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Timing of Pitch Movements and 
Perceived Vowel Duration 

Willem Rump* 

Abstract 

In this report research is presented concerning the perceived du
ration of a vowel embedded in a Dutch sentence as a function of 
the timing of fundamental frequency changes. Dutch subjects were 
asked to adjust the duration of a vowel (/i/) in a monosyllabic word 
so that it would fit best into the sentence structure given a certain 
pitch movement. Three pitch contours on the vowel were tested, 
a Rise, a Fall, and a Pointed Bat. lt was found that there were 
two opposite trends: the earlier the Fall, the longer the vowel dura
tion was adjusted, the earlier the Rise or Pointed Bat, the shorter 
the duration was adjusted. Bowever, differences in adjusted dura
tions were smaller than JND's so that they were considered to be 
too small to be perceived as· differences in duration. Therefore, a 
post-hoc experiment was conducted in which listeners were asked 
to indicate which timing variant of the pitch movement resulted in 
the most prominent vowel (at a given physical duration). Results 
showed that the vowel under the condition of the timing variant 
that had resulted in the shortest adjusted vowel duration, attracted 
most "more prominent" judgments. We concluded that the timing of 
the pitch movements inftuenced the perceived prominence of a vowel: 
the more prominent a vowel was perceived ( depending on timing of 
the pitch movements), the shorter its duration was adjusted. The 
general conclusion was that timing of pitch movements may inftu
ence the perceived vowel duration, but because of the rather small 
differences in adjusted durations it seems more plausible that dura
tion adjustment was performed on the basis of perceived prominence 
rather than on the basis of perceived vowel duration. 

• Student of Phonetics, University of Utrecht 
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1 Introduction 

1.1 Timing of pitch moveinents and perceived vowel 
duration 

lntonation and temporal structure are very important factors for the per
ceived naturalness of synthetic speech. lntonation is the complex of funda
mental frequency changes which are produced intentionally by a speaker 
and which are perceived as pitch movements. The temporal structure of 
speech consists of the pauses and segment durations realized by a speaker. 

· lt is perceived as rate and rhythm of an utterance. 
Vowel duration and F0-change are two speech parameters which have of
ten been studied separately. Up to now very little is known about the 
potential inftuence of their interaction in speech perception. The research 
reported here deals with the question whether the timing of fundamental 
frequency changes inftuences the perception of vowel duration. 

In comparative studies of Dutch and German speech it bas often been 
noted that Dutch vowels are perceived as being shorter than German 
vowels, although they have nearly the same physical duration. In the 
dissertation by Van Dommelen concerning temporal factors in foreign ac
cent (1980), data indicated that Dutch students of German Language and 
Literature exaggerate the duration of German vowels. This especially 
holds for the vowel /i/ (Van Dommelen, 1980, Appendix B, Tables I and 
111). Van Dommelen concluded (p. 177) that these students had devel
oped an incorrect internal criterion for vowel duration in German, which 
yields over long vowels. However, the German vowels produced by naive 
Dutchmen were perceived by German native speakers as being too short, 
although the physical duration was produced correctly (Van Dommelen, 
1980, p. 188). 
The recent dissertation on German intonation by Adriaens (1991) makes 
clear that large differences in timing of pitch movements exist between the 
intonation systems of Dutch and German. In German, pitch movements 
start later in the syllable and last Jonger than in Dutch. In addition, the 
size in semitones ('ST') of pitch movements is larger in German than in 
Dutch. In Figure 1 these differences are illustrated for the Dutch and Ger
man accent-lending pitch rise. The rate of F0-change is somewhat higher 
in Dutch than in German (50 ST /s and 42 ST /s, respectively). 
'Timing' of a pitch movement includes both its duration and its starting 

point, relative to vowel onset of the syllable on which the pitch move
ment takes place. In his dissertation Adriaens speculates that 'specific 
aspects of Dutch and German intonation might inftuence the perceived 
vowel duration' (thesis VI). The possibility of intonational factors inftu-
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Figure 1: Accent-lending pitch rise in Dutch {DJ and German {G). Size 
of the F0 -change in semitones {ST}; the vertically drawn line represents 
the vowel ons et (t = 0). 

encing perception of duration will be explored in the present paper. 
So, the main issue to be discussed is: 

Do intonational factors significantly influence perceived vowel duration? 

In order to answer this question we conducted an experiment which will be 
described in section 2. But before describing the experiment we present 
a short overview of previous research on the interaction between pitch 
movements and perceived vowel duration (section 1.2). In section 1.3 we 
present our own hypothesis. 

1.2 Previous research in the field 

The number of studies concerning the influence of pitch movements on per
ceived vowel duration is rather limited. From 1976 on several researchers 
published articles on this topic, hut after two years this stream ran dry. 
Most experiments used the method of 2 interval 2 alternative forced choice 
discrimination (without feedback) between isolated vowels of equal dura
tions. Only one experiment was reported in which subjects had to adjust 
vowel durations (Rosen, 1976). The main conclusion from these exper
iments was that a relationship between presence or absence of a pitch 
movement and perceived vowel duration exists. Research on Tone Lan
guages (e.g. Cantonese, Thai, Mandarin, and some specific languages in 
Africa and Northern and Southern America) also showed a relationship be
tween tonal movement and perceived vowel duration (see Gandour, 1977, 
for an overview). In addition, it was concluded recently that vowel dura-
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tion might have an enhancing effect on the discrimination of tones (Blicher 
at al. , 1990). 
Because of the diverse and interestiiig results of the studies the methods 
and the main results will be briefty discussed hereafter. They will be 
discussed more thoroughly in section 7 .1 . 

1.2.1 Forced choice discrimination 

Most investigators used the method of forced choice discrimination be
tween synthesized vowel(-like) stimuli. The stimuli, being isolated vow-

. els (Lehiste, 1976; Rosen, 1977; Blicher et al., 1990) or isolated vowels 
and complex non-speech signals (one formant) (Pisoni, 1976; Wang et al., 
1976), were synthesized with different pitch contours and different dura
tions ( all of them lasted at least 200 ms). Listeners were presented with 
pairs of stimuli and they had to decide which of the two stimuli that con
tained different pitch contours, had the longest duration (i.e. 2 interval 
2 alternative forced choice discrimination), but no feedback was given, 
because differences in physical duration did not exist. Subjects also were 
presented with stimulus pairs containing identical level-pitch stimuli. This 
was done to measure judgment shifts. The number of "longer" judgments 
for the stimulus containing a pitch movement was then compared with the 
number of" Jonger" judgments that resulted when the stimulus containing 
alevel pitch occurred in the same position within the stimulus pair. 
In most of the experiments the stimuli within a pair had equal durations, 
except in the experiment by Rosen (1977). This may have influenced the 
obtained results (see section 1.1.3). 

Lehiste (1976), Pisoni (1976), and Wang et al. (1976) reported that an iso
lated vowel was judged to be Jonger when containing a pitch movement. 
Wang et al. (1976) observed that rising pitch on one of the stimuli in the 
pair created a greater shift towards "Jonger" judgments ( compared with 
level-level stimulus pairs) than did falling pitch. Lehiste (1976) compared 
stimuli containing a rising-falling pitch with stimuli containing a low level 
pitch, and stimuli containing a falling-rising pitch with stimuli containing 
a high level pitch. She systematically varied the size of the F0-changes. 
Only a slight correlation between the size of F0-changes and "Jonger" judg
ments was found. Therefore, she concluded that the presence of a pitch 
movement was enough to serve as a cue for listeners to perceive the vowel 
as being stressed: because both pitch movements and duration are corre
lates of stress, the 'stressed' vowel was judged to be Jonger. 

Rosen (1977) was the only one who performed quantitative measurements. 
He determined Points of Subjective Equality (PSE) for so-called 'Stan
dards'. A PSE is the duration of a reference stimulus that would lead to 
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a random score (i.e. 50 % "longer" judgments for the Standard and 50 % 
"longer" judgments for the reference stimulus). 
The Standards were isolated vowels 'of 200 ms containing different pitch 
contours: a rising pitch, a falling pitch, and three level-pitch contours (100 
Hz, 150 Hz, and 200 Hz). They occurred in first or second position within 
a pair, and were compared with isolated vowels of four different durations 
(170, 185, 215 and 230 ms), containing a pitch of 150 Hz. 
When the Standards occurred in first position the results were: for the 
vowels containing a rising pitch and a falling pitch, the PSE's were ob
tained by the reference stimulus with mean durations of 226 ms and 212 

· ms, respectively. For the vowels containing a 200 Hz, a 150 Hz, and a 100 
Hz level-pitch contour, the PSE's were obtained by the reference stimulus 
with mean durations of 228 ms, 218 ms and 188 ms, respectively. When 
the Standards occurred in second position, the PSE's for the vowels con
taining a rising pitch and a falling pitch were about 10 ms Jonger than 
PSE's for the vowels occurring in first position (235 ms and 224 ms, re
spectively). For the vowel containing a 150 Hz pitch, the PSE was 34 ms 
shorter than the PSE for the vowel occurring on first position (the Stan
dards containing a 100 Hz and a 200 Hz pitch contour were not tested in 
this position). 
Rosen (1977) concluded that vowels containing a rising pitch were per
ceived to be longer than vowels containing a falling pitch. He also con
cluded that the pitch throughout the vowel had some influence on the 
perceived duration of the vowel as well: the higher the pitch, the more 
"longer" judgments resulted. 

Furthermore, Rosen (1977) determined Difference Limens (DL). A DL is 
the level at which duration differences wilt be perceived in, e.g. 75 % of 
the times they occur. A duration difference of 1 DL wilt thus be perceived 
by 75 % of the listeners. 
The DL's Rosen calculated, ranged from 15 ms to more than 40 ms. The 
differences in PSE's for stimuli containing a level pitch and for stimuli 
containing a rising or falling pitch were not larger than one DL, so that it 
was concluded that 'effects (of pitch movements on perceived vowel dura
tion) are probably too small to be of much importance in speech anyhow' 
(Rosen, 1977, p. 29). 

In the experiment conducted by Lehiste (1977a) more linguistically in
spired stimuli were used. She studied whether a pitch movement on a 
vowel would influence the perception of voicedness of the following con
sonant. She made two duration continua, in which the vowel either con
tained a falling pitch or not, of word pairs like 'bat'-'bad'. lt is known 
that a Jonger vowel duration results in more voiced-responses. She con
cluded that providing the vowel with a falling pitch had the same effect 
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as lengthening of the vowel. 
Blicher et al. (1990) conducted research on the Tone Language of Man
darin. In this Chinese language Torie 2 and Tone 3 are very difficult to 
learn and to discriminate (even for Mandarin native speakers). Tone 2 
consists of a short part of the vowel containing a level pitch, followed by a 
long part of the vowel containing a rising pitch. Tone 3 consists of a falling 
pitch, followed by a rising pitch starting halfway in the vowel. The overall 
pitch is (a little) higher in Tone 2. Blicher et al. synthesized Fo-continua 
(using /bV /-syllables) between Tones 2 and 3 at two syllable durations . 

. In an identification task the longer syllable duration resulted in more Tone 
3 responses. lt was concluded that lengthening of the syllable enhanced 
the perception of Tone 3. 
In a subsequent discrimination experiment Tone 2 and Tone 3 stimuli (be
ing the end points of the continua in the identification experiment) were 
compared pairwise, and listeners had to decide which of the stimuli had 
a longer duration. Blicher et al. expected Tone 3 to be judged "longer" 
(having a more complex F0-structure: falling-rising pitch; Tone 2: level
rising pitch). Surprisingly, there were significantly more Tone 2 responses. 
As they stated it: 'At present, we have no explanation for the greater per
ceived length of Tone 2 contours' (p. 46). 

1.2.2 Duration adjustment by external criteria 

Rosen (1976) criticized the set-up of the experiment by Lehiste (1976): in 
the experiment the effects of the two pitch contc- ns could not be compared 
directly, since the reference contours had not been the same (one being 
a high pitch contour, the other being a low pitch contour). Because of 
many non-significant shifts in "Jonger" judgments, he expected the effects 
to be of little interest for speech perception. Furthermore, no quantitative 
measurements were performed on the differences between the perceived 
durations. 
Therefore, Rosen set up a duration adjustment experiment in which lis
teners were asked to adjust the duration of a stimulus in order to make it 
perceptually equally long as a stimulus presented as the reference stimu
lus. The stimulus to be adjusted always had a level pitch; the reference 
stimulus contained five different pitch contours, but a constant duration. 
Two subjects took part in the experiment which was divided into two 
identical sessions. 
The outcome was that during the first session pitch rises and pitch falls 
on the reference stimulus resulted in a longer adjusted duration of the test 
stimulus. However, during the second session hardly any effect of pitch 
movements on the adjustments could be measured. 
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1.2.3 Concluding remarks on previous research 

From the previous research the main. conclusion that could be drawn was 
that there exists an interaction between absence or presence of a pitch 
movement and the perceived duration of a vowel. Only one plausible ex
planation for this effect was stated (Lehiste, 1976): vowels containing a 
pitch movement are perceived as being stressed, and, therefore, as being 
Jonger. 
lt was observed by Rosen (1977) that not only the actual movement of 
the pitch seemed to play a role in duration judgment, but also the (mean) 

· pitch throughout the vowel: the higher the pitch, the more "longer" judg
ments. 
Rosen (1976, 1977) doubted whether pitch movements would have any 
inftuence on duration perception of vowels in connected everyday speech, 
since the effects were marginal. However, a possible linguistic role of the 
perceptual inftuence of pitch movements on perceived vowel duration was 
shown by the studies of Lehiste (1977a) and Blicher et al. (1990). 

Concerning the experiments discussed above we must consider the kind of 
stimuli that were used in the experiments and stimulus presentation. First, 
the stimuli that were used in the tests were always vowels in isolation and 
of extreme durations. This is the kind of analytic approach against which 
e.g. Huggins (1972b) warned: 'extrapolating and combining results ob
tained with "simpte" stimuli' ... 'has led to widespread neglect of aspects of 
running speech, such as intonation, timing, and rhythm' (Huggins, 1972b, 
p. 1279). So, the processes that are really going on in the perception of 
running speech may be obscured: in Dutch and German connected speech 
F0-changes generally start before vowel onset and often end after vowel 
offset. 
Furthermore, a very strong tempora) order effect was found in all pairwise 
comparison experiments (and therefore perhaps in the duration adjust
ment experiment conducted by Rosen, 1976, as well). Due to this effect 
(sometimes called 'initia) prominence') the stimulus presented first within 
a pair always attracted much of the listener's attention and, therefore, it 
resulted in more "Jonger" judgments. 
Finally, subjects were presented with stimuli of exactly equal durations. In 
some pilot experiments which we conducted prior to the main experiment 
described below, indications were found that listeners possibly were aware 
of the fact that durational differences did not exist. Subjects reported to 
have abstracted from intonational phenomena, being able to concentrate 
on the physical duration of the stimuli (that were equally long). This 
might also explain why in the second session of the duration adjustment 
experiment conducted by Rosen (1976) the effect of pitch movements dis
appeared. 

8 



Subjects thus may have performed discrimination tasks using other cues 
than durational ones. This seems to be a serious problem. We will return 
to this problem in section 4. First, we will present the hypothesis of the 
present experiment. 

1.3 Present experiment: duration adjustment by in
ternal criteria 

In order to find an answer to the question stated in section 1.1, viz . 
. whether intonational factors inftuence perceived vowel duration, the 
present experiment was carried out. In the investigations by others which 
were summarized above, most attention was paid to the inftuence of pres
ence or absence of pitch movements on perceived vowel duration. In the 
present study we focused on only one feature of pitch movements: timing. 
We define timing of pitch movements in terms of starting point and dura
tion of the F0-change. 
In order to avoid the effect of initial prominence the stimuli were presented 
individually instead of pairwise. Dutch subjects were asked to adjust the 
duration of a vowel under the condition of pitch movements that were 
differently timed. They were asked to make its perceived duration ac
ceptable according to their internal criterion for vowel duration. Such 
internal criteria ( or 'men tal patterns ') have been reported to be very re
liable (Nooteboom, 1972). The internal criterion for vowel duration is 
regarded to be language-specific: Dutch listeners know within strict limits 
how long a Dutch vowel should sound in a given context. If a vowel sounds 
too long or too short, its duration will be adjusted in order to satisfy the 
internal criterion. 
In the present experiment we tested whether 'non-Dutch' timing of pitch 
movements would or would not result in perceived vowel durations which 
were significantly different from perceived durations under the condition of 
Dutch timing. Differently perceived durations would result in differently 
adjusted durations. According to van Dommelen (1980), German vowels 
are perceived to be longer than Dutch vowels having the same physical 
duration. According to Adriaens (1991), differences in Dutch and Ger
man intonation may be the reason why German vowels are perceived to 
be longer. In German, pitch movements occur later in the syllable and 
have longer durations than in Dutch. 

So, the Main Hypothesis tested in the present experiment, was: 

Timing of pitch movements inftuences perceived vowel duration. 

Our assumption was that differences in perceived vowel duration would 
result in differently adjusted vowel durations. 

9 



The outcome of the present study will teil us if significant differences in 
adjusted duration exist. 
In the next section the experimental s~t-up will be discussed. Subsequently 
the results will be presented. The last section contains a discussion of the 
experimental findings, and the conclusions which can be derived from the 
experiment. 

2 Method 

· 2.1 Design of the experiment 

The aim of the present experiment was to discover whether perceived vowel 
duration could be influenced by the timing of pitch movements. We were 
interested in the effect of timing of pitch movements in connected speech. 
The subjects took part in the experimental sessions individually. The ex
perimental task of the subjects was to adjust the duration of the vowel /i/ 
according to their internal criterion. The internal criterion was chosen to 
be the reference duration in order to avoid the obscuring tempora) order 
effects that were reported in previous research. 
The vowel of which the duration was to be adjusted was embedded in a 
carrier sentence. This was done for several reasons. First, pitch move
ments in connected speech often start before vowel onset, or end after 
vowel offset. Second, the subjects had to be enabled to detect the size 
of the F0-change, even if the vowel was too short to contain much of the 
change. Finally, by embedding the vowel in a sentence, speaking rate and 
rhythmic structure of the sentence were available to help the listeners keep 
the internal criterion relatively constant. 

The vowel /i/ was embedded in the Dutch carrier sentence 'Heb je LIEN 
laatst nog ontmoet?' ('Have you met LIEN recently?'). The sentence was 
recorded and resynthesized with sentence accent on 'Lien' (a Dutch girl's 
name). Detailed information about stimulus preparation will be given in 
section 2.2 . 
Three pitch contours were tested: a pitch rise of 7 ST (henceforth called 
'Rise'), a pitch fall of 7 ST (henceforth 'Fall') and a complex contour 
consisting of a Rise (7 ST) followed by a special Fall (7 ST) (henceforth 
'Pointed Hat'). The size for Dutch pitch movements is around 6 ST, for 
German it is around 7 .5 ST. We only wanted to study the effect of timing of 
pitch movements; so, since differences in the size of F0-changes have been 
reported to influence duration-judgments (Lehiste, 1976; Rosen, 1976), a 
fixed size of 7 ST was chosen. Examples of the pitch contours are repre
sented in Figure 2. 

For each of the pitch contours four timing variants of the pitch movement 
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Figure 2: Examples of the test sentence 'Heb je Lien laatst nog ontmoet?'. 
Three pitch contours containing a pitch movement (rising, falling and ris
ing-f alling, respectively) on the vowel /ij, are represented. The vertically 
drawn line indicates the vowel onset of /•Ï· 

were tested. Next to the timing variants of Dutch and German two more 
extreme variants were included. 

Each pitch contour was tested in a separate session. The sessions took 
place on different occasions, in most cases on three different days. In the 
first session Rises were tested, in the second one Falls, and finally Pointed 
Hats. Adjustments began at both starting points of the duration contin
uum, to account for the effect of hysteresis. At one starting point the 
vowel /i/ was obviously too long, at the other it was too short. For each 
starting point and for each timing variant six adjustments were obtained 
per subject. 
Per session (i.e. per pitch movement) the following factors were regarded 
to be sources of variance: 

• Subjects 

• Timing Variants: 4 levels 

• Starting Points: 2 levels 
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• Repetitions: 6 levels 

2.2 Preparation of stimuli 

2.2.1 Recording of the speech signa) 

The stimuli used in the test were versions of the Dutch LPC-resynthesized 
sentence 'Heb je LIEN laatst nog ontmoet?' ('Have you met LIEN re
cently?'). A male speaker was asked to read the sentence aloud and to 
articulate carefully. The rate was normal, the duration of the sentence was 

• 1.6 s. The speaker was instructed to place the sentence accent on the word 
'Lien'. A digital recording via PCM was performed on video tape (video 
recorder Philips VR6860) using a Bruel & Kjcer (type 4003) condensor 
microphone. Subsequently the speech signa) was sampled into computer 
storage by AD conversion at 10 kHz sampling frequency. To allow dura
tional as well as fundamental frequency manipulations without seriously 
affecting amplitude values the speech signal was coded in the form of LPC
parameters. (We expected that PSOLA-manipulation would result in an 
even higher speech quality. However, during pilot tests concerning isolated 
vowels that were manipulated with the PSOLA-implementation available 
at that time subjects spontaneously reported that they heard large dif
ferences in amplitude, which may have been due to the compressing and 
stretching of the waveform.) 
To preserve a relatively high speech quality the waveform was analyzed 
with a filter consisting of twenty coefficients, which are determined by 
specifying 10 resonances, each with their own tuning frequency and band
width (LPC-20). The update frequency was 1000 Hz resulting in a frame 
duration of 1 ms. The parametrized speech signal served as the basic ma
terial for the stimuli to be prepared. The amplitude and duration values 
of the original signa) were preserved, hut the fundamental frequency was 
set to 100 Hz. 

2.2.2 Manipulation of the speech parameters 

Subjects performed duration adjustments by pressing number keys on a 
keyboard. When they pressed a key the subjects were presented with a 
prepared speech file. The preparation of the speech files will be described 
next1 • 

DURATION: the first step was to prepare parameter files containing the 
appropriate vowel durations. The short frame duration of 1 ms allowed 
very accurate manipulation of the duration parameter. The original vowel 

1 The programs which were used to manipulate the LPC parameten are liated in 
Appendix 1. 
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duration was 110 ms. In order to enable duration adjustment by the 
subjects, a duration continuum was prepared. The duration continuum 
ranged from a vowel duration of 30 ins to a vowel duration of 190 ms, in 
eight steps of 20 ms. Therefore, the continuum consisted of nine dura
tions, the original duration being in the middle. A step size of 20 ms was 
chosen to enable listeners to detect differences in duration at least between 
durations being two steps apart from each other (i.e. 40 ms, being about 
one DL). 
Duration manipulation took place in the steady state part of the vowel, 

. leaving the first 30 ms and the last 30 ms (i.e. on- and offset) of the vowel 
unaltered; only to prepare the two shortest durations even the onset and 
offset of the vowel had to be shortened. 
To reduce computer memory load the frame rate was changed from 1 ms 
to 5 ms after duration manipulation. The nine resulting files which dif
fered only in vowel duration, served as input for the F0-manipulation. 

FUNDAMENTAL FREQUENCY: the second step was to create the pitch 
contours Rise, Fall and Pointed Bat. First, two declination lines were 
drawn over the whole sentence. The low declination line started at 101 
Hz and ended at 75 Hz (for a motivation of these values see Terken, to 
appear), the top line was parallel to it, but 7 ST higher. 
Subsequently the question-marking pitch rise at the end of the sentence 
was re-introduced, which began 120 ms before the end of the last voiced 
segment of the sentence, and which had a size of 6 ST (see for examples 
of the pitch contours Figure 2). Then the fundamental frequency patterns 
on the vowel /i/ were drawn ac(:ording to the timing values represented 
in Table 1. 

Four timing variants were tested: 

• very early 

• early 

• late 

• very late2 

The starting points relative to vowel onset and the durations of the F0-

changes are listed in Table 1. The Pointed Bat consists of the Rise followed 
by a special Fall. 

For the Rise and the Pointed Bat the early and late timing variants 
correspond exactly to the Dutch and German standards of timing of pitch 

2The notions 'early' and 'late' refer to the moment of Fo-change in the ayllable relative 
to vowel onset. 
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Table 1: Timing of the tested fundamental frequency timing variants (ms). 
Onsets are relative to vowel onset. (.1): Dutch (t): German. (The fixed 
size of the Fo-changes was 7 ST.) 

1 lllSE FALi. FALi. IN POINTED HAT 
1 
1 onaet duration onaet duration onaet duration 

----------1-------------------------------------------VEJlY EULY I -120 120 -120 120 30 120 
1 

u.llt.Y 1 -'70(1) 120(1) -'70 120 80(1) 120(1) 
1 

LATE 1 -60(2) 180(2) -60(1) 180(1) 150(2) 180(2) 
1 

VEllY LATE 1 0 180 0(2) 180(2) 210 180 

movements, as they are used to synthesize Dutch and German pitch con
tours, respectively. The Fall in Dutch and German intonation occurs a 
little later in the syllable than Rises and Pointed Hats (see Collier, 1991). 
But, the above timing variants were chosen to enable direct comparisons 
between pitch contours. The resulting pitch contours are drawn in Figure 
3 (only the F0-contours of the word 'LIEN' are shown). 

After duration- and fundamental frequency manipulation 108 (12 x 9) data 
files resulted: each of the three F0-conditions had four timing variants, and 
each of the twelve timing variants needed its own duration continuum, con
sisting of nine durations. Eventually the data files were resynthesized to 
speech files by means of pitch-synchronous LPC. 

During manipulation of the fundamental frequency values one problem 
showed up: due to the extremely short duration of the vowel /i/ much 
of the Pointed Hat contour shifted onto the next word ('laatst'). This 
appeared to be the case in the two shortest stimuli of the very late timing 
variant. lt introduced an accent shift from 'Lien' to 'laatst'. This was 
expected to distract the subjects, inftuencing the scores of all other timing 
versions in the Pointed Hat session. Therefore, stimuli 1 and 2 (containing 
an /i/ of 30 ms and 50 ms, respectively) of the very late Pointed Hat were 
replaced by stimulus number 3 (containing an /i/ of 70 ms) of the same 
continuum. The shortest duration in that continuum was thus 70 ms. 
This was expected to inftuence the results only if listeners would adjust 
the vowel duration to extremely short values (i.e. shorter than 70 ms). 
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Figure 3: F0 -timing variants on the word 'LIEN': vers, early {IJ, early {II), 
late (III), and very late {IV). Above: Rise (straight lines} and Pointed Hat 
{dashed lines); Below: Fall. The vertically drawn line represents the vowel 
onset (t = O}. 1}: Dutch, t): German. 

2.3 Subject selection 

In the duration adjustment experiment 19 subjects took part. They were 
research associates and students working at the IPO ( unfortunately no 
Dutch students of German Departments were available to join the exper
iment). Neither of them reported any hearing loss. At least six of the 
subjects were experienced in intonation research and one of them had also 
experience in listening to sentence-like stimuli concerning segmental du
rations. 
In order to discard data of subjects who proved to be quite unstable in 
their adjustments the following criterion was chosen: if the standard de
viation of the individual data for three of the twelve timing variants was 
larger than 20 ms, the data of the subject were excluded. To allow amore 
or less direct comparison between the data for the three pitch contours, 
all the data of the excluded subjects had to be thrown away. 
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2.4 Procedure: adjustment of vowel durations 

The subjects were instructed to adju~t the duration of the stressed vowel 
/i/ in such a way that it would perfectly fit into the temporal structure 
of the sentence, according to the subject's opinion (i.e. bis or her internal 
criterion). 
During the experiment the subjects were seated in front of a computer 
screen and a keyboard. The test stimuli were presented over headphones 
(Sennheiser, type HD 425) in a quiet room of a studio in the IPO building. 
The subjects started each session with an introductory run in which the 

· test instructions appeared on the computer screen (see Appendix 3). Dur
ing the introductory run the subjects were presented with the four timing 
variants of the pitch contour to be tested in that session, and in order to 
learn the task the subjects performed one duration adjustment for each 
timing variant. 
The subjects performed duration adjustments by pressing the number keys 
on the keyboard. After pressing a number higher than '5' they heard the 
sentence with a longer /i/ (relative to the former adjustment), pressing a 
number lower than '5' resulted in a shorter /i/ (relative to the former ad
justment). The further the key number was away from '5', the greater the 
resulting change in vowel duration was. Whenever key '5' was pressed, the 
adjustment made last was presented again. The subjects were instructed 
to press the 'return' key when they had finished one adjustment: the ad
justed duration was then recorded and the next trial started. 
For each subject the experiment was divided into three sessions, in each of 
which one pitch contour was tested. During a session a subject performed 
48 adjustments. A session consisted of six experimental runs and in each 
run eight trials (i.e. duration adjustments) took place. Within each run 
the four timing variants were presented twice (starting on both starting 
points of the duration continuum). Within a run the order of presentation 
was randomized. 
The total number of data recorded for each subject was 144 (3 x 48). 

3 Results 

3.1 The main experiment 

After the main experiment the data of 19 subjects were analysed. Sub
jects who turned out not to be very sure about duration adjustments they 
performed (their data showed very large variance) were discarded. The 
criterion was that the standard deviation of the individual data for nine of 
the twelve mean adjustments (three pitch contours, four timing variants) 
should be less than 20 ms. The data of seven subjects had to be discarded, 
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which indicates that the experimental task was rather difficult. 
One subject adjusted the vowel duration to 30 ms (the shortest duration 
in the continuum) 136 times out of 144, which resulted in a so-called 'ftoor 
effect'. The data of this subject were also discarded. 

The total number of data remaining after subject selection was 1584 (11 
subjects). The data were recorded in 3 sessions in which every subject 
made 48 adjustments. Most subjects completed a session within half an 
hour. 
Inspection of the data showed that some of the subjects had adjusted vowel 

• durations at values lower than 70 ms. Since the shortest duration in the 
duration continuum of the very late timed Pointed Bat was 70 ms (see 
section 2.2.2), the (132) data of this timing variant of the Pointed Bat 
had to be excluded. 

First, the reliability coefficient, which indicates to what extent variance 
was systematic variance, was estimated, in order to test how certain the 
subjects were in performing the experimental task. The higher the reli
ability coefficient, the more certain the subjects were in adjusting vowel 
durations. To calculate reliability coefficients the Split Half method was 
used: the test was divided into halves, even and odd repetitions, and 
then the correlation between the two parts was calculated. Using the 
Spearman-Brown formula (see Ferguson and Takane, 1989, Ch. 24) the 
reliability for the whole test was estimated. lt turned out to be more than 
85 %. The reliability coefficients for the three sessions were: .82 for the 
Rises, .83 for the Falls, and .90 for the Pointed Bats. There seemed to be 
a slightly increasing certainty of the subjects in the course of the experi
ment. 

Subsequently, the pooled mean scores and the standard errors of the mean 
( SEM's) were calculated for every timing variant for each of the pitch con
tours (Figure 4)8• The calculated values of pooled means and SEM's are 
listed in Table Il, and the plotted means and SEM's for the individual 
subjects are listed in Appendix 2. 

The mean score for each timing variant is based on (11 x 2 x 6 =) 132 
observations. All mean adjusted vowel durations feil in a rather limited 
region, between 80 and 95 ms. The total range of the individual means 
was very large (80 ms, see Appendix 2.): from a mean duration of 35 ms 
(subject MB) to a mean duration of 115 ms (subject JH). 
For the pooled data in Figure 4 the largest difference of mean adjusted 
durations within one pitch contour was 10.5 ms. This was the case for 
the very early and the very late timing variant of the Fall. Between pitch 
contours the largest difference of means was 12. 7 ms: this was the case for 

3The statistica) software package ALICE was used to perform the atatistical analyses. 
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Figure 4: Plotttd Means and SEM's (vertical 6ars) of the adjusted du
rations /or each of the timing variants of Rises, Falls and Pointtd Bats 
{pooltd data, N=19t). {I: very early, Il: early, lil: late, IV: very late.) 

Table II: Means and SEM's in milliseconds of the adjusttd durations /or 
the three pitch contours Rise, Fall and Pointed Hat {pooltd data, N=19f}. 

TIMING VARIANT 

1 Very early larly Late very late 
1 
1 Mean Mean Mean Mean 
I (SEMI (SEMI (SEMI (SEMI 

------------1------------------------------------------------------I 
USE 1 82.3 87.6 86.S 88.6 

1 2.0 2.0 2.0 2.0 
• 1 

FALL 1 9S.0 90.9 87.3 84.S 
1 1.8 l.6 l.S l.S 
1 

POINTED BAT 1 82.9 88.0 88.9 
1 l.7 2.0 1.8 
1 

the very early timing variants of the Rise and the Fall. 

In order to test the main effect of Pitch Contours on duration adjustments 
made by the subjects, an Analysis of Variance (ANOVA) was performed 
over the whole set of data ('overall'). Because of the missing data for 
the very late Pointed Hat only the first three timing variants could be 
included. The factors included were: Subjects (11), Pitch Contours (3), 
Timing Variants (3), Starting Points (2) and Repetitions (6). The overall
ANOVA was performed twice: two relevant replication factors were cho
sen: Subjects (Ss) and Repetitions (Rs). The within-cell variance of the 
Repetitions factor was expected to be smallest: the within-cell variance of 
the Subjects factor was rather large because of very large inter-subject dif
ferences (the factor Subjects turned out to be highly significant, p< .01). 
Although choosing the Subjects factor to be the replication factor would 
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result in fewer significant differences, significant differences that resulted 
would not be specific for the limited group of subjects tested in the present 
experiment. · 

The results of the overall-ANOVA's showed that there was a highly signif
icant effect of Pitch Contours (p < .01), but this only holds for the repli
cation factor Rs; for the other replication factor (Ss) the effect of Pitch 
Contours was not significant (p > .OS). The interaction effect of Pitch 
Contours x Timing Variants was highly significant for both replication 
factors (p< .01). The main effect of Timing Variants was not significant 

• (both replication factors, see Table 111). 

In order to test the effect of Timing of pitch movements on adjusted vowel 
durations, ANOVA's were performed for each pitch contour. The factors 
included were: Subjects (11), Timing Variants (4, Rise and Fall; 3, Pointed 
Hat), $tarting Points (2) and Repetitions (6). Again the ANOVA's were 
performed twice: replication factors were Subjects (Ss) and Repetitions 
(Rs). The resulting F-values for the factor Timing Variants are listed in 
Table 111, together with the error Mean Squares against which the main 
effect of Timing Variants was tested ( these Jatter values were needed to 
perform F-tests for contrasts, see below). 
For every pitch contour the effect of Timing turned out to be significant. 

Table 111: F-values /or factor Timing Variants and the appropriate error 
Mean Squares against which the factor is tested. Replication factors: Sub
jects and Repetitions. {DF: Degrees of freedom). *: p < .05, **: p < 
.01 

r (Drl,Drl) r (DF1,DF2) 
1 MS error MS error 
1 (SUBJECTS X TIMING) 1 (aEPETITIONS X TIMING) 

-------------1----------------------- --------------------------1 
OVERAI.L 1 1.49 (2,20) 4.05 (2,10) 

1 • 7549 .2786 
1 

RISES 1 3,45• (3,30) 10.82•• (3,15) 
I • 7439 .2372 
1 

FAI.LS 1 11.82•• (3,30) 37.58** (3,15) 
I .5745 .1807 
1 

POINTED KATS 1 9.19•* (2,20) 12,88•• (2,10) 
I .3836 .2737 
1 

This means that within each pitch contour at least one timing variant 
resulted in a significantly different adjusted vowel duration. 

The (planned) comparisons between means were done using the method 
of contrasts (see Ferguson and Takane, 1989, Ch. 18). A contrast is for-

19 



mally defined as 'a weighted sum of the means, where the weights add 
up to zero, but not all weights are zero'. In testing the contrasts F-tests 
were performed. For every pitch contour the appropriate error term was 
the Mean Square against which the main effect of Timing Variants was 
tested, i.e. the Mean Square of the Interaction of Subjects and Timing 
Variants, c.q. Repetitions and Timing Variants. The overall error Mean 
Squares and the error Mean Squares for each of the pitch contours were 
found in the outcome of the earlie~ performed ANOVA's (see Table III). 
The resulting F-values for the tests of contrasts are listed in Table IV. 

. The tests of contrasts showed the following results for the pooled data: 

Table IV: F-values /or the test of contrasts between mean adjusttd dura
tions /or the /undamental /requency timing variants. (/: very early, Il: 
early, 111: late, IV: very late timing.) Replication factors: Subjects {Ss) 
and Repetitions {Rs). *: p < .05, **: p < .01 

PITCH CONTOUlt 

1 aISES I FALLS I POINTED BATS --------1 -----·--- ----------1------------
CONTaAST I r r I r 

• 1 Sa as ss as I sa as 
1 1 

I vs. II 1 6.23* 19,54** 4.83* 15.35•• 1 11.45** 16.05•• 
1 1 

II vs. III I na. ns. ns. il.97•• 1 na. ns. 
1 1 

III vs. IV I ns. ns. na. 6.86• 1 ----
1 1 

I va. III I na. 12,51** 17.12** 54,42** 1 15,80** 22.14** 
1 1 

II va. IV I na. na. 11,62** 36.94** 1 ----
1 1 

I vs. IV 1 8,97** 28.14** 31,42** 99,91** 1 ----
1 1 

- RISES: the difference in adjusted duration between the very early Rise 
and the other three timing variants turned out to be significant for replica
tion factor Repetitions, and at least nearly significant for the replication 
factor Subjects. The means of the other three timing variants did not 
differ significantly. The very early timed Rise resulted in a significantly 
shorter adjusted vowel duration than the other timing variants. 
- FALLS: the mean adjusted vowel durations were significantly different 
for all timing variants of the Fall: the later the Fall was timed, the shorter 
the vowel duration was adjusted. This holds for replication factor Rep
etitions. For replication factor Subjects the means of the early and late 
timing, as well as the means of the late and very late timed versions did 
not differ significantly. 
- POINTED HATS: as with the Rises, the very early timed Pointed Hat 
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resulted in a significantly shorter adjusted vowel duration than the other 
two timing variants. The means of the scores for the early and late timed 
Pointed Bat did not differ significarltly. This holds for both replication 
factors. 
- OVERALL: test of contrasts showed that the overall mean adjusted dura
tion under the condition of Falls was significantly longer than the overall 
mean adjusted duration under the condition of Rises and Pointed Bats 
(but only in the case of replication factor Repetitions were these differ
ences significant, F(2,10)=20.4 , p<.01). 
For the standard Dutch timed pitch movements no significant differences 
in adjusted vowel durations were found. In contrast to it, significant diff er-
ences were found under conditions of German timing: the vowel containing 
a late timed Pointed Bat was adjusted to a longer duration than the vowel 
containing a very late timed Fall (replication factor: Repetitions ). 

As can be seen from Figure 4 the corresponding timing variants of the 
Pointed Bat contour and the Rising contour resulted in very much the 
same adjusted vowel durations. For each of the three corresponding timing 
variants of the two pitch contours differences in adjusted vowel durations 
turned out to be not statistically significant. 

4 Discussion of the duration adjustment ex-
periment 

The main question was whether timing of pitch movements would influ
ence the adjusted duration of a vowel. Although differences were not very 
large, significant differences in adjusted vowel duration occurred for every 
pitch contour. As can be seen from Figure 4, earlier timed Falls resulted 
in significantly longer adjusted vowel durations than did later timed Falls. 
In addition, the very early timed Rise and Pointed Bat resulted in signifi
cantly shorter adjusted durations of the vowel than later timed Rises and 
Pointed Bats. We conclude that timing of pitch movements does influence 
the adjusted vowel duration significantly and, therefore, we reject the Null 
Bypothesis that no significant effect of timing of pitch movements on ad
justed vowel duration occurs. 

Since the Null Bypothesis was falsified and timing of the pitch movements 
resulted in significantly different adjusted vowel durations we would like 
to predict the direction of the adjustments. 
According to van Dommelen (1980) German vowels are perceived to be 
longer than Dutch vowels having the same physical duration. According 
to Adriaens (1991) differences in Dutch and German intonation may be 
the reason why German vowels are perceived to be longer. In German, 
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pitch movements occur later in the syllable and have Jonger durations than 
in Dutch. Because German vowels are perceived to be Jonger than Dutch 
vowels, we state the following Compênsation Hypothesis: 

A relatively ~ timing of pitch movements (compared to Dutch) will re
sult in a relatively lh2tl adjusted vowel duration in order to compensate 
for the relatively long perceived duration, and an relatively early timing 
will result in a relatively long adjusted vowel duration in order to com
pensate for a relatively short perceived duration 4• 

So, the Compensation Hypothesis predicts Jonger percepts in the case 
· of later timing of pitch movements, and shorter percepts in the case of 
earlier timing than Dutch timing. A timing later than in Dutch (like in 
German) would thus result in shorter adjusted vowel durations ( as a com
pensation for the longer perceived durations), while earlier timed pitch 
movements would result in longer adjusted durations (as a compensation 
for the shorter perceived durations). The perceived duration will thus be 
kept constant in order to satisfy the internal criterion. However, as can 
be seen from the results (see Figure 4) the Compensation Hypothesis only 
predicts the results in case of the Falls, but not in case of the Rises and 
Pointed Hats, so that we conclude that it is falsified. 

The results for the Rise and Pointed Hat are quite the same: the part of 
the Pointed Hat containing the pitch rise seemed to play a more impor
tant role in perception than the part of the Pointed Hat containing the 
pitch fall, which indicates that the effect of the Fall in the Pointed Hat 
was overruled by the effect of the Rise it contains). However, we do not 
expect the Fall in the Pointed Hat to be less important than the Rising 
part in the Pointed Hat: this might be illustrated by the fact that the 
Fall in the very late timed Pointed Hat caused an accent shift from 'Lien' 
to 'laatst' (see section 2.2.2) . We think that it is an artifact originating 
from the timing variants chosen in this experiment 5• 

We wanted to test the assumption that listeners tried to keep perceived 
vowel duration constant in order to satisfy their internal criterion for vowel 
duration. Therefore, we set up a control experiment which will be de
scribed in the next section. lf the above mentioned assumption was right, 
then vowels were adjusted to relatively short durations if a particular 
timing variant resulted in a long percept, and vowels were adjusted to 
relatively long durations if a particular timing variant resulted in a short 

4 A control experiment was conducted in which the underlying auumption of the 
main experiment was tested, that voweb which would give relatively long percepts at a 
given duration, would result in relatively short adjusted durations in order to keep the 
perceived duration constant. The control experiment will be described in section 5. 

6 We expect that other timing variants than the ones used in the present experiment 
would have yielded completely different results for all pitch contour&. 
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percept. 

But, in the present experiment lar1,est differences in the pooled means 
were found to be 12 ms. Within one session (one pitch contour) the max
imum difference was even smaller. For the individual subjects, however, 
the largest differences between adjusted durations were about 15 to 20 ms 
(see Appendix 2). These differences were statistically significant, but with 
respect to DL's or JND's found in the literature (for example Huggins, 
1972a, Lehiste, 1970, 1977b, Rosen, 1977, Nooteboom and Cohen, 1984), 
we have to conclude that differences in adjusted duration might not have 

. been large enough to be perceived reliably as differences in duration. 

Nevertheless, listeners seemed to be rather sure performing the duration 
adjustment task: 1) differences were statistically significant, 2) standard 
deviations, ranging from 18 ms to 22 ms, were not larger than DL's for 
isolated vowels and 3) after having completed the adjustment experiment 
subjects mentioned that in some cases step size (20 ms) had been too 
large. They wanted to choose a duration lying in between two steps. 
So, we conclude that other cues were available in the signa) for subjects 
to perform the adjustment task. In recent research indications were found 
that timing of pitch movements influences the perception of prominence 
of stressed vowels (Hermes, personal communication). Prominence or ac
centedness is a measure that indicates how much attention of the listener 
is attracted to the vowel. In addition, it is known that not all timing 
variants of pitch movements are supposed to be accent-lending (see for 
example 't Hart et al., 1991: Fall 'A' and Fall 'B'; see also section 6.1). 
Ina second control experiment (described in section 6) we will try to find 
out whether listeners performed the duration adjustment task in order to 
keep the perception of prominence of the vowel (not only its perceived 
duration) constant. 

5 Post-hoc experiment 1: longest percepts 

5.1 Introduction 

In the main experiment subjects had to adjust vowel durations to make 
them sound acceptable according to their internal criterion. Speaking rate 
and rhythmic structure of the sentence were available to keep the inter
nat criterion constant. The underlying assumption of the experiment was, 
that vowel durations were adjusted in order to keep the perceived duration 
constant. For example, a long percept of a vowel due to a particular timing 
of the pitch movement would then result in a shorter adjusted (physical) 
duration than a short percept of a vowel. 
We wanted to find out whether the perceived duration of the vowel was 
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inftuenced by different timing of pitch movements. We also wanted to 
test whether the shortest adjusted durations found in the main experi
ment fitted with the longest percepts·, and vice versa, found in the control 
experiment. 

5.2 Method 

Because of limited time the post-hoc experiment was conducted very in
formally. For each pitch contour listeners were presented with pairs of 
sentences from the adjustment experiment containing vowels with equal 

· physical durations, hut with differently timed pitch movements: the very 
early and very late timing variants. Those timing variants were chosen, 
since they had resulted in the largest differences in adjusted vowel dura
tions. The sentences contained a vowel with a fixed duration of 90 ms, 
because this was about the overall mean adjusted vowel duration. We 
supposed it to be the most acceptable duration for Dutch listeners. 
Listeners were asked to indicate which of the sentences within a pair con
tained the longer /i/. The subjects were allowed to listen as often as they 
wanted, before they made a decision. The decision was written down by 
the experimenter. For each pitch movement a stimulus pair contained the 
very early and the very late timing variants. The five subjects that took 
part in the control experiment had also taken part in the main experiment. 

5.3 Results 

The results for the pairwise comparisons were as follows: For the Pointed 
Hat, three out of five listeners judged the vowel containing the very early 
timing variant to have a Jonger duration than the vowel containing the 
very late timing variant. 
For the Rise, four out of five listeners judged the vowel containing the very 
early timing variant to have a Jonger duration than the vowel containing 
the very late timing variant. 
For the Fall, all five listeners judged the vowel containing the very early 
timing variant to have a shorter duration than the vowel containing the 
very late timing variant. 

5.4 Discussion 

If we compare the results with those shown in Figure 4, we see that given 
a certain vowel duration vowels were perceived as longest under the condi
tion of the timing variants that resulted in the shortest adjusted durations, 
and that vowels were perceived as shortest under the condition of the tim
ing variants that resulted in the longest adjusted durations. So, the results 
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of this post-hoc experiment confirmed the underlying assumption of the 
main experiment, that listeners tried to keep the perceived vowel duration 
constant. 
But now the next questions arise: why did very late Rises and very late 
Pointed Bats result in short percepts? And why did very late Falls result 
in long percepts? Or stated in more general terms: why did specific timing 
variants of a pitch movement result in long or short perceived vowel dura
tions (and, therefore, resulted in short or long adjusted vowel durations, 
respectively)? We will come to this highly interesting and very important 

. question in the next section in which we will discuss the role of the per
ceived prominence that resulted under the condition of different timing 
variants. 

6 Post-hoc experiment 2 

6.1 Introduction: a possible role of prominence 

The subjects knew that the vowel /i/, of which they had to adjust the du
ration, was intended to be stressed. So, each timing variant was supposed 
to be accent-lending. It is generally known that the perceptual correlates 
of sentence accent are (changing) fundamental frequency, amplitude and 
duration. 
As stated in the introductory section, the timing of pitch movements is 
supposed to be language specific. In Dutch there exist different timing 
variants for the Rise and the F~II (see for example 't Hart et al., 1990). 
Some of these variants are accent-lending white others are not. In Dutch 
the accent-lending pitch movements are the early Rise (which is called 
Rise '1' in the Dutch intonation grammar) the late Fall (Fall 'A'), and the 
early Pointed Hat ( a combination of Rise '1' and a special case of Fall 'A '). 
In the present experiment, the accent-lending pitch movements in Dutch 
(early Rise, early Pointed Hat, and late Fall) resulted in nearly the same 
adjusted vowel durations (see Tables II and V). 
In Dutch there also exists the so-called Fall 'B'. Fall 'B' is supposed to be 
a non-accent-lending pitch movement in Dutch. Normally, it occurs early 
in the syllable. It is used to reach the lower declination line to enable 
another accent-lending Rise or Pointed Hat to occur later in the sentence. 
However, in the present experiment this Fall was intended to serve as an 
accent-lending Fall: it resulted in a rather long adjusted duration which, in 
our opinion, served as a compensation for the lack of power of the specific 
timing variant of the pitch movement to generate enough accentedness of 
the vowel. 
So, in general, one may hypothesize that listeners try to keep the per-
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ceived amount of accentedness, or 'markedness' or 'prominence ', of the 
accented vowel constant. The only way they could achieve this was by 
increasing or decreasing the vowel duration which is one of the physical 
correlates of perceived stress. A Jonger adjusted duration, then, served as 
a compensation for the Jack of accent-lending power of the timing variant 
(and thus for too little prominence of the vowel), a shorter adjusted du
ration served to diminish the accent-lending power of the timing variant 
of a pitch movement (and thus for too much prominence of the vowel). 

Therefore, we tested whether differences in perceived prominence occurred 
. (due to differences in timing of the pitch movement), and whether these 
differences could be related to the results of the main experiment. 

6.2 Method 

The method of the second control experiment was nearly the same as the 
one of the first control experiment. It was also conducted very informally. 
But now, listeners were asked to indicate which of the sentences within a 
pair contained the vowel /i/ which was perceived as most prominent. The 
subjects were allowed to listen as often as they wanted, before they made a 
decission. The decission was written down by the experimenter. The five 
subjects that took part in the second control experiment also had taken 
part in the main experiment, but not in the first control experiment. 

6.3 Results 

The results of the pairwise comparisons were as follows: for the Rise, all 
of the five listeners judged the vowel under the condition of the very early 
Rise to be more prominent than the vowel under the condition of the 
very late Rise. For the Fall, four of the five subjects judged the vowel 
under condition of the very early Fall to be less prominent than under 
the condition of the very late Fall. For the Pointed Hat, all of the five 
listeners judged the vowel under the condition of the very early Pointed 
Hat to be more prominent than the vowel under the condition of the very 
late Pointed Hat. 

6.4 Discussion 

The very early timing variants of the Rise and Pointed Hat resulted in 
more prominent vowels than the very late timing variants did. For the 
Fall the reverse was true: the very late timing variant resulted in a more 
prominent vowel than the very early timing of the pitch movement. 
The vowels judged to be most prominent in the second post-hoc exper
iment were adjusted to the shortest durations in the main experiment 
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(see Figure 4). Therefore, a relationship between prominence and dura
tion adjustments seems to exist: timing variants that resulted in most 
prominent vowels given a certain ph)'sical duration, resulted in the short
est adjusted vowel durations, and timing variants that resulted in least 
prominent vowels, resulted in longest adjusted durations. Therefore, we 
conclude that listeners have tried to keep the perceived prominence of the 
vowels constant. The only possibility to reach equally perceived promi
nence was by adjusting different vowel durations (but, also keeping the 
rhythmic sructure of the sentence intact). 

7 General Discussion 

In the main experiment we found that certain timing variants of the pitch 
movements resulted in significantly different adjusted vowel durations. In 
the first control experiment we compaired pairs of sentences containing 
vowels of identical physical durations, but under the condition of differ
ently timed pitch movements. It was found that vowels that were perceived 
as relatively long (due toa certain timing variant) in the pairwise compar
ison experiment, were adjusted to relatively short durations in the main 
experiment, and that vowels perceived as relatively short resulted in rela
tively long adjusted durations. Therefore, we concluded that the listeners 
tried to keep the perceived vowel duration constant. 
Àlthough differences in adjusted durations were statistically significant, 
they must be considered as too small to be reliably perceived as differ
ences in duration: the differences were smaller than JND's known from 
the literature. Therefore, we stated the hypothesis that listeners may have 
tried to keep the perceived prominence of the vowel constant. The second 
control experiment confirmed the acceptation of this hypothesis. In ad
dition, the listeners seemed to be more certain in the second control test 
concerning prominence, than in the first control experiment (concerning 
duration). But, it will be necessary to repeat the control experiments in 
a less informal way. 

We would like to discuss the role of perceived prominence in the duration 
adjustment experiment. Generally, one bas to be careful of interpreting 
results that are found in an experiment concerning durations, as if they 
were found in an experiment concerning prominence. The fact that the 
experimental task inftuences subjects' performance might be illustrated 
by Terken (1991) who found different results with pitch adjustment and 
prominence adjustment. Nevertheless, it would be nice if results that were 
difficult to explain in the light of durations, could be reconsidered from a 
different point of view: there are indications that perception of prominence 
might have played a major role when the subjects performed the duration 
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adjustment task. Huggins (1972a) supposed that lenghtening of a vowel 
also inftuenced the perception of prominence of the vowel, and Lehiste 
(1976) stated that vowels containing' a pitch movement might have been 
perceived as being stressed and, therefore, evoked "longer" judgments. 

But first, it had to be established which factor(s) might have evoked the 
perception of stressedness or prominence in the present experiment. The 
only factor which was varied, was the timing of the pitch movement. A 
short adjusted duration of the vowel resulted (in order to keep the per
ceived prominence constant), when the F0-change started very early, end-

. ing before vowel onset, and the direct ion of the change was 'rising ', or 
when the F0-change started very late (at vowel onset) and the direction 
of the change was 'falling'. The common feature of the changes seemed to 
be the (mean) pitch throughout the vowel. 
Prior to the main experiment described in section 2, we had conducted a 
pilot experiment in which isolated vowels of equal physical duration were 
compared (21FC discrimination). The vowels contained different pitch 
contours. Listeners had to decide which of the vowels was longest. From 
the results of this pilot experiment we concluded that not only a larger 
size of the change resulted in more "longer" judgments, but that also a 
higher pitch throughout the vowel resulted in more "longer" judgments. 
The factor 'size of the change' seemed to be more important than the 
factor 'mean pitch'. But we observed that, when differences in size did 
not occur, the vowels containing a high pitch, relative to the context, were 
judged as Jonger. 
In the present experiment the timing variant which resulted in the longest 
adjusted vowel duration ( and thus was least prominent), the very early 
Fall, had a mean pitch that was on the lower declination line. This obser
vation seemed to confirm our idea about relevance of the pitch level. Also 
the direction of the change seemed to be of some influence: especially the 
data for the timing variants of the Fall were predicted by the prominence 
hypothesis. 

7 .1 Results of the previous experiments in the light 
of prominence 

We thought that it would be challenging to interpret the results of the 
previous experiments in terms of perceived prominence. 
In our opinion a greater prominence is achieved by: 
- a changing fundamental frequency, compared with alevel pitch (Lehiste, 
1976: a changing F0 resulted in a vowel perceived as being stressed, i.e. 
prominent), 
- a larger size of the F0-change (see also Rietveld and Gussenhoven, 1985; 
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Terken, 1991),and 
- a higher pitch throughout the vowel relative to the pitch in the context 
(the present experiment). 

If we relate the "longer" judgments of the previous experiments to the 
prominence lending factors listed above, we see that: 
1) in nearly all experiments vowels containing a pitch movement were per
ceived as being Jonger than vowels that did not contain any, 
2) a larger size of the F0-change resulted in a vowel perceived as longer 
than a small size did (Lehiste, 1976; Rosen, 1976), 

. 3) a high mean pitch during the vowel resulted in more "Jonger" judgments 
than a low mean pitch did (Rosen, 1977; Blicher et al., 1990). This also 
might explain the reverse shift in "longer" judgments found in the experi
ment by Lehiste (1976): she compared stimulus pairs containing two high 
pitch contours with pairs containing one high pitch contour and a falling
rising pitch contour: the vowel containing the changing pitch attracted 
even less "longer" judgments than the high pitch contour. (The same was 
found by Rosen, 1977). 

We conclude that the results of the previous experiments can be very well 
explained by the prominence interpretation. Therefore it seems accept
able that the results of the previous experiments were reconsidered in the 
light of prominence: none of the results seemed to contradict our postu
lation that perceived prominence played a large role in the perception of 
vowel duration, and therefore, that prominence could have been a very 
important factor in the subjects' performance in the experimental tasks. 

7 .2 Direct comparison between the previous results 
and the results of the present experiment 

In the very recent publication by House (1990) two hypotheses were stated 
concerning tonal perception in speech: the Spectra) Constraint Hypothe
sis, and the Tonal Movement Coding Hypothesis. According to the former, 
changes in fundamental frequency are perceived as pitch movements only 
if three movement conditions are met: 1) if the change occurs during a 
spectrally stable signal (e.g. the steady-state part of a vowel), 2) if the 
change starts at vowel onset, and 3) if the change lasts at least 100 ms. If 
those conditions are not met, F0-changes will be recoded by the listener 
as pitch~-
According to the second hypothesis recoding of F0-changes into pitch lev
els will be determined by the direction of the change: a falling Fo will be 
recoded as a Low pitch, a rising F0 will be recoded as a High pitch. 

If we accept those hypotheses we will see large diff erences between the 
previous experiments and the present experiment. In the previous exper-
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iments stimuli consisted of isolated vowels of at least 200 ms. Pitch rises 
and pitch falls started at vowel onset and lasted during the whole vowel. 
In the light of the two hypotheses stated by House (1990) these Fo-changes 
were recoded as pitch movements, since all three conditions were met. 
In the present experiment at least one condition was not met: in gen
era), the adjusted vowel duration was less than 100 ms. Therefore, the 
F0-changes were recoded as pitch levels. Moreover, in only two timing 
variants conditions 1 and 2 were met: in the very late timing variants of 
the Rise and of the Fall the F0-change started at vowel onset, and it might 

. thus have been recoded as pitch movements. 
From the previous experiments it was concluded that vowels containing 
a Fall resulted in less "longer" judgments than vowels containing a Rise, 
when compared with level stimuli. However, in the present experiment the 
very late timed Fall was adjusted to a shorter duration, and could thus be 
interpreted to be perceived as longer, than the very late timed Rise. We 
concluded that the very late timed Rise was less prominent than the very 
late timed Fall. 

There might have been some reasons for the differences mentioned above: 
- in the present experiment the vowel was embedded in a sentence context: 
the stimuli were more connected-speech-like than the stimuli used in the 
previous experiments. We expect other factors (like rhythm or accentua
tion) to play a role in connected speech more than in isolated vowels. 
- timing of accent-lending pitch movements is supposed to be language
specific. Previous experiments were conducted with American-English na
tive speakers from different regions in the United States, or with Swedish 
native speakers (Rosen, 1976, 1977). In the present experiment Dutch 
native speakers took part. Therefore too, a direct comparison between 
the experimental results will be very difficult. 
Nevertheless, there are some points in which the results were comparable: 
- in both the previous and the present experiment the perception of promi
nence seemed to play a great role in judgments about duration, and 
- differences in perceived duration were rather small, maybe not even no
ticeable as duration differences, what may have caused other cues to be 
used by listeners performing the experimental tasks. 

7 .3 Further experiments 

Finally we would like to make some suggestions for studies related to the 
present research. 
Sometimes it is suggested that Jonger F0-changes fit better into Jonger 
vowels. In the present experiment no indications were found that this 
holds for the perceived vowel duration in Dutch. Therefore, we suppose 
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that this would be a phenomenon in the controlled production of pitch 
movements rather than a phenomenon in spontaneous speech. Speech 
production experiments might give ah answer to this question. 
Further perception experiments might be conducted to test the relation
ship between perceived vowel duration and perceived prominence, and 
between physical vowel duration and perceived prominence. Also the po
tential influence of the combined effect of excursion size and timing of 
pitch movements on perceived vowel duration might be tested. We expect 
that some effect will be found, because of the great role of prominence in 

. duration perception. Also the factor 'amplitude' might be included, being 
a prominence-lending factor. 
Furthermore it would be interesting to repeat the present experiment in 
other languages, i.e. to study the perceptual influence of timing of pitch 
movements on native speakers of other languages. Language-specific tim
ing phenomena could be detected. More genera) conclusions about the 
perceptual influence of timing of pitch movements on other prosodie fea
tures (duration, or prominence) might be drawn, in order to find an ex
planation for the language-specificity of the timing of pitch movements. 

Before setting up the proposed experiments, some technica( considerations 
should be kept in mind. Very early or very late timed pitch movements 
might result in accent shifts. This would distract listeners' attention from 
the vowel under study. A remedy would be to introduce short pauses be
fore or after the word, in which the F0-change can take place, or to use 
voiceless consonants as a context of the vowel. 
From the present experiment it was concluded that the subjects performed 
better during the last session than during the earlier sessions. Therefore, 
we propose a Jonger training session. A Jonger introduction might have 
avoided that the data of eight test persons had to be discarded because of 
too large variance in the scores. 

7 .4 Genera} conclusion 

Timing of pitch movements influenced the adjusted vowel duration. Non
Dutch timing had a significant inftuence on the vowel duration that Dutch 
listeners adjusted in the experiment, although the influence was not the 
same for all individual subjects. We tested hypotheses about the strategies 
used by the listeners in the duration adjustment task. There seemed to be 
a close relationship between adjusted vowel duration and perceived vowel 
duration: a relatively long adjusted duration resulted when the vowel 
contained a timing variant that would result in a short percept given a 
certain vowel duration. A relatively short adjusted duration resulted when 
the vowel contained a timing variant that would result in a long percept 
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given a certain physical duration. We also tested a hypothesis about the 
reason why Jonger percepts arose: it seemed plausible to accept a rela
tionship between perceived vowel duration and perceived prominence of 
the vowel. A relatively short adjusted duration resulted when the tim
ing variant contained much prominence-lending power, and a relatively 
long adjusted duration resulted when the timing variant contained lit
tle prominence-lending power. Differences in prominence of the stressed 
vowel could only have been caused by the particular timing of the pitch 
movements. 
For example, a very early timed Rise and a very early timed Pointed Hat 
resulted in short adjusted vowel durations. Therefore, they were supposed 
to give relatively long percepts (given a certain physical duration), due to 
the prominence-lending power of the specific timing variant of the Rise 
and the Pointed Hat. Analogically, the very early timed Fall resulted in a 
long adjusted vowel duration: so, in our view this very early timing variant 
of the Fall gave a relatively short percept due to the small prominence
lending power of the specific timing of the pitch movement. A very late 
Fall is found to result in much prominence of the vowel, which would ex
plain its relatively short adjusted duration. 
The question whether the specific kind of the German pitch movements 
might result in a relatively long perceived duration of German vowels can 
only be positively answered in the case of a falling fundamental frequency. 

Listeners seem to be able to name differences in prominence that are 
caused by the diff erences in size of fundamental frequency changes, or 
by difference in amplitude of the signal: the more prominent vowel will be 
called 'higher' c.q. 'louder'. But in the present experiment differences in 
size or amplitude did not occur: however, the subjects adjusted the vowel 
duration to different values in order to keep the perceived prominence of 
the vowel constant. Therefore, we would like to state a new hypothesis 
about the perception of prominence: differences in prominence of a vowel 
that are not caused by differences in amplitude or by differences in size of 
the fundamental frequency change, may result in an impression of longer 
or shorter vowels. The vowel being more prominent will be called longer, 
the vowel being less prominent will be called shorter. 

To find out whether our interpretations of the above described phenomena 
might be right, further experiments have to be carried out. 
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Appendices 
Appendix 1: list of programs. 
Programs used to manipulate the speech signal in order to create the test 
stimuli: 

AD-conversion: INP' 

LPC-parametrization: AAP 

Marking of vowel onset and offset: MRK 

Duration manipulation: CHT 

Frame rate manipulation: CFR 

Fundamental f~eguency manipulation: CHP 

Resynthesis (pitch-synchronous): SYS 
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P.f. 

A.A. 

Appendix 2: Plotted individual results. 

Figure 1: plotted Means and Standara Errors of the Mean (SEM's, vertical 
bars) in milliseconds for the three pitch contours Rise, Fall and Pointed 
Hat (individual data, N=l2) . 
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Appendix 2 ( continued) 
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Appendix 3: Test instructions. 

Original instruction text (in Dutch) that appeared on the computer screen 
when subjects started the introductory run in the duration adjustment ex
periment. 

,, Welkom bij dit experiment. 

Het experiment bestaat uit een instelproef: U wordt gevraagd de duur 
van de "ie" in het zinnetje "Heb je Lien laatst nog ontmoet?" zodanig in 

· te stellen dat u hem goed in de zin vindt passen. 
Het experiment bestaat uit drie sessies. Per sessie krijgt u de bovenge
noemde zin met 1 toonhoogtekontour te horen, een stijging, een daling, of 
een zogenaamde punthoed. Per sessie zijn er 6 testjes. In elke test stelt u 
8 keer de klinkerduur in. 

Het instellen gebeurt als volgt. Na.dat u op de returntoets hebt gedrukt 
krijgt u het zinnetje te horen met een duidelijk te lange of duidelijk te 
korte "ie". De duur ervan kan u bijstellen met behulp van de cijfertoetsen 
1 tot en met 9 bovenaan het key board. Met de toetsen 1 - 4 maakt u 
hem korter, met de toetsen 6 - 9 langer: hoe verder van toets 5 af, hoe 
sterker de verandering. Toets 5 drukt u in als u de zin met de ingestelde 
duur nog eens wilt horen. 
Wanneer u de ingestelde duur goed vindt passen drukt u op de return
toets: de ingestelde duur wordt dan geregistreerd en een nieuwe versie 
wordt gestart. 
Veel sukses. 

Eerst een korte oefening. 

Drukt u nu de returntoets in!" 

"Bedankt voor uw deelname aan dit experiment." 
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