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THE RELATION BETWEEN L2 PRODUCTION AND PERCEPTION

James Emil Flege
University of Alabama at Birmingham, Birmingham, USA

ABSTRACT

It has been claimed that a correlation does not exist between how
accurately experienced late learners produce and perceive pho-
netic segments in a second language (L2). According to one the-
ory, learners of an L2 are no longer able to align segmental pro-
duction and perception after the passing of a critical period. This
contribution reviews studies that have examined L2 production
and perception. All of the studies yielded significant, albeit mod-
est, correlations. Possible explanations for why stronger correla-
tions have not been observed are presented.

1. INTRODUCTION

The later a second language is leamed, the more strongly foreign
accented its pronunciation is apt to be, both globally (e.g., [3])
and in terms of the production of particular vowels and conso-
nants (e.g., [6]). Two accounts have been offered for age effects
on L2 production accuracy. According to a critical period hy-
" pothesis ([12]), the ability to learn speech diminishes because of
lost neural plasticity. According to the Speech Leamning Model
[4], on the other hand, speech learning mechanisms remain intact
across the life span, although they may cease to yield completely
native-like production because of age-related changes in how the
L1 and L2 phonetic systems interact.

A core tenet of the Speech Learning Model (SLM) is that
production errors often result from native vs. non-native differ-
ences in segmental perception. By hypothesis, perceptual differ-
ences may arise from an age-related decrease in the likelihood
that new categories will be established for vowels and consonants
that are found in the L2 but not the L1 and/or from changes in
how L1 and L2 categories mutually influence one another. (The
decreased likelihood of category formation is, itself, attributed to
changes in the state of development of L1 phonetic categories at
the time L2 learning begins.) According to the SLM, the accu-
racy with which L2 segments are perceived limits how accurately
they will typically be produced, although not all aspects of per-

“ceptual leaming may be incorporated in production. (That is,
production and perception may not be brought into perfect
alignment, as in L1 speech acquisition.) Thus, the SLM predicts
that modest correlations will exist between L2 segmental pro-
duction and perception for highly experienced speakers of an L2.

Strange [10], on the other hand, observed that although the
segmental production errors of inexperienced L2 learners can
often be predicted from their perceptual errors, perceptual diffi-
culties may persist even after segmental production has been
mastered. Strange concluded (p. 79) that L2 segmental produc-
tion and perception by experienced speakers of an L2 may be
“uncorrelated”. According to Bever [1], L2 speech is typically

foreign-accented because the “psychogrammar” used by children
to align segmental production and perception during L1 acquisi-
tion becomes unavailable once the L1 sound system has been
established. However, a review of recent studies supports the
prediction of the Speech Learning Model ([5]) that a modest
correlation between production and perception exists, even for
highly experienced speakers of an L2.

2. EMPIRICAL FINDINGS

2.1. Consonants
Flege [3] examined the production and perception of vowel du-
ration cues to the word-final English /t/-/d/ distinction. Both late
Chinese/English bilinguals (n = 30) and early Chinese/English
bilinguals (» = 9) made vowels significantly longer before /d/
than /t/ (p < 0.01). However, the duration differences produced
by the late bilinguals were smaller than those produced by the
early bilinguals or by native speakers of English (p < 0.01). Per-
ception was assessed using the method of adjustment. In separate
blocks, subjects selected the best instances of bear and bead from
the 17 members of a natural-edited beat-to-bead continuum, and
the best instances of bat and bad from a bat-to-bad continuum.
The late Chinese/English bilinguals chose stimuli with signifi-
cantly longer vowels as the best instances of /d/-final than of /t/-
final English words. However, their perceptual differences were
smaller than those of the early bilinguals or native English
speakers (p < 0.01). The size of vowel duration differences ob-
served for the Chinese subjects in production and perception
showed a modest positive correlation (r = 0.54, p < 0.01).

Another study ([7], [11]) examined voice onset time (VOT)
in the production and perception of word-initial English stops by
40 native speakers of Spanish who arrived in the United States as
young adults. As expected, many of the native Spanish subjects
produced English /p/ with shorter VOT values than the native
English control subjects. The subjects’ perception of /p/ was

_ assessed by having them rate for goodness, as instances of Eng-

lish /p/, the members of /ba/-to-/pa/ VOT continua. As VOT
increased beyond values typical for English /b/, the native Eng-
lish subjects gave increasingly high ratings to members of the
VOT continua. Then, as VOT increased beyond values typical
for English /p/, the native English subjects began to give lower
ratings.

The VOT value of the stimulus in both continua that re-
ceived the highest ratings, called the perceptually “preferred”
VOT value, was determined for each subject. The native English
subjects who produced /p/ with relatively long VOT values
tended to perceptually prefer stimuli having relatively long VOT
values, leading to a significant production-perception correlation
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(r=10.54, p <0.01). The native Spanish subjects were assigned to
a “proficient” or a “non-proficient” group based on their overall
degree of perceived foreign accent in English sentences. A sig-
nificant production-perception correlation was observed for the
- proficient subjects (» = 0.49, p < 0.01), but not for the non-
proficient subjects (r = -.004, p > .10). This finding suggests that,
contrary to the hypothesis of Bever [1], nonnative adults’ L2
segmental production and perception begin to align as they gain
proficiency in the L2.

2.2. Vowels

Flege et al. [5] examined the production and perception of Eng-
lish vowels by 20 native speakers each of German, Spanish, Ko-
rean and Mandarin who arrived in the United States as adults and
had lived there for an average of 4 years (range: 0.2 to 23 years).
The subjects’ production of /i T & &/ was assessed acoustically
and also auditorily (through native English speakers’ forced-
choice identifications). Native English speakers produced large
spectral differences, but only small temporal differences between
/il-/1/ and /e/-/@/. Many non-native subjects failed to produce
spectral differences between one or both pairs, instead producing
exaggerated temporal differences. The subjects also identified
"vowels in synthetic beat-to-bit (/i/~/1/) and bet-to-bat (/e/-/&/)
continua in which spectral quality varied in 11 steps and vowel
duration varied in three steps. The native English subjects relied
primarily on spectral variation in the synthetic stimuli. On the
. other hand, many non-native subjects relied on temporal cues,
some to the exclusion of spectral cues. This finding suggested
that certain non-native subjects failed to differentiate /i/-/1/
and/or /e/-/@/ on the basis of spectral differences.

The relation between the non-native subjects’ production
and perception of /i/-/1/ was assessed by computing the percent-
age change in /i/ responses that occurred as F1 frequency in-
creased in the synthetic stimuli, and the magnitude of spectral
differences between /i/-/1/ that were produced. The larger were
the spectral differences that the non-native subjects produced, the
greater was the effect of the spectral manipulation in the syn-
thetic vowel stimuli on their identifications of vowels as /i/ or /1/
(r=0.53, p < 0.01). A similar production-perception correlation
was observed when the same kind of analysis was applied to /e/-

“f@l (r=0.52, p<0.01).

Inspection of scatter plots revealed that the non-native sub-
jects who showed a large spectral effect in perception produced
spectral differences that varied greatly in magnitude. Most, but
not all, of the subjects who showed little spectral effect in per-
ception produced little or no spectral difference between /i/ and
/1/. Each subject was classified as an “accurate” perceiver of /i/-
/1/ (a decrease in /i/ judgments > 80% as F1 values increased; n
= 18), as a “moderately accurate” perceiver (shifts of 10% to
79%, n = 22), or as a “poor” perceiver (shifts < 10%, n = 40).
The accurate perceivers were found to have produced larger
spectral differences between /i/-/1/ than the moderately accurate
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perceivers who, in turn, produced significantly larger spectral
contrasts than the inaccurate perceivers (p < 0.05). Similarly, the
30 accurate perceivers of /e/-/&/ and the 28 moderately accurate
perceivers were found to have produced larger spectral differ-
ences between /e/-/&/ than did the inaccurate perceivers of /e/-
e/ (p < 0.05).

A study by Flege et al. [6] examined highly experienced L2
learners. The subjects were 72 Italians who had lived in Canada
for an average of 35 years. The subjects’ accuracy in producing
English vowels was evaluated auditorily by native English-
speaking listeners. (Intelligibility scores were obtained for 10
vowels through forced-choice identifications; and goodness rat-
ings were obtained by presenting 11 vowels in separate blocks.)
The perception of English vowels was assessed using a categorial
discrimination test. The later the native Italian subjects had ar-
rived in Canada, the less accurately they produced certain Eng-
lish vowels, and the lower were their discrimination scores.
There was a significant correlation between the subjects’ dis-
crimination of English vowels and the intelligibility of the vow-
els they produced (r = 0.62, p < 0.01). There was also a correla-
tion between the discrimination scores and the goodness ratings
accorded vowels produced by the native Italian subjects (r =
0.59, p < 0.01).

When the effect of the subjects’ age of arrival (AOA) in
Canada was partialled out, the correlation between discrimination
and vowel intelligibility remained significant (r = 0.32, p < 0.01),
but not the correlation between the discrimination scores and the
goodness ratings. In a multiple regression analysis, AOA ac-
counted for 48% of the variance in the vowel intelligibility
scores at Step 1. The discrimination scores accounted for 5% of
variance at Step 2, and length of residence in Canada accounted
for 4% of variance at Step 3. AOA accounted for 52% of the
variance in vowel goodness ratings at Step 1. Self-reported use of
Italian accounted for 5% of variance at Step 2, and the vowel
discrimination scores accounted for 3% of variance at Step 3.

Ceiling effects may have led to an under-estimation of the
strength of correlation between the native Italian subjects’ pro-
duction and perception of English vowels. Most vowels spoken
by the majority of subjects were identified as intended. However,
31 subjects’ /A/s were often misidentified. These subjects were
used to test the SLM’s prediction that while there may be indi-
viduals who perceive a particular L2 vowel well and yet produce
it poorly, the reverse (i.e., good production but inaccurate per-
ception) will not occur. If this prediction is correct, one would
expect the 31 “poor producers” of /A/ to have greater difficulty
discriminating English /A/ from Italian /a/ (which appears to be
the Italian vowel that is perceptually closest to English /a/) than
subjects who were relatively good producers of /A/. The poor
producers of /A/ were indeed found to discriminate English /A/
from Italian /a/ less accurately than the good producers of /A/ (p
< 0.01). However, the two groups’ discrimination of /A/ from
English /ee/, and /A/ from Canadian English /o/, did not differ






