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The Relationship Between the Production and Perception of 1.2
Spanish Stops

MARY L. ZAMPINI, The University of Arizona

This paper explores the relationship between the second language (L2)
production and perception of the Spanish stop consonants /p/ and /b/.
An experiment was conducted that collected data on adult English-
speaking learners' production of Spanish /p, b/ in a sentence context.
The same learners also completed a series of perception experiments that
examined their perceptual boundary between /p/ and /6/ as reflected by
changes in voice onset time (VOT). The mean VOTs produced by the
learners in the production experiment were compared to their percep-
tual VOT boundary. The results do not reveal a strong correlation be-
tween learners' perceptual capabilities and production of the L2 Spanish
stops. In particular, while some learners' L2 productions approximated
those of native Spanish speakers, their perceptual boundaries were simi-
lar to boundaries for monolingual English speakers, and vice versa.

INTRODUCTION
An important issue of second language (L2) pronunciation and

phonological acquisition is whether the ability to perceive accurately a par-
ticular L2 contrast (e.g., the contrast between Spanish /p/ and /b/) is necessary
for proper articulation of the contrasting phones. Flege's (1992) Speech Learn-
ing Model, for example, suggests that the inability to recognize or
(re)categorize perceptual distinctions limits accurate L2 production. This pa-
per will address that question with regard to the acquisition of the Spanish
voiced and voiceless stop consonants by native English speakers.

The acquisition of the Spanish stops by English speakers is problematic
for several reasons. While both languages contain a series of stop phonemes
distinguished by voicingvoiceless /p t k/ contrasted with voiced /b d g/
the phonetic realization of the voiced and voiceless stops in the two lan-
guages differs in important respects. First, English /p t k/ are known as long-
lag voiceless stops: they are realized with a relatively long voice onset time
(VOT), which refers to the amount of time that elapses between the release
burst of the stop and the onset of vocal fold vibration. This lag causes the as-
piration that typically accompanies the production of /p t k/ in English, espe-
cially in word-initial position. The voiced stops, on the other hand, have
short VOT values and are hence considered short-lag voiceless stops. This
contrast is illustrated by the waveforms in Figures 1A and 1B, which show the
first syllable of the words poker and both, produced by a native speaker of
English, along with their respective VOT values.

Unlike those in English, Spanish voiceless stops have short VOT values,
while the voiced stops are realized with voicing lead (or prevoicing) in which
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VOT = 50 msecs

20.00 40.00 60.00 80.00 10 .00 120.00 ms

A. Eneish poker

VOT = 11 msecs
20.00 40.00

Xv

60.00 80.00 100.00 120.00 ms

B. English both

VOT = 16 msecs
20 00 40 00 60.00 80.00 100.00 ms

C. Spanish Roca

Prevoicing = 58 msecs

20.00 40 00 60.00 8 .00 100.00 120.00 ms

D. Spanish boca

Figure 1. Sample Waveforms for English /p/ and /b/
and Spanish /p/ and /b/

4



Production and Perception of L2 Spanish Stops 87

the vocal folds begin vibrating before
the release burst. Waveforms illus-
trating this distinction for the Span-
ish words poca and boca (produced
by a native speakers of Spanish) ap-
pear in Figures 1C and 1D. Thus,
from a phonological perspective, /p/
and /b/ differ with regard to the fea-
ture [voiced] in both languages.
From a phonetic perspective, how-
ever, Spanish /p/ is more like Eng-
lish /b/ in that both belong to the
short-lag stop category and are char-
acterized by short VOT values, as
shown in Figures 1B and 1C of Fig-
ure 1. To illustrate the differences
between the two languages further,
Table 1 provides the average VOT
production values for native speak-
ers of Spanish and English, as well as

the range of VOT values found, re-
ported in a classic study by Lisker
and Abramson (1964).

Given the phonetic differences
between the two languages, the chal-
lenge for English-speaking learners
of Spanish becomes clear: they must
reorganize the phonetic categories of
the voiced and voiceless stop pho-
nemes so as to reflect those of the
target language. The learner must
shorten the relative VOT of /p/ dur-
ing Spanish production, so that this
phone falls within the target range
of a short-lag stop, and also elimi-
nate voicing lag from the production
of Spanish /b/, so that this phone
becomes prevoiced. In addition, the
phonetic category overlap between
Spanish /p/ and English /b/ has

Table 1
Mean VOT Measurements (in msecs) of English and Spanish Stops (Lisker &

Abramson, 1964)

[Positive values indicate voicing lag; negative values indicate prevoicing]

English Spanish

Stop Mean VOT VOT Range Stop Mean VOT VOT Range

/p/ 58 20 / 120 /p/ 4 0 / 15

/t/ 0 30 / 105 /t/ 9 0 / 15

/k/ 80 50 / 135 /k/ 29 15 / 55

/b/ 1 0 / 5 /b/ -138 -235 / -60

/d/ 5 0 / 25 /d/ -110 -170 / -75

/g/ 21 0 / 35 /g/ -108 -165 / -45

5
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important implications for Spanish
L2 speech perception. Given their
phonetic similarities, learners may
confuse Spanish /p/ for /b/ percep-
tually and must therefore adjust
their perceptual categories (or
boundaries) to reflect the Spanish
system in order to avoid confusion
and promote comprehension.

METHODS
The differences in the phonetic

realization of the Spanish and Eng-
lish stop consonants with regard to
VOT provide the motivation for the
current study. In particular, the
study addresses the following re-
search questions:

1. Do learners acquire the appropri-
ate phonetic categories with re-
gard to the Spanish voiceless and
voiced stops? If so, how do they
manipulate the different acoustic
cues of the speech signal in order
to achieve the necessary distinc-
tion?

2. What effect does formal training
in phonetics have on the acquisi-
tion of the Spanish stops?

3. Is there a relationship between
the perception and production of
the Spanish stops? That is, do
learners with native-like pro-
nunciations of the Spanish stops
also show evidence of native-like
boundaries between the voiceless
and voiced phonemes in percep-
tion?

While all three questions have
some bearing on the results to be
discussed, the present work focuses
primarily on the issues raised by the

third question, that of the relation-
ship between production and percep-
tion in L2 Spanish acquisition.

In order to address the stated
research questions, an experimental
study was designed to examine both
the production and perception of
word-initial Spanish stop conso-
nants by L2 learners whose native
language was English. The partici-
pants were enrolled in an advanced
undergraduate Spanish phonetics
course at the University of Arizona.
Thirteen learners volunteered for
the study and were asked to com-
plete a series of production and per-
ception experiments in a speech
laboratory setting at several points
throughout the semester.

For the production portion of
the experiment, each learner was re-
corded during four repetitions of an
English or Spanish sentence, each
containing a target word that began
with a stop consonant. The English
productions were obtained once dur-
ing the second week of the semester,
while Spanish productions were ob-
tained three times. The first Spanish
recording occurred during the third
week of the semester, one week fol-
lowing the English production ses-
sion. At that point, the learners had
not yet begun to study the articula-
tion of individual Spanish pho-
nemes; instead, they had studied ba-
sic concepts of phonetics, as well as
Spanish syllable structure and syl-
labification. The second Spanish re-
cording session took place three
weeks later, immediately after the
Spanish voiceless stops had been
studied in class. The text used for the
presentation and practice of these
phones was Barrutia and Schwegler
(1994). In this text, the difference be-
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tween the Spanish and English
voiceless stops is not described in
terms of short-lag vs. long-lag cate-
gories and VOT; however, the text
does tell the learner to try to avoid
aspiration of /p t k/ when speaking
Spanish by maintaining greater
muscular tension of the articulators
and vocal tract during production.
The final Spanish production ex-
periment took place near the end of
the semester--during the fifteenth
week of class (and nine weeks after
the second session). The sentences
that the learners read were the same
for all recording sessions. A total of
32 sentences were used with target
words containing a variety of word-
initial consonants. The data and re-
sults discussed in the present study
come from the target stops that ap-
pear in sentences like those in Table
2.

Table 2
Sample Sentences Used in the Pro-

duction Exercises

English:
Please say the word paces to me.
Please say the word bases to me.

Spanish:
Diga la palabra peso por favor.
'Say the word peso please.'

Diga la palabra beso por favor.
'Say the word beso please.'

Once all the production data had
been gathered, the sentences were
digitized, and the voiceless closure
intervals and VOT of the target stops

were measured from the digitized
waveforms using SoundEdit 16.
Voiceless closure interval refers to
the duration of closure before the
release of the stop consonant that is
characterized by a lack of vocal cord
vibration. Prevoicing of the voiced
stops was also measured where ap-
plicable; in such cases, the duration
of prevoicing was measured as a
negative VOT (see Table 1).

Finally, spirantized variants of
the voiced Spanish stops were noted
as well, and these tokens were
eliminated from the analysis. Spi-
rantization is a process whereby
Spanish /b d g/ are realized as ap-
proximants in certain phonetic con-
texts. The stop allophones generally
appear after a nasal consonant and
in phrase-initial position (and /d/
appears as a stop after laterals, as
well), whereas the spirantized allo-
phones appear elsewhere. Since the
spirants do not have the closure, re-
lease burst, or VOT associated with
stops, they were not included in the
present analysis.

For the perception portion of
the study, the learners listened to
computer-edited versions of the
English and Spanish nonsense
words, pada and bada. These non-
word tokens were natural speech to-
kens produced by a fluent English-
Spanish bilingual, and they were ed-
ited so as to vary from 40 msecs of
prevoicing to 56 msecs of voicing lag
at approximately 5-msec intervals.
The VOT continuum consisted of a
total of 20 tokens for each language.
The learners listened to both English
and Spanish versions of the words
presented randomly and indicated
whether each one began with /p/ or
/b/ by pressing the appropriate but-

7
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ton on a response box in the testing
room. Each token of the continuum
appeared 10 times throughout the
experiment for a total of 200 re-
sponses per language. This experi-
ment was also carried out three
times during the same three weeks
as the Spanish production exercises:
Weeks 3, 6, and 15 of the semester.
In addition, 15 monolingual speak-
ers of English and 12 Spanish-
English bilinguals completed the
perception experiment, so as to pro-
vide a basis of comparison for the L2
learners' perception data. A mean
VOT perceptual boundary for /b/
and /p/ was determined for each
subject group based upon the per-
centage of /b/ (or /p/) responses.
Separate boundaries were obtained
for the English and Spanish versions
of the tokens.

RESULTS AND DISCUSSION
In the discussion of the results,

the production results will be briefly
described first, followed by a descrip-
tion of the perception results. Fi-
nally, the relationship between the
learners' production and perception
of Spanish /p/ and /b/ will be dis-
cussed.

Production Results
The production results are pre-

sented in Figures 2 and 3. These fig-
ures show the mean voiceless clo-
sure interval and VOT values for
the English tokens paces and bases
and the Spanish tokens peso
("weight") and beso ("kiss") for the
L2 learner group as a whole.

Consider first the information
in Figure 2. As shown, the learners
produced Spanish /p/ with VOT
values that approach the average

8

values reported for native Spanish
speakers shown in Table 1. Al-
though the learners' VOT values
were somewhat longer than those of
native Spanish speakers, they were
still significantly shorter than their
corresponding VOT values for Eng-
lish /p/. The learners also produced
VOT values for Spanish /p/ that
were similar to English /b/. Statisti-
cal testing of these data revealed that
although the difference between the
average VOT value of English /13/ in
Figure 2 proved significant from that
of peso-1 and peso-2, there was no
significant VOT difference between
bases and peso-3. This indicates that
by the end of the semester, the
learners equated the Ll short-lag
category, /b/, with the L2 short-lag
category, /p/, at least with respect to
VOT. Figure 2 also shows, however,
that the learners distinguished Span-
ish /p/ from English /b/ through
significantly longer closure intervals
of the Spanish phone.

As for Spanish A3/, Figure 3
shows that the learners produced
these tokens with somewhat shorter
VOT values than in English; these
differences, however, did not prove
significant. Furthermore, the overall
positive VOT means for L2 Spanish
/b/ across all three sessions indicate
that the learners failed to produce
these tokens with prevoicing. As
mentioned above, prevoicing is
measured as a negative VOT; there-
fore, if the learners had prevoiced
consistently (or learned to prevoice
over the course of the semester), one
would expect an overall negative
VOT average. An examination of
the individual data, however, re-
vealed only two prevoiced /b/'s in
the first session, three during the
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second session, and four during the
third (out of a total of 56 tokens with
word-initial /b/ in each session).
Thus, the prevoicing associated with
the Spanish voiced stops appears to
take longer to acquire than the short-
lag VOTs of the Spanish voiceless
stops. (See Zampini (1998) for a de-
tailed discussion of the production
results presented in Figures 2 and 3,
including a more detailed descrip-
tion of the statistical analyses.)

Perception Results
Turning now to the results of

the perception experiments, consider
first the information in Table 3,
which shows the average VOT

boundary that separates /p/ from /b /
perceptually for the L2 learners and
the two control groups; Figure 4 pre-
sents the same information in
graphical form.

First, it is interesting to note
that all subject groups showed a con-
sistent difference with regard to the
VOT boundary for the Spanish and
English versions of the nonsense
words; namely, the Spanish bound-
ary was consistently shorter than
that for the English tokens. These
two token types were identical in
their acoustic characteristics prior to
the release burst, so the voicing deci-
sion must

Table 3
Mean VOT Perceptual Boundaries (in msecs) Between /p/ and /b/

[Positive value indicates boundary in voicing lag range; negative value indi-
cates boundary in prevoiced range.]

Group
English
Tokens

Spanish
Tokens Mean

Monolingual Eng-
lish

14.5 2.77 8.635

Spanish/English
Bilinguals

6.12 -8.96 -1.42

L2 Learners - 1st
Session

8.22 -3.65 2.285

L2 Learners - 2nd
Session

11.56 -7.59 1.985

L2 Learners 3rd Ses-
sion

11.85 -5.15 3.35

JLU
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English Tokens is

Spanish Tokens 0

,

Mono- Spanish-
lingual English
English Bilinguals

1st
Session

I I

2nd 3rd
Session Session\ /

L2 Learners

Figure 4. Mean VOT Perceptual Boundaries between /p/ and /b/

have been determined by aspects of
the speech signal following the re-
lease burst; however, a discussion of
the reasons for these differences is
beyond the scope of the current pa-
per.

Statistical analyses on the mean
VOT boundaries revealed several
significant effects. Consider first the
boundaries for the English tokens in
Figure 4. Analyses of these tokens
revealed three significant differ-
ences. First, the English boundary
difference between the monolingual
English and Spanish-English bilin-

1 1

gual speakers was significant. Sec-
ond, there was also a significant dif-
ference in the English token
boundaries for the monolingual
English speakers and the L2 learners
in the first L2 session, but not the
second or third. Finally, the differ-
ences in English boundary between
the L2 learners and the Spanish-
English bilinguals were not signifi-
cant for the first L2 session, but were
for both the second and third ses-
sions.

The Spanish token perceptual
boundaries in Figure 4 also showed
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several significant effects. First, the
monolingual English speakers'
Spanish boundary was significantly
longer than that of the Spanish-
English bilinguals; this pattern is
similar to the one found for the Eng-
lish data of these two groups. Sec-
ond, there was no significant differ-
ence in the Spanish perceptual
boundaries of the monolingual Eng-
lish speakers compared to the L2
learners in the first session; how-
ever, the differences between these
two groups in the second and third
U sessions did prove significant.
Third, none of the Spanish bound-
ary differences between the L2 learn-
ers and Spanish-English bilinguals
were significant. Finally, an exami-
nation of just the L2 learners' per-
ceptual data revealed a significant
difference in their English VOT
boundaries between the first and
second, and first and third, sessions,
but not between the last two ses-
sions. For the Spanish tokens, the
only significant difference across ses-
sions occurred between the first and
second L2 sessions.

To summarize, the L2 learners
started out with an English percep-
tual boundary that was significantly
shorter than that of their monolin-
gual English counterparts, but not
significantly different from that of
Spanish-English bilinguals; thus,
their English boundary was more
Sp anish-like. These boundaries,
however, shifted after training in
the Spanish voiceless stops took
place and became significantly
longer and more English-like; this
shift was sustained through the end
of the semester. As for the Spanish
perceptual boundaries, the L2 learn-
ers started out somewhere in be-

1 2

tween the two control groups, with a
VOT boundary that was not signifi-
cantly different from either group.
They shifted toward more Spanish-
like boundaries after training took
place, however, as evidenced by the
changes in the Spanish VOT bound-
ary during the second session. Al-
though this shift does not appear to
be wholly sustained through the end
of the semester, the L2 learners'
Spanish boundary of the third ses-
sion remained significantly different
from the corresponding boundary of
the monolingual English speakers,
but not from the boundary of the
Spanish-English bilinguals. Taken
together, the changes in the L2
learners' English and Spanish per-
ceptual boundaries indicate an at-
tempt to maintain a clear distinction
between the two languages by
maximizing the perceptual distance
between them. Thus, rather than
showing evidence for one merged
perceptual boundary between the
voiced and voiceless stops regardless
of language mode, the results sug-
gest that the learners have two sepa-
rate perceptual boundariesone for
each languageand that these
boundaries become even more dis-
tinct with training.

The Relationship between Produc-
tion and Perception

Finally, having discussed the
individual production and percep-
tion results, we may now turn to the
central issue of the paper: the rela-
tionship between the L2 learners'
production and perception of the
Spanish stops. If a positive relation-
ship exists, one would expect that
those learners who show short per-
ceptual boundaries will also exhibit
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short VOT production values, while
those with longer perceptual
boundaries will likewise exhibit
longer VOT production values. Such
an idealized relationship between
production and perception is de-
picted in Figure 5.

In a similar fashion, if native-
like perception in L2 is necessary for
(or precedes) accurate production,
one would expect that those learners
with long perceptual boundaries will
also have long VOT production val-
ues. Learners with short perceptual
boundaries, however, may or may
not have correspondingly short VOT
production values. That is, if percep-
tion precedes production, learners
that show accurate perceptual

boundaries could still exhibit long
production values if they are in a
stage of acquisition in which produc-
tion has not yet begun to change.

To examine this issue with re-
gard to learner performance, correla-
tions were obtained between the per-
ceptual boundaries of a particular
session and the corresponding pro-
ductions of peso and beso from the
same session. This information ap-
pears in Figures 6A 6F.

In each of the graphs in Figure
6, the points represent the intersec-
tion of the Spanish perceptual
boundary and mean Spanish VOT
production value for each individ-
ual learner. None of the graphs ap-
proach the kind of idealized

40
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Percepfion/Production

met

.

ee.Arkai----- Spanish-like
Perception/Production

r

. .
0 10 20 30 40 50 60

Voiceless Productions (Mean VOT in msecs)

Figure 5. Idealized Relationship between Production and Perception
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relationship shown in Figure 5. For
example, consider the first session
correlation data for the Spanish
word peso in Figure 6A. Recall that
if a positive relationship existed be-
tween production and perception,
one would expect that learners with
short VOT production values would
also have short VOT perceptual
boundaries. As seen in Figure 6A,
however, those learners with the
longest perceptual boundaries also
have some of the shortest produc-
tion values. This trend is also seen
for the peso data in the second and
third sessions, as shown in Figures
6C and 6E. These results, therefore,
fail to support the hypothesis pro-
posed by Flege's (1992) Speech Learn-
ing Model that inaccurate L2 percep-
tion will limit L2 production and
suggest instead that perception does
not necessarily precede production.
In fact, the peso data in Figures 6A,
6C, and 6E appear to support an op-

posing hypothesis, namely, that L2
production may in some cases pre-
cede perception. That is, it may be
the case that learners do not begin to
adjust perceptual boundaries until
they have attained accurate produc-
tion categories. That this might be so
is illustrated in Figure 7, which
shows a predictive distribution of
data for the opposing hypotheses.

If perception precedes produc-
tion, one might expect a range of
data along the horizontal axis, as de-
picted in Figure 7. Learners with
short, Spanish-like perceptual
boundaries may or may not exhibit
correspondingly short production
values, depending upon their stage
of acquisition. If production precedes
perception, on the other hand, one
might expect a range of data along
the vertical axis, since learners with
short production values may or may
not exhibit correspondingly short
perceptual boundaries. This pattern

15
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would again depend upon each in-
dividual's stage of acquisition. Re-
turning now to Figures 6A, C, and E,
the overall spread of the individual
points corresponds more closely to
the predictions made by the hy-
pothesis that production precedes
perception. Thus, it appears that
some learners learn to make the
phonetic category substitution for
Spanish /p/ before they make corre-
sponding changes in perception.
This result may not seem too sur-
prising, since the phonetic category
that they must learn for Spanish/p /,
that of a short-lag stop, is one that

already exists in the learners' first
language. The phonetic category that
learners must acquire for Spanish
/b/, on the other hand, that of a
prevoiced stop, does not exist in Eng-
lish. As a result, the substitution in
production may take longer, which-
could, in turn, affect the interaction
between production and perception.
Consider, for example, the informa-
tion in Figures 6B, 6D, and 6F, which
correlate the Spanish perceptual
boundary with the average VOT
values for /b/. The correlations in
these graphs are more scattered and
do not appear to support either of

1 6
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the predictions made by the hy-
potheses illustrated in Figure 7.

To summarize, the correlation
data do not provide evidence for a
positive relationship between the 12
production and perception of the
Spanish stops. While some learners'
L2 productions approximated those
of native Spanish speakers, their
perceptual boundaries were similar
to boundaries for monolingual Eng-
lish speakers, and vice versa. In ad-
dition, the correlation data for Span-
ish /p/ suggest that production may
precede perception, at least for this
category. This indication does not
necessarily mean, however, that in-
accurate production will limit accu-
rate perception; rather, it simply im-
plies that the two may not be mutu-
ally dependent processes. The ob-
served variation in the correlation
data for Spanish /b/ further suggest
that production and perception may
be independent processes (at least for
certain stages of acquisition or for
certain types of phones), since n o
clear interaction was found.

These results have important
implications for studies of both sec-
ond language acquisition and speech
processing. For example, although
the results do not show a positive
correlation between the perception
and production with regard to VOT,
there are other acoustic cues of the
stop consonants that may play an in-
fluential role in the acquisition
process. It was observed in Figure 2,
for example, that learner production
of the Spanish voiceless stops had
significantly longer closure intervals
than those for either the voiceless or
voiced English stops; this difference
provided a means of distinguishing
the Spanish short-lag phones /p t k/

from the corresponding English
ones, /b d g/. Given that the learners
have learned to manipulate closure
interval in order to achieve a given
distinction, the interaction between
VOT and closure may prove more
important in 12 Spanish production
and perception than either one of
these two acoustic cues alone. Thus,
research in both L2 production and
perception is needed to gain addi-
tional insight into the relative im-
portance of the different acoustic
cues in second language acquisition,
as well as into ways in which the
weighting of these cues changes over
time.

CONCLUSION
To conclude, this study has

presented evidence for the acquisi-
tion of L2 Spanish stops by native
English speakers as demonstrated by
changes in production and percep-
tion over the course of the semester.
Analyses that examined these proc-
esses individually showed signifi-
cant changes toward Spanish-like
production and perception categories
over the course of the semester. Cor-
relations of the production and per-
ception results with regard to VOT,
however, did not reveal a strong re-
lationship between the two. The cor-
relation data for Spanish /p/ pro-
vided some evidence for L2 acquisi-
tion in which accurate production
precedes accurate perception, while
the data for Spanish /b/ did not sup-
port either the notion that produc-
tion precedes perception or that per-
ception precedes production. It 'was
suggested that the two processes may
act independently during certain
stages of acquisition. It may also be
the case that, for some phones, per-
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ception does precede production,
while for others the reverse holds.
Hence, this present study has served
to illuminate a variety of potential
interactions and to propose that the
interaction between production and
perception is more complex than is
sometimes assumed.
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