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The modification of speech perception and
production in second-language learning
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Seventy-two native Spanish speaking children enrolled in programs to teach English as a
second language and 24 monolingual English children were tested in speech perception and
production tasks with the purpose of determining whether or not there is learning at the
phonetic level during second-language acquisition. Performance with the phonetic feature
voicing was studied by means of measuring changes in the perception and production of
the acoustic property voice onset time. Variables of interest across Spanish-speaking subjects
were degree of exposure to English and age. Age was the only group variable for the
English-speaking subjects. Results with the Spanish-speaking children showed significant
changes in both perception and production of voicing towards the English monolingual pattern.
Age had a significant effect in production, but not in perception. It was concluded that
learning at the phonetic level does occur during second-language acquisition.

Resurging interest in improved methods for teach­
ing a second language has stimulated a concomitant
growth in related research (Hakuta & Cancino, 1977;
Segalowitz, 1976). However, studies directed towards
an understanding of second-language learning at the
phonological and phonetic levels have been remark­
ably scarce, despite the fact that "native-like" pro­
nunciation of the new tongue will depend upon con­
siderable mastery of its phonological system and
phonetic inventory. In fact, several issues related to
phonological and phonetic development in second­
language learning remain unclear for lack of a suffi­
cient body of data. Two perennial questions have
been: the importance of the age of onset of learning
and the interaction between age and degree of ex­
posure to the second language. These questions have
been scarcely touched in scientifically conducted in­
vestigations (Asher & Garcia, 1969; Oyama, 1976;
Streeter & Landauer, 1976). Studies which have been
carried out have focused primarily on competence in
speech production, leaving out important issues re­
lated to the perception of the second language.

The purpose of this set of experiments was to
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address the following issues: If new phonetic distinc­
tions are acquired, which are characteristic of the
second language, what is (1) the temporal course of
acquisition, (2) the relationship between changes in
patterns of perception and patterns of production,
and (3) the relationship between acquisition and the
age of the learner?

Experimental Paradigm

The investigation described here focuses on the ac­
quisition, in both perception and production, of the
English voicing distinction by Puerto Rican Spanish
children learning English as a second language. The
choice of this phonetic contrast was motivated by the
fact that a great deal is already known about cross­
language differences in the acoustic-phonetic realiza­
tion of the voicing contrast in Spanish and English
(Abramson & Lisker, 1970, 1973;Lisker & Abramson,
1964; Williams, 1977a, 1977b). The voicing contrast
is also known to cause difficulty for the second­
language learner moving from either language to the
other (Stockwell & Bowen, 1970). •

In previous work it has been established that the
property voice onset time (VOT), provides an acoustic
variable sufficient to allow for the separation of
voiced (e.g., [b], [d], [g])l from voiceless (e.g., [p],
[t], [k]) homorganic stop consonants in word-initial
position in many languages (Lisker & Abramson,
1964). Voice onset time refers to the duration be­
tween the release of consonantal articulation and the
onset of glottal vibration, or voicing. By convention,
voicing which begins prior to release, voicing lead,
is assigned negative values in milliseconds and voicing
which starts after release, voicing lag, is assigned
positivevalues. Voiceonset time can then be described
in terms of discrete states of the glottis going from
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voicing lead, onset prior to release, to voicing lag,
onset following release.

It has been found that voiced and voiceless mem­
bers of contrasting pairs (e.g., [b] vs. [pJ) are pro­
duced by speakers of a givenlanguage with character­
istic ranges of VaT (Williams, 1977b). These ranges
and their mean values can differ across different
language groups. For example, the range in VaT for
a Spanish [~ in word-initial position is - 180 to
- 30 msec (X = -116 msec) and the range for a
Spanish [pI in the same position is 0 to +60 msec
(X = +15.6 msec). English values for [b] are typ­
ically bimodal (Lisker & Abramson, 1964; Willams,
1974; Zlatin, 1974). In one body of data (Williams,
1974), two out of eight English speakers characteris­
tically produced the [b] category with a degree of
voicing lead (negative VaT values) ranging from
-115 to -40 msec (X = -85 msec). The other six
speakers produced the voiced category with voicing
lag (positive VaT values), rangingfrom 0 to +40 msec
(X = +12 msec). All speakers produced [ph] with
voicing lag, ranging from +20 to + 115 msec (X =
+62.6 msec). Thus, each language keeps separate its
voiced and voiceless stop categories in terms of VaT,
although the distribution and means of voice onset
time values can differ significantly across different
languages, as in Spanish and English (Williams,
1977a).

Perceptual studies have shown, furthermore, that
monolingual speakers of Spanish and English per­
ceive members of a synthetic VaT continuum in a
manner that coincides with their distribution of voiced
and voiceless tokens in production. For example,
within each language, division of a VOT continuum
into phonemic categories fbi and Ipl, in a labeling
task, typically occurs at a point lying between the
distribution of VaT values for the two categories in
production (Williams, 1977a, 1977b). This division
occurs on the average for Spanish monolinguals at
- 4 msec and for English monolinguals at +25 msec
VaT. The locations of maximain discriminating pairs
of stimuli drawn from a VaT continuum generally
correspond with the division in labeling.

Given these facts of cross-language differences in
the production and perception of voice onset time,
the specific questions which this study addresses are
the following:

(1) Within the approximate compulsory school age
range in the United States (8-16years), will formerly
monolingual Spanish children learn to perceive voiced
and voiceless word-initial stops, in terms of VaT,
with a pattern similar to that of native speakers of
English?

(2) If young second-language learners demonstrate
acquisition of the voicing distinction in such manner,
will this learning also be manifested in their ability
to produce these categories like a native speaker?

(3) In the acquisition of new VaT values, charac­
teristic of the English voicing contrast, will the age of
the learner and the degree to which he has been ex­
posed to English be systematically related to patterns
of change?

METHOD

Subjects
The subjects in this experiment were 24 native English speak­

ing children and 72 children who were native speakers of Spanish
and had corne from Puerto Rico to the mainland United States
without prior speaking ability in or comprehension of English.
All Spanish-speaking subjects were from small rural communities
of Puerto Rico where little or no English is spoken and none
had made return trips to the island since their arrival on the main­
land. All of these children were enrolled in bilingual programs in
schools of the Boston metropolitan area. However, they carne
from homes where only Spanish was spoken and lived in Spanish­
speaking neighborhoods. English-speakingsubjects were all natives
of Boston, attending public school there. They were all mono­
lingual in English, thus presenting the putative target behavior
to which the Puerto Rican Spanish second-language learners were
moving in their English-language performance. It was not possible
to locate a similar group of monolingual Spanish-speaking Puerto
Rican children.

The Spanish-speaking subjects were selected from three popula­
tions with differing amounts of exposure to English, based on
their length of stay on the mainland: 0 to 6 months, I Yz to 2
years, and 3 to 3V2 years. Each exposure group was further
divided into two age groups: 8- to IO-year-olds and 14- to 16-year­
olds. Twelve subjects were in each of the six experimental groups.
Similarly, there were 12 English monolingual children in each of
the same age groupings.

Materials
The experimental stimuli used in the perception task were drawn

from the voice onset time (YOT) continuum of labial consonant­
vowel (CY) syllables produced at Haskins Laboratories by
Abramson and Lisker (1970, 1973). The acoustic characteristics
of this stimulus set have been described elsewhere (Williams,
I977a). Audio tapes for labeling and discrimination tasks were
recorded directly from the Haskins Laboratories speech synthesizer
at 7Yz rps. For labeling, four different random orders were pre­
pared using 31 CY syllables ranging from -100 to + 100 msec
YOT with 4 sec between each stimulus and 10 sec after every
block of 10. For discrimination, there were four random orders
of all pairs, which differed by 20 msec YOT, within the - ISO­
to + 150-msec range. Each permutation of the two stimuli in the
34 pairs occurred an equal number of times. There was I sec
between pair members, 4 sec between successive pairs, and 10 sec
after every block of 10.

Procedure
Stimuli were presented by a Tandberg (6000 X) tape deck via

matched earphones (Sharp 10). Because it was anticipated that
some Spanish-speaking children would have difficulty compre­
hending English, all instructions were carried out in Spanish for
the Spanish-speaking subjects by a native speaker of that language.
English-speaking subjects were presented the tasks in English.
Since it had been previously ascertained that the language of
presentation does not form a perceptual set for language using
this procedure (Williams, I977a), it was hypothesized that pre­
senting the tasks in two different languages for the two groups
would not bias the results. A forced-choice procedure and pointing
response were employed in both labeling and discrimination tasks.
In labeling, Ibl or Ipl responses were indicated by the children's
pointing to a picture of one of two objects or events whose
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For the Spanish groups, this is further broken down
by degree of exposure. Also shown are the mean
crossover locations for each group after data conver­
sion (see below), The point at which a function crosses

the 50070 location is conventionally used to define a
labeling crossover between two phonemic (perceived)
categories, in this case between the voiced and voice­
less labial stops, /bl and Ip/.

Several observations can be made about the results.

For Spanish groups of both ages, with increasing ex­
posure to English, the locations of 50a;a crossovers
move towards the average English-speaking childrens'
crossover locations, at + 19 and +21 msec VOT and
evidence for change is found at the earliest period
of exposure. There also appears to be an age effect,
i.e., the movement seems greatest for youngest sub­
jects. Although performance with monolingual
Puerto Rican Spanish children was not obtainable,
the crossover location of such a group would pre­
sumably be close to the average adult monolingual
Puerto Rican Spanish crossover of - 4 msec VOT
(WiHiams. 1977b), Thus, movement towards the
monolingual English crossover for children (which
lies well into the positive VOT region) represents
movement away from the likely location of a mono­
lingual Spanish crossover location for children, i.e.,
in the negative region.

In order to test for the significance of age and ex­
posure effects in the Spanish results, percentage scores
from all groups were first converted by probit trans­
formation (Finney, 1952) and crossover locations
were taken from the best fitting straight line functions
drawn to each subject's transformed data. Crossover
values from individual subject's line functions were
then submitted to a two-way analysis of variance,
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names begin with "b" or "p" ("bano" or "paiio" for the Spanish
and "barking" or "parking" for the English presentation). In

discrimination, the subjects indicated whether Drnot the two mem­

bers of a stimulus pair were the same or different by pointing
to either a picture of two identical faces or to a picture of two

different faces. Each subject participated in both labeling and
discrimination sessions (counterbalanced), contributing 10 it total

of 16decisions per subject per stimulus or stimulus pair.
In the production task, all 72 Spanish-speaking subjects produced

16 eltamples of word-initial voiced and VOiceless «(tI], [p]) stop
consonants in four different vowel environments «(y], [aI, [Ow],

[Iy]). Eight examples were produced as single words and eight were

embedded in a carrier sentence (see Williams, 1977a). Similar sets
were obtained in both English and Spanish. All words were re­
peated by the subjects after a model utterance presented by either

a native speaker of English or Spanish. This was done in order

to overcome anticipated shyness on the part of the young Spanish

subjects. It was hypothesized that an imitation task would tap
the subjects' best performance, which could be used to assess

changes which might be observed between groups. Production
data were not initially obtained for English-speaking: children.

However, a partial set of such data were later collect ed in order

to interpret a confound in the Puerto Rican Spanish results (see

Results section).
Utterances were recorded at 71/, rps on a Sony (tlOO-B) tape

recorder using an exterior cardioid microphone (Sony, F26S).
Words were recorded at the end of the final testing session,

single words before sentences. Wide-band spectrograms were
made of all utterances from which measurements of VOT were

taken. Two vertical lines were drawn on the spectrograms, one at

the point of labial release, corresponding to the place where an
abrupt change in spectral energy is visible, and the other at the

point of voicing onset corresponding to the appearance of the
first regularly spaced vertical striations within formants. Measure­

ments of VOT were first made in millimeters and converted into

milliseconds, rounding off the nearest S msec.

Perception
In Figures 1 and 2, raw labeling scores are plotted

by age as a function of the percent of Ipl judgments.

Figur" 1. Fooled labeling functions for Datin Spanish-speaking

ehildren lind English controls, 8 to 10 years old. Spllnish children

art repr"nnh'd ~ y three exposure grDllp&, affording tv lime on

the mainl.nd United States: one, f).1> months; 1"'4>, ) V. II' 2
years; tbree. 3 to 3 Vz years. The n ior each dab! puint per grQllp
is 96.



98 WILLIAMS

100

80

t­
Z
W
c:::
W
I.L.

I.L. 60
o
I.L.
o
If)

t-
Z

~ 40
w
C)

o
::J
J

~

20

EXPOSURE

ONE
TWO

THREE

CONTROL

-140

DISCRIMINATION

+20MS
+ 20MS

+ 20MS

+20MS

PEAK

Figure 3. Pooled discrimination functions for native Spanish-speaking children and English controls, 8 to 10 years old. Spanish
children are represented by three exposure groups, according to time on the mainland United States: one, 0 to 6 months; two,
1~ to 2 years; three, 3 to 3~ years. The n for each data point per group is 96.

age (2) by exposure (4), treating the English controls
as a fourth exposure group. The results of this anal­
ysis showed significance for the effect of exposure
[F(3,88) = 18.62, P < .001] but not for age or an
Age by Exposure interaction. Specific post hoc com­
parisons revealed significant differences between
Spanish and English groups [F(1,88) = 48.27, p <
.001] and between Spanish exposure levels 1 vs. 2 and
3 [F(I,88) = 5.53, p = .02].

The shape of labeling functions for different groups
is also informative. For the older Spanish groups
(Figure 2), labeling functions are generally steep and
monotonic, which is characteristic of the two English
child groups as well as adult monolingual groups,
tested with the same set of stimuli (Williams, 1977a).
The functions for the younger subjects, on the other
hand (Figure 1), show either plateaus or reversals in
slope direction in the area shared by the monolingual
Spanish and English crossovers. The question arises
as to whether the three younger groups' labeling
slopes take these forms simply as a result of aver­
aging. For example, within each group, a portion of
the subjects may have crossover locations closer to
the Spanish monolingual location and another por-

tion of the subjects may have locations closer to that
of English monolinguals such that the distribution of
responses in each group would be bimodal. A cumu­
lative function of averaged data of this kind could
produce flattening or dipping of the slope in the area
between the two true crossovers. On the other hand,
individual subjects might be using a double, or bi­
lingual, standard in making judgments, the outcome
being that the distribution of their individual re­
sponses might be bimodal in the matter described
above. Examination of the raw data indicates that
both factors may be operating to some degree. How­
ever, the data are not extensive enough to tease out
a clear bimodal distribution for either individuals or
groups.

In Figures 3 and 4, discrimination data are plotted
by age, and exposure for Spanish groups, as a func­
tion of the percent of "different" responses to pairs
of stimuli. (In fact, all pair members differed by
10 msec VaT). The outstanding characteristic of the
discrimination data is the degree to which the func­
tions of Spanish groups coincide with those of English
groups, peaking in all cases at +20 msec VaT, which
is the exact location of the average English child
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labeling crossover. The functions for the three older
groups also have secondary peaks falling near the
average adult monolingual Spanish crossover location
at - 4 msec. For both age groups, there is the sugges­
tion of an exposure effect, i.e., the greater the amount
of exposure to English, the higher the peak, English­
speaking children having the greatest amount of ex­
posure.

In order to test for significance of some of these
effects, all individual percent difference scores, across
the peak areas, between - 30 and + 40 msec VOT,
were submitted to a three-way multivariate analysis
of variance (MANOVA), age (2) by exposure (4) by
discrimination pair, as a repeated measure (8). Results
showed significant effects of age [F(8,80) = 2.323,
p < .03] and exposure [F(8,80) = 2.86, p < .001].
Separate post hoc comparisons revealed a significant
difference only between the individual exposure levels
English vs. all Spanish groups [F(8,80) = 7.36, P <
.00n Comparisons betweenEnglish and Puerto Rican
groups at several specific VOT discrimination pair
levels werealso significant [P(l,87) = for 0 msecVOT,
10.09, p < .002; for +20 msec VOT, 39.8, p < .001;
for +30 msec VOT, 29.92, p < .001].The latter results

indicate that in the range bounding the monolingual
English labeling crossover, from 0 to + 30 msec VOT,
discrimination of English-speaking children was at a
significantly higher level than that of Spanish-speaking
children. Discrimination of the range across the mono­
lingual Spanish crossover from 0 to - 20 msec VOT,
on the other hand, was superior for the Spanish- vs.
English-speaking children, reflected in the secondary
peaks of discrimination for the older Spanish children,
Those differenceswere not significant, however.

Production

Voiceonset time values in milliseconds, derived from
spectrograms of the production data in English and
Spanish, were subjected to a five-way repeated mea­
sures analysis of variance, with age (2) and exposure
(3) as between-subject variables and phonetic category
([p] or [b)), language (English or Spanish), and frame
(produced as single words or in sentences) as within­
subject variables. The significant results of this anal­
ysis are presented in Table 1. As can be seen in the
table, all of the main effects were significant at the
.01 level or better. The pattern of results can be
summarized as follows: Phonetic category-In both
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Table I
Analysis of Variance Table of Significant Results

Source df MS F

Between
Age
Exposure

Error

Within
Frame

Error
Language

Error
Phonetic Category

Error
Phonetic Category by Frame

Error
Age by Exposure by Frame

Error
Phonetic Category by Language by Frame

Error
Age by Exposure by Phonetic Category by Frame

Error

*p < .05; **p < .01; ***p < .001.

1 21,693.29
2 7,375.25

56 1,393.27

1 15,871.85
56 470.25

1 31,242.68
56 663.97

1 786,532.44
56 921.27

1 46,462.27
56 482.00

2 1,526.85
56 470.25

1 3.534.53
54 438.60

2 5,128.86
56 482.00

15.57***
5.29**

33.75***

47.05***

853.79***

96.40***

3.25*

8.06**

10.64***

languages tokens of [b) are produced with negative
VOT values (voicing lead) and tokens of [p] ([p].
Spanish or [ph], English) with positive VOT values
(voicing lag). Language-The amount of voicing lead
of [b) is greater in Spanish and the amount of voicing
lag of [P] is greater in English. Frame-Placing a word
in a sentence frame reduces the amount of VOT for
both lead (negative) and lag (positive) values. Ex­
posure-There is generally a change in VOT for [b)
and [p] tokens towards values more appropriate for
English as a function of exposure to English; this oc­
curs for both English and Spanish productions. Age­
The exposure effect is greatest for the younger group.

Statements about all of the main effects must be
interpreted in terms of severalsignificant interactions.
A significant Phonetic Category by Frame interac­
tion reflects the fact that the reduction in VOT from
single word to sentence frame operates to a greater
extent with [b) than with [p]. This effect interacts
again with language as the reduction is greater in
English than in Spanish. When the effects of age,
phonetic category, and frame are examined across
exposure, a somewhat complicated picture emerges.
At exposure level 2, a characteristic of the data can
be identified which contributes heavily to the interac­
tions found, Le.,Age by Exposure by Frame and Age
by Exposure by Phonetic Category by Frame. When
the group means for phonetic category are plotted by
frame, age, and language across exposure, curvilinear
functions typically emerge. This contrasts with either
a linear function or curvilinear function of reverse
direction at another level. This can be found in the
data for both age groups at both levels of exposure
and is attributable to what appears to be a high degree
of variability in the data for the second exposure

group. When exposure level 2 is disregarded and ex­
posure levels 1 and 3 are compared, the picture is
somewhat simplified. This is illustrated in Figures 5
and 6. Clear differences across phonetic category,
frame, and age exist at both exposure levels with a
consistent trend in changing VOT, i.e., decreasing
lead and increasing lag.

A comparison of the results of this study and those
from a study of Spanish and English adult mono­
linguals in which the same set or words were used
produces the following generalizations:

(1) Both of the young second-language-learner age
groups use less voicing lead in producing Spanish [b]s
and a greater amount of voicing lag in producing
Spanish [p]s than adult Spanish monolinguals, and
these differences are greater for the younger groups.

(2) Both second-language-learner age groups use a
greater amount of voicing lead when producing
English [b]s and less voicing lag when producing
English [p]s than do monolingual English speakers
and the differences are greater for the older group.

These two findings may be restated as an increase
over time in English-like VOT characteristics when
second-language learners are producing Spanish
words and a decrease in Spanish-like VOT character­
istics when they are producing English words. Both
changes interact with age.

The age effect was particularly interesting in this
set of results since, in conjunction with the direction
of change in the production of English words across
exposure, it suggests that younger children are more
likely to "learn" a second language faster than older
children, at the phonetic level. However, age and ex­
posure were confounded in this sample, i.e., it could
be that age in conjunction with exposure to English
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results showed significance for the overall age factor
[F(1,65) = 5.26, p = .025] and language group fac­
tor [F(l,65) = 69.74, p < .001], with no significant
Age by Language Group interaction. However,
post hoc contrasts showed that the age comparison
within the native Spanish-speaking groups was sig­
nificant [F(l,65) = 7.24, P < .009] but not the com­
parison within the native English-speaking groups.

DISCUSSION
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Figure 5. Average VOT values for Spanish utterances with
initial (bl and (pI for exposure groups I and III. Age and frame
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The results of the experiments reported here pro­
vide concrete evidence for perceptual learning at the
phonemic and phonetic levels during second-language
acquisition. This learning may be manifested directly
in the form of perceptual performance or indirectly
as changes in speech sound production, which pre­
sumably ensue from changes in the perception of
acoustic-phonetic material. The fact that changes in
the direction of monolingual English performance
was observed for native Spanish-speaking children in
both labeling and discrimination tasks, with minimal
exposure, suggests that very little experience may be
required to activate this form of perceptual learning.

There was only slight evidence from individual or
group data, in either labeling or discrimination results,
to support the view that the children tested were re­
taining a Spanish-like standard while acquiring one

-80
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Figure 6. Average VOT values for English utterances with initial
(bl and lpl for exposure groups I and III. Age and frame vari­
ables are represented as: 8 to 10 years, single words, ..--­
and sentences, ~; 14 to 16 years, single words, .& - - - .&

and sentences • - - - •.

III
(3 - 3-1/2 yrs.)

---__ .... ~nglish

'- [ ,
-'-, p.

EXPOSURE

--------- -"'---A

e------------ e

e~ English
IbJ

....,--- .'--.. ----
-- c-,l

I
(0-6 mos.)

-40

+40

accounts for the more English-like VaT values of the
younger Spanish-speaking children or it could be that
age alone is critical. Younger children may produce
VaT values closer to the English values for physio­
logical reasons, independent of exposure to English.
The absence of a significant Age by Exposure inter­
action makes it difficult to determine which was
operating. Therefore, additional production data
were collected from monolingual English children of
the Boston area, using only words in isolation. The
words were recorded and measured in the same man­
ner as done with the Spanish-speaking children, using
the same two age groupings, with 12 children in each
group.

It is of interest that Spanish words spoken by
English-speaking children were also sought, but the
data were not collectible because these children were
too reluctant to imitate Spanish. It was hypothesized
that finding age to be nonsignificant for native
English-speaking children, producing English words,
but for age to have a significant effect for Spanish­
speaking children, producing English, would support
the interpretation that age is important only in the
context of learning a second language.

Measured VaT values from the English single
words, produced by both English- and Spanish­
speaking children were entered into a two-way anal­
ysis of variance, age (2) by language group (2). The
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more English-like. The only support for this position
was the occurrence of plateaus and slope reversals in
the labeling data for younger groups and the sec­
ondary peaks in discrimination over the Spanish
voicing boundary for the older groups. Several pos­
sible explanations for these findings can be con­
sidered. The absence of strong evidence for the devel­
opment of a double standard in perceptual perfor­
mance suggests that a learner may choose some com­
promise value along an acoustic-phonetic dimension
when his native and second language divide this
dimension at different locations. If this were true,
however, it would seem difficult for the learner to
keep separate, in perception, the two sets of contrast­
ing acoustic-phonetic tokens which underlie the same
phonemic distinction in his two languages. For
example, if an individual learner's crossover in label­
ing this series occurred at + 10 msec VOT, then
voicing-lead stops (i.e., negative VOT) as well as
short lag stops (e.g., + 5 msec VOT) would all fall
into the perceivedvoiced (fbi) category, even though
Spanish voiceless ([p)) stops are frequently produced
with from 0 to + 5 msec VOT. Thus, Spanish voiced
and voiceless stops might be confused by this listener,
if VOT constituted the only cue to initial stop voicing.

It is possible that the task itself, requiring a binary
decision, forced the listeners into a two-category divi­
sion of the continuum, eliminating evidence for a
double division. However, the discrimination task
did not present such a constraint. The discrimination
results still show an absence of discrimination maxima
at VOT values near the monolingual Spanish bound­
ary, even though adult Spanish monolinguals do
show peak discrimination in the prevoiced region
(Williams, 1977b).

Perhaps, during the process of acquiring a second
language, the learner becomes highly sensitized to
acoustic-phonetic information relevant to his second
language and temporarily less sensitive to phonetic
information relevant to his primary language. Such a
process could account for the lack of evidence for
both Spanish-and English-like patterns of perception.

A final, and more plausible, explanation than
those presented above is provided when one considers
what is known about the acoustic characteristics of
naturally spoken voiced and voiceless stops in Spanish
and English. In both languages, several acoustic
properties seem to differ systematically across initial
stop voicing contrasts in addition to VOT and its
correlate properties. In English, for example, there
are differences in the spectral characteristics of the
brief burst of aperiodic noise associated with the ar­
ticulatory release of the stop (Halle, Hughes, &

Radley, 1957; Klatt, 1975; Zue, Note 1), and differ­
ences in patterns of voice fundamental frequency
change following release (Ewan & Krones, 1974;
House & Fairbanks, 1953; Lea, 1973). Differences in

postrelease fundamental frequency change have been
shown to provide perceptual cues for the voicing with
English-speaking listeners (Fujimura, 1971; Haggard,
Ambler, & Callow, 1970). It has been demonstrated
that when voicing lead is removed from voiced stops
which initiate words spoken in Spanish, a relatively
high-amplitude burst and the presence of low­
frequency periodic energy following release favor
"voiced" judgments by Spanish listeners (Williams,
1977b). A relatively high-amplitude burst and silence
for 5-10 msec following release, on the other hand,
favor "voiceless" judgments. These results suggest
that information supplied by acoustic properties at
the point of release, as well as voicing lead, may pro­
vide voicing cues for Spanish listeners.

Acoustic cues such as the above may be more per­
ceptually salient than the relatively low-energy cue
provided by differences in voicing lead. None of the
above properties are available as voicing cues in the
synthetic continuum used in these studies. Perhaps
the second-language learner comes to rely more
heavily on additional cues, such as these, as he
changes from being a Spanish monolingual to a
Spanish-English bilingual. If this were the case, the
results obtained could be predicted, i.e., an absence
of clear evidence for a developing double standard in
perception (Spanish-like and English-like) using test
materials lacking these potential cues.

The evidence that acoustic-phonetic properties
which discriminate the English voicing contrast are
available to the young second-language learner with
little exposure to English suggests that this contrast
may be a naturally distinctive one, perhaps due to
psychoacoustic or auditory factors. A similar conclu­
sion was expressed by Streeter and Landauer (1976)
in the interpretation of their finding that Kikuyu chil­
dren were able to discriminate VOT contrasts lying in
the region of the English contrast (i.e., + 10 vs.
+40 msec VOT) without experience with that
acoustic-phonetic contrast. It is noteworthy that the
strongest evidence for infant discrimination of syn­
thetic stop consonants that contrast in VOT also oc­
curs for contrasts which bracket the English phoneme
boundary (Eilers, Gavin, & Wilson, 1979; Eimas,
1975; Eimas, Siqueland, Jusczyk, & Vigorito, 1971;
Trehub & Rabinovitch, 1972). Infant discrimination
of degrees of voicing lead have been difficult to dem­
onstrate (Eilers et aI., 1979; Lasky, Syrdal-Lasky, &

Klein, 1975;Streeter, 1976), except for infants from a
language in which voicing lead is phonemic. Evidence
for discrimination of contrasts in the VOT vicinity of
maximum English discrimination has also been ob­
tained with the chinchilla (Kuhl, Note 2), suggesting
a nonlinguistic basis for this pattern of selective
discrimination. Nonspeech stimuli, modeling the
synthetic-speech VOT continua, have produced la­
beling and discrimination data with English listeners
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which look similar to the results obtained using the
synthetic-speech VaT series (Stevens & Klatt, 1974;
Miller, Weir, Pastore, Kelley, & Dooling, 1976;
Pisoni, 1977). These results suggest that the basis for
the perception of VaT with speech-like stimuli may
be, at least in part, psychoacoustic in nature.

It may not even be necessary to search beyond an
analysis of the acoustic characteristics of the voicing
continuum used in this study to find an explanation
for the apparent superiority of discrimination of VaT
contrasts drawn from the +25 msec VaT region. In
the synthetic series used in the studies of voicing per­
ception cited above, a single property, voice onset
time, varies in the voicinglead region (negative VaT).
By contrast, a number of properties undergo para­
metric change in the VaT region bracketing approx­
imately + 25 msec VaT. These are also present in the
naturally produced versions of these stimuli: (1) The
presence, absence, or varying duration of aspiration
or aperiodic energy in the interval between articulatory
release and the onset of voicing. (2) The absence of
periodic acoustic energy at the level of formant one
during aperiodic excitation of the vocal tract. (3) Dif­
ferences in the duration and amount of frequency
change of formant transitions under conditions of
periodic excitation of the vocal tract.

In a discrimination task, the young second-language
learner may have immediate access to this complex of
contrasting properties, providing for maximal dis­
crimination of the relevant portion of the VaT con­
tinuum. The results of discrimination in this study
support this conclusion. However, to use these po­
tential voicing cues in order to organize phonetic dis­
tinctions into two separate systems, appropriate for
each language, may require further experience with
the second language. This notion is supported by
the labeling results of this study which show grad­
ual change with exposure among second-language
learners.

The modification from Spanish- to English-like
performance observed in the perception results cor­
responds to a similar modification in production.
This modification affects not only the production of
the newly acquired language, but also the production
of the native language, in terms of VaT characteris­
tics. Thus, the young second-language learner grad­
ually loses his Spanish-like manner of producing
English words while (s)he develops interference from
the second language on the primary language. The
fact that these results were based on utterances which
were repetitions of a model presented, by a native
speaker strengthens this finding. In imitation one
would expect speakers to attempt correct pronuncia­
tion, avoiding the encroachment of the phonetic
effects of one language upon the other. Of course, it
remains to be determined whether or not the observed
degree of deviation from monolingual values of VaT

constitute differences sufficient to be detected as a
loss of Spanish accent in producing English, on the
one hand, and an acquisition of an English accent in
producing Spanish, on the other.

Of further interest would be information about the
patterns of an individual speaker's progress in mod­
ifying voicing characteristics in second-language
learning. For example, is the pattern of change linear
or are there periods of acquisition interspersed with
plateaus in progress? The variability in performance
observed in the second exposure period, from 1Yz to
2 years, may in fact reflect a period of individual
deviation in performance from an otherwise linear
process of change. A definitive answer to the ques­
tion relating to individual patterns of change in pro­
duction would, of course, be obtained best from a
longitudinal investigation of second-language learn­
ing. It would also be of interest to determine the
exact relationship between changes in perception and
production, again an issue best investigated by a lon­
gitudinal study of individual learners.

To summarize, the results of the present investiga­
tion show that the young second-language learners
modify, over time, their perception and production
of phonetic material relevant to both languages.
There is a tendency for this process to occur more
rapidly for younger children, although the effect of
age was not reliable in the results of perceptual tests
reported here.

The apparent development of compromise VaT
targets in both perception and production for second­
language learners may reflect a true convergence over
time of the acoustic-phonetic features of the two lan­
guages instead of the development of two separate
phonetic systems. However, what I would like to
hypothesize is that what occurs in the process of
second-language acquisition is rather a restructuring
of the acoustic-phonetic space that encompasses both
languages. This restructuring may involve a develop­
ing sensitivity to supplemental acoustic cues which
will enable bilinguals to keep separate, in perception,
the phonetic systems of their two languages. It may
also entail, in production, a realignment of the total
phonetic space of any single acoustic-phonetic
dimension, such as VaT. Presumably, however, if a
speaker is to become a fluent bilingual, without the
phonetic encroachment of either language upon the
other, such a change would not eliminate either the
acoustic-phonetic distinction of contrasts within each
language or the distinctions of the phonetic systems
across the two languages.
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NOTE

I. Square brackets are used to illustrate phonetic distinctions
in production and slashes to illustrate the perceived difference
between two phonetic distinctions. Thus, the phonetic distinction
[b] vs. [ph] in English is perceived as the phonemic distinction
Ibl VS. Ip/. The phonetic distinction underlying the same
phonemic contrast in Spanish is [b] VS. [pI (unaspirated p). For
simplicity, the word phonetic is used in discussing a general class
of related events when both production or perception are involved.
The term "acoustic-phonetic" relates directly to the acoustic
properties underlying a phonetic distinction.
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