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ABSTRACT

This research examines the effects of vowel quality (high
vs. low) and posivocalic place of articulation (labial,
dental, velar) on the relative timing of syllable-internal
componenls, concentrating on the duration of prevocalic
consonants. Results indicate that the duration of a
prevocalic consonant tends to approximate compensate
for the inherent duration of a following vowel. And
although postvocalic place of articulation was not found
io affect the duration of a prevocalic consonant in a CVC
syllable, a relatively aninverse relationship was
observed between the duration of a vowel and postvocalic
consonant. These effects lead to durational patterns for
the rhyme which result in a relatively stable overall
syllable duration.

1 BACKGROUND

The durational relationships within a syllable are
influenced by the nature of it's component segments.
Two articulatory factors which affect segment durations
are vowel quality and postvocalic place of articulation.
Although the duration of a prevocalic consonant can be
affected by its context (e.g. [1]{2]{3]{4]{5]), research has
given relatively little attention ‘to their potential
elasticity. The present study investigates general effects
of vowel quality and pestvocalic place of articulation on
the segment durations in Swedish CVC syllables.

1.1 Vowel Quality

Previous investigations into the effect of vowel quality
on the duration of prevocalic consonants has shown that
consonants preceding tensc high vowels are longer in
duration than preceding low lax vowels [6]. Similarly, a
recent study on English {2] demonstrated that a
consonant tends to be longer preceding an intrinsically
short vowel than before a long vowel.

The relationship between vowel quality and intrinsic
vowel duration was established by Peterson and Lehiste
[7] and others (e.g. [8]). demonstrating that low vowels
are longer in duration than high vowels.

Earlier investigations of the effect of vowel quality on
the duration of postvocalic consonants has offered
differing results. Although the daration of a consonant
appears (o be unaffected by the quality of a preceding
vowel in English [2][8], this is not necessarily the casc
for Swedish. For Swedish, Elert [9] found that a
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consonant was longer when it was preceded by a high
vowel with its intrinsically short duration than an low
vowel with its intrinsically long duration. He also
noticed an inverse relationship between the intrinsic
duration of the vowel and the immediately following
consonant, and a tendency for the duration of the rhyme
to remain constant.

1.2 Postvocalic Place of Articulation

Previous rescarch on how the place of articulation of a
postvocalic consonant effects timing within a syllable
has mainly concentrated on its influence on the duration
of a preceding vowel and on the postvocalic consonani
itself. It may be expected that a prevocalic consonant
may be influenced by the combined coarticulatory effects
of an anticipated vowel and consonant within the
syllable. Although, it's not clear that this would be
realized in the duration of the prevocalic consonant.
However, if it is, the principle effect would be expected
from the following vowel, with little to no effect from
the place of articulation of the postvocalic consonani.

Investigations into the cffect of postvocalic place of
articulation on the preceding vowel and the postvocalic
consonant itself have shown cross-language differences
In Norwegian {10} vowels are shorter before labials than
before dentals. In English [8]{11] vowels are longer in
the labial context than in the alveolar or velar contexts.
Furthermore, in English, [1][8], labial stops are longer
in duration than alveolars and velars. In both Swedish [9]
and Icelandic [12] vowels have been found to be longer
in duration preceding dentals than preccding labials,
which in tumn are longer than preceding velars. In both
languages, the opposite was observed for the duration of
the postvocalic consonants: velars tend to be longer than
dentals, which in turn are longer than labials. These
results suggest a relatively inverse relation between a
vowel and postvocalic consonant that appears to be
attributable to the consonant's place of articulation.

2 CURRENT INVESTIGATION
2.1 Aim

The purpose of the present study is to examine the
effects of vowel quality and postvocalic place of
articulation on the duration of segments within a CVC
syllable, with particular attention to prevocalic
consonants. These findings can then form the bases for
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further examination of the relative durations of segments
within a syllable

2.2 Hypotheses

Based on previous rescarch [2]{7]{9}, the patiern of
cifects associated with vowel quality in Swedish
suggests an inverse relationship between the duration of
the vowel and the surrounding consonants: both pre- and
postvocalic consonants are expected to have a longer
duration within syllables with a high vowel (i.e. a vowel
with shorter intrinsic duration) than in syllables with a
low vowel (i.e. a vowel with longer inherent duration).

Postvocalic place of articulation is expected to have litile
to no affect on the duration of a prevocalic consonant.
However, an inverse relationship between the duration of
the vowel and the postvocalic consonant is expected to
be associated with postvocalic place of articulation [9].
Vowels are expected to be longer in duration preceding
dentals than preceding labials and velars, and velar
postvocalic consonants are expected to be longer in
duration than dentals and labials.

3 METHOD
3.1 Materials

Twenty-four target svllables were used in this
investigation. Syllables were selected which had the
voiceless stop /t/ as an onset. The nucleus of the targets
was cither a relatively high or a relatively low vowel.
The vowel was sysiematically either phonologically
tong or short. The coda was either a voiced or a voiceless
labial, dental or velar stop. Each target syllable was used
as the first syllable of a disyllabic-compound word in
order to avoid the effect of final lengthening. A dialogue
having a statement, question and response was developed
to accommodate the target words.

3.2 Procedure

Recordings were made of each subject producing five
repetitions of the randomised set of conversations with
an experimenter in a sound attenuated room. For each
target syllable the experimenter introduced the dialogue
with a statement and a question which elicited the
subject’s response. Subjects were encouraged to speak at
their usual speaking rate as if participating in a natural
conversation.

3.3 Measurements

From the target C;VCp syllables of subjects’ responses
in each dialogue, the following measurements were
made: (1) stop conscnant duration for Cy, (2) vowel (V)
duration, and (3) stop consonant duration for C2. In
addition, the duration of the rhyme (V+C»3), and overall
syllable duration (C{+V+Cp) were calculated. Stop
consonant durations were measured from the start of the
closure to the end of the burst/aspiration. Vowel
durations were measured from the onset to the end of
periodic energy.
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4 RESULTS AND DISCUSSION

A two-way analysis of variance was calculated {or each
measure with vowel quality (high, low) and postvocalic
place of articulation (labial, dental, velar) as independent
variables. Mean segment durations are presenied in
Figures 1 and 2 respectively for each vowel quality and
postvocatic place of articulation.
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Figure 1. Mean Cq, V and C7 durations for high and
low vowel contexts, collapsed across conditions of
postvocalic place of articulation. Accepted statistical
differences (p<.05) are marked **’.
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Figure 2. Mean C1, V and C» durations for postvocalic
labial, dental and velar consonant contexis, collapsed
across vowel quality conditions. Accepted statistical
differences (p<.05) are marked “*’.

4.1 Prevocalic consonants

A reliable difference in duration due to vowel quality was
observed for the prevocalic consonant. As expected {71,
C1 duration was longer preceding a bigh vowel
(#=181ms) than preceding a low vowel (y=175ms)
(F=8.9; p<.0029). That is, thc high vowel, with a
relatively short inherent duration, was preceded by a
consonant with a longer duration than a low vowel, with
a relatively long inherent duration. This suggests that
the closure duration of a prevocalic consonant decreases
with the increased vowel duration due to vowe} quality.
This {inding is cousistent with the observation that
prevocalic consonants are shorter in duration before
phonologically long vowels than before phonologically
short vowels {13].
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No effect of postvocalic place of articulation was
observed for the duration of Cy(F=0.5442; n.s.), with
the mean duration of Cj ranging only from 176ms when
C2 was bilabial, to 178ms when C2 was dental, to
179ms for a velar Co.

Notably, no interaction was found between vowel quality
and postvocalic place of articulation for the duration of
the prevocalic consonant (F=2.81; n.s.) which might
have been expected if anticipation coarticulation of the
following vowel and consonant jointing affected Cj
duration.

4.2 Vowels

The expected effect of vowel quality on V duration [7}[9]
was observed. The duration of high vowels was shorter
#=125 ms) than the duration of low vowels (=144 ms)
(F=40.262; p<.0001) reflecting the time necessary 1o
achieve the relevant jaw and lingual movements. -

The duration of V was also affected by the postvocalic
place of articulation (F=5.9; p<.0064). Vowels were
shorter preceding a postvocalic labial (=129 ms) than
preceding velars (=140 ms) (F=10.09; p<.0015).
However, no reliable difference in vowel duration was
found between vowels preceding labials (=129 ms) and
dentals (=135 ms) (F=3.34; n.s.), nor between vowels
preceding dentals (¢=135 ms) and velars (y=140 ms)
(F=1.82; n.s.). This finding differs from earlier research
on Swedish [9]. This difference may be bascd on the
different materials used in the two studies; whereas Elert
used postvocalic consonants with different manners of
articulation, only stops occur as the postvocalic
consonants in this investigation. These finding suggest
that the manner of articulation of the postvocalic
consonant may also affect the duration of the preceding
vowel. and deserves further investigation.

No interaction was observed between vowel quality and
postvocalic place of articulation for the durations of the
vowel (F=0.41; n.s.).

4.3 Postvocalic consonants

Vowel quality was not found to reliably affect the
duration of the postvocalic consonant (F=3.2; n.s.). This
finding is consistent with previous research on English
{2][8], showing that the duration of the postvocalic
conpsonant is not systematically affected by the quality of
the preceding vowei within the same syllabie. However,
the results differ from Elert’s [9] observations of
Swedish. The difference between Elert’s data and the
findings in the present study may be attributable to
breadih of Elert's investigation. Elert’s material consisted
of consonants with different manners of articulation and
both rounded and unrounded vowels whereas only
postvocalic stops and unrounded vowels were used in the
current study. In addition, Elert does differentiate
between phonologically long vs. short vowels when
presenting the data, whereas in the present investigation
the phonological length of the vowels has been
systematically treated for separate examination. Indeed,
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Elett reports a less marked influence of the phonologi-
cally short vowels on the following consonant. He also
observed that the shortening effect of high vowels and
the lengthening effect of low vowels seemed to be
strongest among rounded vowels. As such, the results
of the two projects do not appear incongruous,

The duration of a postvocalic consonant was found to be
affected by where it was articulated (F=6.21; p<.0021).
A labial Cp (=135 ms) was longer than both dentals
(p=125 ms) (F=8.56; p<.0035) and velars C7 (u=121
ms) (F=10.17; p<.0016.). However, no reliable
difference was found between the durations of postvocalic
dentals and velars (F=.06; n.s.). In Swedish [9] and
Icelandic {12] dental consonants were found to be longer
in duration than cither labials or velars. However, in
those investigations consonants with different manners
of articulation were used. Findings in English, [1}{8] are
compatible with the results in the present investigation,
showing that labial stops are longer in duration than
alveolars and velars,

No interactions were found between vowel quality and
postvocalic place of articulation for the durations of the
postvocalic consonant (F=.06; n.s.).

4.4 Rhyme

The rhyme duration was shorter when it contained a high
vowel (=256 ms) than a low vowel (#=269 ms)
{F=19.39; p<.0001). This finding suggests that the total
rhyme duration with a syllable does not necessarily
remain relatively constant (c.f. [9]).

No effect of postvocalic place of articulation on ihe
overall rhyme duration (F=.62; n.s.) was observed, and
no interactions were found between vowel quality and
postvocalic place of articulation for the duration of the
rhyme (F=.66; n.s.).

4.5 Syllable

No reliable difference in overall syllable duration was
attributable to main effects of either vowel quality
(F=3.01; n.s.) or postvocalic place of articulation
(F=.16; n.s.). However an interaction between vowel
quality and postvocalic place of articulation was observed
for overall syllable duration (F=3.914; p<.0203).
Syllables with low vowels are longer in duration when
containing a labial or dental Cp, than syllables with
high vowels. The opposite was found for syllables
containing velar C2. These interactions might suggest
different effects of coarticulation between vowels and
postvocalic consonants. How difTerent vowels interact
with different postvocalic consonants therefore warrants
closer analysis.

§ CONCLUSIONS

The results of this investigation confirm the intricate

.interrelated effects of articulatory gestures on the timing

of segments within a syllable.
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As earlier research has established {7], the quality of a
vowel is a fundamental determinant of its duration. The
current research demonstrates that, with the duration of
the postvocalic consonant remaining essentially
unaffected by the duration of the preceding vowel, the
overall rhyme duration will be determined primarily by
the duration of the vowel. The duration of a prevocalic
consonant appears to be adjusted in anticipation of the
relative inherent duration associated with the quality of
the following vowel. This duration approximates
compensation for changes in the overall rhyme duration
associate with vowel quality with the result that overall
syllable duration is relatively unaffected by vowel
quality.

The place of articulation of a postvocalic consonant leads
to a different relative timing patiern within a syllable.
The results show no effect of postvocalic place of
articulation on the duration of a prevocalic consonant.
However, postvocalic place of articulation was found to
influence the duration of segments within the syllable
rhyme revealing an inverse durational pattern between
the vowel and postvocalic consonant. For the labial
postvocalic consonant condition the preceding vowel was
relatively short and the labial consonant was relatively
long, whereas for the dental and velar conditions the
vowel was long preceding the relatively short
consonants. This pattern suggests that the duration of
the vowel may compensate for the upcoming duration of
the following consonant and is reinforced by the
observation that the overall rhyme duration is not
affected by the place of articulation of the postvocalic
consonant.  Finally, with postvocalic place of
articulation not affecting the duration of the prevocalic
consonant or the rhyme duration, overall syllable
duration is not directly affect.

These findings offer a preliminary view into the effects

“of articulatory gestures on the realized acoustic timing:

and suggest a highly dynamic timing system. Further
investigation will be needed for fully insight into the
effects of these factors on relative timing within a
syllable.
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