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Abstract

Two experiments investigate a weakening of supralaryngeal
gestures in an utterance, analogous in some ways to declination
of fundamental frequency and amplitude. In one experiment,
acoustic measures revealed progressive centralization of
stressed /i/, /a/ and /u/ left to right in trisyllabic utterances read
by Tuscan subjects. A second experiment, using speakers of a
different (Northern) variety of Standard Italian, found reduc-
tion in jaw opening for stressed /a/ left to right, but generally
failed to replicate a centralization of /i/. This experiment fur-
ther suggested that the progressive weakening of supralaryn-
geal gestures is largely a phrase level rather than a word level
phenomenon. Both experiments found a different, V-shaped,
pattern of opening to be generally characteristic of unstressed
syllables. '

In an investigation of coarticulation in
spoken Italian [Vayra and Fowler, 1987] we
obtained an unexpected finding. In that study,
3 speakers of the Florentine variety of Stan-
dard Italian had produced bi- and trisyllabic
nonsense words in isolation. Initial and final
vowels were /i/, /a/ and /u/; the medial vowel
of the trisyllables was stressed or unstressed
/a/. Acoustic formant measures revealed that a

major source of variation in stressed /a/ was
due to its position in a bi- or trisyllable. In par-
ticular, aside from any coarticulatory effects of
neighboring vowels, all 3 speakers exhibited a
considerably higher F; of stressed /a/ in initial
than final position in bisyllables and a mono-
tonic decrease in F; of stressed /a/ in trisylla-
bles. The pattern on unstressed syllables was a
V shape with the medial syllable least open.
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Table 1. Mean first formant

frequencies of /a/ in Hertz and Speakers Stressed Unstressed
standard deviations (SD) for 1 M F I M F
3 speakers (S, F, N) as a function
of position in a trisyllable S  mean 1,178 1,112 989 1,144 803 850
SD 5.2 254 36.9 5278 232 3.06
F mean 1,052 986 890 972 794 859
SD 13.2 40.1 26.3 22.2 11.7 30.8
N  mean 877 800 725 794 701 705
SD 37.8 19.4 27.1 13.8 19.1 20.7

I = Initial; M = medial; F = final.

Table 1 shows the findings on trisyllables from
the 3 speakers (S, F, N). We proposed tenta-
tively that the pattern on stressed syllables
might reflect a process analogous in some
ways to declination of fundamental frequency
(fo) in which effects of stress decrease over the
course of an utterance.

In declination of fo, particularly in accented
syllables [e.g., Breckenridge, 1977; Cohen et
al., 1982], fo decreases from early to late in a
phrase. Several accounts of declination have
appeared in the literature [e.g., Breckenridge,
1977; Cooper and Sorensen, 1981; Gelfer,
1987; Maeda, 1976] and it is likely that sev-
eral factors contribute to its occurrence. A fun-
damental one may be regulation of subglottal
pressure [Pg; e.g., Gelfer, 1987; Gelfer et al.,
1987]. A major influence on fp, besides ten-
sion in the intrinsic muscles of the larynx, is

P;, and one source of influence on Ps is the

elastic recoil force of the lungs. As the lungs
deflate, the elastic recoil force decreases and
so, other things equal, does P, and so, other
things equal, does fo. [For another account
also implicating P;, see 't Hart et al., 1990.]
Other things are not equal during speech, and
so fo does not invariably track the decline in
lung volume. However, even so, declination
occurs commonly across utterances and lan-
guages, although it may not be equally com-
mon in all speaking styles [Lieberman et al.,

1985; Umeda, 1982]. Compatible with an idea
that declination of fy has its origins in the res-
piratory system are findings that amplitude
falls along with f {Breckenridge, 1977].

For its part, a monotonic decrease in F; of
stressed /a/ early to late in an utterance sug-
gests a centralization of stressed /a/ in the
height dimension. Is it possible that speech ex-
hibits a general tendency to weaken early to
late in an utterance? If so, declination of fy is
not an independent characteristic of a speech
utterance as it has been treated, but rather, it is
an index of a general weakening tendency.

Further evidence that declination may be
very general in speech production is provided
by Bell-Berti and Krakow [1991], who mea-
sured velum height during consonants asso-
ciated with high velar position (/s/, /t/). They
varied position of these consonants in a sen-
tence and found progressive early to late e re-
ductions of velum height during the conso-
nants. The reduction was considerably more
marked for stressed as compared to unstressed
syllables (in which velum height was already
rather low for /s/ and /t/ as compared to their
height in stressed syllables).

In Italian, a declination effect seems to be
present in Bertinetto’s [1981, pp. 65-80] data
on intensity and fy peak values in stressed and
unstressed vowels in initial, medial and final
position of isolated trisyllables [see his table
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5]. In stressed vowels, declination of intensity
showed up clearly only when intensity was

calculated as the area under the intensity curve

[compare his tables 4 and 6].

Additional evidence of intensity declina-
tion (with intensity now measured as peak val-
ues of the intensity curve) is present in an ear-
lier study by Fava and Magno Caldognetto
[1976] on Italian isolated bisyllables of the
types /’CVCV/ versus /CV'CV/ and
’CVCCV/ versus /CVC’CV/. In that paper,
the role of duration and intensity in distin-
guishing stressed and unstressed vowels was
investigated. Results showed a clear position
effect for intensity, with greater intensity al-
ways associated with the initial syllables of the
bisyllables, whether or not that syllable was
stressed.

A final measure that we will review here 1s
duration. It is not entirely clear how declina-
tion in duration — either articulatory of acous-
tic — should manifest itself. One possibility is
that declination in production of articulatory
gestures will reflect progressive reduction of
gestures and, therefore, shortening of their ar-
ticulatory extents and acoustic consequences.
Alternatively, however, declination may be
associated with slowing and, therefore,
lengthening of gestures and their acoustic
products (as in final lengthening, utterance-fi-
nally). In Italian, studies of acoustic durations
generally show a shortening of final, as com-
pared to nonfinal stressed vowels [see, for ex-
ample, Farnetani and Kori, 1982; Marotta,
1985]. This outcome is compatible with the
traditional phonological description of Ital-
ian’s stressed vowels’ length in word-final
position [for example, Vincent, 1988; Bas-
bgll, 1989]. Notice, however, that the evi-
dence does not indicate either progressive du-
rational reduction or lengthening; rather, in
trisyllables, there may be an overall tendency
for medial syllables to be longest [Vayra et
al., 1987].

There is also a position effect on the per-
ceptual side when stress judgements are made
on synthesized bisyllabic words, as reported
by Bertinetto [1980]. He synthesized a total of
64 different bisyllabic stimuli corresponding
to the phonological sequence /papa/, which in
Italian can give rise to two different words, ac-
cording to stress position (/’papa/ ‘Pope’ ver-
sus /pa’pa/ ‘father’). Notice that, as the author
remarks, ‘no effort was made to preserve just
those characteristics of speech which are spe-
cifically attached in normal speech to different
syllabic positions’ [p. 386]. That is, the con-
trasts among the 64 synthesized /papa/ stimuli
of the experiment were only realized through
the systematic assignment of four different
values of duration, fp and intensity to both syl-
lables of each sequence. In the experiment,
more stimuli were perceived as stressed on the
second syllable than as stressed on the first;
moreover, for any parametric value (duration,
fo, intensity) assigned to a syllable, there were
more stress judgements in favor of final as
compared to initial syllabies.

It seems to us that, under a hypothesis of
declination as a general articulatory process
involving a decrement in the values of differ-
ent acoustical parameters, this imbalance in
stress judgements may indicate that listeners
‘expect’ global declination in speech. In the
same way, Pierrehumbert [1979; see also Sil-
verman, 1987; Terken, 1991] has shown that
listeners ‘expect’ fo declination to occur. They
Jjudge two intonational peaks of a sentence as
equal only if the later one is sufficiently lower
than the earlier one. Thus, the subjects of Ber-
tinetto’s experiment parse the global prosodic
contour of the stimuli in at least two compo-
nents — declination and stress — by factoring
out information on stress from the expected
weakening of the articulatory system [see
Fowler, 1986; Fowler and Smith, 1986, on the
principles underlying a style of perception by
‘vector analysis’].
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In the present study, we begin to test the
idea that, in Italian speech, declination extends
beyond effects on fo and perhaps amplitude as
well. We begin with further analysis of the
speech of the 3 speakers examined in Vayra
and Fowler [1987]. If speech does exhibit gen-
eral weakening, then evidence of it may be ap-
parent in aspects of their utterances not yet ex-
amined.

These speakers produced bi- and trisyl-
lables beginning and ending with stressed or
unstressed /i/, /a/ and /u/. The medial syllable
of the trisyllables was stressed or unstressed
/a/. If speech weakens over an utterance, then
/i/ and /u/ should exhibit evidence of progres-
sive centralization. If the effect is weakening
of stress, then any centralization we see may
be limited to stressed syllables. Whereas
stressed /a/ showed a decrease in openness (a
lowering of Fy), stressed /i/ and /u/ should
show progressive opening if they centralize. In
addition, vowels may show progressive cen-
tralization along the front-back dimension.
Accordingly, F, of /i/ may lower while F7 of
/u/ increases.

Experiment 1

In this experiment, described in more detail in
Vayra and Fowler [1987], speakers were 2 female and
1 male speaker of the Florentine variety of Standard
Ttalian. They produced bisyllabic and trisyllabic non-
sense words in isolation. In each nonsense word, one
syllable was stressed; across words, stress occurred
equally often in each syllable of the bi-and trisylla-
bles. Initial and final vowels were /i/, /a/ and /u/; they
appeared in all combinations across bi- and trisylla-
bles. The medial syllable was always /a/. Accord-
ingly, there were 18 different bisyllables and 27 dif-
ferent trisytlables. Each speaker produced each non-
sense word three times.

Speech was filtered at 5 kHz and digitized at a 10-
kHz sampling rate. Vowel formant values were esti-
mated using linear predictive analysis of the ILS
system at Haskins Laboratories {ILS Command Ref-
erence Guide V. 6.0, 1986]. A 20-ms analysis window

was moved in S5-ms steps over the trisyllables. The
frequency spectrum for each analysis frame was ob-
tained by performing an FFT on the autoregressive
coefficients calculated from the regression coeffi-
cients for each frame. We took measures at the vowel
midpoints.

Results and Discussion

Tables 2 and 3 provide Fi and F, measures
for stressed and unstressed initial and final syl-
lables averaged over the bi- and trisyllables as
produced by the 3 speakers. On average, every
comparison conforms to a prediction that
vowels centralize early to late in an utterance.
For both /i/ and /u/, F increases, suggesting a
progressive opening over time of these close
vowels. For /i/, this is significant for 2 of the 3
talkers [S: F(1, 82) = 107.04, p < 0.001; F: F(1,
82) = 114.9,p < 0.001]. It is significant for the
same ?2 talkers for the vowel /u/ [S: F(1, 82) =
4.88,p=003; F:F(1,82)=153,p< 0.001].
For subject S producing /w/, there is a three-
way interaction with stress and word length
because the effect fails to hold for stressed syl-
lables in trisyllables.

As for F, of /i/, it decreases early to late in
the bi- and trisyllables, suggesting that this
front vowel shifts back. This effect is signifi-
cant for all 3 talkers [S: F(1, 82) =265.46, p <
0.001: F: F(1, 82) = 34.3, p < 0.001; N: F(l,
82) = 71.29, p < 0.001]. As for F of /u/, it in-
creases, indicating either fronting or decreased
rounding. This difference is significant for 2
talkers [F: F(1, 82) =35.87,p < 0.001; N: F(1,
82) = 12.1, p = 0.001]. The 3rd talker shows a
three-way interaction with stress and word
length; the increase in F holds for unstressed
syllables in unstressed bi- and trisyllables and
in stressed trisyllables.

In sum, we found considerable evidence of
centralization, but no indication that it is re-
stricted to stressed syllables. Accordingly, the
F; minimum that all talkers showed for un-
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Table 2. Mean first formant
frequencies of /i/ and /u/ in Hertz
and standard deviations (SD) for
3 speakers (S, F, N) as a function
of position in a trisyllable

Table 3. Mean second formant
frequencies of /i/ and /u/ in Hertz
and standard deviations (SD) for
3 speakers (S, F, N) as a function
of position in a trisyllable
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Speakers Stressed Unstressed
I F 1 F

First formant /i/

S mean 248 298 243 290
SD 19.0 21.8 134 21.9

F mean 253 270 310 330
SD 22.8 29.7 27.0 26.4

N mean 255 253 262 260
SD 28.1 374 33.6 34.1

First formant /u/

S mean 296 296 305 340
SD 21.8 43.3 22.5 33.8

F mean 307 343 336 363
SD 20.1 353 46.5 24.1

N mean 250 260 274 262
SD 30.5 28.4 33.7 30.7

I = Initial; F = final.

Speakers Stressed Unstressed

I F I F

Second formant /i/

S mean 2,938 2,739 2,876 2,618
SD 53.3 97.1 55.2 57.6

F mean 2,563 2,477 2,485 2,367
SD 56.2 69.6 99.5 87.3

N mean 2,240 2,125 2,222 2,098
SD 62.3 56.7 41.7 81.8

Second formant /u/

S mean 721 711 713 787
SD 70.5 55.6 89.3 71.2

F mean 727 800 711 847
SD 58.6 55.6 89.3 71.2

N mean 554 604 563 530
SD 61.4 69.3 78.3 54.2

I = Initial; F = final.
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stressed medial /a/ remains unexplained in
terms of a general tendency for vowels to cen-
tralize. We explore the finding further in ex-
periment 2.

Experiment 2

The next experiment was designed to fur-
ther pursue our study of supralaryngeal decli-
nation. The first experiment does not clarify
whether the centralization effects we observed
are word level effects or, like declination of fy,
occur over phrasal domains. If they are word
level effects, then they should be as evident
when nonsense words are produced in a carrier
phrase as when they are produced in isolation.
If they are phrase level effects, they should be
considerably reduced or even absent when the
words are produced in a carrier phrase. A sec-
ond issue concerns the coupling of centraliza-
tion to declination ostensibly having an origin
in the respiratory system. Accordingly, we
asked whether these effects are accompanied
by declination of fy and amplitude, and, if they
are when words are produced in isolation,

whether the two sets of effect separate out

when words are produced in a carrier phrase.
The present experiment also added a kine-
matic measurement to the spectral measures of
experiment 1. This allowed us to ask whether
declination of Fy of stressed /a/ is accompa-
nied by kinematic evidence of lesser opening
for that vowel.

Method

Subjects were 2 Northern speakers of Standard
Italian; 1 was the first author of the paper. The speak-
ers produced trisyllables /bibabi/ and /bababa/ with
primary stress on initial, medial or final syllables.
Talkers produced 20 tokens of each isolated trisyl-
lable and 20 tokens of trisyllables produced in the car-
rier phrase: dico la parola ___ con cura.

In addition to the acoustic measures taken as previ-
ously described in experiment 1, we obtained acoustic
durational measures and measures of jaw opening for
/a/. Measures of jaw vertical displacement were gath-
ered with a Selspot optical system modified at Has-
kins Laboratories. Miniature light-emitting diodes
were taped midsagittally onto the forehead, nose and
point of the chin. Modulated light from the diodes was
monitored by a camera equipped with a Schottky pla-
nar diode located in its focal plane. The output of the
photodiode was input to associated in-house electron-
ics [Gulisano, 1982], translating the signal into X and
Y coordinates. In order to eliminate effects of extrane-
ous movement, the outputs of the reference light-

-emitting diodes (forehead, nose) were subtracted from

that of the chin [see Kay et al., 1985, for a more com-
plete description of the signal processing and analysis
sequence]. Jaw measurements were taken at the point
of jaw maximum opening; measurements are in milli-
meters. .

Simultaneous acoustic recording was made.
Acoustic waveforms were displayed and vowel dura-
tion measured via a waveform editing program. In ab-
sence of a clear burst marking the release of closure
for /b/, the duration of voicing for the vowel was
measured as the interval from the first acoustic evi-
dence of high frequency components in the periodic
wave to the first acoustic evidence of closure (defined
as the point where high frequency components disap-
peared and the amplitude of the waveform dropped
markedly). Formant trajectories for the vowels, as
well as fp and amplitude information were obtained
using ILS procedures as described in the previous ex-
periment. Measurements of Fi, Fa, fo and amplitude
were taken from the vowels’ temporal midpoint.

Resulis!

/a/: No Carrier

Table 4 shows the data for isolated produc-
tions of the trisyllables including only the
vowel /a/. Data are presented separately for

' In the ‘Results’ we report the results of multiple
analyses of variance performed on the various depen-
dent variables of the experiment. Before doing that,
however, we briefly present the results of four prelim-
inary analyses prompted by a reviewer's suggestion.
The reviewer pointed out that a preferable analysis to
the ANOVAs we report in the text is a Multivariate
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the stressed and unstressed syllables and for
the 2 talkers. Both stressed and unstressed
syllables exhibit a monotonic decrease in fo
from early to late. The effect was strong and
significant for both talkers? [CA: stressed syl-

Analysis of Variance (MANOVA). This test can be
used when the data include multiple dependent as well
as independent variables, whereas ANOVA is re-
stricted to just a single dependent variable. The MA-
NOVA aliows discovery whether independent
variables have effects jointly on several dependent
measures. Because we expect that this analysis will be
unfamiliar to most readers and because we had to go
on anyway to look at the dependent measures sepa-
rately, we place the result of the MANOVAS here
rather than in the body of the text. We performed four
MANOVAs, two per stressed vowel per talker. De-
pendent variables were fo, amplitude, Fj and F». Inde-
pendent variables were Carrier, Stress and Position of
the vowel in the word. In addition, we used vowel du-
ration as a covariate in the analysis. The same re-
viewer had suggested that any early to late spectral
reduction we observed could be an artifact of a ten-
dency to speed up over the course of word production.
Although our durational measures do not bear out this
idea, in any case, we used duration as a covariate to al-
low the test to discover whether there are effects of

position of the vowel in the word when effects of du--

ration on the dependent measures are partialed out.

Briefly, in all four MANOVAs, every main effect
and interaction was significant, with all p values but
one (p = 0.004) falling below the 0.001 level of sig-
nificance. This indicates that the various dependent
measures are affected jointly by the independent
variables. Moreover, the effects of those independent
" variables are not mediated by effects of duration.
However, the pattern of results is also highly complex
with even the three-way interactions highly signifi-
cant. Further, a significant multivariate F does not
mean necessarily that all dependent measures are af-
fected significantly by the independent variables. Ac-
cordingly, in the text we report separate Position X
Stress ANOVAs on the two context conditions (No
carrier, Carrier) and on the individual dependent
measures of the experiment.

2Global analyses were initally performed with fac-
tors stress and carrier phrase. However, the effect of
position in the word quite generally interacted with
those variables. Therefore separate analyses were per-
formed on stressed and unstressed syllables and on ut-
terances produced in isolation and in a carrier phrase.

lables, F(2, 57) = 77.01; unstressed, F(2, 117)
= 70.6; MV: stressed, F(2, 57) = 59.81, un-
stressed, F(2,117) = 12.3]. ‘Neither talker
showed a lower fg for unstressed syllables.
However, according to Bertinetto [1978, 1980,
1981], fo is not a reliable correlate of stress in
Italian either in production or perception. [See
Ferrero, 1972, for a different view.]

These utterances also exhibited declination
of amplitude early to late [CA: stressed, F(2,
57) = 79.52, unstressed, F(2, 117) = 119.8;
MV: F(2, 57) = 21.81, unstressed F(2, 117) =
5.16, p = 0.007]. Amplitudes of unstressed
syllables were consistently lower than those
for stressed syllables for both talkers. This is
consistent with comparative work on vowel
reduction by den Os [e.g. 1985, 19881 and
Koopmans-van Beinum [1980, 1983].

Turning to measures of vowel openness,
both talkers showed the same qualitative pat-
terns of F] as the 3 talkers of experiment 1. Fy
decreased monotonically early to late in
stressed syllables, but the decline was signifi-
cant only for CA [F(2,57)=6.24,p.= 0.004].
Differences in F; of unstressed /a/ across posi-
tions were significant for both talkers; as in the
findings of Vayra and Fowler [1987], the Fy
minimun was in medial, rather than final, un-
stressed syllables [CA: F(2, 117) = 84.94,p=
0.004; MV: F(2, 117) = 80.19].

Measures of jaw opening replicated find-
ings on F1. Both talkers showed a monotonic
decrease in opening early to late in stressed
syllables and a V-shaped pattern for unstressed
syllables [CA: stressed, F(2, 56) = 9.21, un-
stressed: F(2, 115) =48.07; MV: stressed, F(2,
57) = 72.11, unstressed, F(2, 117) = 94.18].
Most likely, the acoustic decrease in openness
of the vowel exhibited by stressed /a/ in the
present experiment and those in experiment 1
reflects a progressive decrease in jaw opening
for the vowel when it is stressed. The already
considerably centralized unstressed vowels do
not show additional centralization. They do,
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Table 4. Means and standard
deviations (SD) for the various
dependent measures of experi-
ment 2, vowel /a/ in the initial,
medial and final positions of a
trisyllable

Stressed Unstressed
I M F 1 M F
No carrier
CA
fo, Hz mean 215 182 177 227 207 175
SD 125 9.0 9.2 1.3 273 160
RMS, dB mean 55.8 514 50.1 546 50.1 44.1
SD 0.8 1.92 1.5 1.6 3.6 34
F,Hz mean 1,052 1,027 957 719 677 868 -
SD 946 83.2 8.3 530 773 727
Jaw, mm mean 10.1 8.69 8.38 441 352 593
SD 1.3 1.2 1.5 1.2 1.0 0.9
Duration,ms mean 170.9 2039 144.3 952 81.8 99.7
SD 9.0 123 17.1 6.1 10.3  16.0
MV
fo, Hz mean 121 106 95 123 113 111
SD 106 6.4 4.5 6.4 106 152
RMS, dB mean 53.7 527 479 495 472 451
SD 2.5 2.2 3.7 2.8 3.5 54
F,, Hz mean 728 720 712 615 547 627
SD 306 219 36.2 189 27.89 30.8
Jaw, mm mean 7.79 5.9 3.76 567 201 206
SD 1.1 1.3 0.8 0.8 0.6 0.6
Duration,ms mean 139 183 109 73 69 102
SD 11.3 109 224 103 102 210
Carrier
CA
fo, Hz mean 178 169 175 190 189 231
SD 8.3 6.1 9.0 7.2 9 17.5
RMS, dB mean 53.0 S51.1 506 525 515 527
SD 1.9 1.7 2.3 1.8 1.7 2.1
F,,Hz mean 1,033 1,024 1,051 705 692 902
SD 71.8 463 99.7 594 569 653
Jaw, mm mean 9.18 932 8.89 274 364 58
SD 1.0 1.2 1.2 0.8 1.0 1.2
Duration, ms mean 184 202 191 84 85 110
SD 9.2 1.1 174 7.5 1.2 159
MV
fo, Hz mean 133 124 124 102 128 136
SD 1.3 8.9 6.9 49 205 84
RMS, dB mean 543 53.1 524 475 473 503
SD 1.0 1.3 1.1 2.3 74 - 25
F,, Hz mean 704 736 725 557 529 532
SD 59 436 449 56.5 457 31.0
Jaw, mm mean 601 432 312 249 136 1.12
SD 0.7 0.9 0.7 0.6 0.4 0.4
Duration, ms mean 150 167 205 72 72 81
SD 6.3 122 63.3 11.2 102 10.1

I = Initial; M = medial; F = final.
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however, show a consistent pattern in which
the medial syllable is least open.

Finally, we looked at the measures of
acoustic duration. As a reviewer of a previous
version of the manuscript pointed out, any
spectral reduction we might see as a function
of position in the word might be mediated by a
tendency of the speaker to increase speaking
rate early to late in an utterance. This in turn
can lead to reduction of articulatory excur-
sions involved in vowel production and hence
to spectral reduction [Lindblom, 1963]. Re-
sults of the duration measurements do not bear
out this idea. For both talkers, durations of
stressed syllables were an inverted V shape,
with medial syllables longest. Unstressed syl-
lables showed final lengthening. In the analy-
sis of variance on both talkers with factors
stress and position, both main effects and the
interaction were highly significant [with the
smallest F: F(2, 174) = 32.01, p < 0.0001].

/a/: Carrier

We expected less evidence of weakening
when the trisyllables were produced in a car-
rier sentence to the extent that weakening, like
declination of fy, is a phrase level, rather than
a word level phenomenon. Table 4 provides
the descriptive statistics. On stressed syllables
of trisyllables, CA showed a progressive de-
crease only in amplitude [F(2, 57) = 8.53]. On
unstressed syllables, she showed no declina-
tion at all. All acoustic measures on unstressed
syllables showed a V pattern like the pattern-
ing of F; on unstressed /a/ vowels produced in
isolation. The pattern was significant for all
measures [fo: F(2, 117) = 157.6, amplitude:
F(2, 117) = 5.13, Fi: F(2, 117) = 150.7). CA’s
Jaw pattern showed a significant inclination
on unstressed syllables [F(2, 116) = 107.1]. On
stressed syllables, MV showed monotonic de-
creases in amplitude [F(2, 57) = 16.3] and jaw
opening [F(2, 57) = 72.22]. Fy was highest in
Initial position and equal in medial and final

position [F(2,57) = 6.47, p = 0.003]. MV also
showed a monotonic decrease in Jjaw opening
on unstressed syllables [F(2, 117) = 90.8]. Ex-
cept for fo, other measures on unstressed syl-
lables had minima on the medial syllable [am-
plitude: F(2, 117) = 5.16, p = 0.007, F;: F(2,
117) = 470, p = 0.01]. Fy increased early to
late on unstressed syllables [F(2,117) = 47.9].

Turning to duration measures, as in the no-
carrier condition they do not show a pattern of
decreased duration early to late. Talker CA
shows the same durational pattern as in the no-
carrier condition — that is, an inverted V for
stressed syllables and final lengthening of un-
stressed syllables. In an analysis of variance
both main effects (position, stress) and the
interaction were significant (all Fs > 11.49, p<
0.0001). Talker MV shows final lengthening
of both stressed and unstressed syllables (all
Fs > 26.85, p < 0.0001).

/i/: No Carrier

On trisyllables involving /i/, we can com-
pare only the initial and final syllables. Table 5
provides the means for both talkers in the no-
carrier condition. In those utterances, both
talkers showed declination of fo on stressed
syllables [CA: F(2, 37) = 893.2, MV: F(1, 37)
=101.3]. Only CA showed declination on un-
stressed syllables [F(1, 77) = 270.8]. Both
talkers show declination of amplitude on
stressed and unstressed  syllables [CA:
stressed, F(2, 37) = 195.64, unstressed, F(1,
77)=191.8; MV: stressed, F(1, 37)=9.38, un-
stressed, F(1, 77) = 7.70].

On Fy, CA, like the speakers in experiment
1, shows an increase in opening for /i/ on the
final as compared to the initial syllable
[stressed: F(2, 37) = 118.8, unstressed F(,
77) = 94.7]. MV shows no significant change
in F; as a function of position in the word.,

In contrast to the talkers in experiment 1,
both talkers show increases in F> on final as
compared to initial syllables. This difference
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Table 5. Means and standard
deviations (SD) of the various
dependent measures of
experiment 2, vowel /i/

Stressed Unstressed
I F I F
No carrier
CA
fo, Hz mean 242 175 234 179
SD 6.3 7.7 104 18.3
RMS, dB mean 49.8 42.3 47.7 427
SD 1.6 1.7 1.5 1.7
F,, Hz mean 256 316 264 334
SD 16.7 17.7 304 © 338
F,, Hz mean 2,626 2,710 2,536 2,705
SD 65.3 103.3 141.1 236.9
Duration, ms mean 138 148 87 109
SD 14.2 24.6 10.0 16.1
MV
fo, Hz mean 132 103 126 126
SD 12.5 1.2 11.5 15.6
RMS, dB mean 45.7 42.0 434 39.8
SD 3.8 37 4.1 7.1
F,,Hz mean 283 281 303 310
SD 26.7 28.2 11.6 23.3
F;, Hz mean 2,129 2,131 1,946 2,155
SD 479 43.9 120.4 227.1
Duration, ms  mean 95 87 62 92
SD 11.8 19.8 11.9 92
Carrier
CA
fo, Hz mean 190 208 198 242
SD 7.9 8.1 7.6 13.2
RMS, dB mean 44.6 441 447 449
SD 1.5 1.3 1.8 1.5
F,, Hz mean 285 296 316 300
SD 40.6 41.2 437 30.9
F,, Hz mean 2,701 2,721 2,599 2,667
SD 44.5 43.6 92.3 124.3
Duration, ms mean 125 153 75 126
SD 8.4 16.0 7.3 18.3
MV
fo, Hz mean 142 142 113 131
SD 6.7 5.5 4.4 9.1
RMS,dB mean 48.5 444 41.7 43.4
SD 2.1 2.3 2.4 24
F,, Hz mean 295 284 305 307
SD 219 30.7 13.3 22.1
F,, Hz mean 2,173, 2,235 2,000 2,225
SD 479 46.5 118.2 117.4
Duration, ms  mean 99 107 61 68
SD 9.1 17.1 8.9 6.1

I=Initial; F=final.
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is significant for CA on both stressed and un-
stressed syllables [stressed, F(1, 37) = 9.24,
unstressed F(1, 77) = 15.15]; it is significant
for MV only on unstressed syllables [F(1, 77)
=25.93].

On the duration measures, CA’s final syl-
lables were longer than her initial syllables
whether the syllables were stressed or un-
stressed. The durational difference was greater
for the unstressed syllables, however, giving
rise to a significant interaction between stress
and position [F(1, 333) = 12.45, p = 0.005] as
well as highly significant main effects (both
p < 0.0001). MV showed final lengthening of
unstressed syllables, but his final stressed syl-
lables were a nonsignificant 8 ms shorter than
his initial stressed syllables. In the analysis of
variance on his durations, both main effects
and the interaction were highly significant (all
Fs >7.94, p = 0.006).

/i/: Carrier

For /i/s produced in a carrier phrase, there is
essentially no evidence of declination [except-
ing a significant decrease in amplitude for MV
on stressed syllables, F(1, 38) = 34.9]. Here, as
in utterances produced in isolation, F; of final
/i/ was higher than for initial /i/ [CA: stressed
F(1, 38) = 1.02, NS; unstressed, F(1, 78) =
7.87; MV: stressed, F(1, 38) = 17.56; un-
stressed, F(1, 78) = 73.27]. Turning to the du-
rational analyses, both talkers produced longer
final than initial syllables. For talker CA, the
difference was larger for unstressed syllables
(41 versus 24 ms); accordingly the interaction
of stress and position was significant as well
as both main effects (all Fs > 23.3, p <
0.0001). For talker MV, the position effect was
the same in magnitude for stressed and un-
stressed syllables (and small, 7 ms, in both
cases). In the analysis of this talker’s data, the
main effects of stress and position were highly
significant (Fs > 11.79, p = 0.0008), but the
interaction did not approach significance.

Discussion

Overall, the findings on the vowel /a/ of the
present experiment replicated those reported
in Vayra and Fowler [1987]. For isolated tri-
syllables, both F; and measures of jaw open-
ing decreased monotonically throughout a tri-
syllable. As in the earlier study, unstressed syl-
lables had their minima medially.

A question the experiment was designed to
address was whether this weakening of /a/ in
height was a phrase or a word level phenome-
non. Results were not wholly consistent; how-
ever, overall, they are more consistent with a
phrase level interpretation. For CA, declina-
tion of F; and the jaw is confined to stressed
syllables of trisyllables produced in isolation.
This is true for F; of stressed /a/ of talker
MV’s utterances; however, measures of jaw
opening show a monotonic decline also for tri-
syllables in a carrier sentence.

A second question the experiment was de-
signed to address was whether declination of
supralaryngeal vocalic gestures is coupled to
declination of fy and amplitude. The answer
appears to be ‘no’. Whereas declination of fy
and amplitude occurred over both stressed and
unstressed syllables of isolated trisyllables,
declination of opening for /a/ occurred only on
stressed syllables. Furthermore, in produc-
tions involving the vowel /i/, declination of f;
and amplitude was seen where centralization
of the vowel was absent. In general, results on
the vowel /i/ did not conform to those seen in
experiment 1. Only 1 talker showed decreased
closing for stressed /i/ and neither talker
showed decreased fronting.

The alternative V pattern for unstressed /a/
seems to have some generality. Both speakers
did show the V pattern in jaw and F; measures
of unstressed /a/ in the no-carrier condition;
the same pattern showed up also in F; of
stressed syllables for CA and in F; and ampli-
tude of unstressed syllables for both talkers of
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trisyllables produced in the carrier sentence,
although, in this condition, the jaw measures
did not show the same pattern.

Returning to declination itself, we have
found some evidence for supralaryngeal
weakening over the course of an utterance, but
having done so, we acknowledge that we do
not know why it occurs when it does. How-
ever, if the finding has some generality, then it
may be quite important because it reveals that
declination is not restricted to the respiratory
and laryngeal systems. Possibly it is very gen-
eral to the articulatory system. Evidence from
these talkers suggests, however, that it is
largely confined to stressed syllables; perhaps,
therefore, the findings index a weakening of

the entire mechanism, respiratory, laryngeal
and supralaryngeal for stressing a vowel.
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