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ABSTRACT

This follow-up to a previous study of durational threshold
levels for the cardinal vowels [i e a o u] used segmented vowel
tokens varying in length from 0.6ms to 20ms.  Thresholds
were established (reflecting identification rate below 50%) in
the 1.25ms to 2.5ms range.  A high degree of accuracy in
recognition persists to a level where much F1 and F2 spectral
information is no longer present.  The data indicate that when
vowels are exceedingly short and cross the threshold level, the
tendency is to categorize them as relatively neutral, lacking a
[«] choice, as either [a] or [o].  This gives credence to a macro
theory of vowel reduction which parallels vowel reduction
processes over time.

1.  INTRODUCTION
During a  study reported on in the Proceedings of the XIIth
International Congress of Phonetic Sciences in 1991, the
authors attempted to determine the durational threshold in the
perception of the five cardinal vowels.  Perceptual cues ranged
from 5ms to 40ms.  Analysis of the responses of 45
participants to these cues in controlled listening tests showed
that the  agreement factor of even minimal duration vowels in
excess of 50%.  Full-spectrum cues of these durations were not
sufficiently short to yield evidence of threshold levels of
perception.  The question as to full-spectrum minimal cues,
was thus answered: if a full wave shape with full spectrum
information was present, the participants had little difficulty
distinguishing five vowel types.  Even the shortest cues of one
complete cycle of vowels of 5ms duration produced by  the
female voice were distinguished correctly among most
listeners when given the choice of five vowel qualities.
Further study involving shorter samples with less than full-
spectrum cues was therefore needed to approach the threshold.
This paper details the design and results of the follow-up.

The role of underlying perceptual parameters and their
significance for early language acquisition has been given
renewed interest as have cross-linguistics efforts (see Kuhl [9],
Strange [12]).  Most experimentation is still performed with
synthesized vowels.  The pros and cons of these approaches
were already discussed in the earlier paper (see Weiss, Brown
and Gynan [16]). Given valid arguments against totally
synthesized speech, it was decided to carry out an experiment
relying upon segmented samples of speech.

2.  EXPERIMENTAL PROCEDURE
Samples of production of cardinal vowels [i e a o u] produced
by a male speaker  at 100 Hz (F0 = 100 Hz ± 2 Hz) and by a
female speaker at approximately 200 Hz (F0 = 201 Hz ± 3 Hz)
were digitized.  Recordings of each voice were made in the
IASCP facilities at the University of Florida using
professional quality analog tape recordings.  The recorded
analog material was converted into digital format at a 44khz

sampling rate using a Macintosh II computer equipped  with a
MacAudiosII board.  Steady state portions of 300 ms were
extracted from the digitized materials for each vowel, which
served as references in the perception test and were segmented
to constitute the perceptual tokens.  Tokens ranging from 20
ms to 0.6 ms were digitally extracted from the reference vowels
using MacSpeech Lab II software, tagged, randomized, and used
as the basis of a perception test, which was administered to 88
students at the University of Florida via monitor speakers.
The group of participants was predominantly female and the
median age of the participants was 20.  The vowel quality
distribution as measured by LPC for both the male and female
vowels are given in Table 1 below.

2.1.  The Listening Tests
Two tests were created, one using the samples of the male and
another using the female voice.  Since the male fundamental
frequency was 100 Hz, the longest durational samples of 20ms
reflected two complete cycles of each vowel.  The same
segment was halved again to 10ms and so on, until the
shortest segment of little over 1/2 ms was obtained.  This
provided a matrix of six vowel durations for each of five
vowels, i.e., 30 vowels of six durations reflecting five distinct
qualities.  In reconstituting the samples, digital amplification
was applied so that the re-recorded cues were of similar

Frequency

Vowels Formants Male Female

[i]
F1 0.285 Khz 0.285 Khz

F2 2.4 Khz 2.69 Khz

[e]
F1 0.41 Khz 0.45 Khz

F2 2.24 Khz 2.40 Khz

[a]
F1 0.65 Khz 0.53 Khz

F2 1.02 Khz 1.22 Khz

[o]
F1 0.49 Khz 0.245 Khz

F2 0.775 Khz 0.57 Khz

[u]
F1 0.285 Khz 0.41 Khz

F2 0.775 Khz 0.775 Khz

Table 1.  Formant Frequencies of the male and female voices.
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Token Length (ms) No. of Cycles Spectrum Partials Present Formants Present

male female Available male female

20 2 4 full all all all all

15 3 full all all all all

10 1 2 full all all all all

5 1/2 1 200+ Hz -1 all all all

2.5 1/4 1/2 400+ Hz -2 -1 [u, i, e] no F1

1.25 1/8 1/4 800+ Hz -4 -2 no F1 all vowels no F2 [u, o]

0.6 1/16 1/8 1600+ Hz -8 -4 no F1 all vowels no F2 [a, u, o]

Table.2.  Male and Female and acoustic information available in perceptual tokens.

dynamic level (3-4 volts). Each token was presented three
times  in a random sequence.  The resulting 90 item test
administered to the participants provided the full 300ms
orientation token of each vowel.  This was repeated and the
subsequent tokens of varying lengths were administered at four
second intervals.  Numbers corresponding to those on the
answer sheet were identified at the start of every sequence of
ten cues.

The perception test created from the womanÕs voice was
developed in a similar fashion.  However, since the womanÕs
voice was an octave higher, the extreme of 20ms reflected four
complete cycles at 200 Hz.  An intermediate sample of 15ms
reflecting three full-spectral cycles was also used, increasing
the durational variants to seven for each vowel and thus
increasing the test length to 105 items.

2.2.  Acoustic Considerations
The matrices provided by the perception tests themselves

are detailed in Table 2, noting that durational tokens less than
10ms for the male and 5ms for the female voice contain only
partial spectrum information since one complete wave cycle i s
in each case no longer available to the participant for audition.
In fact the shortest durational cues contain complete spectral
information only for frequencies above 1600 Hz, in effect,
depriving the listener F1 information for all vowels and
making F2 information only available for the vowels [i] and
[e].

3.  RESULTS
All responses to the tests were entered in a matrix of 88 cases
and 195 variables.  Analysis of variance using a factorial
design with four within-subjects factors (vowel, duration, sex,
and trial) revealed no significant interactions among the
factors.  Furthermore, vowel type, sex of voice, and trial
yielded no significant variance.  We feel reasonably certain
that the repeated trials and sex of the voice did not produce
significant effects, but that the vowels and durations did
produce significant effects, which do not lend themselves to
statistical analysis.  Cross-tabulations of response frequencies
and percentages were produced using Systat [13], which
allowed us to analyze responses in terms of correctness of

response, substitutions, frequency thereof, and, finally,
evidence of variation of  responses to first, second and third
occurrence of each token by each participant.

The test was reliable in terms of the lack of extreme
variation between occurrences of the same token.  The high
degree of agreement for each vowel when full-spectrum cues
were involved, indicates that the participants did take the task
seriously and were consistent in recognizing the longer
vowels.  Table 3 shows the relationship between total
responses and degree of accuracy for each vowel.

3.1.  Discussion of Results
With regard to actual thresholds, we arbitrarily designated

an agreement factor of less than 50% as a workable threshold
level (see Table 3).  Using this criterion, the threshold for
most vowels for male and female is between 2.5ms to 1.25ms.
These are very minimal cues reflecting considerably less than
full spectrum wave forms.  At a duration of 1.25ms, there i s
virtually no spectral information for F1 and the F2 of [o] and [u]
are also no longer present.  In some instances, the responses
to the 0.6ms cues is less than the guessing factor.  The audible
burst pulse of the vowels at this duration level represent only
1/8 of one cycle (voice pulse) of the male voice and only 1/4
of one cycle of the female voice.  In both cases wave forms are
intact only for frequencies above 1600Hz.  The threshold of [a]
persisted to the shortest duration, so its lower level threshold
was never reached, since the responses to even the shortest
sample of 0.6ms yielded agreement of 53% for the male tokens
and 39% for the female tokens.  Both figures reflect better than
random guessing.

3.2.  Vowel Neutralization Hypothesis Ð A Macro
Magnet?
Results of this study seem to contradict other findings, and our
previous work, where we maintained that the shortening
affects less the perception of high vowels, particularly [i].
This is true only up to a point.  While this study also shows
that both the male and female [i] at 5ms duration  is identified
correctly by close to 80% of the participants, when even
shorter tokens are presented which represent partial wave
forms, the accuracy drops precipitously.  In fact, [i] i s
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Length (ms) [i] [e] [a] [o] [u]

male female male female male female male female male female

20 99% 96% 66% 94% 88% 97% 100% 98% 94% 76%

15 98% 97% 98% 100% 65%

10 78% 97% 44% 96% 93% 97% 92% 89% 68% 65%

5 79% 78% 54% 90% 93% 47% 74% 64% 60% 74%

2.5 41% 41% 42% 80% 51% 75% 70% 32% 56% 56%

1.25 9% 6% 29% 58% 23% 52% 43% 39% 19% 17%

0.6 32% 9% 31% 20% 53% 39% 29% 14% 6% 8%

Table 3.  Responses in the perception of short samples of male and female vowels.

classified less correctly  than any other vowel except the
shortest versions of [u].

The vowel that had the most durational endurance at the
shortest 0.6ms length was [a] with an average 46%
recognition; the one with the least was [u] with only 7.5%
recognition.

We are led to conclude that once we cross the time
threshold where the tokens are so short that they reflect partial
cycles and lack valuable formant information, our auditory
perception is drawn toward a neutral vowel, likely the Òschwa.Ó
This is predominant only when the duration threshold i s
crossed.  This reflects the stress reduction effect on vowels,
except on a macro level.  As stress is reduced,vowels tend to
become neutralized and over time eventually drop out.  Here, as
length is reduced drastically and hence available spectral
information, the tendency is to classify vowels as neutral.
Since the test did not make  [«] available as a classification
choice, the closest logical choices would be [a] or possibly
[o].  A plausible interpretation for the high accuracy of the
shortest variant of [a] is, that lacking any formant spectral
information, it was not really an [a] that was perceived, but
rather a heavily reduced neutral vowel, the closest classifier for
which was the symbol [a].

Further evidence for this phenomenon is provided by the
type of substitutions made for short vowel tokens of the other
vowels as illustrated in the next section.

3.2.1.  Short Vowel Substitutions Ð Further
Ev idence .
In analyzing the incorrect responses to very short vowel
tokens, we find a tendency to classify as [a] or [o], as
illustrated in Table 4.  In all cases of responses to the male
voice and to the female voice (with the exception of [a] itself),
the shortest version of vowel cues rendered a response of either
[a] or [u], most often in percentages that far exceed the chance
factor of 20%.  This gives further credence to the macro effect
of neutralization towards ÒschwaÓ detailed in the section
above.  

The [i] and [e] responses to the shortest version of the
female [a] token is not really incongruous if one considers that
a plurality (39%) still classified this as [a] and as indicated

before, this was in spite of the fact that neither of the first two
formants of [a] could be acoustically present.  Thus [a] was
indeed the most common response Òerror.Ó

3.3.  Other Considerations
Other findings and considerations which merit further
exploration include the following:
1.  Since each token was presented three times on the listening
test, there is some evidence of a learning curve.  In general,
responses to the third presentation of the item were more
accurate than that of the first.
2.  Although it is difficult to separate durational factors from
spectral factors as a means of classification, the two are co-
related in the sense that with the extremes in time reduction
with which we dealt with here, the brevity of the acoustic
signal made it physically impossible to realize full spectral
information.
3.  No evidence was found supporting an alignment of
preference in perception of males vs. females, although some
female produced vowels were perceived more accurately than
those of females and vice versa.

4.  CONCLUSION
This study establishes reliable durational threshold levels for
the five cardinal vowels with 5ms cues;  durational threshold
levels are approached in the 1.25 to 2.5ms range.  As duration
increases so does accuracy in perception.  At 20ms all five
vowels can be  distinguished reliably.  With extreme length
reduction, perception tends toward neutrality.  A comparison
can be made at the macro level with respect to perception of
extremely short vowels, which parallels what happens to
vowels over time when subject to reduction due to loss of
stress.
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Errors

Male Female

Vowels Duration Vowel Perceived % Substitution Duration Vowel Perceived % Substitution

[i]
1.2ms [o] 34% 1.2ms [a] 32%

1.2ms [o] 30%

0.6ms [e] 34% 0.6ms [a] 55%

[e]
1.2ms [o] 32%

0.6ms [i] 37%

0.6ms [a] 22% 0.6ms [a] 42%

[a]
1.2ms [o] 53% 0.6ms [i] 27%

0.6ms [o] 22% 0.6ms [e] 26%

[o]
1.2ms [a] 22% 1.2ms [a] 36%

0.6ms [a] 42% 0.6ms [a] 77%

[u]
1.2ms [o] 34% 1.2ms [o] 60%

0.6ms [a] 53% 0.6ms [a] 34%

0.6ms [o] 28%

Table 4.  Error Substitutions Ð extremely short vowels.
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