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Abstract

Many studies have shown that bilinguals' accuracy in
producing and perceiving a second language (L2)
declines as their age of first exposure to the L2
increases. However, chronological age is typically
confounded with other factors such as how much the
native language (Ll) is used and how long the L2 has
been spoken. It is shown that both language use patterns
and age influence performance in an L2. It appears that
bilinguals' Ll and L2 phonetic systems mutually
influence one another. The interaction appears to occur
at the level of position-sensitive allophones. Whether or
not phonetic categories are established appears to
depend on the perceived distance of an L2 sound from
the closest Ll sound. A bilingual's L2 categories may
differ from those of monolinguals, however if the L2
sound for which a category has been formed is defmed
by a feature not exploited in the Ll.

1. Variables confounded with Age
Many recent studies have focused on the role of age on
the ability to produce and perceive a second language
(L2). Such studies generally show that the later one
begins to learn an L2, the greater will be the observed
divergence from the phonetic norms of the target L2 as
defined by the performance of a group of monolingual
control subjects. Strong "age" effects have been found
in many studies. Several will be reported below.
Although the fmdings are straightforward, the
interpretation of age effects remains controversial for
two reasons.

The fIrst reason why age effects are difficult to interpret
is that it is not always clear what "age" refers to. In
many studies, non-native subjects' age of first exposure
to a target L2 is the age variable. For studies carried out
with immigrant populations, this is defmed as subjects'
age of arrival (AOA) in a predominantly L2-speaking
area. (It is rarely the case that immigrants are not soon
"immersed" in their new language.)

Subjects are often selected on the basis of ADA, that is
to say, their age of fIrst extensive non-academic
exposure to a target L2. However, the chronological age

. variable in many studies is actually a surrogate for the
real (but often unannounced) variable of interest. For
some researchers, especially those who advocate a
maturationally defmed critical period for speech and
language learning, the actual age variable of interest is
the state of maturation of the language centers in the
brain at the time fIrst exposure to the L2 occurs. Many
believe that speech learning beyond a certain stage of
neural development is impeded by lost neural plasticity.

For those who focus on how the Ll and L2 systems
interact, the age-related variable of interest is the state
of development of the Ll system at the time L2 learning
commences. This emphasis makes two implicit
assumptions. The fIrst is that the L 1 system continues to
develop through childhood. The second is that the more
fully developed the Ll system is when L2 learning
begins, the more strongly it will influence performance
in the L2. The problem, of course, is that native
language acquisition and neural development co-occur.
The fact that they are inextricably confounded makes it
difficult to study one independently of the other, or to
disprove a theory, which emphasizes the role of either
neural maturation, on the one hand, or language
development and cross-language interference, on the
other hand.

The second reason why age effects on L2 performance
may be difficult to interpret is that age is typically
confounded with other variables that might be expected
to influence the outcome measures under investigation.
This was apparent in two recent studies that examined
native speakers of Italian and Korean who had
immigrated to North America and learned English as a
second language.

The fIrst study examined 240 Italian/English (lIE)
bilinguals living in Ottawa, Canada. The second study
examined 240 Korean/English (KJE) bilinguals living in
the Washington, DC area. The subjects in both studies
were selected on the basis of their AOA to North
America, which ranged from two to 23 years. Most of
the subjects who arrived after the age of 12 years had
studied English as an academic subject in school before
their arrival in North America. However, for most
subjects ADA represented the age at the time of fIrst
extensive exposure to and use of the English language.

The lIE bilinguals were older on average than the KJE
bilinguals (44 vs. 26 years) and they had lived for a
longer time in North America at the time they were
tested (32 vs. 15 years on the average). However, two
similar confounds were observed for both immigrant
populations. The fust confound pertained to the relation
between ADA and chronological age. The later the lIE
and KJE bilinguals arrived in North America, the older
they were when tested (r = 0.52 for the lIE bilinguals
and 0.68 for the KJE bilinguals).

Second, the later the subjects arrived in North America,
the shorter was their length of residence (LOR) in an
English-speaking country (r = -0.44 for the lIE
bilinguals and -0.42 for the KJE bilinguals). This means
that the late-arriving subjects were disadvantaged in two
ways with respect to early-arriving subjects: by their age
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of flISt exposure to English and by less experience using
English. However, the importance of the confound
between AOA and LOR was mitigated somewhat by the
fact that subjects were required to have lived in North
America for at least eight years to be admitted to either
study. These two confounds seem to represent inherent
features of immigrant populations.

The third confound evident in the two populations is of
perhaps greater theoretical significance. The subjects
were asked to evaluate how much they spoke their L I
and L2 in a variety of contexts. (The IJE bilinguals used
percentages as well as rating scales; the KJE bilinguals
used rating scales only.) The correlation between AOA
and the average ratings were computed. The later the
bilinguals arrived in North America the less they
reported using English (r = -0.47 for the IJE bilinguals
and -0.56 for the KIE bilinguals). Conversely, the later
the bilinguals arrived in North America, the more often
they reported using their native language (r = 0.44 for
the IIE bilinguals and 0.66 for the KIE bilinguals).

As mentioned earlier, the later one learns a second
language, the less native-like one is apt to produce and
perceive the L2 as well as to comprehend the L2 in non­
ideal listening circumstances [1]. One would expect a
relatively late fIrst exposure to impede L2 learning. So
too, one would expect infrequent use of the L2 to
impede L2 learning. Thus one possibility is that late
bilinguals chose to speak their L2 less often than early
bilinguals do because their control of the L2 is relatively
poor. Another possibility is that late bilinguals have a

relatively poor control of their L2 because they don't
get as much practice using it as do early bilinguals.

2. Degree of foreign accent
Two similar studies were carried out to exarnine the

relation between AOA and overall degree of foreign
accent. One examined the IJE bilinguals [2] and the
other examined the KIE bilinguals (3). The bilingual
subjects and native English control subjects repeated
short English sentences heard via a loudspeaker. The
sentences were later digitized and presented randomly
to native English-speaking listeners for foreign accent
ratings. (A continuous scale was used in the IIE study,
whereas a 9-point scale was used in the KIE study.)

If the ability to learn L2 speech ends or diminishes
following the end of a critical period, then one would
expect a sharp increase in the strength of foreign accents
at the age of about 12 or 15 years. However, as shown
in Figure 1, there was a strong linear relation between
AOA and the lIE bilingual subjects' degree of foreign
accent (r = -0.845). A similar linear correlation (r = ­
0.854) was observed for the KJE bilinguals). Neither
study revealed a discontinuity in the function relating
AOA and overall degree of foreign accent near the
beginning of adolescence. A substantial amount of
variance in the foreign accent ratings was accounted for
by AOA (71.3% for the IIE bilinguals, 72.9% for the
KIE bilinguals). This might lead one to conclude that.a
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Figure 1. The mean foreign accent ratings obtained for short English sentences that were spoken by 240
ItalianlEnglish (lIE) bilinguals who differed according to their age of arrival (AOA) in English-speaking
Canada. The mean ratings obtained for 24 native English controls subjects are represented by unfilled
circles.
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maturationally defined sensitive period exists for L2
speech learning. However, as mentioned earlier, age
effects are difficult to interpret. Multiple regression
analyses examined the. predictive power of
chronological age, LOR, and the bilingual subjects'
self-estimated use of English. These models accounted
for slightly more variance in the foreign accent ratings
(75% for both the I/E and K/E bilinguals) than did ADA
alone.

A study was carried out to examine the accuracy with
which the lIE bilinguals produced English vowels [4]. A
similar study examined the K/E bilinguals' vowel
production [5]. Productions of each target vowel were
presented in separate blocks in both studies. The native
English-speaking listeners who rated the vowels always
knew beforehand the identity of the vowel produced by
240 bilingual subjects and 24 English monolingual
controls. Average ratings were obtained for all vowels
examined (11 for the lIE bilinguals, five for the K/E
bilinguals) .

The pattem of results was similar to those obtained for
global foreign accent in sentences. The later the lIE
bilinguals arrived in Canada, the more foreign accented
their English vowels were judged to be (r = -0.71, df =
238, P < 0.001). The later the K/E bilinguals arrived in
North America, the more strongly accented were their
vowels (r = -0.80, df= 238, P < 0.001). Also, the longer
the subjects had lived in North America, the more
accurately they were judged to have produced the
English vowels (r = 0.19 for the lIE bilinguals and 0.43
for the K/E bilinguals). Finally, the more the bilingual
subjects used English, according to self-report, the more
accurately they were judged to have produced English
vowels (r = 0.47 for the lIE bilinguals and 0.61 for the
K/E bilinguals).

3. Controlling for confounds
The results presented thus far have shown that a
complex set of inter-related subject variables predict
how accurately higWy experienced speakers of English
as a second language pronounce English. The aim of
analyses presented in this section is to begin untangling
these variables. Post-hoc analyses were carried out to
determine if variations in .language use could account
independently for variations in L2 pronunciation
accuracy. In these analyses, we examined subgroups of
subjects who were matched for AOA but differed
according to language use patterns. In a second set of
analyses, language use was held constant and AOA was
allowed to vary.

In the first analysis, 13 lIE bilinguals each were
assigned to one of four subgroups based on ADA and
their self-reported percent use of Italian. The subjects in
Early-Hi and Early-Lo were early bilinguals matched
for ADA (4.8 years for both groups) and length of
residence in Ottawa (34 and 35 years, respectively).
These two subgroups differed according to their use of
Italian. The Early-Hi subjects reported using Italian
more often than did the Early-Lo subjects (42% vs. 6%).
The Late-Hi and Late-Lo subjects were late bilinguals
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who were matched for ADA (19.1 and 19.7 years,
respectively) and LOR (27 and 28 years, respectively)
but differed according to their use of Italian (42% vs.
10%). The 240 lIE bilingual subjects' self-estimates of
Italian and English use showed a strong inverse
correlation (r = -0.93, df= 238, p < 0.001). The "Italian
use" variable used in the post-hoc test might therefore
be regarded as an index of the relative frequency of L 1
versus L2 use, or possibly even an as an index of the
relative degree of activation of the L1 and L2 systems.

The question of interest was whether the subjects who
spoke their L1 relatively often (and English relatively
seldom) would have stronger foreign accents than the
subjects who seldom spoke Italian. The foreign accent
ratings obtained previously for the 52 selected subjects
[2] were submitted to an AOA (early vs. late) by L1 Use
(high vs. low) ANOV A. This analysis yielded a
significant interaction (F(I,48) = 4.25, P < 0.05). Tests
of simple main effects revealed that the Early-Hi and
Early-Lo subjects did not differ significantly (F(l,48) =
0.47, P > 0.10] whereas the Late-Hi subjects had
significantly stronger foreign accents than the Late-Lo
subjects (F(l,48) = 13.0, p < 0.001).

The overall ratings of II English vowels obtained
previously for the 52 subjects [4] were submitted to a
similar ANOV A, which yielded a marginally significant
AOA by L1 Use interaction (F(I,48) = 0.069). Simple
effects tests revealed that the Early-Hi and Early-Lo
subjects did not differ significantly (F( I ,48) = 0.17, P >
0.10). However, the Late-Hi subjects' vowels were
judged to be more strongly foreign accented than were
the Late-Lo subjects' vowels (F(I,48) = 9.24, P < 0.01).

The results of the two post-hoc analyses just presented
seem to suggest that amount of LI use affects the
pronunciation of an L2 for late but not early bilinguals.
Such a conclusion, if valid, has important implications.
For example, it might be the case that the early
bilinguals examined in the post-hoc analyses had two
separate language systems, one for the Ll and another
for the L2. If such a functional separation existed, it
may have enabled them to produce English without
interference from Italian (and vice versa). Alternatively,
one might speculate that the English subsystem was
activated to a far greater extent than the Italian
subsystem of the early but not the late lIE bilinguals. If
so, this might explain why an influence of Italian was
evident for the late but not the early bilinguals were.

It may be that neither of these speculative accounts is
correct, however, for a more detailed analysis revealed
L1 use effects for early bilinguals. A recent study [6] re­
examined the degree of foreign accent in English
sentences spoken by subgroups of early lIE bilinguals
who were matched for AOA (M = 5 years) but differed
according to self-estimate percentage use of Italian (Lo­
Use = 3%, Hi-Use = 33%). Native English-speaking
listeners rated sentences spoken by the lIE bilinguals
and NE controls as having "defmitely" or "probably"
been spoken by a native speaker of English or Italian
(four response categories in all). Unbiased measures of




