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Distinguishing universal and language-dependent levels
of speech perception: Evidence from Japanese listeners’
perception of English “|” and “r”*

VIRGINIA A. MANN _
University of California, Irvine

Abstract -

Native speakers of Japanese may be unable to correctly identify the phonemes
/l/ and /r/ in spoken English. Nevertheless, in perceiving English utterances,
they, like native speakers of English, respond to the different acoustic patterns
which convey /l/ and /r/ as if they are sensitive to differences in the vocal tract
movements that convey /I/ and /r/. Support for this conclusion is provided by
a study in which native speakers of Japanese and native speakers of English
labelled stimuli along a synthetic /dal-/ga/ continuum when the stimuli were
preceded by natural tokens of /s/ or /§1, 1all or /ar/. Each pair of precursors.
had contrasting effects on the location of the category boundary between /da/
and /ga/, and neither the direction nor the extent of contrast depended on
native language experience. Significantly, /al/ gave rise to more /gal percepts
than /ar/ for Japanese and English speakers alike, regardless of their ability to
identify /al/ and /ar/, as such. Interpretation of these results rests on previous
observations that the contrasting perceptual effects of /all vs. /ar/ and /s/ vs.
/§/ find parallels in the acoustic structure of natural utterances of /al-dal,
lar-da/ etc., due to coarticulation of the vocal tract movements that convey the
preceding consonant and those that convey the following /da/ or /gal/. Appar-
ently, native speakers of Japanese can be sensitive to the acoustic consequences
of coarticulating /lf or /r/ with /d/ or /gl while being unable to categorize /l/
and /r/ as different phonemes. Preceding a language-specific level of perception
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where speech sounds are represented in accordance with the constraints of u
given phonological svstem, there may exist a universally-shared level where the
representation of speech sounds more closely corresponds to the articulatory
gestures that give rise 10 the speech signal. )

Introduction

What do native speakers of Japanese perceive as they listen to English utter-
ances that contain /I/ and /r/? In the absence of considerable experience with
spoken English. many Japanese are unable to label, discriminate or produce
/V and /r/ in a consistent fashion (Goto. 1971: Miyawaki. Strange, Verbrugge,
Liberman. Jenkins. & Fujimura, 1975: Mochizuki, 1981). Their behavior
would seem to suggest that they hear these two speech sounds as one and the
same. Yet this study offers evidence that Japanese subjects are perceptually
sensitive to the acoustic consequences of an articulatory difference between
utterances containing /I/ and /r/, whether or not they can explicitly identify
these speech sounds.

The demonstration of this ability is provided by a certain context effect in
speech perception. That effect was first observed in a previous study (Mann,
1980) in which natural utterances of /al/ and /ar/ were placed in front of
synthetic speech stimuli from along an acoustic continuum that ranged from
/da/ to /gal. The resulting stimuli sounded like /al-ca/. /al-ga/, far-da/ or /ar-ga/,
and when native speakers of English were asked to decide whether “da™ or
“ga” was heard. their responses revealed that the location of the category
boundary between /d/ and /g/ was influenced by certain attributes of the
preceding utterance. In particular, when the preceding utterance ended in /V/,
the boundary was shifted towards more /gl percepts (fewer /d/ percepts),
relative to that obtained when the preceding utterance ended in /r/ (Mann.
1980). :

An explanation of the contrasting effects of /I/ and /r/ is offered by the view
that speech signals are perceived as if by reference to the articulatory gestures
by which they are produced. Many different forms of evidence support the
view that sensitivity to the lawful relationship between acoustic speech signals
and the articulatory gestures which they reflect is a highly specific, built-in
property of the speech perception module (for a recent review. see Liberman
& Mattingly. 1985). Here, two related observations are offered as evidence
that the context effect of /I/ vs. /r/ may reflect listeners™ sensitivity to the
relationship between speech signals and articulatory gestures. First, there is
the finding that. for native speakers of English. the effect of a preceding
utterance on the distinction between /da/ and /gal is not limited to utterances
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containing /I/ and /r/, but extends to utterances containing /s/ and /{/ (Mann
& Repp, 1981). and that similarities are best described in terms of certain
articulatory properties of the preceding utterance. Specifically, utterances of
V and /s/, which are produced with the tongue relatively forward in the
mouth, shift perception away from /da/ toward the more backwards /ga/,
relative to utterances of /r/ and /5, which are produced with a more retracted
tongue posture. Second, the perceptual context effects of /I/ and /r/, /s/ and
/§/ find parallels in the acoustic structure of natural utterances of /al-da/,
lar-da/, /as-da/, /af-da/ etc., and articulatory factors once again offer an expla-
nation. Specifically, when a sequence of phonemes is produced, the gestures
which convey the individual phonemes tend to overlap and become inter-
woven, and owing to this coarticulation, the acoustic structure of /da/ and
/gal can systematically vary as a function of whether they follow /al/ or /ar/
(Mann, 1980), /s/ or /f/ (Mann & Repp, 1981; Repp & Mann, 1981, 1982).
Together, then, these two observations suggest that the context effect of
utterances ending in /I/ and /r/, like many other context effects and trading
relations (see, Repp, 1982, for a review) represents a perceptual sensitivity
to the acoustic consequences of articulatory interactions.
One might nevertheless ask whether the effect of /al/ vs. /ar/ could be
- accounted for by reference to purely acoustic interactions instead of articula-
tory ones. To appeal to auditory interaction requires that we either put aside
the coarticulatory facts entirely, ‘or that we explain those facts with the as-
sumption that speakers adjust the behavior of their articulators so as to pro-
duce in each context just those acoustic effects that will fit with preexisting
auditory interactions. Neither alternative is very appealing, yet an account in
terms of auditory interactions cannot, in principle, be ruled out and therefore
merits discussion. _ ’ ' -
As a preface to considering an acoustic explanation of the contrasting
effects of /l/ and /1/, the acoustic structure of the stimuli employed in Mann
(1980) must first be described in some detail. In that experiment, the /da/-/ga/
stimuli varied in the onset of the third formant from 2690 to 2104 Hz in six
approximately equal steps, but the stimuli were constant in all other respects,
with onset frequencies of the second and first formant set at 1588 and 649
Hz, respectively. The context effect had emerged when the /da/-/ga/ stimuli
were preceded by a 50 ms silent gap which was in turn preceded by natural
tokens of /al/ or /ar/. In those tokens, the average frequencies for the offset
of the second and third formants may be considered the most relevant to any
consideration of acoustic interactions, as these were closest to the frequency
region which contained the cues at stake in the /dal-/ga/ distinction. Averaged
across the twelve tokens of each syllable, the offset for the second and third
formants was 972 and 2711 Hz for /al/ and 1390 and 1733 for /ar/ (the standard
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deviation in each case is less than 100 Hz: for details. see Mann. 1980).
Turning now to the possibility of an acoustic explanation of the context

different spectral characteristics. ROl
Specifically, the effects of post-stimulus masking should be as follows. ‘A -
higher-frequency third formant offset is one attribute that distinguishes /al/
from /ar/. and the energy in that region can be €xpected to suppress the
auditory response to /dal-/ga/ stimuli whose onset spectra contains energy in
the same critical band (at 2700 Hz. the bandwidth for human listeners is
approximately 400 Hz: Scharf, 1970). Thus for the first three to five stimujj
along the continuum. a preceding /al/ should cause 3 relative weakening of
the contribution of the third formant onset frequency to perception of the
/d/-/g/ distinction. In contrast /ar/. whose third formant offset is considerably
lower in frequency. would cause a relative weakening of the contribution of
the second formant onset frequency. but little effect on the third formant

the context effect be focused on the post-stimulus masking influences of fall, -
and the postulated weakening of the response to the onset of the third for-
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mant does precisely that. The masking account further predicts that post-
stimulus masking should be most clearly evident in the case of the first three
to five stimuli along the continuum. and for the most part. the data uphold
this prediction as well. Although the effect of /al/ was not evident in the case
of the first stimulus along the continuum, it was at its strongest for stimuli
two through five (i.e. the mid-range stimuli). Thus post-stimulus masking
offers a plausible explanation of the contrasting effects of /al/ vs. /ar/.

A more recent study, however, provides direct evidence against post-
stimulus masking and other purely auditory explanations of the effect of I/
vs. /r/ (Mann & Liberman, 1983). That study made use of the phenomenon
known as duplex perception (Liberman, Isenberg, & Rakerd, 1982; Rand,
1974) to reveal that the effects of /I/ vs. /r/ reflect a special property of
perception in the speech mode. In duplex perception, one and the same
stimulus is simultaneously heard as speech and as nonspeech. This situation
can be created by dividing synthetic stimuli from along a /da/ to /ga/ con-
tinuum into two parts; a constant base portion, which in isolation sounds like
/da/, a third formant transition, which, in isolation sounds like a “chirp”, but
when combined with the base provides the critical cue for the distinction
between /da/ and /ga/. When base and transition are presented dichotically,
the third formant transition is simultaneously perceived in two ways: It fuses
~with the base to provide critical support for the perception of /da/ or /gal, yet
"is also heard as a nonspeech “chirp”. The speech percept is not noticeably
different from what listeners perceive when the transition and base are elec.
tronically mixed, and the “chirp” percept is not noticeably different from
what subjects perceive when the transition is presented in isolation.

The advantage of the duplex phenomenon is that one stimulus is simultane-
ously perceived as speech and as nonspeech. By manipulating listeners’ atten-
" tion to one percept or the other we can discover the commonalties and distinc-
tions between processing in the two modes, reasoning that any context effects
which hold for both percepts merit an account in terms of auditory interac-
tions, whereas effects that are restricted to one percept or the other warrant
a mode-specific explanation. This approach was used to provide evidence
that the contrasting effects of /al/ and /ar/ on perception of the /da/-/ga/ dis-
tinction reflect special properties of perception in the speech mode (Mann &
Liberman, 1983), in an experiment that involved stimuli along a /da/-/ga/
continuum, divided into base and transition so as to form duplex percepts,
and presented to listeners who were instructed to attend to one percept or
the other as they attempted to discriminate stimuli in an AXB paradigm.

Under instructions to attend to the speech percepts of /da/ and /ga/, percep-
tion was categorical, and when the stimuli were preceded by natural tokens
of /al/ and /ar/ the location of the category boundary shifted, with /al/ having
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the expected effect of favoring more lgal percepts than /ar/. In contrast,
under instructions 1o ignore the speech percepts and attend to the nonspeech
chirps. perception was continuous and was not systematically altered by the
presence of the preceding /al/ or /ar/. As regards the post-stimulus masking
account of the effects of /al/ vs. /ar/. it should be noted that. since the effect
on speech perception of the /da/-/ga/ stimuli obtained when the preceding /al/
and /ar/ and the third formant transition were presented to opposite ears, a
cochlear-level explanation is ruled out. This argues against post-stimulus
masking of the sort identified in studies of auditory nerve (for example Del-
gutte & Kiang. 1984: Harris & Dallos. 1979: Smith. 1977). A more direct

cepts of the third formant transition.

Thus the contrasting influence of /al/ and /ar/ is evident only when acoustic
stimuli are perceived as speech. in accordance with the view that this context
effect reflects a special property of perception in the speech mode. It is as if
in that mode of perception a stimulus which conveys /l/ or /r/ somehow serves

as an anchor against which a following stimulus may be judged as /d/ or /gl. 1

speech sounds (e.g. /s/ and /§) which share certain articulatory properties
with /I/ and /r/ but not the same spectral properties. Such evidence favors an
explanation that the context effect reflects listeners sensitivity to the lawful
relationship between acoustic speech signals and the articulatory gestures
which they represent. a sensitivity which is a highly specific. built-in property
of the speech perception module (Liberman & Mattingly. 1985).

With this effect and its explanation in mind. we may now return to the
question of what Japanese listeners perceive as they listen to utterances which

Japanese does not distinguish the English liquids /I/ and /r/. There is no /I/ in
Japanese. and while there is a Japanese /r/. it more clearly resembles the
English alveolar flap (i.e.. the medial consonant in “ladder”) than English
Itl. As noted previously. in the absence of early experience with a language
in which /I and /r/ are contrastive. many native speakers of Japanese are
unable to distinguish utterances which contain English /I/ and /t/ in either
labelling or discrimination tasks which focus on the /I/-/t/ distinction (Goto.
1971: Miyawaki et al.. 1975: Mochizuki. 1981). Are we to conclude that
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Japanese listeners hear /I/ and /t/ as one and the same? Here it is asked
whether the technique of using a context effect to indirectly assess sensitivity
to articulatory differences between /I/ and /r/ will reveal perceptual sen-
sitivities that have heretofore been undisclosed by tasks requiring explicit,
categorical responses to /I/ and /1/.
A demonstration that utterances which end in /I/ and /r/ are able to differ-
entially influence perception of the /d/-Ig/ distinction by Japanese listeners
would imply that native language experience has less of an influence on one
aspect of speech perception, namely, the ability to untangle the acoustic
consequences of articulatory interactions, than on another, namely, the abil-
ity to make phonemic categorizations of speech sounds. Evidence that native
language experience influences speech categorization is provided by findings
that adult subjects have difficulty identifying or discriminating phonetic con-
. trasts that are not used distinctively in their native language (see, for example
Lisker & Abramson, 1970; Werker, Gilbert, Humphrey, & Tees, 1981; Tre-
hub, 1976). However, the possibility that there are also certain universal
speech perception abilities which depend less strongly on native language
experience is suggested by findings that infants behave as if they are able to
perceive many phonetically-relevant properties of speech which are not
necessarily exploited by their language community (see, for a review, Eilers,
1980; Werker et al., 1981). Further support for this contention is provided
by a finding that, under certain circumstances, adults may discriminate speech

:sounds according to categories used in another, but not their own, native
language (Werker & Tees, 1984b). At present, problems of interpretation
arise as to whether the “universal” abilities shown by infants and adults are
of a general acoustic sort or are somehow specific to speech perception (for
a discussion, see Werker & Tees, 1984a). One virtue of the present context
effect as a probe to universal processes in speech perception is that acoustic
explanations may be discounted, as noted previously, by a consideration of
known acoustic interactions and by reference to the resuits obtained with the
duplex paradigm (Mann & Liberman, 1983).

Two experiments are reported in the sections which follow. Experiment
II, the major focus of this study, determined how Japanese subjects label
synthetic /da/-/ga/ stimuli preceded by natural tokens of /al/ and /ar/ and how
their performance relates to their ability to phonemically categorize /al/ and
/ar/. Experiment I is a preliminary study which established that native speak-
ers of Japanese are capable of showing context effects when the task involves
labelling /da/ and /ga/ in English utterances which violate a general principle
of the syllable structure of J apanese. It was prompted by the realization that
context effects in utterances like /al-da/, /ar-da/, etc. could be doubly prob-
lematic for the native speaker of Japanese because such utterances not only
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contain /l/ and /r/. but also contain a consonant sequence. and consonant
sequences. in general. are not permissible in Jupanese.

Experiment I

The phonology of Japanese does not permit consonant sequences to occur
cither within a syllable or across a syllable boundary; the most comparable
situation involves two voiceless consonants separated by a devoiced vowel,
in which case, the vowel still appears to be articulated (see Beckman & Shoji.

different groups of Japanese subjects are included: those who are superior
beginning students of spoken English. and those who are inferior ones. As
noted in the Introduction. the effects of /s/ and /{/ parallel those of /i/ and /1/,

and /fk/ in syllable initial position do not prevent native speakers of English
from showing context effects in utterances such as /{ta/ and /fka/ (Mann &
Repp, 1981).

Methods
Subjects

Native speakers of Japanese

The Japanese subjects who participated in the study were 38 college
freshmen enrolled in the first semester of a spoken English course at the
University of Tokyo. All were native speakers of Japanese who had never
lived in an English-speaking society. They were selected by their English
professor from a population of 150 students. on the basis of either superior
(N =19) or inferior (N = 19) performance on two standardized tests: a test
of the perception of spoken English words which had been developed at Keio
University (Koike. 1978). and the Jacet-Coltd Listening Comprehension Test
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Table 1. Oral English profile: Japanese subjects pariicipating in Experiment |

College testing Experience prior to college?
(0-5 pt. scale. 5 = extensive experience)

Jacet-Coltd Koike Before Jr. high Sr. high
(max. 120) (max. 50) Jr. high

School Home School Home

Superior

students 97.5 48.4 1.95 3.63 332 274 142
“Inferior

students 42.6 39.3 0.77 309 223 232 045

* Ratings computed by the students’ English professor on the basis of responses to a ques-
tionnaire.

which involves the comprehension of spoken English sentences (Jacet-Coltd
Form A, 1975). For the inferior and superior students, the cutoff scores for
the Keiko test were 44/50 and 48/50, respectively; for the Jacet-Coltd test,
68/120 and 88/120, respectively. Mean scores on each test appear in Table 1,
together with a summary of prior exposure to oral English.

Native speakers of English

In addition to the native speakers of Japanese, the experiment further
included a control group of ten native speakers of English who were freshmen
attending Bryn Mawr and Haverford Colleges.

Materials and procedure

The experiment employed materials that have been described in detail
elsewhere (Repp & Mann, 1981): a seven-member synthetic /da/-/ga/ con-
tinuum and natural tokens of /s/ and / §/. Stimuli along the /da/-/ga/ continuum
comprised three-formant syllables in which systematic variations in the onset
of the third formant provided critical support for the /d/-/g/ distinction. There
were seven CV stimuli, distinguished solely by the onset of the third formant
frequency, which decreased from 3222 Hz to 1902 Hz in steps of approxi-
mately 215 Hz. All stimuli had stepwise-linear 50-ms formant transitions
(from 285 to 771 Hz for the first formant, from 1770 to 1223 for the second
and to 2520 Hz for the third) followed by 200-ms steady-state portions. Fun-
damental frequency fell linearly from 110 to 80 Hz and the amplitude contour
was flat with 50 ms onset ramp and 30 ms offset ramp.
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The tokens of /g/ and /f/ had been extracted from naturaj Productions by
a male, phoneu’cally-trained native speaker of English of Istal, [ska/, /fta/ and
/fka/. The Spectral composition of these stimulj is summarized in Figure § of
Repp and Mann (1981); the major prominence for tokens of /s/ is between
3500 and 4000 Hz, whereas that for tokens of /§1 is between 1800 and 3000
Hz. The utterances had been produced in a random order and digitized at
10,000 Hz. For three different tokens of each of the possible Productions, the
fricative noises were €xcerpted and stored Separately for three different to-
kens of each of the four possible productions. As in Repp and Mann’s study,
the use of multiple tokens served two functions. First, jt offered a control for
the possibility of material-specific effects. Second, the Systematic variations
in the utterances from which the fricative noises were drawn (j.e, whether
they contained /t/ or /k/) provided a means of assessing trading relations ag

well as context effects. There was interest in the question of Whether Japanese

There were a tota] of three stages to the €xperiment. In the first, isolated i
stimuli from along the /da/-/ga/ continuum were presented 10 times each,
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sequence of 28 items, followed by a test sequence, where in each case, the
items were the same as those employed in the second stage of testing, pre-
sented in a completely randomized sequence.

Results

Analysis of the data began with the third stage of testing, which revealed that
all subjects were able to label /s/ and /§/ correctly. There were no appreciable
differences in the accuracy of the two groups of J apanese subjects or between
them and the native speakers of English: All speakers of English had been
100% correct, the superior students of spoken English had averaged 99.8%
correct, and the inferior students, 99.4%. Only three of the nineteen superior
students had made any errors, and the maximum error rate was 2.5%; only
six of the nineteen inferior students had made errors and the maximum rate
was 3.6%.

The data from the first two stages of testing comprise the labelling of the
/da/-/ga/ stimuli in isolation and in the context of a-preceding /s/ or /{/. Figure
1 summarizes the average responses of each group of subjects in terms of the

‘mean percentage of “ga” (or “ka”) responses given to stimuli at each of the
seven positions along the synthetic /da/-/ga/ continuum and also summarizes the
context effect of /s/ vs. /{/. From top to bottom, the panels contain the results
for the three subject groups: the native speakers of English, the native speak-
ers of Japanese who were superior students of spoken English, and the native
speakers of Japanese who were inferior students of spoken English. The
panels on the left concern labelling of the isolated /da/-/ga/ stimuli, collapsed
across subjects within each group. Those on the right concern labelling of
stimuli preceded by /s/ and /§/, with each curve representing the average
percentage of “ga™/“ka” responses collapsed across the six tokens of each
fricative and across subjects.

It can be seen quite clearly that all subjects labelled the stimuli in a com-
parable fashion. In the left-hand panels, the percentage of /ga/ responses
varied according to stimulus position (F(6,270) = 445.15,p < .0001), showing
the ogive curve which is typical of labelling functions for synthetic CV con-
tinua. When, as shown in the right-hand panels, the /da/-/gal stimuli were
preceded by /s/ and /{/ the anticipated context effect emerged. As in Mann
and Repp (1981), there is a context effect due to /sl, and most importantly,
this result held for all three groups of subjects. In interpreting the results in
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Figure 1. The partern of “ga” responses given 1o stimuli along an acoustic /da/-/gal
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continuum when the stimuli were presented in isolation (left panels) and
when they were preceded by s/ and /57 (right panels). From top 10 botom,
subjects include: (] ) native speakers of English, (2) narive speakers of
Japanese who are superior students of spoken English, and (3) native speak-
ers of Jupanese who are inferior students of spoken English.
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the right-hand panel of Figure 1, an ANOVA was computed on the total
number of “ga” responses given to stimuli across the continuum, considering
the context effect of /s/ vs. /§/, and whether that fricative had been extracted
from a syllable containing /t/ or /k/ (i.e. the trading relation involving cues to
It/ vs. /k/). There was a main effect of subject group (F(2,45) = 6.19, p <
.001), and a main effect of /s/ vs. /51 (F(1,45) = 70.65, p < .0001), but no
interaction involving these variables (p > .1). In general, the effect of sub-
ject group was due to.the tendency of the inferior students of spoken English
to give fewer “ga“/“ka” responses than subjects in the other two groups, but
this tendency did not appear to limit their sensitivity to the influence of Isl
vs. /§/.

Aside from the context effect due to /s/ vs. /f/ there was also a trading
relation which reflected whether /t/ or /k/ had been present in the original
utterances from which the tokens of /s/ and /§/ had been extracted (F(1,45)
= 70.13, p < .0001), this being particularly strong for tokens of /s/ (F(1,45)
= 18.75, p < .001). All three groups showed this effect to the same extent,
as evidenced by a lack of two- or three-way interactions involving subject
group. The effect of tokens extracted from utterances containing /t/ vs. /k/ is
not evident in Figure 1, where the data are collapsed across all token varia-
~* tions, but when TeSponses were considered in terms of whether each fricative
- ‘noise had been extracted from a syllable containing /t/ vs. /k/ it was evident,

-“as had been observed by Mann and Repp (1981), that tokens extracted from
/ska/ and /fka/ gave rise to more “ga”(“ka”™) responses than those extracted
from /sta/ and /fta/ (an average of 65% vs. 41% “ga”/“ka” responses). This
contrast has been taken as evidence of listeners’ ability to recover certain
acoustic properties of the fricative noise which directly reflect the place of
articulation of the following stop consonant. The effect is termed a trading
relation as opposed to a context effect, since it is assimilatory (i.e. the original
presence of /k/ favors perception of “g"/“k™) whereas context effects are
contrastive (i.e. the more forward-produced fricative, /s/ favors perception of
the less forward-produced consonants “g” and “k”). (A further discussion of
trading relations and context effects is available in Repp, 1982.)

The most notable difference between subjects concerned the orthographic
convention used to label the utterances in this Experiment. In keeping with
the phonological constraints of English, all of the native speakers of English
labelled the /da/-/ga/ stimuli as “ta” and “ka” in the context of the preceding
Is/ and /f/, whereas only 12 of the nineteen superior students and only four
of the nineteen inferior students of spoken English did so. In labelling the
English /s/ and /f/, all of the native speakers of English, and sixteen of the
superior students of spoken English chose alphabetic notation, whereas only
six of the inferior students did so.
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Discussion

The results of the firgt experiment revey| that natjve speakers of Japanese
label stimuylj along an English Ida/-/ga/ continuum much the same as do native
Speakers of English, regardless of thejr competence in spoken English. Like
native speakers of English. they also exhibit a context effect in which they
appear to take accoung of the place of articulation of 4 preceding /s/ or /§/
When they determine the place of articulation of 4 follm\'ing I/ or 1/, For
superior and inferjor students of Spoken English. for Japanese ang English
speakers. alike. the perceived place of articulation tengs to be shifted away
from that of the preceding /s/ or /§1. This contrast between Properties of
Successive speech sounds is termed 5 context effect. and hyg been presumed
to reflect g perceptual adjustment for assimilative coarticulatory interactions
in fricative-stop consonant sequences (Mann & Repp. 1981: Repp & Mann,
1981).

Japanese subjects are further like native speakers of English in that they
prove sensitive 1o Whether tokens of Isl or 1]/ were extracted from utterances
in which they were originally produced before /1/ or i/, This sensitivity in-
volves ap assimilation of temporally and Spectrally diverse cyes 10 a given
Speech sound. and js termed a trading relation, Presumably, the trading rela-
tion occurs because listeners are able to perceptually recover those cues in
the fricative noise which are a direct consequence of anticipatory articulation
of a following Stop consonant (Repp & Mann. 1981).

The only noteworthy difference which related tq native language experi-
€nce and the leve| of spoken English competence concerns the labelling re-

this tendency. however. all three &roups of subjects showed context effects
and trading relatjons to the sume extent. Iy Can be concluded that. despite 2

preceded by /s/ ang /§l. Experiment | NOW turns to the foca] issue of thjs
study: whether Japanese subjects who are unable to identify English /1/ and
/1l are sensitive 1o the influences of a preceding /I/ or /r/ o perception of
/da/~/ga/ stimul;.
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Experiment II

Experiment II used the same three groups of subjects who participated in
Experiment I to investigate the contribution of language experience to the
influence of /al/ and /ar/ on perception of /da/-/ga/ stimuli. Several different
outcomes are conceivable. First, all subjects might exhibit the same context
effect as native speakers of English, whether or not they perceive /I/ and /r/
as different phonemes. Such a finding would reveal that all subjects are per-
ceptually sensitive to some difference between utterances which contain /1/
and /r/. The context effect would occur because listeners would be able to
take account of the acoustic consequences of certain articulatory differences
between // and /r/ when required to determine whether a subsequent
phoneme is /d/ or /g/, even though they might not be able to identify /I/ and
It/ as such. This would imply the existence of some universal level of speech
perception where utterances of any language are represented in terms which
correspond rather objectively to their underlying articulatory properties, as
opposed to a language-dependent level where utterances are represented
according to the phonetic inventory of a given language.

Other possible outcomes involve a difference between native speakers of
English and Japanese speakers who cannot distinguish /V/ and /r/. Here, two
possibilities are considered. On the one hand, those subjects who cannot
label /l/ vs. /1/ correctly may fail to exhibit any contrasting effects at all. They
may perform the same whether listening to isolated stimuli or to stimuli
preceded by /al/ and /ar/—as if they ignored the context altogether; they may
treat both /al/ and /ar/ as native speakers of English treat /al/—implying some
appreciation of the context but a failure to differentiate /I/ vs. /r/. In either
case, it would reveal that the context effect exhibited by native speakers of
English operates at a language-dependent level of processing which is un-
available to speakers who cannot categorize /I/ and /r/, and would constitute
vet another finding that many Japanese listeners hear no difference between
English utterances which contain /I/ and /r/.

Another possible difference between native speakers of Japanese and na-
tive speakers of English is that /al/ and /ar/ will have contrasting effects on
the perception of /da/ and /ga/ by the Japanese listeners, but in opposite
directions for subjects who can, and cannot label /\/ and /1/. That is, subjects
who can label /l/ and /r/ correctly might give the same result as native speakers
of English—a context effect involving more “ga” responses in the context of
/al/l—whereas those who label /I/ and /r/ indiscriminately might give more
“da” responses instead. This could occur if, in utterances such as /al-da/ etc.,
Japanese listeners hear /a-da/ instead of /al-da/ not because they ignore the
cues to /l/, but because they incorrectly assimilate cues to the /I/ and the /d/
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into a single consonant. That is. the finding that o preceding /al/ favors more
/da/ percepts than /ar/ could suggest that the Japanese subjects erroneously
assimilate information about the relatively forward-articulated liquid. /I/ with
information about the following stop consonant. as if they correctly perceive
the place of articulation of /I/ vs. /r/ but assimilate that information into
perception of the /d/~/g/ stimuli rather than contrasting information about the
tWo speech segments. Such a segmentation problem might seem unlikely,
given some observations that the problems of Japanese listeners tend to in-
volve confusing /I/ and /r/ rather than a failure to recognize that a liquid has
occurred. However there is evidence that Japanese listeners have inordinate
difficulty in labelling /1/ and /r/ when they form part of a consonant sequence
(Mochizuki. 1981: Sheldon & Strange. 1982). Also. on the Koike test (Koike.
1978) a common misperception involves the omission of a liquid from a con-
Sonant sequence (i.e. confusing “barn" and “bon™. or “bird" and “bud™).

Methods

Subjects

The subjects were the same Japanese and American college students who
participated in Experiment I.

Materials and procedure

The experiment emploved materials that have been described in detail
elsewhere (Mann. 1980): a seven-member /da/-/ga/ continuum and 12 natural
tokens of /al/ and /ar/. The tokens of /al/ and /ar/ had been produced by a
male. trained phonetician who was a native speaker of English. They oc-
curred as part of the disyllables /al-da/. /al-ga/. /ar-da/ and lar-ga/ spoken with

digitized at Haskins Laboratories and the VC and CV portions had been
separated (i.e. the portions of each disyllable preceding and following the
stop-closure interval) and stored for later use. The use of multiple tokens of
each VC replicated Mann (1980) and was designed to control for the possibil-
ity of material-specific effects. and to probe for the possibility of a trading
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which systematic variations in the onset of the third formant provided critical
support for the /d/-/g/ distinction. They were constructed so as to be compat-
ible with the tokens of /da/ and /gal which had followed the natural tokens
of /al/ and /ar/. The stimuli differed only in the onset of the third formant,
which ranged from 2690 to 2104 Hz in six approximately equal steps. Onset
values for the first and second formants were fixed at 310 and 1588 Hz,
respectively; steady-state values for the first three formants were 649, 1131
and 2448 Hz, respectively and all formant transitions were step-wise linear
and 100 ms in duration. Total duration was 180 ms and amplitude and pitch
contour reflected those in the natural tokens of /da/ and /gal.

As in Experiment I, there were three stages. In the first, isolated stimuli
from along the /da/-/ga/ continuum were presented 12 times each, according
to a randomized sequence. In the second, the /da/-/ga/ stimuli were preceded
by the tokens of /al/ and /ar/ with a 50 ms silent interval separating the VC
and CV portions. Each CV stimulus was presented 12 times in each context
(4 times per token), according to a completely randomized sequence. In each
stage, a 28-item practice sequence of the test items preceded the test sequence
itself, and the task was to mark (on a response sheet containing both alpha-
beticscript and Japanese Kana) whether a given stimulus contained /da/ or/gal.

The third and final stage assessed a subject’s ability to identify /I/ and /r/
in the same test stimuli that had previously been employed in the second
stage of testing; it followed the study of the context effect to assure that the
ability of the Japanese subjects was not underestimated due to inadequate
exposure to the test materials. In light of the potential difficulty of this task,
which was to mark on a response sheet written in alphabetic script whether
a given stimulus contained /al/ or /ar/, listeners were presented with 28 items
in which /l/ and /1/ alternated, followed by a randomized practice sequence
of 28 items for which they were told the correct responses. The session con-

cluded with their labelling of the randomized test sequence without response
feedback.

Results

An assessment of subjects’ ability to identify /I/ and /r/ is critical to interpre-
tation of the results of Experiment II, therefore the analysis of the data began
with those responses obtained in the third stage of the experiment in which
subjects labelled the test stimuli as containing /al/ or /ar/. All of the native
speakers of English were 100% correct, however, there was considerable
individual variation in the performance of the J apanese subjects: It was appar-
ent, as others have noted (MacKain, Best, & Strange, 1981), that at least
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some native speakers of Japanese can master the /l/-/v/ distinction. byt also,
as noted previously (Mochizuki. 1981). that the identification of /I/ and /r/
often poses a problem when these form part of a consonant Sequence. Ip
order to assess the relation between the accuracy of phonemic labelling and
sensitivity to the context effect of /I/ and /t/, two €Xtreme groups of Japanese
subjects were selected for further analysis. They included the eight inferior
students of spoken English whose performance was within 15% of chance
(i.e. 50%. p > 1) and the eight superior students whose labelling of /I/ ang
Itl was 98% accurate or better. Average performance for the inferior students
was 58%. which did not significantly differ from chance (p > .1). whereas
average  performance for the superior students was 98%. Relevant
hackground'information appears in Table 2. where it can be seen that one
distinguishing trait of the superior students of spoken English was more inten-

/dal-/ga/ stimuli. whereas those on the right concern the context effect of /al/
and /ar/. averaged across the six tokens of each syllable (i.e. ignoring the

-

Table 2. Oral English profile: Japanese subjects participating in Experiment ]

Collcge testing Experience prior to college*
(0=5pt. scale. 5 = extensive experience)
Jacet-Cold Koike Before Jr. high Sr. high
(max. 120) (max. 50) Jr. high - -
School Home  School Home

Superior )

students . 97.5 47.6 1.75 438 33 30 1.13
Inferior

students 37.5 0.5 0.05 2.5

0 L75 163 100

* Ratings computed by the students® English professor on the basis of responses 1o a ques-
tionnaire.,
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Figure 2.  The pattern of “ga” responses given to stimuli along an acoustic /da/-/ga/
continuum when the stimuli were presented in isolation (left panels), and
when they were preceded by /al/ and /ar/ (right panels). From top to bot-
tom, subjects include: (1) native speakers of English who are 100% correct
in identifving /l/ and [r/, (2) native speakers of Japanese who are 99%
correct in labeling /l/ and /r/, and (3) native speakers of Japanese who
perform at chance level in labeling /l/ and /r/.
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Inspection of the lefi-hand panels of Figure 2 will revey] that. as in Exper-
iment 1. responses to the isolated Idal-lgal stimuli varied a¢ a function of
stimulus position along the continuum (F10.138) = 905.79. P < .0001), ang
the native speakers of Japanese did not differ from each other, or from the
native speakers of English (p > .1). Let us NOW turn to the context effects
of fal/ vs. /ar/ as they appear in the right-hand panels. Note that the context
effect is the same for all three subject groups. Most important are the daty
obtained from the inferior students of spoken English (lower panel). as they
indicate that the context effect can occur in_the absence of correct identifica-
tion of /al/ and /ar/. as such. These subjects had been selected for their
inability to phonetically identify /al/ and /ar/. and their average performance
on that task was not significantly better than chance (i.e. 58% correct. p >
-1). Nonetheless they showed context effect of /al/ vs. /ar/ which was equi-
valent in direction and magnitude to that of the other subjects. An ANOVA
Was computed on the total number of “ga” responses across the continuum
as a function of subject group. the identity of the preceding liquid (the context
effect). and whether the preceding svllable had originally been produced
before /da/ or /gal (the trading relation). There was 4 significant main effect
of subject group. due to the inferior students of spoken English having given
fewer “ga™ responses than subjects in the other groups (F(2.23) = 13.53.
< .0001). and a main effect of /I/ vs. Ir/ (F(1.23) = 108.23, P < .0001). but
no interaction between these two factors.

In addition to the effects shown in Figure 2. trere was also evidence of a
trading relation. analogous to that observed in Experiment 1. and like that
observed by Mann ( 1980). That effect was not due to whether an utterance
contained /l/ vs. jr/. but reflected the nature of the original utterances from
which the tokens of /al/ and /ar/ had been drawn. In general. tokens drawn
from /al-ga/ and far-ga/ gave rise to more “ga” percepts than those drawn
from /al-da/ and far-da/ (F(1.23) = 9.93, P < .004). and this interacted with
stimulus number (F(6.138) = 2.38. P < .03). Yet here. again. there was no
interaction with subject group (p > .1). All three groups of subjects. then.

groups.

General discussion

This study has asked whether limited experience with spoken English limits
the sensitivity of native speakers of Japanese to certain effects which can
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occur in the perception of English utterances. Like English, Japanese distin-
guishes the phonemes /d/ and /gl. Is/ and /f/, but in contrast to English,
Japanese does not permit sequences of consonants to occur. That a lack of
familiarity with consonant seéquences does not alter the perceptual interac-
. tions which occur when stimuli along a /da/-/ga/ continuum are preceded by
/s/ and /f/, was revealed by the results of Experiment 1. Japanese further
differs from English in that it does not distinguish the phonemes /I/ and I/,
and this has been observed to cause identification and discrimination of these
phonemes to be difficult for many native speakers of Japanese. However,
problems with the identification of /I/ and /t/ notwithstanding, Experiment II
-revealed that Japanese listeners are sensitive to the perceptual effects which
occur when /da/-/ga/ stimuli are preceded by /al/ and /ar/.

Specifically, Experiment II showed that, in stimuli which native speakers
of English label as /al-da/, /al-ga/, far-da/ and /ar-ga/, native speakers of
Japanese respond to some difference between utterances that contain /I/ and
/t/ which influences their perception of /d/ and /g/ whether or not they can
identify the /U or /r/ as such. One implication is that Japanese listeners are
sensitive to some difference between English utterances that contain /I/ and
Irl. If it is accepted that the contrasting effect of syllables ending in /I/ and /r/
on the perception of a following syllable as /da/ or /gal is specific to speech
perception (Mann & Liberman, 1983) and reflects listeners’ sensitivity to the
acoustic consequences of certain articulatory interactions (Mann, 1980), then
a further implication is that speech perception comprises at least two levels:
one universal, the other language-dependent.

At the first level, listeners process speech signals as if they are tracking
articulatory movements in a more-or-less objective fashion. Beyond that,
there is a level (or levels) at which the speech signal is somehow categorized
into language-dependent segments which conform to the phonological rules
governing permissible phonemes and sequences of phonemes in a given lan-
guage. It is the first level that is most directly responsible for those context
effects and trading relations in speech perception which rest on the integra-
tion, interpretation and abstract representation of incoming sensation as the
product of human vocalization. The ability to respond to speech sounds in
this way is independent of native language experience, hence speakers are
sensitive to the acoustic consequences of the different articulatory properties
of /l/ and /r/ whether or not they can directly categorize those acoustic conse-
quences in terms of segments in a given phonological inventory. Apparently
the representation of utterances in correspondence with their underlying ar-
ticulatory gestures cannot intervene directly upon consciousness, otherwise
all Japanese listeners would be able to draw upon that level and thus solve
the /V/-/t/ problem in perception and production. Nonetheless, it is interesting
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1o note that some of the more successtul methods of teaching Jupanese speak.
ers how to distinguish /l/ and /r/ do involve explicit reference to the articula.
tion of /I/ and /y/ (cf. Sheldon & Strange, 1982).

The lzmguage-indcpendem perception of articulatory gestures. which i
accomplished at the universal leve|, may precede the lunguage~dependenr
perception of an utterance and it is this which allows listeners to he sensitive
to the acoustic consequences of movements which they fail to properiy
categorize as one phonological Segment or another. Segmenting an utterance
into phonemes or svllables would appear to depend upon language experi-
ence. hence listeners may encounter difficulty when they are required to
identify speech sounds that are not in their native inventory. Such was the
case when the Japunese listeners who were inferior students of spoken En.
glish were asked to label /al/ and /ar/ in Experiment 11. However. in the same
eXxperiment. acoustjc differences between /all and /ar/ which reflect their dif-
ferent articulatory origins nevertheless influenced both Japanese and English
listeners® perception of a following phoneme as /d/ or /g/. Hence responses
which are directly mediated by a language-dcpendent level can still be influ-
enced by processing at a universa] level of speech perception.

This distinction between universal and language-dependent levels of
speech perception s reminiscent of Werker and Tees' (1984a and b) sugges-
tion that there is 4 Jeve| of processing intermediate between what is tradition-
ally called phonetic processing. and that which s traditionally called
nonspeech acoustical processing. In the Werker and Tees (1984b) account.
the intermediate. universal level is termed “phonetic™ as jt is postulated to
correspond to natura] phonetic boundaries. whereas that higher level which
corresponds to natjve language boundaries is termed “phonemic™, It js further
postulated that the phonetic leve] of perception is not altered by native lan-
guage experience, but natjve language €xperience is directly responsible for
the development of the phonemic level. Finally, the universa] phonetic leve]
dominates the speech perception behavior of infants whereas the language-
dependent phonemic level tends to dominate the Speech perception behavior
of adult subjects.

As regards the perception of /I/ and /r/, it can be reasoned that, since
four-month-old infants distinguish utterances that contrast /I/ and /y/ (Eimas.
1975). and since infants at this age should be relying on the phonetic leve] of
processing. perception of the /V and /t/ distinction most likely begins in on-
togeny as a universal phonetic ability. The subsequent perceptual behavior
of infants who £0 0n 10 become adult speakers of Japanese would come to
be dominated by a phonemic leve] of processing which accords with the
phonemic inventory of Japanese. whereas that of infants who become adult .
speakers of English would be dominated by a phonemic leve] of processing
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that is appropriate to English. For the speakers of Japanese, in particular, a
lack of experience with utterances which contrast /I/ and /r/ would prevent
the /l/-/t/ distinction from being represented at the phonemic level, but a lack
of experience would not change the processing of this distinction at the
phonetic level. Japanese adults would appear unable to distinguish /I/ and /r/-

cessing where the /I/-/t/ distinction is not represented.

The present results might conform with the Werker and Tees account were
" it to be postulated that the context effect of /al/ and /ar/ operates at the
universal “phonetic level” of processing, whereas the identification of /al/ and
lar/ is accomplished at the language-dependent “phonemic level”. The ques-
tion which arises, however, is whether “phonetic™ and “phonemic” are appro-
priate characterizations of the universal and language-dependent levels of
speech perception implicated herein. The use of these terms by Werker and
Tees corresponds to a distinction between universal phones and language-de-
pendent phonemes as theoretical constructs postulated in the fields of phone-
tics and phonology (see, for example, Sommerstein, 1977). Both are abstract
units whereby the nearly continuous acoustic speech signal can be parsed into
a linear string of discrete segments consisting of matrices of “phonetic fea-
tures” defined in articulatory (e.g., velar place of articulation) and/or acoustic
terms (e.g., sonorant). Universal phones are language-independent con-
structs which comprise the exhaustive set of all possible phonetic feature
- matrices that can be produced by human speakers, whereas phonemes are
language-dependent constructs which comprise a reduced set of the possible
matrices of phonetic features which distinguish the utterances of a given
language, specifying only those features which serve to keep the utterances
of that language apart.

Is it appropriate to refer to these constructs and the features they subsume
in order to account for the present findings? Interpretation of many results,
including the present ones, can be enhanced by reference to such features as
place of articulation, yet this need not imply that features, as such, play a
role in speech perception. Indeed, the role of phonetic features in speech
perception remains debatable, at best (see Diehl, 1981; Soli & Araby, 1979;
Soli, Araby & Carroll, in press). The results of the present study do not argue
for the perception of phones or phonemes so much as for the existence of
some universal level of speech perception which influences processing at the
language-dependent level (or levels) that normally mediates speech labelling
responses. At the language-dependent level, native speakers of Japanese
might represent /V and /t/ as one and the same, perhaps as allophones of
Japanese /r/. But it remains unclear as to whether the perceptual representa-
tion is in terms of phonemes, as opposed to some other language-dependent
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unit. Following Sapir's (1933) suggestion. we might entertain the possibility
that. in most speech perception experiments. subjects’ responses appear to
be guided by a phonemic level of processing: however. it is also plausible that
their responses might reflect a svllabic (Savin & Bever., 1970) or even a lexical
level (an influence of lexical knowledge in speech perception is apparent
from the results of Ganong. 1980, for example). Owing to present uncertainty
as to whether the perceptual process_computes phonemes., syllables. erc..
perhaps the language-dependent level of perception can only be regarded as
corresponding to some phonological category or categories. In any event. we
might eschew some of the problems which arise from linguistic theory's failure
to identify a “phonemic™ representation of the sort postulated by classical
linguists (cf. Chomsky & Halle. 1968) by avoiding that term while leaving
open the question of whether phonemes are perceived as such.

The main contribution of the present results to our knowledge of speech
perception is the demonstration that lapanese listeners can perceive some
difference between utterances of /I/ and /r/ which influences their perception
of an adjacent /d/ or /¢/. Even though such listeners cannot label /I/ and /r/
as such. they perceive a difference which relates to certain articulatory prop-
erties of the gestures that convey /I/ and /r/. The fact that the influence of /I/
vs. It/ on perception of the /da/-/ga/ distinction is a contrastive context effect,
and not an assimilative trading relation. suggests that the Japanese listeners
are perceiving /l/ and /r/ as segments of the speech signal which are distinct
from the adjacent /d/ or /g/. and this is at least consistent with the possibility
that /I/ and /1/ are heard as phones. But there is no confirmation that percep-
tion involves phones. as such. Ultimate characterization of both the universal
and language-dependent levels of speech perception may have to await
further clarification of the nature of phonological segments much less the
very existence of a discrete set of universal articulatory phonetic features (cf.
- Ladefoged & Bhaskararao. 1983).

In summary. the present results suggest that. in addition to a level or levels
where speech perception corresponds to the phonological categories of a
given native language. there exists 1 universal level where speech perception
corresponds more objectively to the articulatory gestures that give rise to
speech signals. It is encouraging to note that this view is consistent with what
is known about the speech perception capabilities of prelingual infants. In-
fants tested within the first six months of life have given evidence of perceiv-
ing many phonetically-relevant properties of speech (see. for a review, Eilers.
1980) and have also given evidence of perceptual trading relations that may
be based in articulatory interactions (Miller & Eimas. 1983). At present. in
the absence of any means of verifving that infant listeners perceive phones
or phonemes. as such (Best. in press: MucKain. 1982: Werker & Tees. 1984a)
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perception. Yet the data surely imply the existence of some perceptual
abilities that are the basis of adult speech perception (Miller & Eimas, 1983),
and one of these could well be the ability to perceive speech in some manner
that corresponds to the vocal tract movements that give rise to speech signals.
This would be consistent with some recent evidence (Kuhl & Meltzoff, 1982)
that infants as young as four months are predisposed to integrate the sight of
a talker with the acoustic speech stream in a way that shows sophistication
about the visible and audible consequences of articulation, perhaps owing to
special proclivities of the left or dominant hemisphere (MacKain, Studdert-
Kennedy, Spieker, & Stern, 1983) which mediates speech perception in adults
(Studdert-Kennedy & Shankweiler, 1970). '

The speech perception behavior of infants, then, could be dominated by
the postulated “universal level” of processing in contrast to that of adults,
which tends to be dominated by the “language-dependent” level, and this is
in keeping with the spirit of Werker and Tees’ (1984a and b) proposal. Yet,
in adult subjects, a universal level of speech processing may still remain, as
indicated by the Japanese listeners’ erceptual sensitivity to the effects of /I/
vs. /t/ on the /da/-/ga/ distinction. From the perspective of a native speaker
of Japanese, the context effect of /I/ vs. /r/ involves the influence of a non-na-
tive contrast on perception of a contrast that is part of the native phonemic
inventory. The effect itself operates at a universal level of processing where
the lawful relationship between acoustic speech stimuli and articulatory ges-
tures is captured, and it can be measured through the pattern of responses
that listeners give as they report which phonemes of their language a given
utterance reflects.

it may be premature to regard them as capable of phonetic or phonemic
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Résumé

Les locuteurs n;nifs du japonais sont incapables d'identifier correctement les phonémes /V/ et /t/ de I'anglais.
Pourtant, on peut montrer qu'ils sont capables de réagir comme s'ils étaient sensibles aux gestes articulatoires

des effets différents sur 'emplacement de la frontire catégorielle entre /da/ et /ga/, et ni la direction ni
I'étendue de I'effet ne dépendait de I'expérience linguistique. De maniére intéressante, /al/ donnait naissance
3 plus de percepts de /ga/ que /ar/, A la fois pour les locuteurs japonais et anglais, indépendamment de leur
aptitude 1 identifier /al/ et /ar/ en tant que teis. L'interprétation des résultats repose sur des observations plus



locuteurs natifs Jdu Japonais soient sensibles dux conscquences acoustiques de
avee /d7 ou 1y, alors quils sont incapables de carégoriser i ¢t ir/ en tant que
donc quil existe. en degi du niveay de perception propre au langage d
représentés conformément dux contraintes d'un systéme phonologique,
la représentation des sons linguistiques correspond de plus prés aux gest
au signal linguistique. ' -

la co-articulation de N oy 4,
phonémes distincts. 1] se Pourryj
ans leguel les sons linguistiques sung
un niveau universellement partage o4
¢ articulatoires-qui donnent Raissange
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