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ABSTRACT

The central aim of our experiments is to find a phonetic
explanation for the phonological irrelevance of the onset (i.e.
prevocalic consonants) for syllable weight. From a set of pilot
experiments (cf. [1]) we deduced that the cause of this irre-
levance might be found in speech perception rather than speech
production. Subjects proved to be less sensitive to duration
changes in the onset than to such changes in either nucleus or
coda. Assuming that perceived duration is the primary phonetic
correlate of syllable weight, we may have found a clue as to
why the onset does not count in the determination of syllable
weight.

This answer immediately yields another question. We do not
know why subjects are unable to reliably perceive onset
durations. So, we must go one step deeper into the matter, and
find out what it is that prevents us from correctly determining
onset duration.

This study focuses on two experiments. The first is an
experiment that is designed to check whether listeners remain
insensitive to onset duration under different circumstances. In
the other experiment we explore one line of reasoning that may
provide an answer to the follow-up question.

1. EXPERIMENT I

Phonologists deal with the weight of syllables in stress assign-
ment, and other phonological rules, mainly through usage of the
Moraic Theory (cf. [2]). In this theory, segments that count in
weight-sensitive phonological rules are assigned a durational
unit, called the mora (u). As a first approximation, therefore,
phonologists and phoneticians agree that duration is the primary
phonetic correlate of syllable weight.

In a perception study (reported on in [1]) we adopted the
hypothesis that duration equals weight. Through a magnitude
estimation task we discovered that duration variations of (+ or
-) 30 ms in onsets are poorly perceived (compared to nucleus
and coda). This may be the cause of the onset’s weightlessness.

How duration perception of the subsyllabic constituents varies
for different duration changes, and whether the total duration of
the syllable has any effect on the perception of duration in its
subsyllabic constituents, are questions that remain. The pairwise
comparison experiment described in this section was carried out
to answer these questions.

1.1 Stimuli
First we synthesized the Dutch word mam ‘mother’ from

diphones (5 formants/Bandwiths, 10 ms frames, speaker HZ),
and adjusted the durations of the three segments so that they
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were all 100 ms.

To generate a set of stimuli we created three base syllables
from this LPC-parameter file; one was the original syllable of
3 x 100 ms, while the other two had durations of 3 x 80 and 3
x 120 ms, respectively. The intensity envelopes of these stimuli
were adjusted so that the stimuli were perfectly symmetrical
(see figure 1).

Figure 1: Oscillogram of the 300 ms base
Imam/ stimulus.

The (linear) rise and fall times were set to 30 ms to avoid
disturbing clicks. For each of the three syllables, which we call
bases, the durations of onset, nucleus, and coda were systemati-
cally varied through lengthening or shortening by 20, 40, or 60
ms. These duration adjustments were carried out through
manipulation of the frame duration for the relevant part of the
base LPC file, while the other two parts were kept constant.
Thus, we created 54 files: 6 manipulations x 3 constituents x 3
bases = 54.

The 57 parameter files thus obtained (the 3 bases were added
for comparison) were converted to sampled data files using
LPC synthesis (cf. [3]).

1.2 Subjects and Procedure

Sixty-four paid Dutch subjects participated in the experiment.
Their ages varied between 18 and 40, and none of them
reported any hearing difficulties. Stimuli were either pairs of a
base and a stimulus derived from that base, or base-base pairs,
with a silent interval of 500 ms in between. To counterbalance
the Time Order Error (cf. [4]), the two possible orderings base-
stimulus and stimulus-base were both exploited, raising the total
number of pairs to 114. These pairs were put in random order
and presented consecutively to the subjects via an Iris Indigo
workstation. The subjects had to decide which of the two mem-
bers was the longer one by pressing one of two keys on the
keyboard. They also had the possibility to repeat the trial by
pressing the spacebar. Once a response was given, the computer
automatically turned to the next trial. The subjects’ responses
were recorded and stored on disk.
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1.3 Resulits and Discussion

We calculated the percentage of subjects that marked the
stimulus (or comparison signal, C) the longer one for each level
of duration manipulation. We expected the sigmoid
psychometric functions to run from approximately 0% to 100%
(cumulative normal distribution). If subjects hear duration
manipulations in the nucleus better than such manipulations in
either onset or coda, the curves of the latter two should be less
steep. Between onset and coda we expect the same difference,
onset being less steep than coda. These expectations are borne
out by the facts, as we can see in figure 2.

100

-] o8

a0

% udged longer

| ¥ onset * nucleus "= coda
ol ) s 2 . : L

80 .40 .20 ) 420 440 460
increment of C (ms)

Figure 2: overall percentages of longer judged
stimuli by duration manipulation.

In figure 2 we clearly see that the nucleus curve is the one that
can best be fitted to the prototypical sigmoid function. It starts
close to 0% and ends near 100%. The JND for duration,
measured by decumulation of the cumulative normal distribu-
tion curve and determining its standard deviation, is smallest
for the nucleus: 31 ms. The curve for the coda is slightly less
steep, as we expected, while duration manipulations of the
onset are the least detectable of the three. The IND’s for coda
and onset are 37 ms and 42 ms respectively. These results
confirm the findings of our previous perception experiment.
Changes in onset duration are perceived less accurately than
changes in coda duration, while the human ear is best suited to
perceive variation of nucleus durations.

These findings do not conclude the list of results we may
obtain from this experiment. Remember that we also varied the
duration of the syllable from which we derived the stimuli
(240, 300 or 360). We must keep in mind, then, that the results
in figure 2 are averaged over these factors. Similar results can
be obtained if we separately calculate results over the base
duration factor. JND’s, calculated from the standard deviation
of the decumulated normal distributions, are given in table 1.

Table I: JND’s for onset, nucleus, and coda duration broken
down by segment duration of the base.

base segment 80 100 120
duration
JND IND IJND

Onset 43 40 43
Nucleus 33 27 31
Coda 34 36 39
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We observe that these figures all more or less resemble those
given above. Not one of them deviates strongly from the mean.
Therefore, we may conclude that the overall duration of the
syllable does not influence duration perception of subsyllabic
constituents.

1.4 Conclusion

We have found further support for the claim that the phono-
logical weightlessness of the syllable onset is caused by the
relative inability of subjects to accurately perceive onset
duration. We do not yet know, however, what causes this
inability. In the next section, an exploratory experiment is
described, which was conducted to find an answer to this
question.

2. EXPERIMENT I

There are basically two directions in which we may try to find
the answer to the question why subjects cannot reliably hear
onset duration. Firstly, it might be the case that we only really
start listening to duration after a certain salient point in the
syllable. If this point occurs to the right of the onset conson-
ants, it is only logical that the onset is ignored in quantity
sensitive phonological processes. Secondly, there might be a
physical property of the onset that jams the (neuro-) physiologi-
cal duration counter in our hearing system. The experiment
described below is designed to partly test the first hypothesis.

There are at least three candidates for the salient point
introduced above. The candidate that immediately comes to
mind is the CV-transition (or PIVOT), which occurs on the
exact endpoint of the onset consonants (for a definition of the
PIVOT, and evidence for its salience, see [5]). A second
candidate is the amplitude maximum, and a related third is the
P-centre. The P-centre can be defined as the point where the
syllable rhythmically occurs. It has been shown in the past, that
listeners do not judge onset-isochronous sequences of syllables
as being rhythmical (cf. [6]). However, P-centre isochronouns
sequences are perceived as rhythmical. The P-centre lies near
(or on) the CV-transition, and can be located experimentally or
through calculation. It is often claimed that the P-centre defines
the perceptual beginning of the syllable.

Further investigations into the location of the P-centre (cf.
[71,181,[91,[10]) have shown that factors like nucleus and coda
duration, energy distribution, the shape of the amplitude curve
and even F0-movement, play a role in the determination of the
P-centre location.

In the present study we wish to carry out an experiment in
which we move the amplitude peak through the syllable, and
see whether this has any effect on the perception of duration.
We expect perceptual duration to shorten as the peak moves to
the right.

This experiment is complicated by the fact that the P-centre
location seems to depend on the position of the amplitude peak.
This means that we cannot manipulate the amplitude peak and
the P-centre independently. If there is an effect for amplitude
peak position, we must, in a later stage, determine the P-centre
for all the stimuli in which the amplitude peak has been
manipulated, and check whether the effects of these manipula-
tions are greater than, or different from, what might be
expected on the basis of P-centre location alone. If that is the
case, then the amplitude peak is likely to be the trigger for the
duration clock. If not, the P-centre might be, depending on the
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size of the effect.

To check whether duration perception as a function of peak
shift depends on spectral changes in the signal, we added, for
comparison, an equal amount of noise stimuli in which ampli-
tude peaks are manipulated to exactly the same specifications
as in the speech stimuli.

In a pairwise comparison experiment (identical to the one
used in Exp. I) we test whether the position of the amplitude
peak influences the ability to discriminate between two stimuli,
as far as duration is concerned. We take a stimulus with a
neutral value for peak position, and test whether stimuli with
peaks occurmring towards the right edge of the syllable are
judged shorter than the neutral stimulus, and whether stimuli
that have peaks towards the left edge are judged longer than
this neutral reference stimulus (assuming that the neural clock
is triggered by the amplitude peak).

There are two possible "neutral” reference stimuli for this
task, and we use them both. The first is a stimulus that has a
flat amplitude envelope without a peak, and the second has the
amplitude maximum exactly in the middle of the syllable.

2.1 The stimuli

In the experiment that was described above, the Dutch word
mam ('mother’) was used to generate the speech stimuli. To
ensure compatibility with the former experiment, we again used
this word, synthesized from diphones, with durations of the
three segments adjusted so that they were all 100 ms. The
linear rise and fall times were set to 30 ms to avoid disturbing
clicks. Rise and fall time of a white noise burst of 300 ms were
adjusted in the same manner. The amplitudes of these stimuli
were level at -10 dB (speech) and 0 dB (noise) (the difference
caused by differences in energy distribution, which triggered
differences in the LPC file which were corrected in this way,
to make the stimuli all sound equally loud). To generate the set
of comparison stimuli (Sc) we further adjusted the amplitude
envelopes of the two original stimuli. For both speech and
noise, stimuli were generated with amplitude peaks at 40, 60,
80, 100, 120, 140, 160, 180, 200, 220, 240 and 260 ms from
the stimulus onset respectively. This resulted in amplitude
envelopes like the one shown in figure 3 below.

I:";'gure 3: amplitude envelope of reference file with p—e;k
at 150 ms (Sr-p, speech).

The two original files, and two that had shifted peaks at 150 ms
(the exact middle of the syllable), were used as neutral refer-
ence stimuli (Sr). It appeared, however, that the original
stimulus with the flat amplitude seemed to sound longer than
the one with the peak at 150 ms (it was at least louder, which
may be caused by the greater amount of energy that is found
under the intensity curve). A pilot experiment was conducted
to determine the absolute duration perception for the two
different Sr’s. We used the adjustment method described in [1}
to determine the perceptual duration difference between these
stimuli. Five subjects adjusted a white noise burst until it was
perceptually equal to one of the reference stimuli. This was
repeated eight times. The results showed a mean adjusted
duration for the flat amplitude stimulus (Sr-f) that was 30 ms
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longer (244 ms) than the adjusted duration for the peak
stimulus (Sr-p: 213 ms). On the basis of these results Sr-f was
shortened to 270 ms by deletion of a 10 ms frame in each
segment (and 3 arbitrary frames from the noise stimulus). Thus
we generated 12 speech, 12 noise and 4 reference stimuli. The
parameter files were converted to sampled data files using an
LPC synthesis programme {cf. [3]).

2.2 Subjects and Procedure

Forty-six paid Dutch subjects participated in the experiment.
Their ages varied between 18 and 40, and none of them
reported any hearing difficulties. The experiment was conducted
in a sound attenuating booth. In the first part of the experiment
the Sr-f stimuli were used. Stimuli were presented to the
subjects in pairs according to the scheme in 1 (each line
represents a set of 13 pairs).

)] a. Sr-f (speech) - Sc (speech)
Sr-f (noise) - Sc (noise)
b. Sc (speech) - Sr-f (speech)
Sc (noise) - Srf (noise)

The four sets were presented in this order, but the internal order
of the sets was random, and each set contained one St - Sr pair.
The ordering difference between (1a and b) should counterba-
lance the Time Order Error (cf. [4]). In the second part of the
experiment the sequence given in (1) was repeated, but then
with Sr-p for reference. In total 104 pairs (8 x 13) were
presented consecutively to the subjects. The procedure of the
actual experiment is identical to the procedure described in
section 1.2.

2.3 Results and Discussion

We calculated the percentage of subjects that marked Sc as the
longer one for each value of peak manipulation. We expected
{(sigmoid) psychometric functions to run from approximately
100% to 0% (reverse cumulative normal distribution). Early
peaks should trigger many "longer” judgements, while late
peaks should not. These expectations are not borne out by the
facts, as we can see in figure 4. Here the results for the first
part of the experiment (with Sr-f) are given (collapsed over the
two time orders).

100

8ol
3
5 esol
3
H
4
2
g 4or
5
®
20}
{*spuch"noisc
o 2 1 iR

4‘0 SIO B‘O 100 1;0 1:50 150 ‘0460 180 200 220 240 260
Peak Position (ms)

Figure 4. percentage of "longer"” judgements

for Sc as a function of peak position (for Sr-f).

As we can see there seems to be no clear effect of amplitude
peak position on duration perception. Judgements vary just
above the 50% chance line for all values of the peak position
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The last data point for the speech stimuli is the odd man out.
It is the only point that shows a low score where we expected
it, but on its own it cannot serve to support our hypothesis. The
question why this point is aberrant remains as yet unsolved. As
noted above, the expected effect of amplitude peak on duration
perception is not found in these data. If anything, the small
effect that seems to be there is the reverse of what we
expected. If we leave out the aberrant last data point, we detect
a gently rising slope, which indicates durations are judged
longer as the peak moves to the right: disregarding last point,
correlation coefficients are 0.5 for speech and 0.6 for noise. We
have no explanation for this opposite trend.

Data from the second part of this experiment do not help to
save our hypothesis. As we can see in figure 5, the results for
Sr-p are very similar to those found for Sr-f.
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Figure 5: percentage of "longer” judgements
for Sc as a function of peak position (for Sr-p)

It strikes us that this figure also shows an aberrant final data
point for the speech stimuli, and that the correlation coefficients
for speech and noise are identical to those we found in figure
4. This shows that it does not matter whether we use a stimulus
with a flat amplitude curve or a stimulus with a central
amplitude peak as reference signal. To all intents and purposes,
we might conclude that all stimuli used in this experiment are
of equal perceptual duration. Hence, there is no effect of the
position of the amplitude peak on duration perception. From the
behaviour of the noise stimuli we may conclude that speech and
non-speech are not different in this respect.

2.4 Conclusion

These data force us to assume that it is not the amplitude peak
that serves as the starting point for the internal clock. It might
also be the case that the assumption that we only start listening
to duration after a certain point in the syllable, is entirely false.
As a sneak preview to investigations concerning the other
hypothesis, which claims that certain properties of the onset
jam proper duration detection, we may provisionally conclude
from these data that it is probably not the rising intensity in the
onset that 1s the jamming factor. Had this been the case, at least
the noise data should have shown the expected pattern (the
longer the rise time, the shorter the perceived duration). To
make sure we are not ignoring a possible significant effect here,
we devised a control experiment in which absolute perceptual
duration was measured through an adjustment task. For reasons
of space, we cannot go into that experiment in detail, but we
note here that the results confirmed those found in the present
experiment (cf. [11]).
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It appears that the amplitude peak is not the point we were
looking for. Remember, however, that there were two other
candidates. The CV transition point (or PIVOT) is still a likely
candidate. Since the PIVOT was either invariant or absent in
our stimuli, we cannot exclude it as a candidate.

For the P-centre there is a different story to tell. The literature
(especially Pompino-Marschall [8]) predicts that the P-centre
depends heavily on the shape of the amplitude envelope. It is
predicted that the P-centre moves to the right in proportion with
the shift of the amplitude maximum. If that is the case, then
our stimuli should not only vary in peak positions, but also in
P-centres (a control experiment, designed to check whether this
is really the case, is currently being conducted [11]). This
means we can provisionally exclude the P-centre as a candidate,
because we already know that our stimuli do not trigger
perceptual duration differences.
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