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When the fricative noise of a fricative-vowel syllable is replaced by a noise from a different
vocalic context, listeners experience delays in identifying both the fricative and the vowel (Wha-
len, 1984): mismatching the information in the fricative noise for vowel and consonant identity
with the information in the vocalic segment appears to hamper processing. This effect was ar-
gued to be due to integration of the information relevant to phonetic categorization. The present
study was intended to eliminate an alternative explanation based on acoustic discontinuities.
Noises and vowels were again cross-spliced, but, in addition, the first 60 msec of the vocalic seg-
ment (which comprised the consonant-vowel transitions) either had a nonlinguistic noise added
to it or was replaced by that noise. The fricative noise and the majority of the vocalic segment
were left intact, and both were quite identifiable. Mismatched consonant information caused de-
lays both for original stimuli and for ones with the noise added to the transitions. Mismatched
vowel information caused delays for all stimuli, both originals and ones with the noise. Addition-
ally, syllables with a portion replaced by noise took longer to identify than those that had the
noise added to them. When asked explicitly to tell the added versions from the replaced, subjects
were unable to do so. The results indicate that listeners integrate all relevant information, even
across a nonlinguistic noise. Completely replacing the signal delayed identifications more than
did adding the noise to the original signal. This was true despite the fact that the subjects were

not aware of any difference.

Phonetic information is spread throughout the acoustic
signal. This is true even in the case of fricative-vowel
syllables, where it might seem that there are two invari-
ant cues. In such syllables, there are two distinct acous-
tic segments: a noise that can be identified in isolation
as the fricative and a vocalic segment that can indepen-
dently specify the vowel. Nonetheless, there is vowel in-
formation in the fricative noise (Whalen,
Yeni-Komshian & Soli, 1981) and fricative information
in the vocalic formant transitions (Harris, 1958; Mann
& Repp, 1980; Whalen, 1981). Thus, one of the most
promising cases of context-independent phonetic cues
turns out to vary contextually. ,

Evidence from cross-splicing studies also indicates that
subjects are sensitive to the information that is spread
through the syllable. In a series of reaction time studies
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(Whalen, 1984), listeners were presented with edited
fricative-vowel stimuli containing mismatches between in-
formation in the fricative noise and information in the vo-
calic segment. Listeners were slower to identify both the
consonants and the vowels of the syllables with mis-
matches, suggesting an attempt to integrate that informa-
tion, even though the information was not necessary to
identify the phones. This was true whether the mismatch
was between information about place of articulation in the
transitions and in the noise or between vowel informa-
tion in the noise and in the vocalic segment itself. It was
also true whether the subjects were identifying the vowel
or the fricative. :

The present experiments were designed to clarify the
interpretation of that work. In particular, there was a pos-
sibility that some relatively uninteresting psychoacoustic
discontinuity in the previous stimuli accounted for the
reaction time data. That is, since the stimuli were (digi-
tally) edited, there could have been abrupt changes in the
spectrum at the cut, possibly causing a purely auditory
disruption of processing. This possibility was less likely
in one experiment (Whalen, 1984, Experiment 5), in
which the fricative noise was separated from the vocalic
segment by 60 msec of silence (thus distancing the two
spliced portions), and yet the delay caused by mismatch-
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ing information remained. However, it is conceivable that
the inserted silence failed to displace an auditory trace
of the fricative noise. If this trace did not match the vo-
calic segment, subjects could have perceived a discon-
tinuity. Thus, the data do not completely rule out an au-
ditory discontinuity account of the reaction time results.
The present experiments attempted to replicate the slow-
ing effect of mismatches in cases in which it was clear
that an auditory discontinuity account could not hold. To
that end, the temporal progression of the syllable was left
intact (that is, no silence was introduced), but the loca-
tion of the digital splice coincided with the imposition of
a nonlinguistic noise. This noise (either a naturally
produced cough or a synthesized buzz) occurred during
the vocalic formant transitions, comprising the first
60 msec of the vocalic segment. The first experiment
tested a weak version of the auditory distraction theory
with mismatches of formant transitions. On this account,
any nonlinguistic noise will slow processing, and the ad-
ded noises will not increase the effect of mismatched tran-
sitions. The phonetic integration theory favored by Wha-
len (1984) would, instead, predict that, as long as the
transitions were not masked completely, they would add
their own delay in addition to that caused by the noise.
The strong version of the auditory theory would predict
that as well, since there would be two acoustic discon-
tinuities in the signal. To test the strong version of the
acoustic theory, Experiment 2 used the mismatch of vowel
information, which persists even when the 60 msec is
replaced completely by the noise. The prediction was that
if the previously obtained delays were auditory distrac-
tions at the boundaries, then the mismatch effects should
disappear when the acoustic segments were not contigu-
ous. If, however, listeners were integrating phonetic in-
formation, that information would still be available and
the effect should persist.

EXPERIMENT 1

Experiment 1 examined a mismatch of information for
fricative place of articulation, between the information in
the vocalic formant transitions and that in the noise it-
self. We will call this a mismatch of consonant informa-
tion, even though the transitions (as the name implies) pro-
vide information about both the consonant and the vowel.
The nonlinguistic noise (the natural cough or the synthetic
buzz) was introduced in one of two ways. For both
matched and mismatched versions, the 60 msec of the vo-
calic segment that constituted the transitions either had
the nonlinguistic noise digitally added (the ‘‘added”’
stimuli) or were replaced by the nonlinguistic noise (the
“‘replaced’’ stimuli). The added noise was expected to
mask the transitions somewhat, presumably reducing the
effect of mismatched information if a mere auditory dis-
traction was the cause. However, if the more global, pho-
netic interpretation was correct, the mismatch should be
just as strong when there was noise added to the signal

as when the mismatch was the only complicating factor.

The replaced stimuli, however, would not have transitions
present, and therefore should show no slowing effect of
the cross-splicing.

Two different noises were used in order to reduce the
possibility of some unexpected acoustic artifact. We
wanted syllables to be perceived as interrupted in a way
that allowed what might be called ‘‘phonetic’’ restoration
(after Warren’s, 1970, phonemic restoration). That is,
listeners should be able to assume that there was a signal
behind the noise, even in the replaced simuli. Both noises
were primarily aperiodic but with some periodic shap-
ing, a combination most likely to produce phonemic resto-
ration (Samuel, 1981b).

Method

Natural tokens of the syllables [sa], [fa], [su], and [fu] were
recorded by a male speaker of English. (The speaker was not the
same as in Whalen, 1984.) The tokens were digitized (20-kHz sam-
pling rate, 9.6 kHz low-pass filtered), and test items were selected
so that: (1) all fricative noises were of the same duration (160 msec);
(2) all vocalic segments were of the same duration (340 msec); and
(3) each syllable token was used either for its fricative noise or
for its vocalic segment; thus every test syllable had a digital splice
in it. Two tokens of each category (e.g., the [s] from [sa]) were
used.

Two different nonlinguistic noises were used (see Figure 1). One
was 60 msec of a naturally produced cough and the other was
60 msec of a buzz consisting of a white noise source filtered at
500 Hz, with some energy (approximately 35 dB lower in ampli-
tude) emerging at the harmonics. The buzz was an average of 8 dB
more intense than the portion of speech it was added to or replaced;
the cough was an average of 5 dB more intense.

Five copies of each digitized syllable were made. One of these
(the “‘original’") was intact except for the digital splice between
the fricative noise and the vocalic segment (as described above).
Two ‘‘added’” and two *‘replaced’’ versions were constructed: In
the ‘‘added’’ versions, the cough noise or buzz noise was added

Figure 1. The two nonlinguistic noises and samples of the rele-
vant portions of the speech signal: (a) the 500-Hz buzz, (b) the natur-
ally produced cough, and the transitions from (c) [sa], (d) [fa],

(e) [su), and (f) [ju].
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Table 1
Construction of the Stimuli

Matched Consonant Vowel

(Experiments 1 Mismatch Mismatch
Syllable and 2) (Experiment 1) (Experiment 2)
Heard As Noise Vocalic Noise Vocalic Noise Vocalic
sa sfa] + [sla sfal] + (fla sfu] + [sla
Ja Jlal + (Jla Jlal + [s]a Jlu] + [la
su sfu] + [slu sful + [Ju sfal] + [sju
Ju Jlul + [flu Jlul + [sju Jla] + [flu

Note— Each column presents the syllables used to construct the stimu-
lus syllables. The portion of each syllable enclosed in brackets was dig-
irally excised.

digitally to the first 60 msec of the vocalic segment. In the
“‘replaced’’ versions, the first 60 msec of the vocalic segment were
completely replaced by the cough or buzz.

For all three types of stimuli (‘‘original,”’ ‘‘added,”” and
“‘replaced’’), half of the syllables had vocalic segments matched
with the fricative noise (e.g., the [u] from [su] paired with an (s]
noise) and half had mismatched ones (e.g., the [u] from [fu] paired
with an [s] noise). Note that when the nonlinguistic noise replaced
the first 60 msec of the vocalic segment, there was very little left
to be mismatched. That is, even though the rest of the vocalic seg-
ment came from an inappropriate syllable, the transitions were, by
design, mostly completed by 60 msec. Thus, there should not have
been much of a phonetic mismatch in the ‘replaced’’ stimuli. The
first column of Table 1 shows the construction of the matched
stimuli; the second column shows the construction of the mismatched
stimuli. The match/mismatch factor, the five noise conditions (origi-
nal, and added and replaced for two types of noise) and the two
tokens of the four fricative and vowel categories result in 80 stimuli.

In each of two conditions, 400 syllables were presented over head-
phones; the randomized sequences contained five repetitions of each

—
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of the 80 stimuli. The interstimulus interval was 2,500 msec. Sub-
jects were asked, in one condition, to identify the vowel (‘‘a’’ or
‘‘u’”) as quickly as possible. In the other condition, they were asked
to identify the consonant (‘‘s’” or ‘‘sh’’) as quickly as possible. The
order of these conditions was balanced across subjects, as was the
determination of which button was to be pushed by the dominant
hand. Responses under 100 msec were counted as mistakes, and
the equipment gave up waiting for an answer after 2,500 msec.
Missing responses and mistakes in identification accounted for 5.3%
of the consonant judgments and 3.8 % of the vowel judgments. These
trials were not included in the reaction time analyses.

The subjects were 20 Yale students who were paid for their par-
ticipation; all were native speakers of English with no reported hear-
ing difficulties.

Results and Discussion

Figure 2 shows the reaction times in Experiment 1 for
the first two factors of interest, collapsed over the category
identified. Overall, mismatches of consonant information,
as seen in the left pair of bars, slowed identifications a
significant 16 msec [F(1,19) = 9.97, p < .01]. The
presence of noise also slowed reaction times [F(4,76) =
8.19, p < .001], as shown in the three bars to the right.
Adding the noise caused an 8-msec delay, and replacing
the noise caused an additional 12-msec delay.

Figure 3 shows the interaction of consonant informa-
tion mismatch and extraneous noise. In each pair of bars,
the open bar shows the mean reaction time to stimuli with
matched consonant information. The cross-hatched bar
shows the responses to stimuli with mismatched consonant
information. The most important result is apparent in the
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Figure 2. Identification times for stimuli with matched or mismatched consonant information (left
pair of bars) and for stimuli with no noise, noise added, or noise replaced (right trio of bars) (Ex-

periment 1).
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Figure 3. Identification times for stimuli with matched (open bars) or mismatched (cross-hatched bars)
consonant information with no noise (leftmost pair), noise added (middle pair), or noise replaced (right-

most pair) (Experiment 1).

middle pair of bars. Even though both matched and mis-
matched stimuli include acoustic discontinuities (at the
boundaries of the nonlinguistic noises), the effect of the
mismatch is still robust [F(1,19) = 22.32, p < .001, for
just the *‘added”’ stimuli]. The comparison of these bars
with the two leftmost shows that the addition of the noise
slowed judgments an average of 8 msec; the mismatch
of transitions added 24 msec whether the noise was
present or not.

As can be seen from the rightmost pair of bars, and
from the plot of the differences between bars on the right,
the difference between matched and mismatched stimuli
is negligible in the replaced stimuli (a nonsignificant
difference of 2 msec). Not only is there an interaction be-
tween added/replaced and match/mismatch [F(1,19) =
12.76, p < .01], but a separate analysis of the replaced
data alone shows no effect of mismatch [F(1,19) = 0.32,
n.s.]. As predicted, there is not enough transitional in-
formation left after 60 msec for the effects of a mismatch
to appear.

The effect of mismatch was the same whether the con-
sonant or the vowel was identified {F(1,19) = 1.97, n.s.,
for the interaction]. Reaction times also did not vary as
a function of the type of nonlinguistic noise [F(1,19) =
0.61, n.s.]; nor did type of noise interact with any other
factors.

More errors were made on mismatched items than on
matched ones [5.3% vs. 3.7%, respectively; F(1,19) =
6.72, p < .05]. The higher error rate goes with the longer
reaction time: There is no speed/accuracy tradeoff for
these stimuli. There was an interaction of consonant/vowel
identification with noise type [F(4,76) = 7.81, p < .001],
due mainly to the behavior of the items without noise:

They generated more errors than the added and replaced
items when the consonant was identified, and fewer when
the vowel was identified. A further interaction of these
two factors with match/mismatch [F(4,76) = 2.74, p <
.05] shows that the difference is largely due to the high
error rate on mismatched items without noise when the
consonant was identified—precisely the case in which the
mismatch would be the most noticeable.

The previously obtained slowing of reaction time with
mismatched information (Whalen, 1984) was found even
when explicitly nonlinguistic discontinuities were present.
The effect on identification was not weakened by any
masking of the transitions that might have occurred: The
phonetic relevance of the transitions was still perceived.
Thus, the noises were not too intense to test the theory.
The weak version of the auditory theory is thus disproved,
since there are two delays present, and they do not inter-
fere with each other. The strong version of the theory,
that there are two auditory discontinuities at work (the
transitions and the nonlinguistic noises), is still viable,
however. Experiment 2 examines a situation in which this
interpretation is not possible.

Note that the identification times for the replaced stimuli
are essentially the same as they are for the mismatched
added stimuli (see Figure 3): The delay caused by a mis-
match is the same as the delay caused by the absence of
the original signal. One interpretation of this is that ap-
propriate transitions facilitate identification, and that mis-
matched transitions are no worse than having no transi-
tions at all. Alternatively, the similarity in mean reaction
times might be coincidental. Experiment 2 provided an
opportunity to test these alternatives while examining the
effect of mismatching vowel information.
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EXPERIMENT 2

Experiment 2 mismatched the vowel information in the
fricative noises with that of the vocalic segment. Manipu-
lations similar to those of Experiment 1 were carried out,
but with a different expectation: Mismatches of phonetic
information should show up even in the replaced stimuli.
This expectation was based on the fact that the vowel mis-
match does not depend just on the first 60 msec of the
vocalic segment, but is instead present throughout the
fricative noise, on the one hand, and the vocalic segment,
on the other.

Method

The syllable pieces of Experiment 1 were again used in Experi-
ment 2, although the combinations used for the mismatched stimuli
were different. The matched stimuli were identical (see the first
column of Table 1). The mismatched syllables are outlined in the
third column of Table 1. The transitions were always appropriate
to the fricative, that is, the consonant information was matched.
The same five noise conditions of Experiment 1 were used in Ex-
periment 2: no noise, cough or buzz added to the first 60 msec of
the vocalic segment, and cough or buzz replacing those 60 msec.

The stimuli were presented as before, with the two conditions
of consonant identification and vowel identification, each presented
as a separate block. Missing responses and mistakes in identifica-

700 T

690 T

Vowel Matched

—

Vowel Mismatched B3
680 T

670 T
660 +
650 T

640 T

Reaction Time (msec)

630 +

620 +

610 +

600

583

tion accounted for 4.7% of the consonant judgments and 3.1% of
the vowel judgments. These trials were excluded from further
analysis.

The subjects were 20 Yale students who were paid for their par-
ticipation. All were native speakers of English with no reported
hearing difficulties. Half of them had participated in Experiment 1.

Results and Discussion

Figure 4 presents the results of mismatching vowel in-
formation and for including noise in the stimuli, collapsed
over the category identified. The two bars at the left in-
dicate that mismatching vowel information had a signifi-
cant slowing effect of 24 msec [F(1,19) = 46.90, p <
.001]. The three bars on the right indicate that adding
noise slowed judgments by 29 msec and that replacing
part of the syllable with noise slowed judgments by an
additional 15 msec [F (4,76) = 29.73, p < .001]. All
three of these categories were significantly different from
each other.

Figure 5 shows the results by both match and noise con-
dition. In each pair of bars, the open bar shows the mean
reaction time to stimuli with matched vowel information.
The cross-hatched bar shows the responses to stimuli with
mismatched vowel information. Unlike Experiment 1,

No Noise [ —
Noise Added
Noise Replaced

Figure 4. Identification times for stimuli with matched or mismatched vowel information (left
pair of bars) and for stimuli with no noise. noise added, or noise replaced (right trio of bars)

(Experiment 2).
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Figure 5. Identification times for stimuli with matched (open bars) or mismatched (cross-hatched bars) vowel infor-
mation with no noise (leftmost pair), noise added (middle pair), or noise replaced (rightmost pair) (Experiment 2).

vowel mismatches caused delays in each case; the effect
of mismatches did not differ across these conditions
[F(4,76) = 0.27, n.s.]. If anything, these delays increased
with the presence of noise, as is shown by the plot on
the right. This plot shows the differences between the
matched and mismatched stimuli for the no-noise, noise-
added, and noise-replaced stimuli, respectively, from left
to right.

There was one interaction between the match/mismatch
factor and the category identified (consonant or vowel).
The mismatch effect was approximately twice as large
when the vowel was identified (15 msec for consonant
identification, 31 msec for vowel identification) [F(1,19)
= 6.78, p < .05]. A separate analysis of the consonant
identification data alone shows that the effect of mismatch
was still significant [F(1,19) = 9.57, p < .01].

The main effect of noise type was not significant
[F(1,19) = 1.12, n.s.], nor did it enter into any signifi-
cant interactions.

As in Experiment 1, more errors were made on sylla-
bles with mismatches [4.9% vs. 2.9%; F(1,19) = 13.32,
p < .01]. The effect was more pronounced when the con-
sonant was identified [a difference of 3.6% vs. 0.4% when
the vowel was identified; F(1,19) = 8.55, p < .01},
despite the fact that the information mismatched was la-

beled ‘‘vowel’’ information. However, as mentioned be-
fore, it takes two phonetic segments for a mismatch to
occur, and the greater susceptability of the consonant judg-
ments is probably due to the greater closeness of [s] and
[J] than of [a] and [u].

As in Whalen (1984), mismatching the rather weak
vowel information in the fricative noise with the more
powerful information in the vocalic segment slowed pho-
netic judgments. Even though a nonlinguistic noise indi-
cated that the signal had been corrupted, listeners were
still affected by mismatches between two temporally sepa-
rated portions of the utterance. Experiment 2 is particu-
larly interesting because the information critical to the mis-
match was not removed when the nonlinguistic noise
replaced the transitions (as it was in Experiment 1). The
*‘replaced”” stimuli in Experiment 2 demonstrated that
even when all tokens include significant acoustic discon-
tinuities, the disruption due to mismatching phonetic in-
formation persists: The identification delays are due to
an impairment of the processes that deal with the rele-
vant information, not to any simple distractions caused
by auditory discontinuities. Thus, the strong version of
the acoustic theory is disproved as well.

One difference between the two experiments is the ab-
golute amount of time it took for the phonetic decisions.
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Subjects were, on the whole, 68 msec slower in Experi-
ment 2 than in Experiment 1. An analysis (with the fac-
tors used before plus the factor of experiment) of the 10
subjects who participated in both experiments shows that
the difference is a real one; the effect of experiment was
reliable [F(1,9) = 8.91, p < .05]. The only interaction
of the experiment factor was with mismatch and noise,
which was expected, since the effect of mismatches dis-
appeared for the replaced versions in Experiment 1 but
not in Experiment 2. In the first experiment, 30% of the
stimuli had detectable mismatches of phonetic informa-
tion; in the second, 50% did. This increase of conflicting
information probably resulted in more cautious identifi-
cations, which slowed down responses.

The fact that the two delaying effects, mismatches of
vowel information and the inclusion of the two types of
noise, were independent allows us to choose between two
explanations proposed for the results of Experiment 1. In
that experiment, it seemed either that mismatched transi-
tions slowed identification or that the availability of ap-
propriate information speeded identification. The similar-
ity of identification times for syllables with mismatched
information to those for syllables in which the noise
replaced the transitions left both possibilities open. As can
be seen in Figure 5, mismatched information slowed iden-
tifications whether nonlinguistic noise was present or not.
These results indicate that both the mismatches and the
nonlinguistic noise have an interfering effect on identifi-
cation times.

EXPERIMENT 3

The first two experiments showed that subjects were
sensitive to whether the signal was intact or not: in both,
replaced stimuli produced significantly slower reaction
times than did added stimuli. One possible explanation
for this effect is that the replaced items were heard as in-
terrupted or discontinuous and that this distracted the sub-
jects enough to slow them down. A more likely explana-
tion, given that phonetic integration occurs across the
noise, is that the perceptual system expects to find the sig-
nal even when nonlinguistic noises are present, and that
perceptual processing is slowed when this expectation is
not met. Experiment 3 tested whether there were notice-
able differences between added and replaced stimuli that
would support the ‘‘distracting’’ hypothesis. The test in-
volved explicitly asking the subjects to discriminate be-
tween added and replaced stimuli. If the subjects were
distracted by the replacement of the signal, then added
and replaced stimuli should be discriminable.

Method

The stimuli were the **added’” and *‘replaced’” items used in the
first two experiments. Ninety-six tokens were used in Experiment 3.
representing the crossing of four factors: (1) buzz versus cough as
extraneous noise. (2) added versus replaced. (3) matched. consonant
mismatched. or vowel mismatched. and (4) tokens. The last fac-
tor, tokens. represents the eight examples within each cell of the
design and includes two instances each of [sal, [fa], (su], and [fu].
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The stimuli used in Experiments 1 and 2 were recorded on audi-
otape and digitized on another computer system, using high-quality
audio components and a 12-bit A/D converter. The sampling rate
was 20 kHz with 9.6-kHz low-pass filtering.

The entire stimulus set of 96 items was presented twice. The first
48 stimuli spanned all of the factors just described except ‘‘added
versus replaced.’” The form of each token (‘‘added’’ vs. ‘‘replaced’”)
was selected randomly. The second set of 48 stimuli included the
‘‘other’’ form (‘‘replaced’” if the added form of a token had al-
ready been presented, and vice versa). The second pass through
the 96 stimuli used the same procedure. Each group of 48 tokens
was ordered randomly.

Subjects were told that they would be hearing ‘‘sa,”” “‘sha,”” “‘su,”’
and ‘‘shu,”” with some noise present during each syllable. It was
explained that the noise would occur ‘‘where the consonant meets
the vowel,”’ and that the noise would either replace a small bit of
the syllable or be superimposed on it. The subjects were instructed
to press one button on a computer terminal if they thought the noise
replaced part of a syllable and another button if they thought the
noise was superimposed.

The presentation of stimuli was subject-paced: Approximately
1 sec after a subject’s response was received, the next stimulus was
presented. The entire procedure took approximately 15 min.

Twelve individuals served as subjects in Experiment 3. They were
recruited through sign-up sheets posted at Yale University, and were
paid for their participation. All were native English speakers with
no reported hearing problems. Half had previously participated in
another study in which they had made similar judgments.

Results and Discussion

The central question of Experiment 3 is whether
listeners can discriminate the ‘‘added’’ and ‘‘replaced”’
versions of the syllables. To answer this question, the per-
centage of correct responses was calculated for each sub-
ject, broken down by matching condition (match, con-
sonant mismatch, vowel mismatch), extraneous noise
(buzz or cough), and stimulus form (‘‘added’’ or
“‘replaced‘‘). These percentages were used to calculate
the signal detection parameter d’. This bias-free measure
of discrimination performance was computed for each of
the six cells defined by the crossing of the three match-
ing conditions and the two extraneous noises. These values
were submitted to a two-factor analysis of variance
(matching condition X extraneous noise).

The results of this analysis can be summarized very sim-
ply: Subjects were utterly unable to discriminate ‘‘added’’
and ‘‘replaced’’ stimuli. In signal detection analyses, a
d’ of O indicates no discriminability, with increasing
values reflecting abilities to discriminate. The obtained
grand mean d’ was —0.003, indicating that the ‘‘added”’
and ‘‘replaced’’ stimuli could not be discriminated at all.
Given this, it should not be surprising that neither extrane-
ous noise type [F(1,11) < 1] nor matching condition
[F(2,22) = 2.84, n.s.] made a significant difference; their
interaction was similarly inconsequential [F(2,22) = 1.31,
n.s.].

What makes this null result of interest is that the ‘‘ad-
ded”’ and ‘‘replaced’’ stimuli produced significantly
different reaction times in Experiments 1 and 2. We thus
have a situation in which a manipulation that is totally un-
available to consciousness produces reliable differences
in processing time. The extra acoustic discontinuity
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produced by the replacement manipulation is sufficient
to slow down identification of the speech signal (Experi-
ments 1 and 2), but is not discriminable from the mere
addition of noise (Experiment 3).

The inability of listeners to discriminate between the
‘*added”’ and *‘replaced’’ items when they are explicitly
asked to do so is reminiscent of results obtained in studies
of the phonemic restoration effect (Samuel, 1981a). An
important difference to note, however, is that in studies
of restoration, care is taken to remove all local cues to
a phone; if the stretch of speech immediately before or
immediately after the replacement locus is played. the
relevant phone will not be heard. In the present study,
both the fricative and the vowel are perfectly intelligible
in isolation; only the transitions are replaced (or have noise
added). Thus, there is not enough evidence to tell whether
the present results reflect some sort of restoration. A better
analogy might be to the classic categorical perception find-
ings (cf. Liberman, Cooper, Shankweiler, & Studdert-
Kennedy, 1967). In those studies, listeners also fail to dis-
criminate between acoustically different tokens (ones
within a phonemic category). Moreover, just as in the
present study, reaction time analyses of identification
times reveal differences between these indiscriminable
items (Pisoni & Tash, 1974). The reaction time analyses
thus provide insights into the processing of speech that
cannot be revealed in overt discrimination tasks.

EXPERIMENT 4

In Experiment 3, listeners proved to be utterly unable
to discriminate between two types of stimuli that had
produced reliably different reaction times in Experiments
1 and 2. The conditions of Experiment 3 were similar to
those of the first two experiments: A single token was
presented on each trial, and subjects were required to iden-
tify each token as a member of one of two predetermined
categories. In Experiment 4, the conditions were modi-
fied in order to reveal any discrimination ability that might
have gone undetected in Experiment 3. A successive two-
alternative forced-choice paradigm was used in which a
trial consisted of the presentation of both versions (‘‘ad-
ded”’ and *“‘replaced’’) of a given syllable and the sub-
jects indicated whether the *‘replaced’’ version came first
or second. If there were any conscious discriminability
of the two versions, the subjects should reveal it with this
procedure.

Method

The stimuli and equipment were the same as in Experiment 3.
The procedure was also the same, except that each token was now
paired with its mate. For example, if a trial in Experiment 3 had
consisted of a particular /sa/ with cough replacement, the cor-
responding trial in Experiment 4 consisted of that /sa/ with cough
replacement paired with that /sa/ with cough addition. The inter-
stimulus interval was 400 msec.

After the nature of the stimuli was explained to them, the sub-
jects were instructed to indicate whether the *‘replaced”” version

came first or second on a given trial by pushing the “1"* or the

**2** key on a terminal keyboard. After the subject’s response. the

correct answer (**1°" or **2"") was displayed on the terminal screen
for 500 msec. The feedback was then cleared, and approximately
1 sec later the next pair of tokens was presented. The inclusion of
two tokens per trial and the feedback increased the time for the 192
trials to approximately 25 min.

Ten subjects served in Experiment 4. Because we were interested
in obtaining an upper bound on discrimination performance, in-
dividuals who might be expected to do unusually well were selected:
Both authors, a researcher with extensive experience with this type
of stimuli, and two graduate students with interests and experience
in perceptual research participated. The remainder of the subjects
came from the same population as that used in the previous ex-
periments.

Results and Discussion

As in Experiment 3, d’ scores were computed for each
subject for each of the six cells of the stimulus design (buzz
or cough X match, consonant mismatch, or vowel mis-
match). These scores were submitted to a two-factor anal-
ysis of variance. As in Experiment 3, neither the type of
noise [F(1,9) < 1] nor the matching condition [F(2,18)
< 1] made any difference; their interaction was similarly
negligible [F(2,18) < 1]. However, the change in proce-
dure and subjects was not totally ineffective: The grand
mean d’ was raised to 0.433, a value that was reliably
greater than zero [F(1,9) = 7.79, p < .05].

What does this result indicate with regard to the dis-
criminability of the two stimulus versions? Apparently,
the difference underlying the reaction time effect in Ex-
periments 1 and 2 can be brought to a conscious level some
of the time for some of the people. However, it must be
noted, first, that these testing conditions were quite differ-
ent from those of Experiments 1 and 2, and, second, that
the observed d's are small—even smaller if one excludes
from the mean the first author’s score of 1.7. The fact
that the only person to achieve a respectable score was
the one who had constructed the stimuli and spent many
hours listening to them suggests that the analogy previ-
ously drawn between the present case and that of cate-
gorical perception is apt: In both cases, extensive prac-
tice can bring the previously unavailable distinction under
conscious control (see Samuel, 1977, for the results of
practice on categorical perception). Overall, the results
of Experiments 3 and 4 support the position that the sub-
jects in Experiments 1 and 2 were unaware of the differ-
ence between ‘‘added’’ and ‘‘replaced’’ stimuli, yet the
latter led to reliably slower identification times than the
former.

GENERAL DISCUSSION

The phonetic mismatch effects of Whalen (1984) were
successfully replicated, using stimuli containing nonlin-
guistic noises that should have encouraged the perceptual
system to block integration of portions of the signal. The
present study also shows that having the original signal
behind the noise is less disruptive than replacing the sig-
nal altogether. This indicates that the perceptual system
looks for coherence even within competing noise. The
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results of this search for coherence are not available to
consciousness, as was shown in Experiments 3 and 4.

It appears, then, that listeners are indeed sensitive to
all phonetic information given them, and that delays
caused by mismatches, even those that cannot be readily
heard, are due to increased phonetic processing. This is
true even when the relevant portions of the signal are not
contiguous; similar effects have been found in vowel-to-
vowel coarticulation across stop consonant closures (Mar-
tin & Bunnell, 1982). Even when subjects are given ev-
ery excuse for failing to integrate, as when a nonlinguis-
tic noise occurs in the middle of the signal, they still do
integrate. The mismatch adds just as much time to the per-
ceptual process whether the extraneous noise is present
or not. This indicates that the previously obtained result
is not simply a short-term psychoacoustic disruption but
is sustained over a relatively long stretch. Whether the
information stored is acoustic or (weakly) categorical re-
mains to be seen.
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