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ABSTRACT

This study explores the value of fricative duration in the
perception of voicing in Spanish sibilants. Natural speech
forms containing [§] in a vowel-consonant-vowel (VCV)
context were recorded by a native speaker of Argentine
Spanish. The middle portion of the frication noise of these
samples was abbreviated in three steps over a 120 ms range
by digital cditing techniques. Results of a listening test in
which the voicing feature was to be identified indicate that
shortening the duration of {&] produced a significant shift in
perception towards [Z]. This perceptual effect concurs with
acoustic data observed here and reported in the literature that
reveal a marked separation in the durational range of these
two sounds. The experiment demonstrates a direct method
for assessing non-contrastive sounds in a language given
listener awarencss of salient regional speech habits. The
interaction of fricative duration and the perception of voicing
in sibilants evidenced here is consistent with the patterning of
these sounds in similar historical and synchronic data.

1. INTRODUCTION

Diachronic change has reduced the sibilant inventory of
standard Spanish to a single phoneme, /s/. A significant
development in this phonological leveling occurred as the
distinctive mark of voicing disappeared in the sibilant series.
However, contemporary speakers of Southern Cone Spanish
(Argentina, Uruguay, Chile) recognize a voiced palatal
sibilant, /Z/. This sound corresponds to {y} and {ll} in the
orthography and derives from an assibilation of the palatal
glide /y/. In the portefio dialect of metropolitan Buenos Aires
/2/ is commonly realized as voiceless [$], a highly salient
speech trait that is uniquely associated with speakers of this
areca.

The unvoicing phenomenon evident in the speech community
of Buenos Aires closely parallels earlier historical shifts
generalized in Spanish and is harmonious with cross-linguistic
data that indicate a preference for voiceless sibilants over
voiced ones [1]. A consideration of the production
characteristics of these sounds partially explains this pattern.
Acoustic analysis of voiced sibilants reveals that the vocal
cords often vibrate over only a portion of the fricative
interval [2].  The limited temporal manifestation of voice
modulation on phonologically voiced sibifants 1s likely a
consequence of airflow constraints that inhibit the production
of simultaneous disturbances at both the glottal and oral
constrictions [3]. Moreover, since voicing adversely affects
the pereeption of sibilants by attenuating the intensc fricative
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noise that characterizes these sounds [4] it occurs only
marginally for reasons of both articulatory capacily and
acoustic efficiency.

Given the tenuous persistence of voicing during the
production of sibilants, listeners’ perception of these sounds
must include information from other components of the
signal. Additional cues that may be used to identify voiced
sibilants include F1 transitions, amplitude of the marginal
voicing, and duration of the aperiodic noise. Studies
examining the effects of fricative duration on the perception
of voicing in English sibilants have yielded mixed results.
Some tape splicing experiments show a correlation between
sibilant length and the percept of voicedness for VC [5] and
CV [6] syllable types while others fail to observe this effect
for CV [7] as well as VCV syllables {8]. Only the last
mentioned study used editing procedures that truly isolated
the test variable by leaving unaltered the syllabic borders
where other cues tend to cluster [9].

The objective of this study is to investigate the perception of
voicing in sibilants as a function of turbulence noise duration
in a language other than English. This wider perspective will
help determine the nature of this relationship more generally.
By examining the problem in Spanish I wish to illustrate how
listeners without any special phonetic training can use
acoustic cues representing non-phonemic properties of sounds
to make distinctions that are not part of their linguistic
system. In addition, I will consider the implications of this
study with respect to related patterns of historical sound
change in Spanish.

2. EXPERIMENT

1 chose to study /Z/ in an intervocalic context since the
phonotactics of Spanish preclude this sound from occurring as
a syllable offset, while it infrequently appears in absolute
initial position due to a resyllabification rule that routinely
links it to a preceding vowel. I recorded two female native
speakers of Spanish from Argentina (Buenos Aires) and Chile
who, respectively, provided samples of {§] and [Z]. The
material was obtained from a written list of words spelled
with {lI} and {y} included among other distractor items.
These recorded utterances were digitized using a 20-kHz
sampling rate and low-pass filtered at 9-kHz before filing
them for subsequent analysis and editing. I analyzed and
compared two instances of each of the 25 test forms and
found consistent differences with respect to the voicing
quality and duration of the palatal sibilant. The Argentine
sample showed fully voiceless sibilants whose fricative noise
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averaged 165 ms. In contrast, the sibilants produced by the
Chilean speaker were voiced, although visual evidence of
vocal cord vibration gradually tapered off for most tokens,
and the average fricative length was only 78 ms. These
figures are consistent with previous acoustic analysis of [§]
and [Z] in Spanish [10] and suggest a stable durational basis
for distinguishing between shorter, voiced sibilants and
longer, voiceless ones. The experiment reported here tesis
the hypothesis that sufficient abbreviation of the fricative
noise for [§] will change its percept to [Z].

2.1 Method

From the digital files created for the Argentine speaker |
selected 10 items containing [§] that shared the same stress
pattern, 6 of which were bisyllabic and 4 trisyllabic. Four
conditions were established for the perceptual test: the
original form with {§] untouched and variable in length but
averaging 165 ms across tokens, and three edited forms with
[3] abbreviated to 125, 85, and 45 ms respectively. Edited
stimuli were prepared by removing 40 ms of noise from the
middle of the fricative signal in order to preserve any
information encoded at the margins. Two repetitions of each
condition of the selected items were randomized on tape for
a total of 80 trials (2 x 4 x 10) that were prepared in a single
block with an interstimulus interval of 3 seconds.

Subjects heard the test tape binaurally over Sony HS-75
headphones and responded by marking an answer sheet in a
two alternative forced-choice identification task. The printed
choices appeared as ZH and SH, transliterations for the
voiced and voiceless palatal sibilants, Since this contrast is
not distinctive for Spanish speakers from the Southern Cone
area and the sounds are non-existent for speakers of other
dialect zones, 1 adopted the following testing procedure.
Test instructions informed subjects that [Z] and [§] (as
modelled by the test administrator) serve as usecful
paralinguistic markers in identifying speakers from Argentina
generally or Buenos Aires specifically.  That speakers are
subconsciously aware of such differences in regional
pronunciation is evident by their ability to process these new
sounds, when encountered, with little difficulty and even
reproduce them when imitating speakers from these areas.

In order to assure that subjects less familiar with these
regional speech habits were competent in their judgements all
were required to pass a pre-test trial with an acceplance
criterion of 75% correct responses before proceeding. The
trial consisted of 12 tokens not used in the actual test, 6 of
which contained unedited {§] whilc the frication portion in
the remainder had been reduced to 40 ms producing a sound
the investigator perceived as voiced [Z].  This procedure
excluded a few volunteers who failed to meet the pre-
established criterton level, probably an artifact of the diverse
population of native Spanish speakers who participated in the
experiment, some of whom may have had little or no
previous exposure to Argentine Spanish. A total of 8
subjects, all undergraduate students at Illinois State
University, completed the test.
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2.2 Results
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Figure 1. Percentage of voiceless responses for each
fricative length condition averaged over 8 subjects. The
g ]
mean duration of the "original” fricative portion was 165 ms.

Figure 1 presents the percentage of [§] responses pooled for
the eight subjects as a function of sibilant duration. Stimuli
in the first two conditions. in which the frication was left
mtact or only slightly abbreviated were predominately heard
as voiceless while those whose noise component had been
reduced to 85 ms or less were judged more often as voiced.
The crossover value in stimuli identification occurred around
100 ms. An analysis of variance for this data reveals that
sibilant duration has a significant effect on the perception of
voicing [F(3,21) = 32.1, p < 0.001]. This result strongly
supports the hypothesis since forms with shortened frication
are perceived as voiced in spite of conflicting cues (e.g.
formant transitions, absence of periodic modulated noise) that
uniformly signal a voiceless sound. Differences in behavior
observed between subjects was minimal.

Two observations regarding the nature of these results within
categorical perception theory as established through the
experimental paradigm bear making. First, subjects exhibit
considerable vacillation on untouched stimuli only favoring
the "obvious” voiceless category with 72% confidence. This
is quite different than the nearly unequivocal behavior on
such controls in typical studies. Second, the slope of the
response curve is more gradual than the abrupt shift that
usually signals category boundaries. Both matters likely
reflect the inherent ambiguities involved in formulating new
phonetic categories or appealing to ones infrequently used or
perhaps only temporarily established. The utility of listeners
forming categories for [Z] and [§] is direclly related to the
amount of experience they have with speakers that produce
these sounds. Presumably, they could be established on the
cuff and may only be invoked as needed which would make
them more fuzzy than the sharply defined phonetic categories
thal constitute our perceptual experience more generally.
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3. DISCUSSION

The present study examined how the perception of voicing in
the Spanish palatal sibilants relates to the acoustic properties
of these sounds. Consistent with previous studies, analysis
of sample utterances confirmed that [Z] rarely exhibits voice
modulated sound over the entire frication period and that [3]
and [Z] are produced with marked durational differences in
the random noise component. A perceptual test using edited
natural speech indicated that durational cues significantly
affect listeners judgements regarding the feature of voice in
sibilants for speakers of Spanish. Similar to Cole &
Cooper’s study in English [6], the boundaries of voiced and
voiceless categories for Spanish speakers occurred around
100 ms of frication. Results of this study suggest that noise
duration may be primary, but the range of voiced judgements
observed here (45-85 ms) do not preclude the alternative
proposal suggested by Stevens ot al. [8] that, irrespective of
overall fricative length, listeners may require some minimum
period of zero glottal vibration {60 ms) to hear a sound as
voiceless.

Further vestigation of the latter proposition will likely
require greater control of stimuli through synthesis. For
example, it would be useful to hold constant the length of
voiceless frication below the eritical level and then increase
the overall duration of the sibilant by adding voice modulated
sound in successive steps at the margins.

Acquisition theory asserts that human auditory capacitics are
acute at birth and that expericnce with a specific linguistic
system eventually desensitizes listeners to certain contrasts
{11]. Experimental work has shown that discrimination of
non-native contrasts by the mature listener can be improved
by extensive laboratory training [12]. This study shows that
phonetic distinctions not generalized for the language
community as a whole can be made if the contrast functions
as a useful extralinguistic marker in identifying the regional
provenance of speakers of non-standard dialects. Listeners’
ability to accurately maintain such distinctions could be
enhanced by further experience, either through personal
contact with speakers of this area or by laboratory training
using natural speech samples.

The similarity between the contemporary unvoicing of /Z/ in
the Spanish of Buenos Aires and a more general, previous
language development (e.g. mufZler > mufsler *woman’)
endorses an explanation that recognizes the gencral
physiological tendency for partial extinction of chord
vibration during the production of sibilants. Nevertheless,
this study demonstrates that despite phonetic unvoicing,
alternative acoustic cues such as duration of fricative noise
help determine how these sounds ultimately are perceived
and processed. Experimental results indicating a correlation
between duration and perception of voicing find further
support in both historical and contemporary data in Spanish.
Intervocalic obstruent voicing that initially altered sibilants in
an early stage of the language did not affect geminate forms
where their added length may have been sufficient to
maintain their perception as voiceless sounds.  Finally, in
many dialects of modern Spanish, /s/ voices spontaneously
before voiceless obstruents [13], perhaps a perceptual effeet
of the substantial abbreviation that sounds undergo in syllabie
implosive position in this language.
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