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ABSTRACT

The universal diphthona production model, i.e.,

invariance in F2 onset frequency and in the rate

of change of F2 transition in spite of differences
on speaking rate, was reconsidered. Three Argen-
tinian Spanish speakers'data: a corpus of nonsense
words, CVVC and CVVCV, consisting of diphthongs

/ai ia au ua eu ue oi io/ embedded in a consonantal
and syllable environment: initial /t/, final /s/
and /sa/ was analyzed through LPC analysis. A con-
trol of the acoustic measurements on three speaking
rates (slow, moderate and fast) was taken into ac-
count. A specially-written computer program for the
measurement of F2 slope (maximum: four steepest
points in 30 ms, and normal: from the onset to the
offset) was performed. Results indicated signifi-
cant differences in F2 rate of change. However, F2
onset frequency showed invariance in some data, and
significant differences in the rest. Spanish diph-
thOng production would appear to have language- or
diphthong-dependent patterns than universal ones.

INTRONUCTION

It has been claimed that the onset frequency and
the rate of change of the second formant transition
in the production of English diphthongs is constant
in spite of differences on speaking rates /1/. In
addition, it has been suggested that the rate of
change, rather than absolute F2 frequency, is the
primary acoustic cue for diphthong recognition /2/.

In an acoustic study, similar results were obtained

by Manrique for the fourteen Spanish diphthongs /3/.

She worked on corpus of natural words where diph-
th°?95 appear in a labial-dental or dental-labiat
environment. Tokens were emitted under two speak-
ing rates: moderate and fast. F2 rate of change
calculation (Hz/ms) through manual spectrographic
measurements was made. In so doing, Manrique also
observed that the rate of change of the second for-
mant transition shows an invariait pattern under
suprasegmental changes of speaking rate. In this
Previous research, however, three relevant observa-
tions should be made: 1) spectrographic analysis is
inappropiate for measurements under fast speaking
rate: formant crushing interferes with accurate re-
sults, 2) selection of a corpus of natural speech

(words in a carrier sentence) would be unsuitable
because of temporal and spectral distortions caused

by different consonantal environments and 3) no
statistical differences among results were report-
ed. Besides, in recent literature, this universal
model for diphthong production was reanalyzed. Do-
lan and Mimori /4/ reported two different calcula-
tions of F2 rate of change: one, in four points of
the transition (30 ms), i.e., the steepest ones,
and two, the rate of change of this F2 transition
throughout its total duration. They observed that
changes in speech rate influenced the F2 slope in
English and in Japanese diphthongs even though in
Japanese the influence of speech rate was less im-
portant than in English.

The purpose of this work, then, was the observation
of Spanish diphthongs under changes in speaking
rate, related to the universal model previously
suggested.

PROCEDURE

Spanish material consisted of nonsense words, CVVC
and CVVCV, made up by diphthongs /ai ia au ua eu
ue oi io/ embedded in a consonantal and syllable
environment: initial /t/, final /s/ and /sa/. These
frames were chosen because alveolar or dental con-
sonantal context has less acoustic influence over
transitions than the rest of consonants /4/. The
corpus, then, was composed of 16 words x 3 male
adult Argentinian speakers x 3 repetitions x 3
speaking rates: slow, moderate and: fast. Tokens
were embedded in a carrier sentence to avoid con-
text effects. Speakers were instructed to control
changes in speed through previous listening of ref-
erence speech samples emitted by the first author
who accurately controlled different speaking rates.
The three speakers appeared to be fit for solving
the task. '

Sentences were recorded on magnetic tape in a
sound-proof room. Then, Ss' recorded and selected
tokens were sampled on a PDP11/23 Digital computer
for acoustical analysis. A 10-KHz sampling rate
with a 4.5KHz low-pass filter was used. A 25.6 ms
Hamming window with 10 ms intervals was utilized
for analysis through linear predictive coefficient
(LPC) using UCLA WAVES speech analysis system pro-
arams. Tokens were measured by a special computer
proaram. F2 onset and offset, transition.duration,
maximum rate of change of transition in the steep-
est four points with a duration of 30 ms (hence-
forth: MAXSLOPE), and rate of change of complete F2
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Through this program a detection)o¥egsagg}%$;g§$d.
segmeqts frqm steady-state portions was made The
itart1qg point was indicated by differences éver

5 Hz in between two consecutive windows, the pre-
ceding one with a 10 ms interval duration. Similar
treatment for English (with 15 Hz acoustic differ-
ence, and for Japanese (with a 20 Hz value) wa
ported by Dolan and Mimori /4. s e

RESULTS

Table 1 shows means and standard deviati

rate of change on MAXSLOPE and AVESLOgélgg?cgfan
tions, and means and standard deviations of F2 ;n
set, offset aqd range. Results of ANOVA indicated-
significant differences among speech rates in MAX-
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that only F2 onset in diphthongs /ai au ua/ remain-
ed invariant and uninfluenced by speaking rate. The
reverse was true in diphthongs /ia eu ue 0l io/.
Calculations on F2 offset frequencies resulted in
an invariant trend in diphthongs /ia ua oi io/ and,
on the contrary, resulted in significant differ-
ences in diphthongs /ai au eu uve/.

Correlation coefficients (Fig. 1 and Fig. 2), on
the other hand, showed that MAXSLOPE was highly
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FIGURE 1.

correlated with range: R= 0.803, p> 0.0001, but
poorly correlated with transition duration: R=
0.113, p>0.0183. AVESLOPE showed a similar trend:
a high degree of correlation with range: R= 0.654,
p>0.0001, but a low one with transition duration:
R= 0.119, p> 0.0001.

DISCUSSION

ANOVA results obtained from Spanish data dueweight
to reject Gay's model /1/: changes in speech rates
resulted in significant statistical differences in
F2 rate of change. Similar conclusions were report-
ed by Dolan and Mimori for English and Japanese
complex vowels /4/. In addition, F2 onset frequen-
cies showed significant variations in diphthongs
/ia eu ve oi io/ because of changes in speaking
rate.

According to Gay's model, no correlation should
appear between slope and either range and transi-
tion duration if the F2 rate of change remain in-
variant and uninfluenced by different speech rates.
Correlation coefficients in Spanish data reject
this notion, at least in one aspect: the high de~
gree of correlation between slope and range.
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FIGURE 2. CORRELATION COEFFICIENTS BETWEEN AVESLOPE AND F2 RANGE

In brief, the production of diphthongs in Argenti-
nian Spanish shows a language-specific trend rath-
er than an universal-specific one previously sug-

gested by Gay /1/ and by Manrique /4/. This posi-

tion is supported by recent research on diphthongs
in different languages: English and Japanese /4/,

Hausa /5/, Chinese /6/, and -in a cross-phonetic

study- Hausa, Arabic and Chinese /7/.
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