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ABSTRACT

when listeners' identifications of speech sounds
are influenced by adjacent sounds is it only the
quantitative phonetic characteristics of these
neighboring sounds that matter or could their
qualitative linguistic identity play a role? We
tested this by leading subjects to restore or
fnduce the noise-obliterated medial consonant in
V.CV. utterances by first presenting them with
séve?al prior utterances where this medial
consonant could be heard clearly and was consis~
tently the same, either a /b/ or a /d/. Included
as V, were synthetic vowels from the /i- u/‘contl-
nuum! More /u/'s were identified out of this con-
tinuum in the environment of physically present
-~ /d/'s than /b/'s. Restored /d/'s had the same
effect (vis-a-vis restored /b/'s), thus indicating
that the influence of context need not operate only
via physical phonetic features. These results
challenge the 'direct realist' theories of speech
perception as well as claims that 'invariant' fea-
tures of speech sounds are to be found by normaliz-
ing these features with respect to the _physical
phonetic characteristics of their surroundings. .

INTRODUCTION

There is abundant evidence that listeners
identify speech sounds in part by normalizing them
with respect to their phonetic context [1, 2, 3, 4,
5]. How is this done? Are the physical phonetic
parameters of the context wused to adjust
recognition threshholds or is it enough for the
listener just to know the {categorized) linguistic
identity of the context? We investigated this
questions through a series of perceptual tests
involving listeners' identification of synthetic
vowel stimuli in isolation and in consonantal con-
texts. (In what follows, we collapse descriptions
of two of these tests--a pilot study and a main
test, which differ in some details. The descrip-
tion is kept general and details and differences
given only where essential.)

IDENTIFICATION OF VOWELS IN ISOLATION

First, we constructed a 17-step linear stimulus
continuum between the vowels /i/.and /u/; see Fig.
1. The continuum endpoints were modeled on the
first 100 msec of natural /i/ and /u/ pronounced in
isolation by an adult male native speaker of Ameri-
can English. (Since the 'crossover' from /i/ to /fu/
was expected to happen in the middle of this conti-
nuum, some stimuli near the end points were omitted
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IDENTIFICATION OF VOWELS IN CONSONANTAL CONTEXT

Second, we sought to replicate the finding that
this function shifts when the vowels are put in
certain consonantal contexts [6, 7). Using digital
splicing, we embedded our vowels in nonsense words
of the form /iba/, [uba/, [ids/, /ude/--where the
/ba/ and /ds/ were excised from the same speaker's
natural utterances of /abs/ and /ada/. In another
forced-choice task, listeners exhibited a shift in
the earlier response so that more /u/'s were heard
in the context of a following /d/--presumably be-
cause listeners allowed for and factored out the
elevated F2 that alveolar consonants produce on
back vowels [8, 9]. Fig. 3 shows the results from
the pilot test which had 14 listeners and-a total
of 28 responses per stimulus and Fig. 4, the re-
sults from the main test with 28 listeners and 8
judgements per stimulus per listener for a total of
224 responses per data point.

IDENTIFICATION OF VOWELS IN CONTEXT OF
RESTORED CONSONANTS

Third, we asked whether this same shift in the
function due to consonantal context would appear
even if the consonants were not physically present
in the signal but if the listeners instead just
imagined that they were. We attempted to make
Iisteners believe that the /b/ in the /ibs/, /ubs/
tokens or the /d/ in the /ids/, fude/ tokens were
present when they weren't, by using the technique
called “phoneme restoration" [10] where high redun-
dancy of the message induces the listener to “fill
in" missing elements. The redundancy in our case
was provided by presenting all our stimuli in two
major blocks, one in which the medial consonant was
or seemed to be a /b/, and the other in which /d/
was or appeared to be the consistent medial conso-
nant. To enhance this priming, we also began each
block with a number of tokens in which the conso-
nant was clearly present. In approximately 15 to
20% of the stimuli in each block we completely
replaced the medial consonant by white noise (al-
ways equal in intensity to the average intensity of
the voicing during the consonantal closure).
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The schwa portion of these latter stimuli consisted
of several periods from the center of the naturally
spoken schwa, i.e., a portion with minimal, if any
consonantal 'coloring'. To insure that restoration
of the consonants did not derive from any residual
cues remaining in the schwa, we used the schwa that
had originally followed a /b/ in the stimuli where
we wanted a /d/ to be restored by our listeners,
and, similarly, a schwa that had originally
followed a /d/ where we wanted them to restore a
/b/. As foils to prepare listeners for hearing
noise, another 15% of the tokens also contained
nofse bursts at various locations, such as during
the intervals between stimuli, over the vowel, or
superimposed on (but not replacing) the consonantal
closure. Listeners were told that the noise bursts
served as distractor to the identification task.
The results from the pilot test are shown in
Fig. 5 (where only a fraction of the entire vowel
continuum was studied). There was an important
difference between the pilot and the main test. In
the former, subjects wrote down the entire VCV
utterance they heard. The results shown in Fig. 5
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We believe that these results present a chal-
lenge to the direct realist view of speech percep-
tion which holds that all the information needed to
identify the intended message e}ements of speech
are present In the acoustic signal and can be
discovered by the listeners without the need for
inferences and the like; for example, Fowler [11]

claims that

w,..[speech] perception must be direct and,
in particular, unmediated by cognitive proces-
ses of inference or hypothesis testing, which
introduce the possibility of error."

Here, listeners showed that their speech sound
identification was influenced by entities not phys-
ically present in the signal. Specifically, the
identity of an ambiguous stimulus was resolved by
reference to predicted effects of an assumed, i.e.,
hypothesized, environment. In this latter respect,
our results are compatible with those of Mann and
Repp [4], who showed that listeners' identification
of one variable stimulus shows a discontinous shift
as a function of their identification of an another
adjacent ambiguous segment.

These results do not actually refute the direct
realist view, though, since in one recent formula-
tion of it [11, 12], it has been allowed that
listeners can sometimes operate on what might be
called "automatic pilot"--that is, by making as-
sumptions, even unwarranted assumptions, about what
is present in the signal. Nevertheless, direct
realists would maintain that, in principle, if
listeners just paid closer attention to the speech
signal, speech perception would be accomplished
"directly"® and they wouldn't make the kinds of
perceptual “mistakes" as they did in our study.
Our results challenge this view, too, though, by
raising the following question: if listeners are
capable of integrating non-phonetic information
into their recognition task, isn't it likely that
the speaker knows this and only puts enough energy,
precision, and detail into the generation of the
speech signal as the listener requires? It is o
fmpression that the speaker often does not in fact
put sufficient phonetic details into the speech
signal to permit decoding of the message in a
direct way.

These results also bear on the question of
whether there are or should be acoustic invariants
of phonemes (or other message units) in speech
[13]. Clearly, these results add to the evidence
that absolute invariance is not necessary; the
listener has ways of accomodating variation. Ste-
vens [14] has suggested that relative invarianceé
may be more likely than absolute invariance, 1.e.
a_ given unit or a distinctive feature characteri-
zing it may be invariant with reference to the
phonetic environment it appears in--in his vies
they physical phonetic environment. The notion of
“relative invariance" is compatible with our r¢
sults but only if the linguistic identity of 1
context, not exclusively iis physical properties:
22e adnitted as figuring in the normalizing Ppro-

SS.

Finally, we think we have demonstrated a potel
tially quite useful way of inducing listeners 10
restore missing elements in speech which does no
require construction of semantic, syntactic,
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other higher-order redundancies.
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