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ABSTRACT
Interactive adjustment tests were
carried out to test if a silent interval
influences the perception of the preceding
tonal contour. Results from 16 subjects
show a strong influence of silence on
tonal perception indicating that silence
increases sensitivity for the preceding
tonal endpoint with subjects showing
greatest response consistency for the
stimuli with the longest pause where
adjustment is based on endpoint

frequency before the pause,

INTRODUCTION

In both read and spontaneous speech,
a prosodic phrase boundary is often
accompanied by a silent pause which is
preceded by a tonal contour marking the
boundary. ‘Considerable attention has
been directed to the respective roles of
silent pauses and boundary tones as
markers of prosodic phrase and syntactic
boundaries, see e.g. [1}, [2], (3], [4],
(5], (6], {71, [8] and {9]. The central
question approached by this investigation
is whether a silent interval influences the
perception of the preceding tonal
contour,

A number of general questions
concerning boundary tones relate to the
central issue of thig investigation,
Bounfiary tones may have several
fpncuqns in addition to boundary
signalling, e.g. signalling feedback
seeking or turn regulation in spontaneous
dlalo_gue [10]. Are the tones and
unctions perceived Categorically and, if
80, does a silent interval facilitate
perception?

In a previous study [11] it was shown

that in synthesized VCvcy g
where V= [a]‘ and C= ), eduences

immediately followed by a vowel. This
the following specific questions a
addressed by this investigation: 1, Doesa
silent interval influence tonal perception’
2. Are final sonorant consona
important tone carriers? 3. Is perception
of the tonal endpoint before a pause
sharpened by the pause, and if so, dog
this sharpening increase with increas
pause duration?

METHOD

Stimuli and task

To answer these questions, a set of
adjustment tests was designed. Stimdli
consisted of synthesized [amafqam]
sequences in three temporal conditions:
1) no pause between segments, 2) a 10
msec pause between the fourth and fiflh
segment [amam.am] and 3) a 1000 mse
pause between the fourth and fifth
segment [amam.......... am]. Formant
synthesis was used to generate the
stimuli [12].

The subjects' task was to maich
different tonal configurations within each
temporal condition. Matching was done
interactively using a mouse pointer ona
computer screen (Sun workstation.
ESPS-Waves+ environment). The tonal
configurations were 1) a falling F0
contour where the fall occurred through
both the second vowel and second
consonant and 2) a falling FO contour
through the second vowel only with
constant FO on the sccond consonant. 10
Hz steps between 140 and 60 Hz wett
used to create 9 different stimuli in each
tonal configuration making a total of |
diffcrent stimuli for each tempordl
condition, i.e. a total of 54 stimuli for al}
three temporal conditions and both t(_)nﬂd
configurations. Sce Figure ! for stylize
samples of stimuli. )

Where endpoint frequency is most
salicnt, subjects would be expcptedﬁ?
match tonal configurations having e

same endpoint frequency regardless of

whether the contour falls in the VOWC[]
only or in both the vowel and consonait
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Figure 1. Stylized contours of some example stimuli. The upe'e; p:tmzlu ;:Erﬁinfg t;izz
temporal condition "no pause” while the lower panel represents s otr ({/ C-fal.l) he dotted
lines represent tonal contours falling in bgth vowel and lconé;zlal;z
solid lines represent tonal contours falling in the vowel only ( .

If endpoint frequency is of less
perceptual importance, subjects would be
expected to match contour shapes. This
would result in subjects matching a lower
endpoint for a vowel-consonant fall with
a higher endpoint for a vowel only fall.

Test configuration o

The middle five stimuli in the
continuum of nine stimuli in each.toinal
configuration were presented as original
stimuli. This resulted in six blocks of
five stimuli each for a total of 30

sented stimuli. Stimuli were
xr')ar:domized in each block and block
order was randomized between hsteners};
Subjects were asked to match eac
original stimulus to one of the nmti
stimuli having the same temporal
conditions but the different tona
configuration. The test was [.)resented‘ais1
an adjustment procedure as in [13] wit
the nine choices presented in frequency
order on the computer screen. All screen
input was logged to a file.
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Each subject began the test with a
practice/calibration block in which the
original stimulus was identical to one of
the nine choices. The entire test took an
average of 33 minutes with a minimum
individual time of 13 minutes and a
maximum of 55 minutes.

Subjects

16 subjects participated in the
experiment. Subjects were mostly
students and staff at the Dept. of
Linguistics and Phonetics, Lund
University, and all but two were native
spcakers of Swedish. Subjects were not
paid, but were rewarded with chocolate
and coffce after their participation in the
test.

RESULTS

Results were very consistent between
subjects: one factor ANOVA df=15,
F=0.69, p>0.05, and within subjects
df=2, F=43.17, p<0.0001. Figure 2
shows the percentage of same endpoint
responses for the threec temporal
conditions and for the two tonal
configurations within each condition.

Percent same endpoint responses

Fy VAl

80
601

4014

20

0+
Nopause Short pause Long pause

Figure 2. Graph showing percentage
same endpoint responses as original
stimulus when original is V-fall (falling
contour in vowel only) and VC-fall
(falling contour in vowel and consonant).

A strong effect of pause on endpoint
perceptual salience can be scen. In the
no-pause condition, only half the
responses were same endpoint, while the
other half were in the direction of a lower
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endpoint for vowel-consonant fall (VC-
fall) being matched with a higher
endpoint for the vowel fall (V-fall). Table
1 shows the response distribution where
the direction is from the vowel fall,
Endpoint salience also seems to increase
somewhat with pause duration.

Table 1. Endpoint response distribution
for the three temporal conditions.
Direction is frequency of endpoint related
to endpoint of tonal contour falling in
vowel only.

Lower [Same |Higher
No pause 76 83 1
Short pause 28 130 2
Long pause 12 144 4

A chi square test of independence on
the above distribution results in

%2=76.54, df=4, p<0.001. One way
ANOVA shows a significant difference
comparing no pause with short pause
F(2,45)=21.13, p<0.001 and comparing
no pause with a long pause
F(2,45)=40.5, p<0.001, but not when
comparing a short pause with a long
pause F(2,45)=3.13, p>0.05.

DISCUSSION

The results demonstrate a strong effect
of silence on the perception of the tonal
contour. They also demonstrate the
mmportance of a sonorant consonant as a
tone carrier particularly when followed
by silence.

In the pause stimuli, matching seems
to be based primarily on endpoint
frequency before the pause, while in
non-pause stimuli, listeners scem to be
attending more to fall gradients or to

average frequency through the fall. An’

interpretation concerning  auditory
memory may scrve to help explain the
results. If short-term auditory memory
for frequency is sharpencd by the
presence of a pause, then subjects should
f_md it more salient to match endpoint
frequency even if the final segment is not
a vowel. In the no-pause condition,
auditory memory relics more on the tonal
contour since endpoint frequency is
rendered less salient by the following
vowel.

This interpretation may be modified
by the fact that, due to test construction
constraints, therc was also some
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information after the pause which
listeners could have used as well as the
endpoint information before the pause.
The fact remains, however, that the
presence of the pause significantly
influenced perception of the tonal
contour.

This can have implications for
perception of such tonal phenomena as
boundary tones and discourse markers.
The presence of a pause may therefore
sharpen perception of a boundary tone or
discourse marker. More precision may
be called for in intonation modelling and
automatic stylization of intonation,
especially concerning tonal contours
before pauses. This would be in line with
data in [14] where automatic stylization
for recognition tended to fail most often
in prepausal positions.
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