-
cent-lending rise is strongly compressed in
time. No such effect was found for the accent-
lending fall.

Effects of Time Pressure on Alignment of
Rise and Fall. The onset of the rise seems to
be synchronized with respect to the syllable
onset, but the alignment of the end varies,
mainly depending on the presence of a com-
peting fall. The rise steepens and is terminated
sooner äs the onset of the following fall is
nearer. No anchor points were found for be-
ginning or end of the fall.

Summarizing the influence of time pressure
on the shape äs well äs the alignment of the ac-
cent-lending pitch rise, the movement is short-
ened and steepened, roughly maintaining a
synchronization of the onset of the rise with
the onset of the syllable. In our view this
means that the precise shape of the rise is rela-
tively unimportant, whereas the alignment of
the start of the movement with the segmental
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structure is the more important feature of the
rise. For the accent-lendmg fall the opposite
seems to be true: the timing of the fall is less
rigid, but the shape of the fall is relatively in-
variant (within Speakers), and therefore the
shape seems to be the more important feature
for the fall.

Our conclusion that it is the onset of the rise
that is anchored in the segmental structure is in
contrast to earlier suggestions that the relevant
anchor point for the rise is in the offset, at 50
ms after the vowel onset ['t Hart et al., 1990].
In the phonological school of Intonation, äs
well [Pierrehumbert, 1980; Gussenhoven,
1988], the peak rather man the onset of the ns-
ing tonal accent (at least in 'hats') is regarded
äs the more important feature: the end of the
rise is called the 'target' and is associated with
the accented syllable ('H*')· It seems reason-
able to assume that (i) the 'target' is anchored

in the segmental structure, such that (ii) the
high tone level coincides with the earliest part
of the accented syllable with high intensity,
i.e. with the vowel onset or CVjunction
[Ohala and Kawasaki, 1986]. Our results,
however, indicate that this is not the case: (i)
the peak is not anchored in the segmental
structure, but the Start of the rise seems to be
attached to an invariant point, and (ii) the syn-
chronization point is not the high intensity CV
junction, but the intensity minimum (syllable
onset).

In a recent experiment [Caspers and van
Heuven, in press], the perceptual relevance of
our synchronization of the accent-lending rise
was tested, resulting in a preference for a syn-
chronization of the onset of the rise with the
syllable onset, over an anchoring of the end of
the rise relative to the vowel onset.

References

Caspers, J Effects ot speech rate on ac-
centuation and boundaiy maiking,
an exploratory investigation (m
Dutch) Interim report l on NWO
research project 'Pitch movements
under Urne pressure' (No 300-173-
005), Department of Lmguistics/
Phonetics Lab, Leiden Umversity
(unpubhshed, 1990)

Caspers, J Lmguistic and phonetic as-
pects of accent-lending and bound-
aiy-markmg pitch movements under
üme pressure (m Dutch) Intenm le-
port 2 on NWO research project
'Pitch movemenls under time
pressure' (No 300-173-005) De-
partment of Lmguistics/Phonetics
Lab, Leiden Umversity (unpub-
hshed, 1991)

Caspers, J , van Heuven, V J Phonetic
and linguistic aspects of pitch move-
ments m fast speech m Dutch Pioc
12th Int Congr Phoiiet Sei, 1991,
vol V,pp 174-177

Caspeis, J Phonetic reahsation of
Dutch accent lending pitch move-
ments under vanous kinds of time
pressuie Interim leport 3 on NWO
lesearch pioject 'Pitch movements
under time piessuie' (No 300-173-
005) Depaitment of Lmguistics/
Phonetics Lab, Leiden Umversity
(unpubhshed, 1992)

Caspers, J , van Heuven, V J Percep-
tion of low-anchormg versus high-
anchoimg of Dutch accent-lending
pitch uses Proc ESCA Woikshop
on Piosody, Lund 1993 (in prcss)

Gussenhoven, C Adequacy m Intona-
tion analysis The case of Dutch, in
van der Hülst, Smith, Aulosegmen-
tal sludies on pitch accent, pp
95-121 (Föns, Dordrecht 1988)

Hart, J 't, Colhet,R,Cohen, A A per-
ceptual study of Intonation (Cam-
bridge Umvcisity Piess, Cambndge
1990)

Hermes, D J Measurement of pitch by
subharmomc summaüon J acoust
Soc Am 83 257-264(1988)

Kohler, K J F0 m speech timing Ar-
beitsber Inst Phonet Umv Kiel 20
55-98(1983)

Ohala, J J , Kawasaki, H Prosodic
phonology and phonetics Phonol
Yb 3 113-127(1986)

Pienehumbert, J B The phonology
and phonetics of Enghsh Intonation,
PhD diss Massachusetts Institute of
Technology (1980)

Sundbeig, J Maximum speed of pitch
changes m Singers and untiamed
subjects J Phonet 7 71-79
(1979)

Zanten, E van, Damen, L , Houten, E
van The ASSP speech database
SPIN/ASSP Rep No 41 (Speech
Technology Foundation, Utrecht
1991)

171


