
0

Journal of Memory and Language41, 78–104 (1999)
Article ID jmla.1999.2638, available online at http://www.idealibrary.com on
Age Constraints on Second-Language Acquisition
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This study evaluated the critical period hypothesis for second language (L2) acquisition. The
participants were 240 native speakers of Korean who differed according to age of arrival (AOA) in
the United States (1 to 23 years), but were all experienced in English (mean length of residence5
15 years). The native Korean participants’ pronunciation of English was evaluated by having listeners
rate their sentences for overall degree of foreign accent; knowledge of English morphosyntax was
evaluated using a 144-item grammaticality judgment test. As AOA increased, the foreign accents
grew stronger, and the grammaticality judgment test scores decreased steadily. However, unlike the
case for the foreign accent ratings, the effect of AOA on the grammaticality judgment test scores
became nonsignificant when variables confounded with AOA were controlled. This suggested that the
observed decrease in morphosyntax scores was not the result of passing a maturationally defined
critical period. Additional analyses showed that the score for sentences testing knowledge of rule
based, generalizable aspects of English morphosyntax varied as a function of how much education the
Korean participants had received in the United States. The scores for sentences testing lexically based
aspects of English morphosyntax, on the other hand, depended on how much the Koreans used
English. © 1999 Academic Press

Key Words:second language acquisition; phonology; morphosyntax; age; critical period; language
use; education.
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Many studies examining second langu
(L2) acquisition have focused on the influe
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eof age. The age variable examined in L2 stu
is usually the age of first exposure to the ta
L2. In studies examining immigrant popu
tions, this is typically indexed by the parti
pants’ age of arrival (AOA) in the host count
Previous research has suggested that AO
apparently an important determinant of ove
degree of foreign accent in the L2 (Flege, M
nro, & MacKay, 1995a), as well as degree
accuracy in producing particular L2 consona
and vowels (Flege, Munro, & MacKay, 1995
Munro, Flege, & MacKay, 1996). Age effec
have also been reported for the learning of
glish morphosyntax (Johnson & Newpo
1989).1 The observation of age effects on the
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 Strong age effects have been also been obtained in



ex
om
L2
a
as

ca
y.
the
n
ge
d/o
ee
be

las
88;
av
rfo
th
ge
98
p-

e o
im
lly
ing
ce

rac
er
nd
bly
tes
on

lly
flu-
an
lty
ig

be
ee
of
n
in

ds
is

he
ely

97).
ac-
riod
ges
2

rily
r-
ng-
te

ures
n).
the
ef-
ds

oth-
is-
on
m-
an
ill
gan
al
ld,
nif-

at-
an

the
of

the
23

ars
n
Ko-
ter-
, re-
o a
ke

test
n-

lty

ican
en

OA
r glish
a les,
A .g.,

79AGE AND L2 ACQUISITION
performance of adults—even those who are
perienced in their L2—has suggested to s
researchers that the ability to acquire an
effectively is limited by a critical period. Such
conclusion is important practically, inasmuch
it might influence decisions regarding edu
tional policy. It is also important theoreticall

The critical period hypothesis rests on
assumption that the age-related effects see
L2 studies are the result of maturational chan
in brain structures that are used to learn an
to process language. For example, it has b
hypothesized that as the brain matures, it
comes less “plastic” and that lost neural p
ticity impedes L2 learning (e.g., Scovel, 19
Patkowski, 1980, 1990). However, others h
proposed that age-related changes in L2 pe
mance derive from the nature and extent of
interaction between a bilingual’s two langua
systems (e.g., Oyama, 1979; Flege, 1987, 1
1995, 1998b; Bialystok, 1997). This latter a
proach treats age as an index of the stat
development of the L1 system. It assumes
plicitly that, all else being equal, the more fu
developed the L1 system is when L2 learn
begins, the more strongly the L1 will influen
the L2.

Choosing between maturational and inte
tive accounts of age-related effects on L2 p
formance is difficult. Neural development a
native language acquisition are inextrica
confounded through much of childhood (Ba
& Goodman, 1998). Also, the most comm
index of age in L2 studies, AOA, is typica
confounded with other variables that may in
ence L2 performance (see Flege, 1987
1998a, for discussions). Still another difficu
is that there is no consensus as to how one m
test the critical period hypothesis. This is
cause the critical period hypothesis has b
applied with less specificity to the study
age-related changes in L2 performance tha
has been applied in ethological studies exam
ing, for example, imprinting behavior in bir
(Bornstein, 1989). The lack of specificity

studies which have examined the acquisition of Amer
Sign Language (e.g., Newport, 1990; Mayberry & Eich

1991; Emmorey, Bellugi, Friederici, & Horn, 1995). J
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most crucial with respect to a definition of t
structures and/or functions that are putativ
altered as the brain matures (Bialystok, 19
For example, those who claim that foreign
cents arise due to the passing of a critical pe
do not specify whether the age-related chan
arise from a loss of ability to articulate L
speech sounds, a loss of ability to audito
distinguish L2 from L1 sounds or to form pe
ceptual representations for L2 sounds in lo
term memory, or a loss of ability to transla
such representations into articulatory gest
(see Flege, 1987, 1988, 1995, for discussio

The aim of this study was to evaluate
critical period hypothesis by examining the
fect of AOA on L2 performance. Three metho
were used to evaluate the critical period hyp
esis. The first method will be called the “d
continuity test.” The discontinuity test rests
the assumption that, in an AOA-stratified sa
ple of L2 learners, participants who beg
learning the L2 before the critical period w
perform markedly better than those who be
learning their L2 after the end of the critic
period. The effect of a critical period cou
therefore, be demonstrated by showing a sig
icant departure from linearity in functions rel
ing measures of L2 performance to AOA at
appropriate AOA.

The present study was well suited for
discontinuity test. The 240 native speakers
Korean who participated had arrived in
United States between the ages of 1 and
years and had lived there for at least 8 ye
(mean5 15 years).2 Previous work has show
that as AOA increases, native speakers of
rean make more errors writing down compu
generated English sentences (Bott, 1993)
spond more slowly and less accurately t
lexical decision task (Kim, 1996), and ma
more errors on a grammaticality judgment
(Shim, 1995). Finally, Koreans who learn E
glish in adulthood are known to have difficu

,

2 The participants were selected on the basis of A
ather than the age at which they first began to study En
t school in Korea. This is because, of the two variab
OA is the more potent predictor of L2 performance (e

ohnson & Newport, 1989).
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80 FLEGE, YENI-KOMSHIAN, AND LIU
in accurately producing and perceiving cer
English vowels (Flege, Bohn, & Jang, 1997

There are, however, at least two drawback
using the discontinuity test as a means to e
uate the critical period hypothesis. First, ther
disagreement as to when the critical period
L2 acquisition ends. According to some, it e
at 12 years of age (Scovel, 1988). But accord
to others (e.g., Patkowski, 1990), it ends a
years. Second, not everyone would agree
the absence of a discontinuity provides e
dence that the critical period hypothesis is
correct. Many investigators have used the t
“sensitive period” and “critical period” inte
changeably. The two notions appear to
equally on the view that diminished L2 perf
mance is the consequence of normal brain
uration (see Bialystok, 1997, and Birdso
1998). However, the notion of a sensitive per
implies that there will be a gradual, perha
even linear, decline in L2 performance as A
increases. Thus, the lack of a discontinuity
AOA-L2 performance functions might be tak
as evidence against the existence of a cri
period for L2 acquisition. However, it wou
not disprove the existence of a sensitive pe
and so would not rule out a maturational
count of age-related changes in L2 acquisit

The second test of the critical period hypo
esis employed here will be called the “p
postcorrelation test.” This test involves comp
ing the correlation between AOA and
performance for groups of participants thou
to have begun learning their L2 before ver
after the end of a critical period. According
Johnson and Newport (1989), a signific
AOA–performance correlation will be observ
for individuals who began learning their
before the end of the critical period, beca
performance declines increasingly as one n
the end of the critical period. However, a s
nificant AOA–performance correlation wou
not be expected for a group of individuals w
had all begun learning their L2 at varying tim
after the end of the critical period. This is b
cause “postmaturational” learners are
thought to suffer to the same degree from
same deficit, viz. having passed a critical

riod. The pre/postcorrelation test was imple
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mented by computing a correlation betw
AOA and each of the outcome measures of
study for the native Korean participants w
arrived in the United States before versus a
the end of the putative critical period.

A potential problem for the pre/postcorre
tion test was that a significant AOA-L2 perfo
mance correlation could be obtained for p
maturational learners due to factors unrelate
whether a critical period (should one exist) h
been passed. As already mentioned, the Ko
participants were selected according to AO
However, as in previous studies examin
large groups of immigrants (see, e.g., Ba
1956; Bahrick et al., 1994), the Koreans’ AO
were confounded with other variables t
might influence L2 learning, L2 performan
or both. As will be discussed, the variab
confounded with AOA in this study were chr
nological age, the native Koreans’ average s
estimated use of English, their self-estima
use of Korean, years of residence in the Un
States, and the number of years of educa
they had received in the United States.

In view of these confounds, a third meth
was used here to assess the critical period
pothesis. The “matched subgroup” method
lowed us to test the hypothesis that factors
sociated with AOA, rather than AOA itself, a
responsible for what have been interpreted
“age” effects in previous studies of L2 acqu
tion. In one set of analyses, subgroups w
formed that consisted of native Korean part
pants drawn from the original group of 24
These subgroups differed in AOA but we
matched for variables confounded with AOA
the AOA-defined subgroups differed sign
cantly, it would demonstrate that age, and p
sibly age-related maturational changes, was
sponsible for the difference. However, if t
AOA difference disappeared when the c
founded variables were controlled, it wo
show that age was not responsible for the
tween-group differences and would thus fai
support the existence of a maturationally
fined critical period.

As already mentioned, if a critical peri
does exist for L2 acquisition, it would be ne

-essary to define the structure(s) and/or func-
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81AGE AND L2 ACQUISITION
tion(s) that are altered by maturation. One w
to help identify such structures and function
to determine if AOA effects differ across li
guistic domains. For example, if it were sho
that native-like performance were possible
yond a certain AOA for syntax but not phon
ogy, this would imply that “phonology and sy
tax are represented independently, or
processing systems behind phonology and
tax are different” (Bialystok, 1997, p. 120).

There is, in fact, widespread agreement
age constrains the learning of L2 phonology
morphosyntax differently. Snow (1979) show
that phonology and morphosyntax emerge
separate factors in a study examining the n
ralistic acquisition of Dutch by native Engli
children and adults over a 1-year period. So
researchers have concluded that a critical pe
exists only for phonology (Scovel, 1988; S
gleton, 1989; Bahrick, Hall, Goggin, Bahrick,
Berger, 1994). Others have concluded th
critical period ends sooner for phonology th
for morphology or syntax (Long, 1990; Hu
ford, 1991). Still others have concluded t
morphosyntax is learned more thoroughly,
over a longer period of time, than is phonolo
(Braine, 1971; MacWhinney, 1992; Sno
1987).

Despite this convergence of views, there
little empirical evidence for a difference in t
phonological and morphosyntactic domains
experienced adult speakers of an L2. Phono
and morphosyntax have been examined con
rently in just four previous studies (Fathm
1975; Oyama, 1973; Patkowski, 1980, 19
Snow & Hoefnagel-Ho¨hle, 1982a,b). None o
these studies examined an AOA-stratified s
ple of adults drawn from a single L1 bac
ground or assessed phonological and mor
syntactic performance in comparable de
Fathman (1975) found that older children
ceived higher morphosyntax test scores than
younger children, whereas the reverse held
for pronunciation (see also Olson & Samu
1973; Krashen, Long, & Scarcella, 1979; E
strand, 1982). Snow and Hoefnagel-Ho¨hle
(1982a,b) found that adults and older child
outperformed younger children in both lingu

tic domains when tested soon after their firss
y
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exposure to the L2, whereas the younger pa
ipants outperformed older participants 1 y
later.

Oyama (1973) observed a stronger corr
tion between AOA and degree of foreign acc
than between AOA and the scores on a gr
maticality judgment test (r 5 .81 vs. .41). Thi

ight be taken as support for the view that
onstrains phonology to a greater extent t
orphosyntax. However, Patkowski (19

990) obtained equally strong correlations
ween AOA and measures of English morp
yntax and phonology (r 5 20.74, 20.76).
oreover, Patkowski observed a sharp dec

n performance in both domains at an AOA
5 years. His finding for phonology agreed w

he results of two previous studies (Selig
rashen, & Ladefoged, 1975; Tahta, Wood
owenthal, 1981) but diverged from two oth
Oyama, 1973; Flege et al., 1995a). The AO
orphosyntax discontinuity observed by P

owski agreed with the findings of Johnson
ewport (1989), who concluded that the acq
ition of L2 morphosyntax is constrained by
ompletion of brain maturation at about the
f 15 years (but cf. Bialystok & Hakuta, 199
This study’s comparison of performance

he phonological and morphosyntactic doma
as motivated by the disparate results just
iewed. As advocated by Bialystok and Haku
1998), we used “broadly based” measure
2 proficiency rather than measures that w
esigned to test the predictions of a partic

inguistic theory (e.g., predictions regard
ubjacency or the complex noun phrase c
traint). The learning of English morphosyn
as assessed using a 144-item grammatic

udgment test that Johnson and Newport (19
evised to assess the “most basic aspec
nglish sentence structure.” The learning of
lish phonology was assessed by having lis
rs rate a standard set of English sente
poken by the native Korean participants
verall degree of foreign accent.
The grammaticality judgment test us

ere was designed to test nine different m
hosyntactic structures or “rules” (Johnson
ewport, 1989) but, as discussed below,
tentences testing the nine rule types were
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82 FLEGE, YENI-KOMSHIAN, AND LIU
heterogeneous. Therefore, the effect of A
on two new, functionally specified, sets
sentences was also examined. The sente
comprising both the “rule based” set (e
*The man paints his house yesterday) and the
“lexically based” set (e.g., *The farmers wer
hoping rain) were drawn from several of th
original sentence sets. The distinction
tween the two new functional sets reflect
distinction drawn in linguistic theory (e.g
Pinker, 1991; Pinker & Prince, 1992) and
acquisition research (e.g., Beck, 1997). C
rect responses to the rule based sente
required the acquisition of simple rules w
widespread application (example: “Add -ed to
the verb root to form the past tense”). Corr
responses to the lexically based sentence
the other hand, probably required learn
that might be characterized as “bottom-up”
“data-driven” or else learning based on
establishment of associative or probabili
representations (see, e.g., Elman, Bates, J
son, Karmiloff-Smith, Parisi, & Plunket
1997; Seidenberg, 1997).

The results will be presented in six sectio
We began by carrying out ANOVAs that tes
for differences between AOA-defined su
groups of native Korean participants and
native English control group. The numbers
Koreans who received foreign accent rati
and morphosyntax scores that fell within
native English range were also determin
Analyses were carried out in the second sec
to determine if the AOA–performance functio
were nonlinear and, if so, where in the AO
continuum the nonlinearity occurred. In the n
sections we compared the scores obtained
the original nine sets of grammaticality jud
ment test sentences, for sentences that
grammatical and ungrammatical, and for
two new functional sets (rule based vs. lexic
based, see above). The purpose of the mu
regression analyses presented in the next se
was to account for variance in the outco
measures. Finally, a series of matched subg
analyses was undertaken to test for betw
group differences when variables confoun

with AOA were controlled.
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METHOD

Participants

The 240 native Korean participants arrived
the United States between the ages of 1 an
years. Their age at the time of testing ran
from 17 to 47 years (mean5 26). The 24 nativ
English participants ranged in age from 20 to
years (mean5 27). All 264 participants pass
a pure-tone hearing screening before partic
ing. To be included, native Korean participa
had to report speaking no language other
English and Korean and to have lived in
United States for at least 8 years (mean,
years).

As summarized in Table 1, the native Kore
participants were assigned to 1 of 10 subgro
based on AOA. The average AOAs of th
subgroups increased in roughly 2-year in
ments, from 3 years for group NK3 to 21 ye
for group NK21. Half of the participants in a
11 groups were female. On average, the hig
academic grade completed in Korea by the
tive Korean participants was 5.6 years. The
exposure to English for most participants w
AOAs greater than 12 years occurred at sc
in Korea. On the average, the Koreans
received 10.1 years of education in the Un
States. All but 1 Korean participant had co
pleted high school in the United States; 1
participants held a bachelor’s degree from
American university.

As will be discussed in greater detail belo
a number of variables were correlated w
AOA. The earlier the native Korean participa
had arrived in the United States, the more e
cation they had received in the United Sta
Also, the younger the native Korean part
pants were upon arriving in the United Sta
the longer they tended to have lived in
United States, the more they spoke English,
the less they spoke Korean.

General Procedure

The participants were tested individually
college-aged Korean/English bilingual resea
assistants in a single 1.5-h session. The rese

was carried out in a quiet room located either on
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the campus of the University of Maryland-C
lege Park or in a nearby Korean church.

The participants began by completing a l
guage background questionnaire that asse
their use of both English and Korean, as we
their motivation to learn English and retain K
rean. The participants later produced sente
that were rated for foreign accent and respon
to a grammaticality judgment test. Steps w
taken to reduce processing differences betw
the online measure of L2 phonology and
offline measure of L2 morphosyntax. The s
tences to be rated for foreign accent were
peated following an aural model, and the p
ticipants were required to listen to an au
presentation of each grammaticality judgm
test sentence before judging its grammatica

Foreign accent.The participants repeated
English sentences that contained a wide va
of English vowels and consonants. The s
tences were each presented twice in a row,
a loudspeaker, in the same order in which t
appeared on a written list. A short tone w
presented 700 ms after the first presentatio
each sentence and 3600 ms after its se
presentation. To reduce the likelihood of dir
imitations, the participants were required

TAB

Characteristics of the 12 Male and

Age AOA EXP

E 27 (7)
K3 23 (3) 3.0 (0.5) 4.5 (1.0)
K5 21 (2) 5.0 (0.5) 5.3 (0.7)
K7 24 (3) 7.0 (0.5) 7.0 (0.7)
K9 24 (3) 9.0 (0.5) 9.0 (0.5)
K11 24 (5) 11.0 (0.5) 11.0 (0.7)
K13 24 (3) 13.0 (0.5) 12.8 (0.9)
K15 27 (5) 15.0 (0.5) 13.2 (0.6)
K17 29 (4) 17.0 (0.5) 13.5 (0.8)
K19 32 (5) 19.0 (0.5) 13.3 (0.5)
K21 34 (5) 21.5 (0.8) 13.7 (1.9)

26 (6) 12.0 (5.9) 9.8 (3.6)

Note.Age, chronological age, in years; AOA, age of
ither at school in Korea or upon arrival in the United St
ears of education in United States; KORUSE, the aver
NGUSE, the average of seven similar items pertainin
wait until hearing the tone before repeating eacs
-
ed
s

es
d

e
n

-
-
-
l
t
.

y
-
er
y

f
d

t

sentence. Just five of the sentences were e
ined here (Ron set a thick rug in the sun; J
will feed the pup who sat by you; You sho
thank Sam for the food; Fit a ring to the wa
tap; It is fun to play chess with a rook), in most
instances the second of the two repetitions3

The sentences were digitized at 22.05 k
normalized for peak intensity, and later r
domly presented three times each in sepa
counterbalanced blocks to native Engli
speaking listeners. The three male and se
female listeners, who had a mean age of
years (range5 23–37), were living in Birming
ham, Alabama, at the time of testing. All of t
listeners had been born and raised in the W
ington, DC–Baltimore area, however, and al
them passed a pure-tone hearing screenin
octave frequencies between 500 and 4000
re: 25 dB HL) before participating.

Following practice with 22 sentences sp
ning a wide range of foreign accents, the list
ers rated sentences spoken by the 24 n
English and 240 native Korean participants
ing a scale that ranged from “very strong” f

3 A preliminary analysis revealed that the foreign acc
n the first and second repetitions of sentences did not d

1

emale Participants in Each of 11 Groups

LOR EDUC KORUSE ENGUS

0.0 (2.3) 15.6 (0.6) 2.3 (0.5) 4.6 (
6.4 (2.7) 14.8 (1.7) 2.5 (0.6) 4.5 (
6.9 (3.2) 15.4 (1.5) 2.6 (0.6) 4.3 (
5.0 (3.2) 13.5 (1.7) 2.9 (0.6) 4.1 (

13.5 (4.5) 11.1 (1.7) 3.1 (0.6) 4.0 (
11.7 (3.2) 9.2 (1.6) 3.7 (0.5) 3.6 (
12.5 (5.4) 7.8 (2.0) 3.5 (0.7) 3.6 (
12.5 (4.2) 5.8 (2.0) 3.7 (0.5) 3.4 (
13.7 (5.1) 4.8 (1.8) 3.7 (0.7) 3.5 (
13.5 (4.5) 2.9 (2.8) 3.8 (0.5) 3.5 (

14.6 (4.6) 10.1 (4.8) 3.2 (0.8) 3.9 (

val in the United States; EXP, age of first exposure to
; LOR, length of residence in the United States, in year
of nine 5-point rating scale items pertaining to the use o

o the use of English.SDs are in parentheses.
LE

12 F

2
1
1
1

arri
ates
age
g t
hignificantly.
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eign accent (1) to “no accent” (9). The listen
were told to use the whole scale and to gue
unsure. A mean foreign accent rating based
150 judgments (5 sentences3 10 listeners3 3
replicate judgments) was calculated for e
participant. Average ratings were examin
here for two reasons. First, a similar AOA eff
was evident for each of the 10 listeners (a
aged over the five sentences) and for each o
five sentences (averaged over the 10 listen
Second, very high Intraclass Correlations w
obtained for the five sentences,R 5 .986, and
the 10 listeners,R 5 .978,P , .001.

Morphosyntax.The native Korean partic
ants’ knowledge of English morphosyntax w
ssessed using a 144-item grammaticality ju
ent test. This test was composed of nine
f sentences, each intended to evaluate a d
nt morphosyntactic structure or rule. Tabl
ives an example of each set, as well as
umber of pairs in each set. Most (128) of
entences were drawn from Johnson and N

TAB

Number and Examples o

N Sentence type

8 Past tense

8 Plural

8 Third-person singular

8 Determiners

8 Pronouns

6 Particle movement

14 Subcategorization

4 Lexically specified subject/object raising

4 Y/N questions

4 Wh questions

Note. N,the number of sentence pairs. In the list of ex
by an asterisk.
ort’s (1989) test. Three sets of sentences tht
if
n

h

-
e
).

e

-
ts
r-

e

-

aused very few errors in previous adminis
ions of the test (present progressive, word
er, and auxiliary) were eliminated. Eight of
6 new sentences tested lexically specified

ect/object raising. Half of the 144 senten
sed here were grammatical. The other
ere ungrammatical sentences created by e

nating a required morpheme or word from
rammatical sentence, by changing a word
y moving some word(s) to an ungrammat
osition. The 144 sentences were printed o
nswer sheet. An equal number of exempla
ach sentence type appeared on the first
econd halves of the test. The grammatical
ngrammatical versions of each pair always
urred on separate halves of the test.
The test sentences were recorded by a

ative speaker of English, who spoke at a c
tant moderate rate and took care to articu
ll sounds, including word-final consonan
he sentences were digitized and then r
orded in the same quasi-random order in w

2

e Nine GJT Sentence Types

Examples

A policeman gave Alan a ticket for speeding yesterd
*A policeman gived Alan a ticket for speeding yesterd
Todd has many coats in his closet.
*Todd has many coat in his closet.

Every Friday our neighbor washes her car.
*Every Friday our neighbor wash her car.

The boy is helping the man build a house.
*The boy is helping the man build house.

Susan is making some cookies for us.
*Susan is making some cookies for we.

Kevin called up Nancy for a date.
*Kevin called Nancy for a date up.

The little boys laughed at the clown.
*The little boys laughed the clown.

Larry believed himself to be brave.
*Larry believed that himself to be brave.
Should Timothy have gone to the party?

*Should have Timothy gone to the party?
Where did she put the book?

*Why did she put the book?

ples, the ungrammatical member of each sentence pair
LE

f th

am
athey appeared on the answer sheet. The digi-
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85AGE AND L2 ACQUISITION
tized sentences were presented a single tim
a loudspeaker at a comfortable level. The
ticipants were told to wait until they heard t
entire sentence before checking “Yes” (gra
matical) or “No” (not grammatical) next to th
written version of the sentence they had
heard. The test was unspeeded (see Chau
1983). The interval between sentences prov
time to respond. (If a participant ever appea
to need more time, the tape recorder w
paused.) The terms “grammatical” and “
grammatical” were not defined, but these c
cepts were made clear to the participa
through examples. Also, four practice senten
(two grammatical, two ungrammatical) we
presented before the test began.

RESULTS

Effects of AOA

Figure 1 shows that the later the Kore
participants had arrived in the United States,
stronger were their foreign accents. The s
tences of the 24 native English controls, w
were assigned an AOA of “0” years, receiv

FIG. 1. The mean foreign accent ratings obtained fo
native English and 240 native Korean participants. The
for the 240 Koreans have been fit to the Gompertz-Mak
distribution (solid line).
higher ratings than those of all but a few early-
ia
-

-

t
n,
d
d
s

-
s
s

e
-

arriving Koreans. The effect of group w
highly significant in a one-way ANOVA
F(10,253)5 104.4,P , .01. A series oft tests
revealed that all 10 native Korean groups, e
those composed of individuals who had arri
in the United States as young children, rece
significantly lower ratings than the native E
glish controls (BonferroniP , .01).

The AOA effect seen here is similar to o
observed for certain listeners who rated Ital
English bilinguals in the Flege et al. (1995
study. However, the foreign accent ratings
tained for certain other native English-speak
listeners did not differentiate groups of ea
arriving Italian/English bilinguals from the n
tive English controls. Differences in the ratin
obtained from the 10 native English listen
who rated sentences in the present study
not explored, however, because a highly sim
overall pattern of ratings was obtained fr
each of them (see above).

Figure 2 presents the overall grammatica
judgment test scores. As the native Korean
ticipants’ AOAs increased, their scores
creased systematically. The scores were arc
transformed (Kirk, 1968), because variance

FIG. 2. The grammaticality judgment test scores
tained for 24 native English and 240 native Korean pa
ipants. The data for the 240 Koreans have been fit to

a

Gompertz-Makehm distribution (solid line).
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86 FLEGE, YENI-KOMSHIAN, AND LIU
the native Korean groups increased system
cally as AOA increased. The significant eff
of group obtained in an analysis of the tra
formed scores,F(10,253)5 57.4,P , .01, was
followed up by a series oft tests. These tes
revealed that groups NK7–NK21, but n
groups NK3–NK5, differed significantly fro
the native English controls (BonferroniP ,
.01). The AOA effect on the grammatical
judgment test scores obtained here ag
closely with the results of Johnson and Newp
(1989). These authors found that native Kor
and Chinese participants with AOAs of 8–
years, but not participants with AOAs of 3
years, received significantly lower grammatic
ity judgment test scores than did native Eng
controls.

The following procedure was adopted to
termine how many native Korean participa
might be said to have performed in a “nati
like” fashion in the two linguistic domains. Th
mean and standard deviation (SD) of the
native English participants’ ratings were cal
lated. We then determined which native Kor
participants obtained a foreign accent rating
fell within two SDs of the native English mea
The same was done for the grammaticality ju
ment test scores. The number of native Kor
participants who met the “two SD” criterion f
the foreign accent ratings and the grammat
ity judgment test scores (18 vs. 76) diffe
significantly,x2(2) 5 28.2,P , .01.

In summary, the overall effect of AOA on t
oreign accent ratings and grammaticality ju
ent test scores was similar. However, all
ative Korean groups differed significan

rom the native English comparison group
honology, whereas just the subgroups w
OAs of 7 to 23 years (not those with AOAs
to 6 years) differed from the native Engl

omparison group for the grammaticality jud
ent test scores. This suggests that AOA

onstrain the learning of L2 phonology to
reater extent than L2 morphosyntax. Al
ore of the Korean participants received
ign accent ratings than morphosyntax sc

hat fell within two SDs of the native Englis
articipants’ mean values. This finding, t

ight be taken as support for the view that ag
i-

-

d
t
n

-

-

t

-
n

l-

-

y

,

s

onstraints are stronger in the domain of p
ology than morphosyntax.

he Relation between AOA and L2
Performance

One aim of the analyses presented here
o determine if a discontinuity existed
OA-L2 performance functions. First-ord

linear) and third-order functions were co
ared in order to determine if AOA–perfo
ance functions were linear. (We reasoned

f significantly more variance was accounted
y a third-order than a first-order function, th

hat function was nonlinear.) The Gompe
akehm distribution, which is used to mod
spects of the aging process (Draper & Sm
981, pp. 511–513), was also fit to the Korea
atings and scores using least-squares es
ion. This provided a visual means to organ
he individual participants’ mean values sho
n scattergrams. The other aim of this sec
as to determine if the correlation betwe
OA and measures of L2 performance wo
e significant for participants who began lea

ng English after, as well as before, the end
ritical period.
Foreign accent ratings.A third-order func

ion accounted for significantly more (1.9
ariance in the foreign accent ratings than d
rst-order function,F(2,236) 5 8.8, P , .01,
ndicating the presence of a nonlinearity in
OA–foreign accent relation. The same pro
ure was then applied to AOA-defined sub
f participants in order to identify the locus

he nonlinearity. The results suggested tha
id not occur near the end of the traditiona
efined critical period (i.e., at an AOA of 12
5 years). In the analysis of the 193 participa
aving AOAs ranging from 7 to 23 years, t

hird-order function accounted for significan
ore (2.5%) variance than did the first-or

unction, F(2,189)5 6.56,P , .01. However
when the AOA range was restricted further
an AOA range of 7 to 18 years (n 5 144
participants), the difference between the th
order and first-order functions (1.0%) was n
significant,F(2,140)5 1.63,P . .10.

The Gompertz-Makehm distribution was

eto the mean foreign accent ratings obtained for
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87AGE AND L2 ACQUISITION
the 240 native Korean participants in Fig. 1
visual inspection of this function suggests t
the Koreans with AOAs of about 1–5 ye
obtained ratings that were similar to, alb
slightly lower than, the mean rating obtained
the native English controls. The apparent l
of difference between the Koreans with AO
of 1 to 5 years may have been due to the
that, for many of these participants, the fi
extensive exposure to English occurred u
entry to school (see Table 1). There wa
roughly linear decrease in ratings in the AO
range of 5–15 years, followed by a slowing
the rate at which the strength of foreign acce
increased.

The simple correlations between AOA a
the foreign accent ratings were computed
two subsets of the 240 native Korean par
pants. A significant correlation was found
exist for the native Korean participants hav
AOAs less than 12 years,r 5 20.62,P , .01,
and also for those having an AOA greater t
12 years,r 5 20.50,P , .01.

In summary, the findings presented in t
ection suggest that the Koreans’ degree of
ign accent did not increase sharply near the
f a critical period, that is, at an AOA of 12
5 years. The relation between AOA and deg
f foreign accent appeared to be linear nea
nd of the supposed critical period, which fa

o provide support for the critical period hypo
sis. The critical period hypothesis also led

he expectation that there would be a correla
etween AOA and degree of foreign accent
articipants who began learning English be

he age of 12 years, but not after that a
owever, the AOA–foreign accent correlatio
ere significant for both subsets of the 2
orean participants examined here. Thus,
nding also failed to support the critical peri
ypothesis.
Grammaticality judgment test.A third-order

unction accounted for significantly mo
1.2%) variance in the overall morphosyn
cores obtained for the 240 native Korean
icipants than did a first-order functio
(2,236)5 3.16, P , .05. When just the Ko

eans with AOAs of 7 to 23 years were cons

red (n 5 193), the difference in variancec
t

k

t
t
n
a

s

r
-

r-
d

e
e

n
r

.

s

-

1.1%) was nonsignificant,F(2,189) 5 2.20,
P . .05. However, when those with AOAs o
o 18 years were considered (n 5 144), a third
rder function accounted for significantly mo
5.0%) variance than did a first-order functi
(2,140)5 5.91,P , .01. This finding sugges

hat the relation between AOA and the t
cores was nonlinear at an AOA of about
ears; it agrees with findings reported pre
usly by both Johnson and Newport (1989)
atkowski (1980, 1990). However, the size

he nonlinearity observed here was m
maller than the one obtained by Patkow
1980, 1990), probably due to methodolog
ifferences. Knowledge of English morphos

ax was assessed here using a 144-item
hereas Patkowski had two English teach

ate transcripts of conversational speech
yntactic accuracy.
The nonlinearity just reported is not visua

pparent in the fit function shown in Fig.
hich was obtained using the Gomper
akehm distribution. A visual inspection of t

t function indicates that the scores declined
roughly linear fashion between AOAs

bout 6 to 15 years.4 There is no evidence of
nonlinearity at AOAs of 12 or 15 years. Ho
ever, as can be seen in Fig. 3, there wa
increase in the number of participants bey
an AOA of 12 years who gave a large numbe
incorrect responses to ungrammatical senten

Finally, there was a significant correlati
between AOA and the Morphosyntax test sco
for the 120 native Korean participants hav
AOAs less than 12 years,r 5 2.52,P , .01. A
small, but still significant correlation was a
obtained for the Koreans having AOAs grea
than 12 years,r 5 20.27,P , .01. (The cor
relations werer 5 20.71, P , .01, andr 5

0.23, P , .05, when the sample of nati
orean participants was divided at an AOA
5 years.) This finding differs from that of Joh
on and Newport (1989), but it agrees with
ndings obtained in more recent studies
irdsong (1992; Birdsong & Molis, 1998).

4 The rate at which the scores decreased seemed to
or AOA greater than 15 years. The census data exam
y Bialystok and Hakuta, 1998, suggest that scores m

ontinue to decline slowly over the entire life span.
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In summary, when the discontinuity test w
applied to the grammaticality judgment t
scores, it supported the critical period hypot
sis. A nonlinearity was detected in the AO
region of 12–15 years. This was apparently
to an increase in the number of participants w
AOAs greater than 12 years who accepte
large number of ungrammatical sentences
grammatical (see Figs. 2 and 3). (The basis
this increase is uncertain but, as will be d
cussed later, it may have been related
changes in language use.) However, the

FIG. 3. The mean percentage of correct scores obta
for (a) 72 grammatical and (b) 72 ungrammatical item
a grammaticality judgment test.
postcorrelation test did not support the criticat
-

e

a
s
r

-
o
/

period hypothesis. The correlation betwe
AOA and the scores was significant for
participants who had begun learning Eng
both before the age of 12 years (or 15 years)
after the age of 12 years (or 15 years).

Sentence Types

The native English controls’ and early-arr
ing Koreans’ score for grammatical and
grammatical items on the grammaticality ju
ment test did not differ (because they were
ceiling for both), but later arriving native K
rean participants did differ. As shown in Fig.
the native English controls obtained a high p
centage of correct scores for both gramma
(M 5 98.3%, range, 86–100%) and ungra

atical (M 5 97.4%, range5 88–100%) sen
ences. However, as in previous research
onnative speakers of English (e.g., Murp
997), the native Korean participants obtai
igher scores for the grammatical (M 5 94.3%
ange5 69–100%) than ungrammatical (M 5

74.0%, range5 21–100%) sentences. The me
scores for grammatical and ungrammatical
tences were submitted to an (11) Group by
Grammaticality ANOVA, which yielded a sig
nificant interaction,F(10,253)5 22.7,P , .01.

series of t tests revealed that eight nat
orean groups differed significantly from t
ative English controls for the ungrammati
entences (groups NK7–NK21), whereas
ix (NK11–NK21) did so for the grammatic
entences (BonferroniP , .01). More impor
antly, the grammatical versus ungrammat
ifference was nonsignificant for the native E
lish controls and the first two native Kore
roups (NK3, NK5), whereas it was significa

or the remaining eight native Korean grou
NK7–NK21) (BonferroniP , .01).

The basis for the difference between gra
atical and ungrammatical sentences is un

ain. It may have arisen from a bias by
orean participants to respond “grammatic

White, 1989). It might also mean that so
ater arriving native Korean participan
nowledge of English morphosyntax was “fra
entary or fluctuating in its accessibility”

hat their grammars of English were less “

d

lerminate” than those of the native English con-
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89AGE AND L2 ACQUISITION
trols (Johnson et al., 1996). Still another po
bility is that certain native Korean participa
incorrectly judged some aspects of Eng
morphosyntax that were tested here to be
tional (Johnson et al., 1996). Additional
search will be needed to choose among t
interpretations.

As mentioned earlier, the sentences wh
comprised the grammaticality judgment t
were intended to test knowledge of nine gra
matical structures or “rules” (past tense, plu
Wh and Y/N questions, third-person singu
determiners, pronouns, particle movement,
bal subcategorization frames, and lexica
specified subject/object raising; see Table
The effect of AOA on the mean scores obtai
for the nine sets of sentences was examined
series of one-way ANOVAs. As summarized
Table 3, the effect of group was significant in
nine instances (P , .01), but the strength of th
simple correlations between the Korean’ AO
and scores for the nine sets of sentence va
considerably. A series oft tests revealed th
nine native Korean subgroups differed from
native English controls for the plural senten
(P , .01). A difference was noted between
native English controls and eight Korean gro
for the determiner and subcategorization s
tences, seven groups for the subject/object
ing and third-person singular sentences,

TAB

Correlations between Age of Arriva
Obtained for Nine

Sentence type r(238) NK

Past tense 20.49 90.
Plural 20.64 76.
Third-person singular 20.44 89.
Determiners 20.74 78.
Pronominalization 20.51 93.
Particle movement 20.63 84.
Subcategorization 20.71 81.
Subject/object raising 20.63 77.
Questions (Wh and Y/N) 20.71 85.

Note.NK and NE, the mean scores obtained for na
ne-way ANOVAs testing the effect of group (11 levels
hich differed significantly from the native English com
groups for the past tense, question, and partic
-

-

e

h
t
-
,
,
r-

).

a

d

s

s
-

s-
x

movement sentences; and just the last four
rean groups for the pronoun sentences (Bon
roni P , .01).

The finding just presented might be taken
evidence that age constrains the learning
various aspects of L2 morphosyntax in differ
ways. However, such a conclusion may be
warranted given that the sentences represe
the various “rule” types were heterogeneous
discussed by Kellerman (1995), some sente
may not have tested the intended gramma
structure or rule. Consider, for example, th
two ungrammatical determiner sentences:

(1) *Tom is reading book in the bathtub.

(2) *A boys are going to the zoo this Saturday.

The ungrammaticality of both sentences m
be attributed to the presence/absence of the
terminer “a.” However, the ungrammaticality
the first sentence might also be attributed to
lack of the plural marker “-s” on “book
whereas this alternative interpretation is
possible for the second sentence because “b
must have a plural marker to agree with
verb.

An item analysis revealed a great deal
heterogeneity within the nine sentence sets.
example, there were far more errors for *The
girl’s swimsuit is full of sandsand *Two mouse
ran into the house this morningthan for othe

3

nd the Percentage of Correct Responses
es of GJT Sentences

NE F(10,253) Difference

98.2 12.8 K13–K21
97.4 30.0 K5–K21
99.5 11.4 K11–K21
98.2 49.9 K7–K21
99.7 15.0 K15–K21
96.9 21.7 K13–K21
97.2 40.0 K7–K21
93.2 19.9 K11–K21
98.2 35.8 K13–K21

Korean and native English participants. TheF values are fo
ll were significant at the .001 level. Differences, the NK
rison group (BonferroniP , .01).
LE

l a
Typ

2
9
2
3
2
7
4
5
2

tive
); a
pa
leplural sentences (e.g., *The farmer bought two
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90 FLEGE, YENI-KOMSHIAN, AND LIU
pig at the market). The first two sentences m
ave been especially difficult because “sand
mass noun that is not pluralized by add

-s,” and “mouse” has an irregular plur
“mice”). To take another example, there w
ar more errors for *Yesterday the baby throw
cat into the bathtuband *A bat flewed into ou
ttic last night than for other past tense se

ences (e.g., *Sandy fill a jar with cookies la
ight). The first two sentences may have b
specially difficult because participants lac
nowledge of which English verbs have an
egular past tense, not because they did
now how to form the regular past tense.

ule Based versus Lexically Based Senten

Given the heterogeneity just discussed,
unctionally defined sets of sentences were
ablished for further analysis. The senten
omprising these two new sets were drawn f
ultiple sentence sets. In a series of prelimin

actor analyses, certain third-person singu
ast tense, and determiner sentences tha
olved regular rules of verb and noun inflect
ere found to have high loadings on the sa

actor(s). The 22 grammatical and 22 pai
ngrammatical sentences that were deeme
est reflect this functional similarity were
luded in a “rule based” set (see Appendix
hese sentences tested knowledge of reg
roductive, and generalizable rules of the

ace morphology of English. They all involv
ase or number assignment on nouns or pe
r tense markers on verbs (e.g., regular

ense on plural formation, third-person singu
orphology on present tense verbs, or cas

ignment on personal pronouns).
The 22 grammatical and 22 ungrammat

entences in the “lexically based” set (see
endix 2) were also drawn from several s

ence sets (subcategorization, question, pa
ovement). They, too, tended to have h

oadings on the same factor(s) in prelimin
actor analyses. The lexically based sente
ested irregular and ungeneralizable aspec
nglish morphosyntax involving the proper
ignment of particles or prepositions with ve
r knowledge of idiosyncratic features of p
icular English verbs. For example, some sen
s

n

ot

o
-

s

y
,
n-

e

to

.
r,
-

n
st
r
s-

l
-
-
le

s
of

tences tested which preposition should prec
a nominal complement (e.g., *The farmers wer
hoping rain), the use of a particle in phras
verbs (e.g., *The little boys laughed the clown),

r the placement of particles in phrasal ve
e.g., *The man climbed the ladder up caref
y). All ungrammatical lexically based se
ences could be made grammatical by repla
he verb (for example, changing “lets” to “pe
its” in *The man lets his son to watch TV).
he ungrammatical rule based sentences c
ot be corrected in this way, however.
In Fig. 4, the 240 native Korean participan
ean scores for ungrammatical rule based

exically based sentences have been fit to
ompertz-Makehm distribution. The fit fun

ion for the rule based sentences showed a
eau up to an AOA of about 5 years and the
radual decline to the end of the AOA ran
ampled here. For the lexically based senten
owever, the initial plateau extended to an A
f about 8 years and then decreased rapidly
hance level at an AOA of about 16 years.
Figure 5 shows the mean percentage of

ect responses obtained for the rule based
exically based sentences as a function of gr
he scores were higher for grammatical t
ngrammatical sentences (means, 95%
9%). However, as AOA increased the sco

or both sentence types decreased syste
ally, especially for the lexically based se
ences.

The scores obtained for each subject w
ubmitted to a mixed-design (11) Group3 (2)
unctional Type 3 (2) Grammaticality
NOVA, which yielded a three-way intera

ion, F(10,253)5 2.34,P , .05. A series oft
tests revealed that the native Korean subgr
with AOAs greater than 11 years (NK1
NK21) received significantly lower scores th
the native English controls for the ungramm
ical sentences, but only those with AO
greater than 13 years (NK13–NK21) did so
the grammatical sentences (BonferroniP ,
.01). More importantly, just the five Kore
subgroups with AOAs greater than 13 ye
(NK13–NK21) received significantly lowe
scores for the lexically based than the rule ba

-sentences (BonferroniP , .01).
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91AGE AND L2 ACQUISITION
In summary, the rule based and lexica
based scores obtained for participants ha
AOAs less than 12 years did not differ sign
cantly, whereas participants having AO
greater than 12 years obtained significa
lower scores for the lexically based than r
based sentences. This finding suggests
AOA might influence the learnability of lex
cally based aspects of English morphosynta

FIG. 4. Curves obtained by fitting the Gomper
Makehm distribution to the percentage of correct sc
obtained for the ungrammatical rule based and lexic
based items from the grammaticality judgment test
text).

FIG. 5. The mean percentage of correct score
judgment test sentences that were grammatical

standard error.
g

at

o

a greater extent than rule based aspects
respond correctly to the rule based senten
the Koreans had to acquire a simple rule w
widespread application in English, such as “
-ed to the verb root to form past tense.” T
relatively good performance by late-arrivi
participants on rule based items may have
flected deductive (top-down) learning, the
of rule based mental representations in proc
ing, or both.

On the other hand, success on the lexic
based items may have required a kind of le
ing that one might characterize as “bottom-
or “data-driven” or else learning based on
establishment of associative or probabili
representations (see, e.g., Elman et al., 19
As will be discussed further in the next secti
the later the native Korean participants arri
in the United States, the less English-langu
input they were likely to have received. T
may have contributed to the greater difficu
that late-arriving native Korean participants h
in learning aspects of English morphosyn
tested by the lexically based than rule ba
sentences.

Factor Analyses

The purpose of the analyses presented
was to identify factors that might account

s

e

btained for rule based and lexically based grammatica
”) or ungrammatical (“U”). The error bars enclose61
s o
(“G
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92 FLEGE, YENI-KOMSHIAN, AND LIU
variance in the outcome measures. The na
Korean participants’ responses to 39 langu
background questionnaire items were subm
to a principal components analysis with va
max rotation.5 The resulting factors were th
regressed onto the outcome measures. Th
sults for the two primary variables (the fore
accent ratings and overall morphosyntax
scores) will be presented in the first section,
the results for the rule based and lexicon ba
sentences in the following section.

Principal components analysis.As summa
rized in Table 4, the principal components an
ysis identified 11 factors with eigenvalu
greater than 1.0. These factors accounted
69.4% of the variance in the questionna
items. Just four of these factors accounted
variance in the outcome measures (see be
Factor 1 was designated “Age of L2 Learnin
because the items with the highest loadings

5 A total of 82 missing responses comprising less

TAB

Factors Identified in a Principal Com

Factor

F1: Age of L2 learning Age of arrival in the
comfortably (.892)

F2: English media input Frequency of watc
in English (.848);

F3: Instrumental motivation-1 Will get respect fo
respect for good p
for success at wo

F4: Judged importance of Korean Judged importanc
correct Korean gr
expressions (.623

F5: Judged importance of English Judged importanc
English words and
pronunciation (.68

F6: Languages used at work Use of English at
F7: Home use of Korean Frequency of use

parents (.501)
F8: Sound processing ability Ability to imitate fo

to remember how
F9: Integrative motivation Try to have as ma

is pronounced (.7
F10: Length of residence Length of residenc
F11: Instrumental motivation-2 Judged importanc

Note.The loadings for each questionnaire item are i
% of the data were replaced with group mean values.
e
e
d

e-

t
d
d

-

r

r
).

it

were AOA and the participants’ estimates of
age at which they could first speak Eng
“comfortably.” Factor 2 was named “Engli
Media Input,” because the items with high lo
ings on it pertained to how much the nat
Korean participants watched movies, vide
and TV and listened to the radio in English
opposed to Korean). Factor 8 was called “So
Processing Ability.” The items having the hig
est loadings on it pertained to self-estima
ability to imitate foreign accents and dialec
“musical ability,” and ability to “remember ho
English words are pronounced.” Factor 10 w
designated “Length of Residence,” because
only item with a high loading on it was years
residence in the United States.

Primary variables.The regression analys
examining the foreign accent ratings and ove
grammaticality judgment test scores are s
marized in Tables 5 and 6, respectively. M
variance was accounted for in the foreign ac

4

nents Analysis of 39 Questionnaire Items

Questionnaire items

nited States (.912); estimated age of speaking English
ars of education in the United States (20.856)

g TV in English (.852); frequency of watching movies/
uency of listening to radio in English (.691)
rrect English grammar and vocabulary (.861); will get
unciation of English (.851); judged importance of Eng
chool (.694)
f correct Korean pronunciation (.811); judged importa
ar (.788); enjoyment of learning new Korean words a

f correct English grammar (.819); enjoyment of learni
pressions (.701); judged importance of correct Englis

rk (.841); use of Korean at work (20.777)
orean at home (.674); frequency of use of Korean wi

gn accents and dialects (.783); musical ability (.611);
glish words are pronounced (.532)
merican friends as possible (.741); pay attention to h

n the United States (.827)
f English for getting a job (.699)

arentheses.
LE

po

U
; ye
hin
freq
r co
ron

rk/s
e o

amm
)
e o
ex

4)
wo
of K

rei
En

ny A
24)
e i

e o

n p
ratings than in the morphosyntax test scores
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93AGE AND L2 ACQUISITION
(68% vs. 49%). (This was expected because
simple correlation between AOA and the f
eign accent ratings was significantly stron
than the correlation between AOA and
grammaticality judgment test scores,X(1) 5
30.9, P , .001.) Other principal componen
actors accounted for substantially less varia
n both outcome variables. Factor 10 (Length
esidence) accounted for 4 and 5% additio
ariance in the ratings and scores. Facto
English Media Input) accounted for 2% ad
ional variance in both outcome variables, as
actor 8 (Sound Processing Ability). The f

ors that pertained to motivation (F9, F11)
ounted for less than 3% of additional varia

n the two outcome measures. The factors
ertained to language use (F6, F7) were
ntered into either model.
The effect of length of residence (Factor

n the foreign accent ratings agrees with
esults of Flege et al. (1995a) for Italian/Engl

TAB

Regression Analysis Examining the Nati

Step Variable R

1 F1: Age of L2 learning 0.
2 F10: Length of residence 0
3 F8: Sound processing ability 0
4 F2: English media input 0
5 F9: Integrative motivation 0
6 F11: Instrumental motivation 0

Note.The principal components factors that were regr
the probability of a significant increase in variance. On

TAB

Regression Analysis Examining the Native Ko

Step Variable R

1 F1: Age of L2 learning 0
2 F10: Length of residence 0
3 F2: English media input 0
4 F8: Sound processing ability 0
5 F9: Integrative motivation 0
6 F11: Instrumental motivation 0

Note.The principal components factors regressed o

probability of a significant increase in variance. Only facto
e

r

e
f
l

2

d

-

t
t

e

ilinguals. However, a similar finding for th
orphosyntax test scores diverged from

ndings of Johnson and Newport (1989;
lso Patkowski, 1980, but cf. Cummins, 198
his may have been due to the larger numbe
articipants examined here (240 vs. 46 par
ants) or to a differing distribution of the leng
f residence variable (M 5 15, range5 8–30
s. M 5 10 years, range5 3–26).
In summary, Factor 1 (Age of Learning) a

ounted for more variance than any other fac
nd it accounted for more variance in the
ign accent ratings than grammaticality ju
ent test scores. This might be taken as sup

or the view that AOA is the most importa
eterminant of overall success in L2 learn
ut, at the same time, AOA is more import

or phonology than morphosyntax learning.
eed, such conclusions are supported by pa
orrelation analyses. These analyses sho
hat the simple correlation between AOA a

5

orean Participants’ Degree of Foreign Accent

Change F value Probability

0.677 747.5 .001
3 0.036 40.0 .001
7 0.024 26.7 .001

1 0.024 26.3 .001
4 0.014 15.0 .001
6 0.011 12.6 .001

ed onto the dependent variables are listed in Table 4. P
actors accounting for at least 1.0% of variance are sh

6

n Participants’ Grammaticality Judgment Test Scores

Change F value Probability

0.494 313.7 .001
7 0.053 33.6 .001
0 0.023 14.5 .001
3 0.023 14.5 .001

6 0.023 14.4 .001
5 0.010 6.0 .015

the dependent variables are shown in Table 4. Proba
LE

ve K

2

677
.71
.73

.76

.77
.78

ess
ly f
LE

rea

2

.494
.54
.57
.59

.61
.62

nto

rs accounting for at least 1.0% of variance are shown.
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94 FLEGE, YENI-KOMSHIAN, AND LIU
both the foreign accent ratings and morphos
tax test scores remained significant when
effects of variation in length of residence, use
English, and use of Korean were removed (P ,
.01).

However, the problem of multi-collineari
may have led to an overestimation of the
portance of AOA. As mentioned earlier, the t
questionnaire items with the highest loadings
Factor 1 pertained to age. However, many v
ables were correlated with AOA. As a res
other items also had high loadings on Fact
(i.e., years of education in the United Sta
20.856; use of Korean with a spouse, .786;
of Korean with close friends, .729; use of K
rean at social gatherings, .737; use of Englis
social gatherings,20.712; and age, .700). F
example, this pattern of intercorrelations mi
have been responsible for the surprising abs
of a language use effect on the foreign ac
ratings (see Flege et al., 1995a). That is
somewhat stronger correlation between A
and the foreign accent ratings may have
scured a weaker relation between language
variables and the foreign accent ratings. T
and similar issues will be addressed in the n
section, where matched subgroup analyses
performed to assess the effect of two varia
correlated with AOA.

Secondary variables.Regression analys
were also carried out to examine the rule ba
and lexicon based morphosyntax test sco
The analysis of the rule based scores accou
for 45% of variance (F1, 32%; F8, 4%; F1
3%; F11, 2%; F6, 1%; F5, 1%; F9, 1%), and
analysis of the lexicon based scores accou
for 61% of variance (F1, 48%; F10, 5%; F
4%; F9, 3%; F4, 1%; F6, 1%). It is notewort
that Factor 8 (Sound Processing Ability)
counted for more variance in the rule based
lexically based scores (4% vs. 1%).

In posthoc analyses, we discovered that F
tor 8 accounted for 10% of the variance in
rule based scores obtained for Koreans
AOAs of 14–23 years (n 5 96), but no varianc
for their lexically based scores. It accounted
no variance in the rule based or lexically ba
scores for Koreans having AOAs of 6–13 ye

(n 5 96). This finding may help explain why
-
e
f

n
-

1
,
e

t

t
ce
t

a

-
se
s
t
re
s

d
s.
d

d

n

-

h

r
d

late-arriving native Korean participants ma
errors on sentences such as *Last night the old
lady die in her sleep.Phonologically nonsalie
morphological markers at the end of wor
which pose problems for certain children w
language disorders (Leonard, 1982), may
be difficult for L2 learners (see, e.g., Moc
zuki-Sudo, Susuki, Matsuno, & Kiritani, 199
whose auditory skills are limited. If so, it wou
suggest that phonological and morphosynta
learning interact in L2 learning in a way that
analogous to the interaction seen in early st
of L1 acquisition (Camarata & Gandour, 19
Camarata & Schwartz, 1985).

Matched Subgroup Analyses

The results obtained in this study have b
plotted as a function of AOA because the na
Korean participants were selected accordin
AOA. However, this does not mean necessa
that the “age” effects presented so far can
attributed exclusively, or even primarily,
AOA. As mentioned earlier, AOA is typical
confounded with other variables in studies
amining large immigrant populations (see, e
Bachi, 1956; Bahrick et al., 1994). This stu
was no exception, for there was multi-colline
ity among variables associated with the Kor
participants’ AOAs. AOA was correlated wi
chronological age,r 5 .68; self-estimated use
English and Korean,r 5 20.56 and .66; yea
of residence in the United States,r 5 20.42;
and years of education in the United States,r 5
20.92. Further, these variables were all co
lated significantly with one another (P , .01).

Given the pattern of intercorrelations ju
mentioned, one aim of the matched subgr
analyses presented in this section was to r
amine the effect of AOA when other variab
were controlled. Another aim was to assess
influence of two other variables (language
and education) independently of variation
AOA.

Variables. The Koreans’ L1 use was es
mated by averaging their responses to
questions pertaining to the use of Korean
home, at work or school, in social settings, w
close friends, and with a spouse. The resp

to each item was a number ranging from 1
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95AGE AND L2 ACQUISITION
(“never”) to 5 (“all the time”). English use wa
estimated by calculating the mean ratings g
to seven similar questions pertaining to Engl
The averages for the two sets of ratings w
inversely correlated,r 5 20.76,P , .01. Both
he average Korean use ratings and the En
se ratings were correlated with AOA (see
le 1).
An examination of language use was m

ated by several observations. First, there w
triking correspondence between language
atterns and the age that is widely believe
ark the end of the critical period. Figure

hows the ratio of English use to Korean u
he ratios obtained for the native Kore
roups having AOAs of 3–11 years were gre

han 1.0, indicating more English than Kore
se. One might speculate that the particip
ho used English more than Korean w

dominant” in English. However, the ratio
ere close to 1.0, indicating approximat
qual use of English and Korean, for gro
aving AOAs of 13–21. Second, it was sho
ecently that the frequency with which Italia
nglish bilinguals spoke Italian affected th
erformance in English in the phonological
ains (Flege, 1998a,b; Flege, Frieda
ozawa, 1997). Finally, partial correlation an

FIG. 6. Relative language use. The dashed line indic
a equal use of Korean and English according to self re
The error bars enclose61 standard error.
ses suggested that variations in the Koreanb
n
.
e

h
-

a
e

o

.

r

ts

use of their two languages were correlated w
the outcome measures of this study indep
dently of AOA.6

The other variable examined here was e
cation. One might reasonably expect per
mance in some aspects of English to vary
function of how much education the native K
rean participants had received in English. H
ever, Johnson and Newport (1989) observe
nonsignificant correlation (r 5 .25) betwee
Morphosyntax test scores and the numbe
years of English classes their participants
taken before arriving in the United States.

We focused here on how many years of
ucation the native Korean participants had c
pleted in English-speaking United Sta
schools, rather than on how long they had s
ied English in Korea. There was a correlat
between the Koreans’ AOA and how ma
years of education they had received in
United States,r 5 .92,df 5 238,P , .01. The
actual variable examined here was called “t
years of education in the United States”
“U.S. education,” for short). It was computed
adding the number of years of special Eng
classes the native Korean participants
taken, if any, to years of formal education in
United States.7

Hypotheses.The first hypothesis tested he
was that when AOA was controlled, the nat
Korean participants who used English relativ
often (and Korean seldom) would have a be
pronunciation of English and receive hig
morphosyntax test scores than those who
English relatively seldom (and Korean ofte

6 The foreign accent ratings reported earlier were co
ated with the Koreans’ self-reported use of both Eng
5 .61, and Korean,r 5 .70, P , .01. These correlation

emained significant when variations in AOA and lengt
esidence were removed,r 5 .30, 20.29, P , .01. Simi-
arly, the correlations between the overall grammatic
udgment test scores and both English use,r 5 .54, and
orean use,r 5 20.60, P , .01, were significant. The
orrelations remained significant when variations in A
nd length of residence were partialled out,r 5 .20 and
0.22,P , .01.
7 The number of years of special English classes,M 5 1.6

years, range5 0–4 years, was not correlated significan
with AOA, r 5 .07,P . .10, which reduced the correlati

s
t.
s’etween total years of education and AOA,r 5 .90.
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The second hypothesis was that when AOA
controlled, U.S. education would affect at le
some of the outcome measures. More spe
cally, it was hypothesized that education wo
have a greater effect on morphosyntax t
phonology, and a greater effect for rule ba
than lexically based aspects of morphosyn
The final hypothesis was that “age” effects
phonology, but not morphosyntax would rem
significant after variables confounded w
AOA were controlled. These hypotheses w
tested by establishing matched subgroups o
native Korean participants, each consisting
participants drawn from the original sample
240 without regard for the scores or ratings t
obtained.

Results.The first set of matched subgro
analyses compared groups that differed in U
education (15.1 vs. 8.9 years,P , .01) but were
matched for AOA (mean5 12.3 years for bot
subgroups). The matching process reduced
ation for variables in addition to AOA. Th
matched subgroups did not differ significan
in terms of their self-reported use of Kore
(3.2 vs. 3.1,P . .10) or English (3.9 vs. 4.
P . .10). They did differ, however, in length
residence in the United States (17.0 vs. 1
years,P , .05). As summarized in Table 7, t
“Much U.S. Education” group had significan
higher rule based morphosyntax scores than
the “Little U.S. Education” group (P , .01).

TABLE 7

Comparisons of Two Groups of 20 Native Korean P
icipants Each Who Differed in Amount of Education in
nited States but Were Matched for AOA

Outcome variable

More
years of

education

Fewer
years of

education F(1,38)

Foreign accent 5.0 (1.8) 5.0 (2.0) 0.00
Overall GJT score 87% (8) 80% (14) 3.29
Lexicon based GJT 84% (13) 79% (18) 1.3
Rule based GJT 93% (4) 85% (12) 9.15

Note.The two groups differed significantly in U.S. ed
cation (8.9 vs. 15.1 years) but had the same AOA (
years for both groups). Standard deviations are in pare
ses. *P , .01.
However, the two matched groups did not re
s
t
-

n
d
.

e
0
f

y

.

ri-

6

id

ceive significantly different foreign accent r
ings, overall morphosyntax scores, or lexic
based morphosyntax scores (P . .10).

The comparison of the two matched gro
was accompanied by a set of “control” analy
comparing groups that differed in U.S. edu
tion but were not matched for AOA. The p
ticipants in the two unmatched control group
20 participants each were randomly selecte
have the same mean number of years of
education as did the two matched groups c
pared earlier (viz. 15.1 vs. 8.9 years,P , .01).
Given that the participants in the control gro
were randomly selected, and given that A
was correlated with years of U.S. education
the original sample of 240 participants, the c
trol groups differed significantly in terms
AOA (7.2 vs. 16.2 years,P , .01). Like the
matched groups, the unmatched control gro
differed significantly in terms of their rule bas
scores (93% vs. 85%;P , .01). However, un
like the matched groups, they also received
nificantly different foreign accent ratings (6
vs. 3.1), overall morphosyntax scores (94%
78%,P , .01), and lexically based morphosy
tax scores (92% vs. 73%,P , .01).

These results indicate that the amount of U
education had a significant and independen
fluence on just one of the four outcome m
sures considered here: the rule based mor
syntax scores. It is not certain whether exp
or implicit instruction affected the Korean
learning of rule based aspects of English m
phosyntax (see Winitz, 1996). Whatever
kind of instruction (or input) it was, it does n
seem to have augmented the Koreans’ kn
edge of ungeneralizable aspects of English m
phosyntax or to have improved their pronun
ation of English. This finding might, therefo
be taken as support for the view that an imp
tant difference exists in the learning of r
based versus lexically based aspects of En
morphosyntax (Pinker, 1991).

The second set of matched subgroup ana
compared groups that differed in AOA (9.7
16.6 years,P , .01) but were matched for U.
education (mean5 10.5 years for both groups
The matching process reduced variation in v

3
e-
-ables other than just U.S. education. The two
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97AGE AND L2 ACQUISITION
matched subgroups did not differ significan
in years of residence in the United States (1
vs. 14.7 years), Korean use (3.2 vs. 3.4)
English use (3.9 vs. 3.6, allP values. .10). As
ummarized in Table 8, the “earlier” bilingua
eceived significantly higher foreign accent
ngs (i.e., pronounced English better) than
he “later” bilinguals. However, the earlier b
inguals did not differ significantly from th
ater bilinguals for any of the morphosynt
cores (overall, lexically based or rule bas
. .10).
The accompanying control analyses yiel

ifferent results. These analyses compared
omly selected subgroups of 20 native Kor
articipants each who had the same AOAs

he matched groups compared earlier (viz.
s. 16.6 years) but were not matched for U
ducation. Given that the amount of U.S. e
ation was correlated with AOA, the two u
atched control groups differed significantly
.S. education (14.4 vs. 8.0 years,P , .01).

The two unmatched groups were found to di
significantly not only in terms of foreign acce
(5.9 vs. 3.4,P , .01) but also in terms of the
overall morphosyntax scores (92% vs. 79
lexically based morphosyntax scores (92%
76%), and rule based morphosyntax sc
(94% vs. 85%) (P , .01).

These results indicate that AOA had a sig
icant, independent effect on just one of the f
outcome measures considered here: the fo

TABLE 8

Comparisons of Two Groups of 20 Native Korean P
icipants Each Who Differed in AOA but Were Matched
mount of Education in the United States

Outcome variable
Earlier
AOA

Later
AOA F(1,38)

Foreign accent 5.2 (2.1) 3.6 (1.4) 8.22
Overall GJT score 83% (13) 81% (9) 0.24
Lexicon based GJT 81% (17) 78% (12) 0.3
Rule based GJT 87% (11) 89% (8) 0.43

Note. The two groups differed in AOA (9.7 vs. 16
ears) but had the same number of years of education
nited States (10.8 years). Standard deviations are i

entheses. *P , .01.
accent ratings. From this, one might conclude.
9
r

;

n-
n
s
7
.
-

r

,
.
s

r
n

that age constrains the learning of phonol
but not the learning of L2 morphosyntax. T
difference across linguistic domains that w
observed here can be interpreted in at least
different ways. It might derive from the use
different neural substrates for phonological v
sus lexical-semantic and syntactic learn
and/or processing (Warrington, 1975; Schwa
Marin, & Saffran, 1979; Berndt, Caramazza
Zurif, 1983; Mateer, 1983; Liberman & Ma
tingly, 1985; Keller, 1987; Gracco & Abb
1987), or it might arise from the use of differe
“modules” (Forster, 1979; Garrett, 1980; Fod
1983).

The native Korean participants compared
the final set of matched subgroup analyses
fered significantly in their use of Korean (4.1
2.1,P , .01) and English (3.3 vs. 4.5,P , .01)
but were matched for AOA (mean5 11.4 year
for both). The matching process reduced va
tion in variables in addition to AOA. Th
matched subgroups did not differ significan
in years of residence in the United States (1
vs. 15.1 years,P . .10) or U.S. education (12
vs. 12.5 years,P . .10). As summarized
Table 9, the Koreans who used English r
tively often and Korean relatively seldom ha
significantly better pronunciation of Engli
than did those who used English relatively
dom (and Korean often) (P , .05). They als
had higher lexically based scores (P , .05).
However, the two matched subgroups did

TABLE 9

Comparisons of Two Groups of 20 Native Korean P
icipants Each Who Differed in Self-Reported Langu
se but Were Matched for AOA

Outcome variable

Little
L1/much

L2

Much
L1/little

L2 F(1,38)

Foreign accent 5.6 (1.7) 4.4 (1.9) 4.27
Overall GJT score 89% (10) 83% (12) 2.45
Lexicon based GJT 89% (12) 80% (15) 4.14
Rule based GJT 92% (8) 88% (11) 1.32

Note. The two groups differed significantly in self-r
orted Korean use (4.1 vs. 2.1) but were matched for A
11.4 years). Standard deviations are in parentheses.P ,

e
a-
05.
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differ significantly in terms of their overall mo
phosyntax or rule based morphosyntax sc
(P . .10).

In the accompanying control analyses, 20
tive Korean participants each were rando
selected to create groups that had the s
mean Korean use ratings as did the matc
subgroups compared earlier (viz. 4.1 vs. 2
Given that AOA was correlated with amount
Korean use, the two unmatched control gro
in the control analyses differed significantly
AOA (16.2 vs. 7.0 years;P , .01). The two
unmatched groups received significantly dif
ent foreign accent ratings (6.5 vs. 3.4,P , .01)
and lexically based morphosyntax scores (9
vs. 73%,P , .01). Unlike the matched su

roups, they also received significantly differ
verall morphosyntax scores (93% vs. 76
, .10) and rule based morphosyntax sco

94% vs. 83%,P , .01).
These results indicate that the Koreans’

ern of language use exerted a significant, in
endent effect on their degree of foreign acc

n English and their lexicon based morphos
ax scores, but not on their overall or rule ba
orphosyntax scores. The conclusion that
uage use affected the Koreans’ pronuncia
f English independently of AOA agrees w

he results of a regression analysis exami
he pronunciation of English by Italian/Engli
ilinguals (Flege et al., 1995a), as well as a
ses examining other aspects of Italian/Eng
ilinguals’ performance in the phonological d
ain (Flege, MacKay, & Meador, under

iew; Mackay, Meador, & Flege, under review
owever, this is apparently the first time that
ffect of language use has been reported
nowledge of any aspect of L2 morphosynt
The fact that language use affected the

eans’ learning of lexically based aspects
orphosyntax suggests that the learning of p
ology and irregular, ungeneralizable aspec
orphosyntax have something in common.
hysical realization of consonants and, es
ially, vowels varies as a function of ma
actors (e.g., neighboring context, speaking r
egree of stress). The perception of speec
haped by what one hears. As a result,

ong-term memory representations developes
s

-

e
d
.

s

t
,
s

-
-
t

-
d
-
n

g

l-
h

r

-
f
-
f

e
-

,
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e

or language-specific speech sounds depen
xperience with a wide range of tokens o
any years of exposure. Thus, the common

hared by the learning of phonology and le
ally based aspects of morphosyntax may
hat both require a bottom-up, data-driven t
f learning with associative or probabilistic re
esentations (Elman et al., 1997). This type
earning implies that the more input an
earner receives from native speakers, the m
ative-like their representations or processin

he L2 will be.

GENERAL DISCUSSION

Two outcomes of this study were expect
irst, the native Korean participants’ strength

oreign accent in English grew stronger and
cores they received on a 144-item gramm
ality judgment test decreased as their ag
rrival (AOA) in the United States increas
econd, more individual native Korean part
ants, and more AOA-defined Korean s
roups differed from the native English contr

n the phonological than morphosyntactic
ain.
The second set of findings might be taken

upport for the view that age constrains
earning of L2 phonology to a greater ext
han it does the learning of L2 morphosyn
e.g., Braine, 1971; Bever, 1981; Long, 19
urford, 1991; MacWhinney, 1992). It is u
ertain, however, which of several possible
lanations provides the best account for
ifference. Bever (1981) proposed that the

erence arises because phonological learnin
he L1 reaches completion sooner than d
orphosyntactic learning (so that a critical

iod for phonology ends sooner than does
or morphosyntax). According to Cook (199
ilinguals have more difficulty separating
honological than morphosyntactic system
heir two languages. Others have cited
reater overall perceived similarity of phon

ogical structures in the L1 and L2 than
orresponding morphosyntactic structures
ix, 1980; Ioup, 1984; MacWhinney, 1987)
laimed that the role of the motor cortex
dpeech articulation fundamentally distinguishes
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99AGE AND L2 ACQUISITION
phonological learning from the learning of m
phosyntax (Zatorre, 1989).

The primary aim of this study, however, w
to provide a better understanding of the un
lying basis for the AOA effects observed h
and in previous studies. We did this by eva
ating the validity of the critical period hypot
esis for L2 acquisition, and with it the claim th
age-related declines in L2 performance are
to a diminished ability to learn language t
results from brain maturation (e.g., Scov
1988).

Three methods were used to test the cri
period hypothesis. The discontinuity test w
applied to functions relating the 240 native K
rean participants’ AOA to their foreign acce
ratings and to scores obtained on the gramm
cality judgment test. There was no evidence
a nonlinearity for the foreign accent ratings n
the end of the putative critical period. Howev
there was a nonlinearity for the grammatica
judgment test scores, which supported the e
tence of a critical period for morphosyntax. T
second method applied here was the pre/p
correlation test. The critical period hypothe
leads to the expectation that there will b
correlation between AOA and L2 performan
for individuals who began learning their
before the age of 12 years, but not for those
began learning their L2 later in life. Howev
the AOA–foreign accent correlations and
AOA–morphosyntax correlations were sign
cant both for Koreans with AOAs of 2–12 ye
and those with AOAs of 13–23 years. Th
findings, therefore, failed to support the ex
tence of a critical period for the learning
either phonology or morphosyntax.

A matched subgroup analysis confirmed
the AOA effect on foreign accent ratings w
not due to factors that were confounded w
AOA as in previous research (e.g., Bachi, 19
Bahrick et al., 1994; see Flege, 1998a). T
matched subgroups of 20 Korean participa
each were established by selecting particip
who differed in AOA but did not differ signif
icantly in terms of how much education th
had received in the United States, their lengt
residence in the United States, or their us

English and Korean. The later arriving sub-
-

-

e

,

l

i-
f
r

-

t-

o

t

;

s
ts

f
f

group (mean AOA5 16.6 years) had signifi
cantly stronger foreign accents than did the
lier arriving subgroup (mean AOA5 9.7 years)
even though the other variables were contro

Recall that the AOA–foreign accent functi
was essentially linear. One might, therefo
hypothesize that L2 phonology learning is c
strained by a sensitive period (Oyama, 19
1979; Bornstein, 1989), perhaps one that
lows from, or is shaped by, brain maturati
Based on their review of a large body of re
vant literature, Bates et al. (1992) noted
there is a slow, monotonic decline in synap
density and overall levels of brain metaboli
between the age of 4 years and the end o
second decade of life. These authors pos
that a connection exists between the rate
extent of human neural development and
“slow decrease in capacity for second-langu
learning” that one sees through childhood
adolescence (1992, p. 102).

There is an alternative interpretation that
prefer, however. It is that the age-related dec
in L2 pronunciation accuracy derives from
fact that, as AOA increases, the state of de
opment of the L1 phonetic system also
creases, thereby changing the way in which
L1 and L2 phonological systems interact (Fle
1995, 1998a,b). More specifically, age-rela
changes in the pronunciation of an L2 m
derive from differences in how, or if, L2 lear
ers perceptually relate L2 sounds to the sou
making up the L1 phonetic inventory. This,
turn, may lead to age-related differences
whether new phonetic categories are or are
established for sounds in the L2.

The results summarized earlier provid
mixed support for the existence of a criti
period in the domain of morphosyntax. Giv
this, as well as the ambiguity that exists w
respect to the discontinuity test (see the In
duction), the crucial test for morphosyntax w
the matched subgroup test. The results of
test differed from the one obtained for phon
ogy. The scores obtained for the earlier arriv
subgroup were not significantly higher th
those of the later arriving subgroup, ev
though, in a control analysis, subgroups hav

the same mean AOAs (9.7 vs. 16.6 years) that
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100 FLEGE, YENI-KOMSHIAN, AND LIU
were not matched on the confounded varia
were found to differ significantly. This su
gested that the native Korean participa
knowledge of English morphosyntax did n
decrease as the result of an increase in AOA
reported by Johnson and Newport (1989).
apparent AOA effect observed by Johnson
Newport may have been the result of fac
confounded with AOA. If this conclusion
correct, then the AOA effect observed here
in previous studies cannot be ascribed to
passing of a critical period for language learn
that arises inevitably from normal brain ma
ration.

Additional analyses provided insight into t
factors that might actually have been respo
ble for the previously reported AOA effects
L2 morphosyntax. Two functionally defin
subsets of grammaticality judgment test s
tences were examined. The “rule based” s
tences were characterized as testing the pa
ipants’ knowledge of regular, productive, a
generalizable rules of the surface morphol
of English. The “lexically based” sentences,
the other hand, were characterized as tes
knowledge of irregular and ungeneralizable
pects of English morphosyntax. The two set
sentences patterned quite differently. The sc
for the lexically based sentences decrea
more dramatically as AOA increased than
the scores for the rule based sentences.

Even more importantly, matched subgro
analyses showed that the rule based and
cally based scores were influenced by diffe
variables. One matched subgroup analysis c
pared subgroups of native Korean participa
who differed in self-reported use of English a
Korean but were matched for AOA. The su
group consisting of participants who used
glish often obtained higher lexically bas
scores (and also had a better pronunciatio
English) than those who used English relativ
seldom. The two subgroups’ rule based sc
did not differ significantly, however. Anoth
matched subgroup analysis compared s
groups of Koreans who differed in years of U
education but were matched for AOA. The p
ticipants with more U.S. education receiv

higher rule based scores than those with les
s

’

s
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U.S. education. However, the two subgrou
lexically based scores did not differ sign
cantly.

The differing effect of AOA on the rule bas
and lexically based morphosyntax scores, w
taken together with the results of the matc
subgroup analyses, bear on a conclusion
Bates and Goodman (1998) drew from th
extensive review of evidence from L1 acqu
tion, language breakdown, and real-time p
cessing. These authors concluded that the
for a modular distinction between grammar
the lexicon has been “overstated” in the lite
ture. While this may be so, the evidence
tained here suggests that such a distinctio
operative in L2 acquisition. The results summ
rized above suggest that knowledge of unge
alizable aspects of L2 morphosyntax (as we
the ability to pronounce an L2) improves gr
ually as a function of experience using the
Knowledge of generalizable aspects of Eng
morphosyntax, on the other hand, may be in
enced more importantly by amount of form
education.

Of course, the more the native Korean p
ticipants used English, the less they used
rean. One might, therefore, hypothesize tha
language use effect observed here was du
variations in how much the native Korean p
ticipants continued to speak Korean, not to
frequency with which they used English. It m
be that the more the L1 is used, the more it
influence the kind of knowledge that develo
for lexically based aspects of L2 morphosyn
(as well as L2 pronunciation). Still another h
pothesis that might be examined in future
search is that a relatively infrequent use of
L2 is an effect of poor performance in the L
not its cause.

In summary, foreign accents grew stron
and scores on the grammaticality judgment
decreased as the Korean participants’ AO
increased. However, the underlying bases
these effects differed importantly. The AO
effect on phonology but not morphosyntax
mained significant when variables confoun
with AOA were controlled. The AOA effect o
phonology may have been due to a sens

speriod arising from brain maturation or, more
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101AGE AND L2 ACQUISITION
likely, from changes in how the L1 and L
phonological systems interact as the L1 sys
develops. The apparent AOA effects on m
phosyntax seem to have arisen from variat
in education and language use that were co
lated with AOA and so were unlikely to ha
arisen from a maturationally defined critical
sensitive) period.

APPENDIX 1

The 44 Grammatical and Ungrammatical “Rule-Based
GJT Sentences. The Grammatical Version of Each
Sentence Is Specified by the Word(s) in Parenthes

The girl cooks (cooked) dinner for her family last nig
Last night the old lady die (died) in her sleep.
Last night Mary walks (walked) to the store.
The man paints (painted) his house yesterday.
Sandy fill (filled) a jar with cookies last night.
Every Friday our neighbor wash (washes) her car.
John’s dog always wait (waits) for him at the corner
Every day Terri talk (talks) to her Mom on the phon
Mrs. Sampson clean (cleans) her house every We

day.
Many house (houses) were destroyed by the flood

week.
Three boy (boys) played on the swings in the park.
Todd has many coat (coats) in his closet.
A (The) boys are going to the zoo this Saturday.
Mary opens a (the) windows in her room every nigh
Him (He) is fixing the tire on Jamie’s bicycle.
Them (They) worked on the project all night.
A snake bit she (her) on the leg.
Susan is making some cookies for we (us).
We ate the whole pizza by themselves (ourselves).
The girl cut himself (herself) on a piece of glass.
They took theirs (their) children to the theater.
Tom drove himselves (his) sister to the concert.

APPENDIX 2

The 44 Grammatical and Ungrammatical Lexically Bas
GJT Sentences. The Grammatical Version of Each
Sentence Is Specified by the Word(s) in Parenthes

The farmers were hoping (hoping for) rain.
Why (What) did the company send?
The policeman was talking (talking to) a woman.
Larry went the (omit “the”) home after the party.
Jenny set the book that was (omit “that was”) on the
The man lets his son to (omit “to”) watch TV.
The girls enjoy to feed (feeding) the ducks.
Kevin called Nancy for a date up (up for a date).
The man looked the new cars yesterday over (ove

new cars yesterday).
I hope you to go to (will go to) the store now.

Mrs. Johnson went to (the) library yesterday.
-
s
-

s-

t

.

e

The man climbed the ladder up (up the ladder) caref
The horse jumped the fence over (over the fence) ye

day.
He came (to) my house at six o’clock.
She let the cat very quickly in (in very quickly).
The man allows his son watch TV (to watch TV).
The little boys laughed (laughed at) the clown.
The girls want feeding (want to feed) the ducks.
George says (says his prayers) much too softly.
The boy put the bowl (add: “in the kitchen”).
Why (Where) did she put the book?
Nancy put the dishes last night away (away the dishe

night).
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