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CHAPTER ONE 

Introduction:  

Whys and Why Nots of the Critical 

Period Hypothesis for Second 

Language Acquisition

David Birdsong 

University of Texas

The facts of adult second language acquisition (L2A) contrast sharply 
with those of first language acquisition (L1A). Whereas the attainment 
of full linguistic competence is the birthright of all normal children, 
adults vary widely in their ultimate level of attainment, and linguistic 
competence comparable to that of natives is seldom attested. A reasonable 
explanation for the facts of L1A and L2A is given by the Critical Period 
Hypothesis (CPH). In its most succinct and theory-neutral formulation, 
the CPH states that there is a limited developmental period during 
which it is possible to acquire a language, be it L1 or L2, to normal, 
nativelike levels. Once this window of opportunity is passed, however, 
the ability to learn language declines. Consistent with the CPH are the 
morphological and syntactic deficits of Genie, who was largely deprived 
of linguistic input and interaction until age 13 (Curtiss, 1977), as well 
as the desultory linguistic achievements of most adult L2 learners.

With a focus primarily on L2A, the present volume explores reasons 
why humans might be subject to a critical period for language learning. 
It also examines the adequacy of the CPH as an explanatory construct, 
the “fit” of the hypothesis with the facts.

To both of these dimensions, the contributors offer cutting-edge 
thought and experimentation. In examining the possible causes of a 
critical period for L2A, the researchers bring the CPH into line with 



 

2  SECOND LANGUAGE ACQUISITION

specifics of recent linguistic theory (Eubank & Gregg, chap. 4), discern 
neurofunctional differences between early- and late-learned language 
(Weber-Fox & Neville, chap. 2), and suggest sources of limits to 
language learning that are accommodated in modern evolutionary 
thinking (Hurford & Kirby, chap. 3). In questioning the explanatory 
suitability of the CPH-L2A, contributors bring new empirical data and 
argumentation to bear on matters once thought to be settled, such as 
the heuristic utility of the CPH-L2A (Flege, chap. 5), the shape of the 
age function, in theory and in fact (Bialystok & Hakuta, chap. 7), and 
the possibility of nativelike attainment in L2 pronunciation (Bongaerts, 
chap. 6).

These two approaches—one that ponders the etiology of a critical 
period for L2A and the other that disputes the adequacy of the CPH-
L2A—are representative of current intellectual discourse. In according 
equal time to each of the approaches, this volume aims at a balance of 
scholarship pro and contra the CPH in the L2A context.

As a prolegomenon to these chapters, it is instructive to examine 
a few of the more prevalent formulations of the CPH-L2A, looking 
in particular at the proposed mechanisms of age-related effects. The 
introduction will also situate this book within the current intellectual 
climate of questioning the received wisdom relating to the CPH-L2A.

THE WHYS:  
VIEWS ON THE ONTOGENY  

OF TIME-BOUNDED SUCCESS IN L2A

Earlier references to “the” CPH are somewhat misleading, for there is no 
single CPH.1 Rather, there are varied formulations, each of which takes 
a different ontogenetic tack on the limits of language acquisition. It is 
customary, however, to refer to them collectively, because, manifestly, 
they share the common denominator of determinism. That is, they 
assume a nonnativelike end state for late language acquisition and seek 
explanations for this outcome in developmental factors that inevitably 
affect all members of the species.

In this volume, each of the chapters addresses at least one of several 
critical period hypotheses as they apply to adult L2A. As a preview of 
these varied formulations of the CPH—and as an introduction to other, 
kindred proposals not mentioned in the chapters—this section offers 

1 Similarly, the present use of the term critical period is meant to encompass formulations 
of a weaker sensitive period as well. The latter is thought to be more gradual in offset, and 
to allow for more variations in end-state attainment, than the former (see Long, 1990). 
However, the present discussion applies equally to the strong and weak formulations, hence 
me use of a single label. For further distinctions between sensitive and critical periods, see 
Eubank and Gregg (chap. 4, this volume).



 

INTRODUCTION 3

sketches of some of the mechanisms that researchers have proposed as 
underlying age-related declines in language learning ability.

Loss of Neural Plasticity in the Brain

Because of progressive lateralization of cerebral functions and ongoing 
myelination in Broca’s area and throughout the cortex, the neural 
substrate that is required for language learning is not fully available 
after the closure of the critical period. This formulation was originally 
proposed by Penfield and Roberts (1959), and later popularized by 
Lenneberg (1967), who postulated that the end of the critical period 
was marked by “termination of a state of organizational plasticity 
linked with lateralization of function” (p. 176). Variations on this line 
of thinking have been advanced for the L2A context (e.g. Long, 1990; 
Patkowski, 1980; Pulvermüller & Schumann, 1994; Scovel, 1988).

Lenneberg (1967) directed most of his argumentation to primary 
language acquisition. However, he made a brief foray into L2A and 
pointed to learners’ progress as well as their shortcomings. Here, 
Lenneberg moved from brain-based to mind-based commentary, 
alluding to an appendix in his book—written by Chomsky—that 
outlines Universal Grammar (UG)-based formal similarities among 
natural languages. For adults learning an L2, Lenneberg (1967) invoked 
the presence of this mental “matrix for language skills” to square the 
facts of (partial) L2A success with closure of the critical period:

Most individuals of average intelligence are able to learn a second language 
after the beginning of their second decade…. A person can learn to 
communicate in a foreign language at the age of forty. This does not trouble 
our basic hypothesis on age limitations because we may assume that the 
cerebral organization for language learning as such has taken place during 
childhood, and since natural languages tend to resemble one another in many 
fundamental aspects (see Appendix [A]), the matrix for language skills is 
present. (p. 176)

For related thinking about the linkage of neurological development and 
the mental representation of UG, see Eubank and Gregg (chap. 4, this 
volume) and Jacobs (1988).

Loss of (Access to) the Language Learning Faculty

The closure of the critical period entails a loss of UG, a mental faculty 
consisting of innately specified constraints on the possible forms that 
natural language grammars may take. A weaker version of this approach 
suggests that UG continues to be mentally represented but for various 
reasons is no longer available or accessible to the language learner. It 
should be noted that, because the L1 grammar is an instantiation of UG 
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(see previous section), one can plausibly account for at least some of the 
headway that learners do make in L2A.

With the offset of the critical period, there may also be a loss of 
innate learning strategies presumed specific to the learning of language. 
These include the Subset Principle, which guides the learner to posit 
the most conservative grammar consistent with the linguistic input. 
By hypothesis, these epistemological components are the sine qua non 
of language acquisition; their absence essentially guarantees failure 
to attain nativelike competence. Thus the Fundamental Difference 
Hypothesis (Bley-Vroman, 1989) attributes the divergent end states 
of early L1A and late L2A to loss of, or lack of access to, UG and 
associated learning principles.

Principled inquiry concerning the role of UG in both the initial and 
end states of adult L2A comes in many forms (for a recent selection, see 
Flynn, Martohardjono, & O’Neil, 1997). One prominent line of thinking 
holds that invariant principles of UG are not lost in adult L2A; rather, 
what is problematic is the acquisition of L2 parameters: “Parameter 
values become progressively resistant to resetting with age, following 
the critical period” (Towell& Hawkins, 1994, p. 126). Simplistically, 
the difficulty in resetting parameters resides in having to “unlearn,” 
in the sense of relinquishing the representation of a parameter having 
a unique, L1-based setting, and establishing in its stead a biunique 
setting compatible with both the L1 and the L2 (for elaboration on 
parameter resetting, see Eubank and Gregg, chap. 4, this volume). In a 
later section, I summarize a contrasting approach to unlearning under 
the connectionist model of acquisition.

Maladaptive Gain of Processing Capacity with Maturation

As children develop, they are increasingly capable of processing 
linguistic input. However, Newport (1990, 1991) argued that cognitive 
immaturity, not cognitive maturity, is advantageous for language 
learning. Young children’s short-term memory capacity allows them 
initially to extract only a few morphemes from the linguistic input. 
Working within these processing limits, children are more successful 
than adults, whose greater available memory allows for extracting more 
of the input, but who then are “faced with a more difficult problem of 
analyzing everything at once” (Newport, 1991, p. 126). The benefits of 
starting small have been demonstrated in simulations of the acquisition 
of English morphology (Goldowsky & Newport, 1993). Similarly, 
Elman’s (1993) connectionist model starts with limited memory, then 
undergoes maturational changes (incremental increases in memory 
capacity). Training of networks under this condition succeeds in 
processing complex sentences. If the starting point is a fully formed 
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adult-like memory, however, the complex sentences are not successfully 
processed by the network.

This “less is more” formulation of the CPH is apparently not confined 
to the domain of language acquisition: “The more limited abilities of 
children may provide an advantage for tasks (like language learning) 
which involve componential analysis” (Newport, 1990, p. 24; italics 
added). Nor is any loss of an innate language learning faculty implied: 
“the language acquisition capacity remains intact, but as children 
mature beyond the ages of four or five its function is impeded by the 
child’s increasingly sophisticated cognitive abilities” (Meier, 1995, p. 
613). In a similar vein of thought that specifically targets L2A, Felix’s 
Competition Model (e.g., Felix, 1985) posits the coexistence of an 
intact UG and advanced domain-general cognition, and maintains 
that competition between the two systems results in victory for the 
latter. Mature domain-general cognition is thought to be ill-suited to 
the narrow, modularized task of acquiring language, hence the lack of 
success typically associated with adult L2A. The inappropriateness of 
certain mature cognitive mechanisms in the L2A context was explored 
by Birdsong (1994) and Bley-Vroman (1989).

Rosansky (1975) appealed to a Piagetian developmental model of 
cognition and argued that the emergence of Formal Operations during 
adolescence might forestall language learning. Although Rosansky’s 
theoretical constructs differ from those of Newport, the reasoning of 
the two researchers is remarkably similar. For Rosansky (1975),

initial language acquisition takes place when the child is highly centered [i.e., 
in stages prior to Formal Operations]. He is not only egocentric at this time, 
but when faced with a problem he can focus (and then only fleetingly) on one 
dimension at a time. This lack of flexibility and lack of decentration may well 
be a necessity for language acquisition. (p. 96)

Use It Then Lose It

After childhood, unneeded neural circuitry and the language learning 
faculty it underlies are “dismantled” because the relevant neural tissue 
incurs metabolic costs (Pinker, 1994). This reasoning, whereby early 
language learning is biologically favored over later learning, is rooted in 
modern evolutionary thinking. Early learning of language is preferred in 
order that we may reap the benefits of linguistic communication over a 
longer stretch of our lifetime. So whereas our use of language continues 
through adulthood, the language learning faculty has served its purpose 
early on. To retain it would be uneconomical.

The evolution of our species has taken account of this one-shot 
utility. As Pinker (1994) argued:
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Language-acquisition circuitry is not needed once it has been used; it should 
be dismantled if keeping it around incurs any costs. And it probably does 
incur costs. Metabolically, the brain is a pig. It consumes a fifth of the body’s 
oxygen and similarly large portions of its calories and phospholipids. Greedy 
neural tissue lying around beyond its point of usefulness is a good candidate 
for the recycling bin. (pp. 294–295)

Hurford (1991) similarly accommodated the “use it then lose it” 
version of the language learning faculty within an evolutionary model: 
“The end of the critical period at around puberty is…a point where 
the selection pressure in favour of facilitating factors ceases to operate, 
because of success at earlier lifestages…. The ‘light’ goes out for lack of 
pressure to keep it ‘on’” (p. 193).

Pinker (1994) speculated that the critical period for language 
acquisition is evolutionarily rooted in the more general phenomenon of 
senescence. Natural selection asymmetrically favors young organisms 
over older ones, assigning to youth the emergence of the lion’s share 
of genetic features, which deteriorate at differing rates with increasing 
age. Using the example of lightning striking and killing a 40-year-old, 
Pinker noted that if a bodily feature had been designed to emerge after 
the age of 40, it would have gone to waste:

Genes that strengthen young organisms at the expense of old organisms 
have the odds in their favor and will tend to accumulate over evolutionary 
timespans, whatever the bodily system, and the result is overall senescence. 
Thus language acquisition might be like other biological functions. The 
linguistic clumsiness of tourists and students might be the price we pay for 
the linguistic genius we displayed as babies, just as the decrepitude of age is 
the price we pay for the vigor of youth. (p. 296)

Use It or Lose It

On the mental muscle metaphor, the language learning faculty atrophies 
with lack of use over time. Paltry progress in postadolescent L2A is 
clearly compatible with this view. Further, deriving from “use or lose” 
the inference that if the language learning faculty is used it will not 
be lost, this “exercise hypothesis” can also accommodate anecdotal 
accounts of individuals who start L2 acquisition early and continue to 
acquire foreign languages successfully into adulthood.

The exercise hypothesis was elaborated in greatest detail by Bever 
(1981). Under Bever’s view, for acquisition of a given linguistic 
structure to take place, the systems of speech production and speech 
perception should work in tandem. In the absence of ongoing language 
learning activity, however, the two systems become progressively 
independent (with perceptive abilities outstripping productive abilities), 
because the psychogrammar, which normally mediates production and 
reception, ceases to function. (Bever’s psychogrammar may be likened 
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to a combination of UG, plus an organizer of acquired linguistic 
knowledge, plus an equilibrator of production and reception capacities 
at the moment of acquisition of a given structure.) Under conditions of 
continual use, however, the psychogrammar does not cease to function, 
and production and perception do not dissociate:

So long as one is continually learning a new language the systems of production 
and perception never become fully autonomous, and closed off from each 
other. That is, continuous acquisition can stave off the independence of 
the systems, and therefore delay the apparent critical period. (Bever, 1981,  
p. 194)

Whereas the use it or lose it formulation predicts that critical period 
effects can be skirted under conditions of continued language learning, 
the “use it then lose it” version would seem to imply inevitable loss 
of language learning ability at the offset of the critical period. The 
two conceptions also differ in terms of the postmaturational fate of 
language learning circuitry. For Pinker, natural selection eliminates 
the metabolically hungry but functionally obsolete language learning 
mechanism. For Bever (1981), the psychogrammar “does not disappear 
after its usefulness is past because it is so entrenched as a mental 
system”; rather, it hangs around, taking an enormous metabolic toll: 
“The psychogrammar is not a joy of adulthood, but a burden, an 
adventitious relic left over from a dozen years of language learning” 
(p. 188).

Learning Inhibits Learning

In connectionist networks, learning is a matter of progressively 
accumulating and strengthening input-output associations. The strength 
of an association is functionally a probabilistic weighting corresponding 
to the likelihood that a given output of the system is correct. One 
downside to this kind of learning is that it is difficult to undo: As Elman 
et al. (1996) noted, “across the course of learning…the weights within 
a network become committed to a particular configuration…. After this 
‘point of no return’ the network can no longer return to its original 
state” (p. 389).

Consider the example of the word-final phonemic sequence /oral 
vowel +n/ in French, which is strongly correlated with feminine gender 
in nouns and adjectives. Under the connectionist model, an adult native 
French speaker develops a high weighting for the cooccurrence of this 
sequence with feminine gender. Once the weighting has become stable, 
it is difficult to perform the unlearning required for representational 
reorganization. So, if the French native encountered word-final /oral 
vowel +n/ in a foreign language, the learner’s initial assumption would 
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be that the gender of the word is feminine. This functional state would 
persist despite input to the system about the inadequacy of its output.

This scenario was summarized by Elman et al. (1996):

All things being equal, the weights will be most malleable at early points in 
learning. As learning proceeds, the impact of any particular error declines. … 
If a network has learned the appropriate function, occasional outlier examples 
will not perturb it much. But by the same token, it may be increasingly 
difficult for a network to correct a wrong conclusion. Ossification sets in. The 
interesting thing about this phenomenon, from a developmental viewpoint, 
is that it suggests that the ability to learn may change over time—not as a 
function of any explicit change in the mechanism, but rather as an intrinsic 
consequence of learning itself. (p. 70)

For the context of language learning, Marchman (1993) produced 
critical period effects in her connectionist simulation. When a neural net 
becomes so “entrenched” with linguistic information that reorganization 
is too “costly,” then it can be said that “it is the act of language learning 
itself that constrains the ability of the system to recruit new resources 
for solving linguistic problems” (p. 218).

Under this model, to attain success in L2A, the neural representation 
of a new language would in some sense have to supplant that of an 
earlier-learned language. That is, the idea that later language might 
be acquired alongside the old one is not explored. However, it is well 
known that the addition of an L2 does not imply subtraction of an L1, 
except to a modest extent in instances where continued use of the L1 
is minimal (see Flege, chap. 5, this volume). This matter of ecological 
validity aside, such a model—or any other model that assumes inhibition 
of late learning by prior learning—is a reasonable point of departure for 
dealing with crosslinguistic (L1–L2) effects in syntax. (See MacWhinney’s 
Competition Model (e.g., Liu, Bates & Li, 1992; MacWhinney, 1987), 
which examines the ways that L1 knowledge may influence L2 learners’ 
representations of the relation between constituent position and semantic 
function in L2 sentences.) Something akin to inhibition may likewise 
underlie a learner’s failure to develop new phonetic categories that 
properly distinguish L2 sounds from related L1 sounds, thus resulting 
in a foreign accent (see Flege, 1995; chap. 5, this volume). However, it 
would be inappropriate to apply an inhibition model straightforwardly 
to age effects in the L1: Despite having little or no language to unlearn, 
late learners of L1 such as Chelsea (Curtiss, 1989) or Genie (Curtiss, 
1977) are unable to attain full linguistic competence.

Other Factors in Nonnativelike Outcomes

Any number of learner variables may contribute to nonnativelikeness 
at the end state of L2A. There is little doubt that exogenous factors, 
such as variations in the amount and type of target language input, play 
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a role in determining the final product. Similarly, one cannot discount 
pressures of a psychosocial nature, especially learners’ motivation to 
learn an L2 and their attitude toward assimilating within the foreign 
culture. Perhaps reflecting a conspiracy of several of these factors, the 
amount of use of the target language influences degree of foreign accent 
(Flege, Frieda, & Nozawa, 1997), as does phonetic training (Bongaerts, 
chap. 6, this volume). Thus, the CPH-L2A is not to be thought of as a 
unitary account of non-nativelike outcomes. For further discussion of 
the range of factors that may influence ultimate attainment in L2A, see 
Klein (1995), Bialystok & Hakuta (chap. 7, this volume), Flege (chap. 5, 
this volume), Birdsong (1998), and Bongaerts (chap. 6, this volume).

THE WHY NOTS: REASONABLY DOUBTING THE 
CPH-L2A

On the face of it, the CPH-L2A is eminently plausible. We know that 
as humans mature, an earlier-is-better rule of thumb applies to any 
number of skills. Further, the case for the CPH-L2A is founded on a 
number of well-known studies, some of which we touched on earlier, 
others that are cited later. Moreover, until recently, there were few L2A 
success stories that would constitute counterevidence. Indeed, the case 
for the CPH-L2A is sufficiently solid that I am on record elsewhere as a 
staunch supporter (Birdsong, 1991).

The CPH-L2A would still have my support were it not for the 
unexpected findings of a study I carried out a few years ago (Birdsong, 
1992).2 Two distinct sets of results gave me pause. First, among the 
20 native speakers of English who began learning French as adults, 15 
fell within the range of native speaker performance on a challenging 
grammaticality judgment task, and several of these 15 participants 
deviated very little from native norms. This rate of nativelike attainment 
was unprecedented in the literature at the time. Second, I found that 
performance on the task was predicted by age of arrival (AOA) in 
France, even though the participants had moved to France as adults. 
Why should age effects continue to be found after the end of the 
presumed critical period?

Now that I am on the other side of the fence, it would be disingenuous 
of me to offer a neutral account of the CPH-L2A debate. Readers 
seeking the “pro” side will find it more than ably represented in this 
volume by Eubank and Gregg, Hurford and Kirby, and Weber-Fox and 
Neville. The following review is not meant to be exhaustive, because the 
book’s “anti” chapters (those of Bialystok and Hakuta, Bongaerts, and 

2 I should point out that the study was not designed to test directly the CPH-L2A but to see 
if some areas of grammar might be less subject to age effects than others. Some of the more 
peripheral results turned out to be of enduring interest.
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Flege) cover the terrain thoroughly. Rather, I will concentrate on two 
types of evidence I already alluded to—the nature of the age function 
and numbers of nativelike attainers—that have led me to reconsider 
my original position. In so doing, I hope to convey a sense of why the 
case is not closed on the CPH-L2A, and thus to justify the collection of 
papers in this volume.

The Age Function

In L2A research on ultimate attainment,3 no single study has contributed 
more to the case for critical period effects than that of Johnson and 
Newport (1989). The Johnson and Newport participants were 46 
Korean and Chinese learners of English, all of whom had lived in the 
United States for 5 years or more, but who varied in terms of their AOA 
in the United States. Participants were asked to provide grammaticality 
judgments of some 276 English sentences, roughly half of which were 
grammatical and the other half ungrammatical. The stimuli were 
presented on an audiotape, and participants provided binary judgments 
of acceptability by circling “yes” or “no” on an answer sheet. The 
stimuli exemplified basic surface contrasts in English, for example, 
regular verb morphology (Every Friday our neighbor washes her car; 
*Every Friday our neighbor wash her car), irregular noun morphology 
(Two mice ran into the house this morning; *Two mouses ran into the 
house this morning), and particle placement (The horse jumped over 
the fence yesterday; *The horse jumped the fence over yesterday).

Of the many findings in Johnson and Newport (1989), perhaps 
the most revealing is the age function, that is, the distribution of 
participants’ scores on the instrument plotted against their AOA in the 
United States. For participants arriving in the United States prior to the 
presumed closure of an age-related window of opportunity, there was 
a linear decline in performance that began after AOA of approximately 
7 years. However, after the window of opportunity closed, at AOA of 
about 17 years, the distribution of performance was essentially random 
(r=−.16). This outcome suggests that postmaturational AOA is not 
predictive of ultimate attainment; in other words, the L2 asymptote is 
determined not by a general age effect, but by one that operates within 
a defined developmental span. Consistent with critical period thinking, 
neurocognitive developmental factors are at work early on and cease 
when maturation is complete. Indeed, the asymmetry found by Johnson 
and Newport (1989), along with a similar finding by Patkowski (1980), 
may be straightforwardly interpreted as evidence for a biologically 

3 “Ultimate” is not used here to suggest “nativelike.” Ultimate attainment is to be understood 
as synonymous with the end state or asymptote of L2A, however close to or far from 
nativelike that state may be.
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based critical or sensitive period in L2A (e.g., Long, 1990; Pulvermüller 
& Schumann, 1994).
Understandably, the age function evidence in Johnson and Newport 
(1989) is a cornerstone in the CPH-L2A edifice. However, since that 
study, several researchers have found age effects among participants 
who began learning their L2 as adults. For example, Birdsong (1992), 
in a study of English-speaking learners of French (AOA varying from 
11.5–28), found a −.51 correlation (p=.02) of AOA and performance 
on a grammaticality judgment task. Other researchers (see Bialystok 
& Hakuta, chap. 7, this volume) have shown age effects for both early 
and late AOA. In a variety of domains, including pronunciation, both 
late and early AOA effects have been found (Oyama, 1976; Flege, chap. 
5, this volume). Contrary to the premises of the CPH-L2A, AOA is 
predictive of success, even when the AOA is later than the presumed 
end of maturational effects.

In the wake of these findings, the original Johnson and Newport 
(1989) results have been subjected to considerable scrutiny. For example, 
Bialystok and Hakuta (1994) reanalyzed the data from Johnson and 
Newport (1989) and found significant correlations of scores with age 
for both groups if the cutoff point was set at 20 years instead of 17. 
In addition, Birdsong and Molis (1998) conducted a replication of 
Johnson and Newport (1989), using the same materials, procedures, 
and tasks as the original. Our participants were 62 native speakers of 
Spanish. In contrast to Johnson and Newport (1989), we found a strong 
age effect among the 32 late arrivals (AOA≥17 years). The correlation 
between age and performance on the grammaticality judgment task is 
significant (r=−.69, p<.01). The results of our study further suggest that 
earlier is better across the lifespan; for early and late arrivals together, 
the correlation (r=−.77) is likewise significant (p<.01). Consider, too, 
that the scores of the late arrivals are fairly closely clustered about the 
regression line; with an r2 accounting for nearly half of the variance, 
the distribution is a far cry from the randomness found by Johnson and 
Newport.

Pulvermüller & Schumann (1994) maintained that “there is no clear 
evidence that after puberty the age of learning onset influences either 
mean or variance of grammaticality judgment scores” (p. 684). The 
present results constitute a direct and unambiguous challenge to this 
assertion. They should be sufficient, presumably, to prompt Pulvermüller 
and Schumann to revisit their neurobiological account of language 
acquisition: “If the decrease in grammatical proficiency with greater 
age in postpuberty starters could be confirmed, the present proposal 
would have to be modified” (p. 723).

Although these recent results are not consonant with the predictions 
of the CPH-L2A, they should not be interpreted as suggesting 
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that maturational factors are not at play at all. Birdsong & Molis 
(1998) pointed out that there is an inevitable confound of AOA and 
development prior to the end of maturation, in the sense that, for early 
arrivals, age effects cannot be dissociated from maturational effects. It 
is not inconceivable that the attested straight-line age function in L2A 
over the lifespan is the product of different causal mechanisms along 
the way, that is, the result of developmental factors up to the end of 
maturation, and of nondevelopmental factors thereafter.4

Rate of Nativelike Attainment

Estimates of rate of success in adult L2A (defined in terms of attainment of 
nativelike competence) typically range from virtually nil (Bley-Vroman, 
1989) to 5% (Selinker, 1972). Much has been made of the scarcity of 
nativelike attainers. Bley-Vroman (1989) spoke of “ineluctable failure” 
in L2A: if there are exceptional L2 learners, they are so rare as to be 
“pathological,’ comparable to instances of failure in early L1A (p. 44). 
Bley-Vroman (1989)—along with Selinker (1972)— suggested that 
whatever successes there are “could perhaps be regarded as peripheral 
to the enterprise of second language acquisition theory” (p. 44).

To establish the adequacy of the CPH-L2A, however, the rate of 
success must be taken into account. For Long (1990), falsifiability of 
the CPH-L2A hinged on this type of evidence: “The easiest way to 
falsify [the CPH] would be to produce learners who have demonstrably 
attained native-like proficiency despite having begun exposure well 
after the closure of the hypothesized sensitive periods” (p. 274). Indeed, 
for Long, a single such learner would suffice to refute the CPH-L2A (p. 
255).

At the time this criterion was suggested, there was little reason to 
suspect the CPH-L2A would be falsified. For example, Patkowski (1980) 
had found only 1 participant out of 34 late learners who performed 
in the native range. Johnson and Newport (1989) had found none. 
Moreover, not one of the adult learners in Coppieters’s (1987) study 

4 A few candidate variables were mentioned previously. Note too that neurophysiological 
factors after the completion of maturation are not to be overlooked in late AOA age effects. 
For example, myelination and dendritic pruning take place over the lifespan. Precisely 
what these processes might contribute to late L2A is still a mater of speculation, however. 
One direction of inquiry to consider is the possibility that different neural substrates 
are variably affected by senescence. Thus, for example, if the basal ganglia area that is 
responsible for the processing of regular morphology were less (or more) affected by aging 
than the temporal and parietal regions that subserve irregulars (see Ullman et al., 1997), 
we would expect to see a dissociation between regulars and irregulars in the ultimate 
attainment of late L2 learners (see Flege, Yeni-Komshian, & Liu, 1998; other dissociations 
are discussed by Weber-Fox & Neville, chap. 2, this volume, and Eubank & Gregg, chap. 
4, this volume).
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had even come close to native performance in judgments of sentence 
acceptability in French. However, since 1990, several researchers have 
attested nativelikeness among their late-learning participants.
For example, Van Wuijtswinkel (1994) tested Dutch native speakers 
who had begun learning English after 12 years of age. Their task was 
to judge the grammaticality of a subset of the Johnson and Newport 
(1989) items, along with an assortment of other syntactic structures 
in English. Van Wuijtswinkel attested nativelike performance among 
8 of 26 participants in one group of learners and 7 of 8 participants in 
another group. In a study of American Sign Language (ASL) as a second 
language, Mayberry (1993) found that late ASL-L2 learners (mean age 
of acquisition=11) varied little from native ASL users on several tasks, 
including immediate recall of complex sentences and grammaticality 
judgments. White and Genesee (1996) studied the acquisition of English 
by French native speakers in Montreal. Some 16 of the 45 participants 
who appeared nativelike on various screening measures had had their 
first significant exposure to English after age 12. Participants were 
asked to make questions involving wh-extraction and to judge the 
grammaticality of 60 exemplars of various wh-movement structures 
such as “What did the newspaper report the minister had done?” and 
“*What did you hear the announcement that Ann had received?” 
The researchers found no significant differences between near-natives 
(including the 16 late learners) and native controls on any task.

As mentioned above, Birdsong (1992) looked at the acquisition of 
French by 20 native speakers of English who had been exposed to 
French postpubertally (range 11–28 years, M=14.9), who had been 
residing in France for at least 3 years, and whose mean age of arrival 
was 28.5 years (range=19–48). On scalar grammaticality judgments 
of seven French syntactic structures exemplifying parametric variation 
(e.g., Diane a placé des fleurs dans sa chambre/*Diane a placé dans sa 
chambre des fleurs—‘Diane put flowers in her room’/‘Diane put in her 
room flowers) and highly French-specific constraints (e.g. Le très-connu 
Marcel Proust vient d’arriver/*Le connu romancier vient d’ arriver— 
‘The well-known Marcel Proust just arrived’/‘The known novelist just 
arrived’), the performance of 6 of the 20 experimental participants 
(30%) was well within the range of performance of native controls.

Cranshaw (1997) investigated the acquisition of English tense-aspect 
features by 20 Francophone and 20 Sinophone participants, all of whom 
had begun studying English after age 12. Over a variety of production 
and judgment measures, and using stringent criteria for comparison, 3 
(15%) of the Francophones were indistinguishable from native English 
controls, as was 1 (5%) of the Sinophones. Birdsong (1997) studied 
the acquisition of the distribution of the clitic se in French intransitive 
constructions (e.g., Les nuages se dissipent/*dissipent après l’orage—
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‘The clouds dissipate after the storm’; Les doigts bleuissent/*se bleuissent 
de froid—‘One’s fingers turn blue from the cold’). Participants were 
20 English natives (average AOA=23; average age of first exposure to 
French=13; residence in France≥5 years). The distribution of se is highly 
idiosyncratic; it was therefore felt that L2 acquisition to nativelike 
levels in this domain would be unlikely. As groups, natives and learners 
differed significantly. However, 4 (20%) of the non-natives scored 
above the native mean of approximately 95% accuracy. Finally, in 
the Birdsong and Molis (1998) replication of Johnson and Newport 
(1989), 3 of the 32 late-arriving subjects had scores that were above 
95% accuracy, and 13 of these late arrivals performed at or above 92% 
accuracy.5

In the domains of phonetics and phonology, Bongaerts and his 
colleagues (see Bongaerts, chap. 6, this volume) showed in several 
experiments that native speakers of Dutch are able to attain a level of 
pronunciation in English and in French that is indistinguishable from 
that of native speakers, even though their study of the L2 began in late 
adolescence. Birdsong (1997) examined the acquisition of constraints on 
realization of liaison consonants in French, using the same participants 
from the se experiment. Although the group overall had an error rate 
of 22.5% (in contrast to the native controls, whose error rate was 
0%), 4 of the nonnative participants, or some 20%, performed at 
100% accuracy. Two of these participants were among the 4 who had 
performed at nativelike levels in the SE experiment.6

Note that, in bringing falsifying evidence to bear on the CPH-L2A, the 
rate of success should be based on the relevant population of learners. 
That is, to determine the proportion of nativelike attainers, we should 
look at only those learners with exogenous circumstances favoring 
language acquisition, not at any and all who have had some exposure 
to an L2 or who have tried to learn a foreign language. (I suspect that 

5 Other studies attesting nativelike attainment include Juffs and Harrington (1995), Ioup, 
Boustagui, El Tigi, and Moselle (1994), and White and Juffs (1997).

6 Flege, Munro, and MacKay (1995) found that 6% of their late AOA participants 
performed at nativelike levels. However, no participant with AOA> 16 was found to have 
authentic pronunciation. Together, these findings suggest that nativelike pronunciation is 
possible but infrequent among late-arriving participants, and that age effects persist past 
the presumed end of maturation.

7 To get an idea of how small the relevant population might be, let us construe “a fair 
chance of success” in terms of bringing L2 input into rough comparability with L1 input. 
It has been estimated that in the first five years of life a child has 9100 hours of exposure 
to L1 input; multiplying this figure by the average number of utterances that are directed 
to a child each hour (670), we arrive at a figure in excess of 6 million (see Birdsong, 1998). 
Were the relevant L2A population to be restricted to learners with such massive input, 
they would constitute a small fraction of the universe of “second language learners.” In 
all likelihood, the rate of nativelike attainment within such a population would surpass 
insignificance.
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many long-held beliefs about the insignificant rate of success in L2A 
are based on the latter, much larger population.7) As an example, the 
success rate established in my work has been based on participants who 
have been immersed in the French language for a substantial length of 
time (minimum 3 years in the 1992 study, minimum 5 years in later 
studies). On the other side of the coin, when trying to determine the 
rate of success, we should not restrict the inquiry to “the cream of 
the crop,” that is, to just those learners who have been screened for 
nativelikeness prior to experimentation. For this reason, my work has 
not been limited to a sample of exceptional learners. The success rate 
is based on participants meeting a residency requirement (and, in order 
to make valid comparisons with native controls, having an educational 
profile and chronological age similar to those of native-speaking 
participants).
How many nativelike learners would be required for falsification of 
the CPH-L2A is, of course, debatable. It is safe to say, however, that 
a strict Popperian criterion, where one exception suffices to reject the 
hypothesis (Long, 1990), is more than amply met. In studies of the 
relevant population, the attested rates of success mentioned earlier range 
from 5% to 25%. Assuming a normal distribution, a 15% success rate 
corresponds to all of the area from roughly 1 standard deviation above 
the mean and higher; as such, these participants cannot be regarded 
as mere outliers in the distribution. (By way of comparison, consider 
that approximately 10% of the world’s population is left-handed. It 
would be folly to argue that left-handers are outliers in the human 
race.) Although for some observers a 10% or 15% success rate in L2A 
may not constitute adequate evidence for falsification of the CPH-L2A, 
it is nevertheless clear that nativelike learners cannot be dismissed as 
“peripheral.”

THE PRESENT VOLUME

Having considered the intellectual backdrop to the present volume, let 
us now preview the contents of the collection individually.

Three chapters were selected to represent the pro side of the CPH-
L2A debate. First, Weber-Fox and Neville examine bilinguals’ Event-
Related Brain Potentials (ERPs), which allow for measurement of 
electrical activity in various areas of the brain. A series of experiments 
reveals that late-learning bilinguals display slower linguistic processing 
than early-learning bilinguals, and that language-related neural systems 
of later learners are different in locus and function from those of early 
learners. Further, the processing of grammatical aspects of language 
(e.g., closed-class words and syntactic anomalies) is distinct from the 
processing of semantic aspects (e.g., open-class words and semantic 
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anomalies). The two processing subsystems are differentially affected 
by delays in the onset of language learning, suggesting the operation 
of different sensitive periods (see Seliger, 1978). Weber-Fox and 
Neville also review other applications of neural imaging techniques 
to bilingualism and L2A, underscoring the specific areas of linguistic 
competence in which differences between late and early bilinguals are 
to be found. These differences are viewed as being consistent with a 
Lenneberg-type conception of the CPH.
From an evolutionary perspective, Hurford and Kirby consider two 
components of restricted language learning capacity. First there is 
language size, the sum of all the complexities of a given language. Given 
our speed of acquisition, there is an upper limit on how much language 
can be acquired prior to puberty (biological selection favors attainment 
of maximal language size before the onset of sexual maturity). However, 
it is not the entrenchment of an acquired language that inhibits late 
learning (see the earlier discussion of Marchman, 1993). Instead, the 
attainment of maximal language size coincides with the decline of a 
second component, a facility for acquiring new linguistic knowledge. 
Like Elman and like Newport (see previous sections), Hurford and 
Kirby argue that this facility is optimized by starting small, in the 
sense of initially having a limited linguistic processing capacity. With 
development of increased processing capacity, this advantage is lost. 
For normal individuals, the upper limit of linguistic attainment is 
reached by the time the ability to learn language is lost. Thus, by virtue 
of the coincidence of these two developmental milestones, language 
size could be thought of as being predictive of the offset of the critical 
period, but it is clearly not its cause. In the L2A context, knowledge of 
the L1 can be recruited to the benefit of L2 attainment when the two 
languages are sufficiently similar. Success in L2A will nevertheless be 
limited, however, because the adult’s linguistic processing resources are 
no longer well suited to the task.

Eubank and Gregg’s chapter is broad in scope. First the authors seek 
to pin down the concept of plasticity as it relates to critical periods, 
detailing the interaction of input, neurophysiology, and neurochemistry 
in the processes of long-term potentiation and long-term depression. 
This section culminates in the outlines of distinct neurofunctional 
mechanisms whose decreased plasticity could be linked to the passage 
of a critical period for language learning. Eubank and Gregg then cite 
several critical periods in other animal species that could be compared 
in their domain specificity to humans’ critical period for language 
acquisition. They go on to examine the evidence for critical periods 
in L1A, and contrast this with the case for the CPH in L2A. Casting 
the debate in terms of modern linguistic theory, Eubank and Gregg 
refine the notions of language, modularity, and access to UG, stressing 
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the need for precision in use of these terms in discussing the CPH. A 
number of relevant L2A studies are reviewed and are found to offer 
only equivocal evidence for or against the role of UG in post-critical 
period L2A. However, Eubank and Gregg find the research of Weber-
Fox and Neville promising, as it aims to identify precisely which aspects 
of language might be subject to a critical period. The authors conclude 
with speculations as to why (a) critical period(s) might exist.

On the anti side of the ledger, there are likewise three chapters. Flege 
is interested in the CPH as it pertains to L2 pronunciation. First, he 
shows that L2 pronunciation accuracy declines linearly with age (see 
Bialystok & Hakuta, chap. 7, this volume), and does not display a 
trademark discontinuity that Patkowski (1990) and others associate 
with the passing of a critical period. After reviewing the adequacy of 
several variants of the CPH, Flege proposes that nonnativelike accents 
do not result from a loss of ability to pronounce; rather, they are an 
indirect consequence of the state of development of the L1 phonetic-
phonological system at the time L2 learning is begun. This conclusion 
is supported by the negative correlations of L1 pronunciation with L2 
pronunciation, and of L1 use with L2 pronunciation. He goes on to 
adduce evidence that undermines Bever’s (1981) formulation of the CPH, 
which depends crucially on the assumption of a loss of isomorphism 
between production and perception capacities in adults. For Flege, the 
difficulties associated with late learning of L2 pronunciation are not 
sufficiently captured by the CPH but are much more consistent with 
his Speech Learning Model. On this view, nonnativelike pronunciation 
results from learners’ increasing difficulty in establishing new, distinct 
representations of L2 phonetic categories. This difficulty is exacerbated 
when a given target phonetic segment is perceived by the learner to be 
highly similar to a segment in the L1 repertoire.

Bongaerts likewise tackles the area of L2 pronunciation, which, of the 
various linguistic domains, has been identified as the most vulnerable to 
critical period effects (Long, 1990; Scovel, 1988). Reporting the results 
from three experiments, Bongaerts brings disconfirming evidence in 
the form of late learners who are able to attain nativelike accents. The 
first two studies involved Dutch native speakers learning English as 
adults. Native English controls and two groups of Dutch participants 
were asked to read aloud a set of English sentences containing phones 
both similar to and different from Dutch sounds. Their pronunciations 
were rated for nativelikeness by a panel of judges. Under a variety of 
different analyses and by stringent criteria for comparison, a significant 
proportion of late learners in both studies were judged to have 
nativelike English pronunciation. The third study tested Dutch natives’ 
late acquisition of French. This target language was chosen because, 
unlike English and Dutch, it is not a Germanic language, and because it 
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is less often encountered over the Dutch airwaves than English. Over a 
range of performances, and again using strict criteria for nativelikeness, 
3 of 9 highly proficient late learners of French were judged to be 
indistinguishable from natives.

Bialystok and Hakuta grant that for L2A, earlier is better, but 
stake out the position that it is misguided to infer a causal relation 
between age and attainment. Rather, Bialystok and Hakuta liken age 
to an intervening variable in a design; were it to be controlled for 
experimentally or partialed out of a regression equation, then one 
would find linguistic factors and cognitive factors at play. The linguistic 
variable is exemplified in native-language transfer. If there is a change in 
the language acquisition mechanism over time, then what is transferred 
from the L1 to the L2 should also change: Early on, more abstract UG 
constraints should transfer, while later learning should be characterized 
by relatively more transfer of L1-specific surface features. A review of 
the relevant literature suggests that this is not the case. With respect 
to cognitive factors, Bialystok and Hakuta argue that literate versus 
nonliterate populations differ in ultimate attainment. This, along with 
the authors’ demonstration of proficiency differences as a function of 
educational level, cannot be captured by a simple maturational account 
of L2A. Bialystok and Hakuta also argue that the declines in general 
cognitive abilities that come with aging, being gradual and linear, are 
a better fit with the L2A data—which include the authors’ report of a 
large-scale survey of immigrants to the United States—than is a critical-
period-type function which, arguably, should exhibit some form of 
discontinuity.

Each of these chapters, whether anti- or pro-CPH-L2A, illustrates 
the richness, depth, and breadth of critical period inquiry. Collectively, 
they testify to the unmistakable centrality of the CPH in L2A research.
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CHAPTER FIVE 

Age of Learning and Second Language 

Speech

James E.Flege 

University of Alabama, Birmingham

In this chapter, we consider the relation between the age at which 
the naturalistic acquisition of a second language (L2) begins, and the 
accuracy with which the L2 is pronounced. Quite clearly, earlier is 
better as far as L2 pronunciation is concerned. However, the widely 
accepted critical period hypothesis does not appear to provide the best 
explanation for this phenomenon.

INTRODUCTION

Although it is widely agreed that “earlier is better” as far as the 
pronunciation of an L2 is concerned, there is disagreement as to the 
exact nature of the relation between the age of L2 learning and degree 
of foreign accent, as well as the cause(s) of foreign accent (see Singleton, 
1989, for a review). Long (1990) concluded from a review of previously 
published studies that an L2 is usually spoken without accent if learning 
begins by the age of 6, with a foreign accent if learning begins after the 
age of 12, and with variable success between the ages of 6 and 12. 
Patkowski (1990) concluded that the dramatic difference he noted in 
the foreign accents of participants who had first arrived in the United 
States before versus after the age of 15 was due to the passing of a 
critical period, which he defined as an “age-based constraint on the 
acquisition of full native fluency” in an L2. Indeed, Patkowski claimed 
that individuals who begin learning an L2 before versus after the critical 
period differ in a “fundamental, qualitative way” (p. 74). 

The critical period hypothesis (CPH) is widely viewed as providing 
an explanation for why many individuals speak their L2 with a foreign 
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accent. The end of a critical period for speech is usually associated 
with some sort of neurological change (e.g., lost plasticity, hemispheric 
specialization, or neurofunctional reorganization) that is thought to arise 
as the result of normal maturation (e.g., Lamendella 1977; Lenneberg, 
1967; Patkowski, 1990; Penfield & Roberts, 1959; Scovel, 1969, 
1988). Such a neurofunctional change(s), which might be expected to 
occur at roughly the same chronological age in many individuals, could 
conceivably affect the processing and storage in long-term memory of 
information pertinent to the L2 (e.g., Genesee et al., 1978). The CPH 
seems to imply that some aspect(s) of the capacity that permits children 
to learn to pronounce their L1 accurately is reduced or lost beyond the 
critical period.

Patkowski’s (1990) conclusion that a critical period exists for speech 
learning was based on a pattern of empirical data that has not been 
replicated in two recent studies. Flege, Munro, and MacKay (1995) 
examined the production of English sentences by 240 native speakers 
of Italian who immigrated to Ottawa, Canada, between the ages of 2 
and 23. Given Patkowski’s (1990) admonition that the CPH can be 
properly evaluated only by considering participants who have reached 
their ultimate attainment in L2 pronunciation under optimal learning 
conditions, Flege et al. (1995) recruited participants who had been living 
in Canada for at least 15 years at the time they were tested. In fact, the 
native Italian participants had lived in Ottawa for 32 years on average; 
most of them indicated that they spoke English more than Italian.

The 240 native Italian participants’ productions of five short 
English sentences (e.g., The red book was good), along with those of 
a control group of 24 native English participants, were digitized and 
then presented randomly to native speakers of English from Ontario. 
These listeners rated the sentences they heard for overall degree of 
perceived foreign accent using a continuous scale. Figure 5.1 shows the 
mean ratings obtained for the 264 participants. As expected, the native 
English participants received higher ratings than most native Italian 
participants, whose ratings decreased systematically as age of arrival 
(AOA) increased. Importantly, there was no discontinuity in the ratings 
at an AOA of 15 years, or at any other AOA. The straight line fit to 
the data obtained for the 240 native Italian participants accounted for 
71.4% of the variance in the ratings accorded their sentences (p<.01). 
(Language use factors accounted for roughly 15% of additional variance; 
see Flege et al., 1995). A subsequent study by Yeni-Komshian, Flege, 
and Liu (1997) that employed a similar design also yielded a near-linear 
relation between AOA and degree of foreign accent in a population of 
240 Korean-English bilinguals living in the United States.
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We can only speculate on the cause of the important difference in 
the results obtained by Flege et al. (1995) and Yeni-Komshian et al. 
(1997), on the one hand, and by Patkowski (1990), on the other hand. 
The difference was probably not due to differences in average length 
of residence in an English-speaking country of the participants who 
were studied—roughly 32 years for the Flege et al. (1995) participants, 
20 years for the Patkowski (1990) participants, and 15 years for the 
Yeni-Komshian et al. (1997) participants. It is conceivable, however, 
that one or more of the following other factors contributed to the 
observed difference: heterogeneity of the nonnative groups that were 
studied (many different native languages (L1s) in the Patkowski, 1990, 
study, just one L1 in the other two studies); the size of the nonnative 
population (67 vs. 240); the scaling techniques employed (a 5-point 
scale by Patkowski, 1990, vs. continuous and 9-point scales in the other 
two studies); and judges who evaluated the speech materials (trained 
English as a Second Language teachers in the Patkowski study vs. 
untrained).

I think it more likely, however, that the difference was an indirect 
consequence of the kind of speech materials that were examined. The 

FIG. 5.1. Average foreign accent ratings for 240 native speakers of Italian who 
arrived in English-speaking Canada between the ages of 2 and 23 (filled circles) 
and 24 native English controls (squares). Data are from Flege, Munro and MacKay 
(1995).
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participants examined by Flege et al. (1995) and by Yeni-Komshian et al. 
(1997) produced a standard set of sentences, whereas Patkowski (1990) 
examined 30-second excerpts of spontaneous speech samples that his 
participants had produced in interviews lasting from 15 to 30 minutes. 
It is therefore possible that Patkowski’s trained judges were influenced 
by the nonnative participants’ word choices and grammatical accuracy 
in addition to differences in pronunciation accuracy. If so, then the 
results obtained by Patkowski may be indicative of a sharp age-related 
discontinuity in performance in some linguistic domain other than the 
phonetic-phonological domain.

In my view, the lack of a nonlinearity in the function relating AOA 
to degree of foreign accent is inconsistent with the view that a critical 
period exists for speech learning (see also Bialystok & Hakuta, this 
volume). There was, however, one aspect of the data obtained by Flege 
et al. (1995) that was consistent with a CPH. None of the native Italian 
participants who began learning English after the age of 15 obtained a 
score that fell within two standard deviations (SDs) of the mean value 
obtained for the 24 native English control participants, and thus might 
be deemed to have learned to speak English without a detectable foreign 
accent. However, the data presented by Bongaerts, Planken, and Schils 
(1995; see also Bongaerts, Chap. 6, this volume) suggest that certain 
highly motivated individuals who begin learning their L2 beyond the 
age traditionally thought to mark the end of a critical period do manage 
to speak their L2 without foreign accent.

AN INTERACTIONIST PERSPECTIVE

The data just presented pose a problem for the CPH in that they did not 
reveal a sharp decline in pronunciation accuracy as a function of age. A 
more general problem with the CPH is that it does not specify the actual 
mechanism(s) that supposedly deteriorate, or are lost altogether, as the 
result of maturation. Several possibilities come to mind. For example, 
neurofunctional change(s) might reduce a person’s ability to add or 
modify the sensorimotor programs used for producing the vowels and 
consonants of an L2 (McLaughlin, 1977). Or, change(s) might reduce 
the ability to establish perceptual representations for new vowels and 
consonants (Flege, 1995; Rochet, 1995).

Still another problem is that the CPH is not directly testable. This 
is because factors that might conceivably influence speech learning 
are inevitably confounded with chronological age, which is the usual 
surrogate for the state of neurofunctional maturation that is thought to 
precipitate a lost or slowed ability to learn speech (see Flege, 1987, for 
discussion). For example, participants’ age of first exposure to an L2 
in a predominantly L2-speaking environment may be related to their 
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strength of emotional attachment to the L1-speaking community, their 
willingness to sound just like members of the L2-speaking culture, or 
both. To take another example, either length of residence in an L2-
speaking environment or chronological age must be confounded in a 
research design meant to compare groups of participants differing in 
their AOA in an L2-speaking environment.

As I see it, the most serious problem is that, because of its widespread 
appeal, the CPH dampens researchers’ enthusiasm for seeking and 
testing other potential explanations for the ubiquitous presence of 
foreign accents (as well as age-related declines in other aspects of L2 
performance). Other general hypotheses can indeed be formulated. For 
example, according to what might be called the exercise hypothesis, one’s 
ability to learn to produce and perceive speech remains intact across the 
life span, but only if one continues to learn speech uninterruptedly (see 
Bever, 1981; Hurford, 1991). On this view, foreign accents increase as 
a function of AOA because as AOA increases, fewer individuals can be 
found who have never stopped learning speech. However, although it 
is interesting, the exercise hypothesis may be difficult or impossible to 
test. It may not be possible to recruit matched groups of participants 
who have begun to learn some language, X, at the same age and under 
similar circumstances but who differ according to whether other 
languages were learned between L1 acquisition and the time of first 
exposure to language X.

According to an unfolding hypothesis, foreign accents are the indirect 
consequence of previous phonetic development, not the result of lost 
or attenuated speech learning abilities (Oyama, 1979; see also Elman, 
1993, and Marchman, 1993, for a connectionist perspective). For 
example, the phonetic categories established for vowels and consonants 
in the L1 may become better defined with age (Flege, 1992a, 1992b) 
and so become ever more likely to “assimilate” phonetically different 
vowels and consonants in an L2 (Best, 1995). The unfolding hypothesis 
predicts that the more fully developed the L1 phonetic system is at the 
time L2 learning begins, the more foreign-accented the pronunciation 
of the L2 will be. A problem also exists for the unfolding hypothesis, 
however. The state of development of the L1 phonetic system is apt to 
covary with maturation and development (and, of course, chronological 
age). This means that differentiating the unfolding hypothesis from the 
CPH may be impossible.

Still another general hypothesis might be called the interaction 
hypothesis. Weinreich (1953) was apparently the first to suggest that 
a mutual influence of a bilingual’s two languages on one another is 
inevitable. If so, it may be impossible for a bilingual to control two 
languages in exactly the same way as two monolinguals. Indeed, a 
number of investigators have suggested that it is not appropriate 
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to assess bilinguals in the same way that one assesses monolinguals 
(Grosjean, 1982). For example, Cook (1995) observed that divergences 
from monolingual-defined norms for the L1 or the L2 should not be 
viewed as a failure, as suggested by Selinker (1972), but as the necessary 
consequence of “multicompetences” in two languages. Cook (1995) 
suggested that, in the aggregate, the multicompetences of a bilingual 
normally exceeds the competence of any one monolingual. Mack 
(1986) noted that although early bilinguals may be quite fluent in both 
of their languages, the way they process language may differ from that 
of monolinguals because of a “pattern of linguistic organization that 
is unlike that of a monolingual” (p. 464; see also Neville, Mills, & 
Lawson, 1992; Weber-Fox & Neville, 1992).

According to the interaction hypothesis, bilinguals are unable to fully 
separate the L1 and L2 phonetic systems, which necessarily interact with 
one another. The L1 and L2 systems may, of course, form constrained 
subsystems that can be activated and deactivated to varying degrees 
(Paradis, 1993). This is what permits different modes of pronunciation 
in the L1 and L2. However, according to the interaction hypothesis, 
the phonic elements of the L1 subsystem necessarily influence phonic 
elements in the L2 system, and vice versa. The nature, strength, and 
directionality of the influence may vary as a function of factors such 
as the number and nature of categories established for phonic elements 
of the L1 and L2, the amount and circumstances of L1 and L2 use, 
language dominance, and so on (see e.g., Anisfeld, Anisfeld, & Semogas 
1969; Cutler, Mehler, Norris, & Segui, 1989; Flege, 1995; Ho, 1986; 
Macnamara, 1973). The interaction hypothesis leads to a prediction 
that is not generated by a CPH or any other hypothesis. It predicts that 
the loss of the L1, or its attenuation through disuse (Grosjean, 1982; 
Romaine, 1995), may reduce the degree of perceived foreign accent in 
an L2. In other words, the “less” L1 there is, the smaller will be its 
influence on the pronunciation of an L2 (Dunkel, 1948).

The interaction hypothesis was tested by Flege, Frieda, and Nozawa 
(1997) in a study that examined foreign accent in English sentences 
spoken by native speakers of English and two groups of native Italian 
participants. The participants in both native Italian groups had arrived 
in Canada from Italy at an average age of 5 but differed in self-reported 
use of Italian, 3% on average for the “LoUse” participants versus 
33% for the “HiUse” participants. The sentences spoken by the native 
Italian participants and those spoken by the native English controls 
were randomly presented to native English-speaking listeners who 
labeled each sentence as “definitely English” (i.e., definitely spoken by a 
native speaker of English), “probably English,” “probably Italian” (i.e., 
probably spoken by a native speaker of Italian), or “definitely Italian.”

The results of two analyses1 yielded two findings that run counter 
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to the CPH. First, sentences spoken by both the HiUse and LoUse 
participants were found to be foreign accented even though the 
participants in these groups had learned English as young children and 
had spoken English for more than 30 years, on the average. The CPH 
would lead one to expect that childhood learners of an L2 could evade 
being detected as foreign accented. Second, the HiUse participants were 
found to speak English with significantly stronger foreign accents than 
did the LoUse participants. Given that the CPH attributes foreign accent 
to the state of neurological maturation present at the time L2 learning 
begins, it would not lead one to expect a difference in L2 performance 
as a function of amount of L1 use.

The mutual influence of L1 and L2 on one another was also 
demonstrated in a study by Yeni-Komshian, et al., (1997). The 
participants for this study were 240 Korean-English bilinguals who had 
arrived in the United States between the ages of 2 and 23 and had lived 
in the United States for 15 years on the average (range: 8–30 years). 
Native English-speaking listeners used a 9-point scale to rate English 
sentences spoken by the bilingual participants and a control group of 24 
English monolinguals for overall degree of foreign accent. In a parallel 
experiment, native Korean-speaking listeners used a comparable scale 
to rate Korean sentences spoken by the bilinguals and a control group of 
24 Korean monolinguals. When plotted as a function of the bilinguals’ 
AOA in the United States, the functions established for Korean foreign 
accent in English sentences and for English foreign accent in Korean 
sentences formed an “X” pattern. The later the Koreans had arrived 
in the United States, the less accurately they were judged to have 
pronounced the English sentences and the more accurately they were 
judged to have pronounced the Korean sentences.

The Yeni-Komshian et al. (1997) study provided evidence that few if 
any bilinguals pronounce both of their languages without a detectable 
foreign accent. Just 16 (7%) of the bilinguals received a rating for their 
production of English sentences that fell within +/−2 SDs of the mean 
rating obtained for the 24 English monolinguals. Those who met the 
criterion had AOAs ranging from 1.5 to 8.5 years. A much larger number 
of the bilinguals, 111 (46%), received a rating for their production of 
Korean sentences that fell within +/− 2 SDs of the mean obtained for 
the 24 Korean monolinguals. The bilinguals who met this criterion had 

1 In one analysis, the native English-speaking listeners’ judgments were converted to 
a 4-point rating scale. In another analysis, the correct identifications of native Italian 
participants’ sentences as Italian were counted as hits and incorrect identifications of 
native English participants’ sentences as Italian were counted as false alarms. A-prime (A′) 
scores representing an unbiased measure of the listener’s sensitivity to foreign accent in the 
native Italian participants’ sentences were then calculated from the proportion of hits and 
false alarms.
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AOAs ranging from 8.5 to 22.5 years. However, just one bilingual out 
of 240, a woman with an AOA of 8.5 years, met the criterion in both 
English and Korean.

In summary, there is evidence that the two languages spoken by a 
bilingual interact with one another. If it is true that one continues to 
learn and refine the phonetic-phonological system of the L1 through 
childhood and adolescence, then the interaction hypothesis might 
provide an account for age effects on L2 performance that differs from 
the one offered by the CPH. Moreover, the interaction hypothesis seems 
to be more consistent with the observed linear relation between AOA 
and degree of foreign accent than does the CPH, which leads one to 
expect a discontinuity.

PRODUCTION AND PERCEPTION

So far we have considered only the overall pronunciation of the L2, 
that is, degree of foreign accent in sentences. Of course, individuals 
who learn an L2 often produce particular L2 vowels and consonants 
inaccurately, which contributes to what is perceived as foreign accent. 
Some part of nonnatives’ divergences from the segmental phonetic 
norms of the L2 in speech production may arise from an inability to 
master new forms of articulation. It would be interesting to know, for 
example, whether native speakers of English who are highly proficient 
speakers of a Southern Bantu language such as Xhosa are able to master 
the motorically complex clicks found in that language. If clicks can 
never be mastered by native English-speaking adults, it would suggest 
the existence of age constraints on articulatory motor learning.

However, many researchers (e.g., Flege, 1988b) believe that 
certain speech production errors arise from an incorrect perceptual 
representation of the properties that specify L2 vowels and consonants. 
For example, Rochet (1995) used a synthetic /i/-/y/-/u/ continuum of 
vowels to assess nonnatives’ vowel perception. Native Portuguese 
participants tended to misidentify French /y/ as /i/, whereas native 
English participants tended to misidentify the same vowel stimuli as /u/. 
In a repetition task, native Portuguese participants produced /i/-quality 
vowels when they heard French /y/ tokens, whereas native English 
participants tended to produce /u/. This finding led Rochet to conclude 
that some vowel production errors are “the consequence of the target 
phones having been assigned to an L1 category” (p. 404).

The Speech Learning Model ([SLM], e.g., Flege, 1995) posits that the 
L1 and L2 influence one another, and that this interaction constrains 
performance accuracy in both languages. According to the SLM, a 
variety of factors such as an individual’s age of L2 learning and the 
perceived dissimilarity of L2 sounds from the closest L1 sound(s) 
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determines whether an L2 learner will discern the phonetic differences 
that may exist between an L2 sound and the closest (nonidentical) 
sound in the L1. Awareness that a cross-language difference exists, in 
turn, may precipitate the formation of a new L2 phonetic category. 
Flege hypothesized that “the production of an (L2) sound eventually 
corresponds to the properties present in its phonetic category 
representation” (p. 239). This implies that, for certain L2 learners, the 
perception of an L2 sound may be more accurate than its production.

The hypothesis that production accuracy is constrained by 
perceptual accuracy is by no means new. Researchers generally agree 
that speech perception becomes attuned to the contrastive sound units 
of a particular language very early in life and that, in time, children’s 
production of speech corresponds to what they have heard. Kuhl and 
Meltzoff (1996) posited that skilled articulation arises out of language-
specific perception. They observed that, for the mature native speaker, 
information specifying auditory-articulatory relations is “exquisitely 
detailed…as though adults have an internalized auditory-articulatory 
‘map’ that specifies the relations between mouth movements and 
sound” (p. 2425). They also observed that the formation of memory 
representations “derives initially from perception of the ambient input 
and then acts as guides for motor output” (p. 2425). Pisoni (1995) 
noted that the phonetic contrasts that are produced by talkers are 
“precisely the same acoustic differences that are distinctive in perceptual 
analysis,” making the relation that exists between speech production 
and perception ‘unique’ among category systems.2 Pisoni noted further 
that although the relation between production and perception is apt to 
be “complex,” it is a nonarbitrary relation that reflects the properties of 
a “unitary articulatory event” (pp. 22–23).

L1 acquisition research has yielded results that are consistent with the 
views expressed by researchers such as Kuhl and Pisoni. For example, 
Kuijper’s (1996) work suggested that children’s ability to produce and 
perceive L1 segmental contrasts develops slowly and in parallel through 
early childhood. However, it is not universally accepted that the same 
kind of parallelism between production and perception exists in L2 
acquisition. In fact, Bever (1981) hypothesized that a critical period 

2 However, a close relation between motor control and perception may not be a characteristic 
that is unique to speech. A close relation between production and perception seems to reflect 
a general characteristic of brain functioning. Churchland (1986) observed that evolution 
[has] solved the problem of sensory processing and motor control simultaneously,” so 
that “theories [must] mimic evolution and aim for simultaneous solutions as well” (p. 
473). According to Edelman’s theory of neuronal group selection (e.g., Edelman, 1989), 
a “dynamic loop…continually matches gestures and posture to several kinds of sensory 
signals.” In Edelman’s view, perception “depends upon and leads to action.” Motor 
activity is considered to be “an essential part of perceptual categorization” (54–56).
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for learning speech exists because the development of production and 
perception will not be closely linked if speech learning occurs after the 
L1 is firmly established.

Bever (1981) postulated that, during L1 acquisition, a psychogrammar 
“equilibrates” (or aligns) production and perception. Bever rejected the 
view that the development of speech perception during L1 acquisition 
necessarily precedes corresponding developments in speech production, 
observing that advances in the two domains “leapfrog.” He posited 
that psychogrammar representations reflect the “conjoint” operation of 
perception and production, and that it is only through the mediation of 
such representations that what the child has acquired perceptually can 
influence production, and vice versa.3

According to Bever (1981), as the L1 phonology is acquired, 
production and perception are brought into alignment. Use of the 
psychogrammar will cease once its primary role, which is to align 
production and perception, has been accomplished. At this point in 
speech development, Bever hypothesized that speech production and 
perception become “independent” and the critical period for speech 
learning ends. Although psychogrammar representations for the L1 
might be accessed, the psychogrammar can no longer be used to align 
production and perception in an L2 learned after the critical period, 
that is to say, after the L1 phonology has been fully acquired. It is for 
this reason that L2 learners “often learn to discriminate sounds…they 
cannot distinctively produce” (Bever, 1981, p. 196).

Bever’s version of the CPH is valuable because of its specificity. 
However, it is not compatible with the results obtained in recent studies 
that examined L2 segmental production and perception. These studies 
suggest that, as in L1 acquisition, the production and perception of L2 
vowels and consonants may “align” with one another. However, before 
turning to these segmental studies, I first review a number of related 
studies dealing with sentence production and perception.

Sentence-Level Studies

By extension, Bever’s (1981) psychogrammar hypothesis might lead 
one to expect that a nonnative’s ability to produce and comprehend 
sentences in their L2 will be unrelated. However, two studies suggest 
otherwise. 

3 It is presumably the existence of psychogrammar representations that permits a child to 
know that  and  are two ways to say the same thing (one her own way and the 
other an adult’s way).
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Oyama (1973; see also Oyama, 1982a, 1982b) tested 60 Italian men 
living in New York City who had arrived in the United States between 
the ages of 6 to 20 and had lived there for 5 to 18 years. She assessed 
the participants’ degree of perceived foreign accent by having English-
speaking listeners rate paragraph-length speech samples. Sentence 
comprehension was assessed by having the participants repeat as many 
words as possible in a set of English sentences presented in noise. The 
foreign accent ratings and the scores from the comprehension test (i.e., 
the total number of words that could be repeated) for the individual 
participants were not available for reanalysis. However, when the mean 
values obtained for six subgroups of the participants (defined on the 
basis of length of residence and AOA in the United States) was examined, 
a significant correlation (r=0.818) was obtained. This indicated that 
the better the native Italian participants pronounced English, the better 
they were at comprehending English sentences in noise.

The sentences examined by Oyama (1973) included some words 
that were predictable from context (e.g., Shepherds seldom lose their 
sheep). The scores Oyama obtained were therefore likely to have been 
influenced to some extent by the participants’ higher order knowledge 
of English. Meador, Flege, and MacKay (1997) recently replicated and 
extended the Oyama study. To obtain scores that more closely reflected 
the bottom-up processing of vowels and consonants, semantically 
unpredictable English sentences (e.g., The blond dentist ate the heavy 
bread) having a single syntactic form (NP-V-NP) were examined. Figure 
5.2 shows the results obtained for 54 native Italian participants with 
a mean age of 48. These participants had arrived in Canada between 
the ages of 3 and 23 and had lived there for an average of 34 years. 
The more accurately the participants pronounced English sentences (as 
rated by native English-speaking listeners), the larger the number of 
words they were able to repeat, r=0.646, df=52, p< 0.001.

The correlation just reported (r=0.646) may actually have 
underestimated the relation between the participants’ ability to produce 
and perceive the vowels and consonants in the sentences. Repeating the 
words of a sentence presented in noise requires that words, or parts of 
words, be held in memory while additional information is processed. 
Individual differences in phonological short-term memory (PSTM) 
might therefore be expected to influence performance on a sentences-
in-noise task. The participants’ PSTM was assessed by having them 
repeat nonwords formed by concatenating two to five Italian CV 
syllables. When the variation in the PSTM scores was partialled out, 
the correlation between the participants’ degree of foreign accent and 
the number of words they were able to repeat in the sentences-in-noise 
test increased to r=0.734.
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As mentioned earlier, the SLM posits that the perception of L2 sounds 
may be more accurate than is their production, but that a divergence in 
the opposite direction is not expected. At the sentence level, this might 
lead one to expect that nonnatives who produce English sentences with 
an accent might nevertheless be able to accurately gauge degree of 
foreign accent in the same sentences. Flege (1988a) tested this prediction 
in an experiment with three groups of listeners: monolingual speakers 
of English, Chinese adults from Taiwan who had lived in the United 
States for an average of 1.5 years, and Chinese adults from Taiwan who 
had lived in the United States for 5.3 years on the average. The listeners 
used a continuous scale ranging from “strongest foreign accent” to “no 
foreign accent” to rate English sentences spoken by participants with 
widely varying degrees of foreign accent.

The foreign accent ratings obtained from both groups of Chinese 
listeners were correlated significantly with those obtained from the native 
English-speaking listeners (p<0.01). However, the more experienced 
Chinese listeners showed a significantly stronger correlation, r=0.947, 
df=45, than did the less experienced Chinese listeners, r=0.884, df=45; 
X2=7.79, df=1, p<0.01. When the foreign accents of the two Chinese 

FIG 5.2. The relation between 54 native Italian participants’ ability to repeat words 
in semantically unpredictable English sentences and their overall degree of foreign 
accent. Data are from Meador, Flege, and MacKay (1997).
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listener groups were evaluated, it was found that they spoke English 
with equally strong foreign accents (p>0.10). Thus, the participants 
who had lived in the United States for 5.3 years were more sensitive 
perceptually to the phonetic characteristics of English than were those 
who had lived in the United States the for just 1.5 years, whereas these 
two groups did not differ in the accuracy with which they pronounced 
English sentences. This finding is consistent with the hypothesis that 
perception “leads” production in L2 acquisition.

Segmental Studies

As mentioned earlier, Bever (1981) hypothesized that speech production 
and perception develop independently during L2 acquisition because the 
psychogrammar is no longer used to align production and perception 
after the end of a critical period. If this hypothesis is correct, then one 
would not expect to observe correlations between measures of post-
critical period L2 learners’ production and perception of L2 vowels and 
consonants. However, the results obtained in recent studies do show 
significant, albeit modest, correlations.

Vowels

A study by Flege, Bohn, and Jang (1997) provided evidence that a 
relation exists between late bilinguals’ production and perception of 
L2 vowels. The participants were 20 native speakers each of English, 
German, Spanish, Korean, and Mandarin. The 80 nonnative participants 
were first exposed to English on a regular basis when they arrived in 
the United States as adults; they had lived in the United States for an 
average of 4.0 years (range: 0.2–23 years) at the time of testing. The 
participants read a list of consonant-vowel-consonant (CVC) English 
words containing the vowels  and /æ/. Later, they identified 
the members of two continua containing the same vowels. The perceptual 
stimuli used in two-alternative forced-choice identification experiments 
consisted of synthetic vowels that ranged from beat to bit  in 
one continuum, and from bet to bat (/ε /-/æ/) in the other continuum. In 
both continua, spectral quality (F1 and F2 frequency) was varied in 11 
steps and vowel duration was varied orthogonally in three steps.

One method used to assess vowel production accuracy was to measure 
the size of the spectral (F1, F2) differences that the participants produced 
between  and /ε/-/æ/. The native English participants relied 
primarily on spectral (F1, F2) variation to identify vowels as /i/ versus 

 (or as /ε/ versus /æ/). Many normative participants, on the other 
hand, relied mostly or even entirely on vowel duration, perhaps because 
they did not have two separate, spectrally defined representations for 
the perceptual continuum endpoints. Thus, one way used to assess the 



 

114  SECOND LANGUAGE ACQUISITION

participants’ accuracy in perceiving English vowels was to determine 
the extent to which their identification responses changed from one 
response category to the other as a function of the 11-step spectral 
manipulation in each continuum.

Figure 5.3a shows the relation between the 80 nonnative participants’ 
vowel production and perception accuracy for English   The 
percentage change in /i/ responses that occurred as a result of the spectral 
manipulation in the synthetic vowel stimuli is shown on the x-axis. The 
y-axis shows the magnitude of the spectral differences between  
that the participants produced (i.e., the Euclidean distance between the 
values measured in two vowels when plotted in a 2-dimensional bark-
difference space, B2–B2 vs. B1–B0.) The more the participants changed 
their identifications as formant frequencies were changed, the larger 
were the spectral differences between /i/ and  that they produced, 
r=0.529, p<0.01. Similarly, as shown in Fig. 5.3b for /ε/-/æ/, the greater 
the increase in /æ/ responses in the perception experiment, the larger 
the spectral difference that the participants produced between /ε/-/æ/, 
r=0.523, p<0.01.

Both production-perception correlations just reported were 
significant, but they were modest in size. This does not undermine the 
view that production accuracy is constrained by perception accuracy 
in L2 acquisition. Indeed, it is just what one expects if accuracy in 
perception is a prerequisite for accuracy in production but does not 
guarantee it. Inspection of the individual participant data in Fig. 5.3 
reveals that the participants who showed a large (and thus English-like) 
shift in judgments as spectral quality varied showed a wide range in 
production accuracy. On the other hand, most of the participants who 
showed little perceptual effect of spectral quality also produced little 
spectral difference between the English vowels.

There were, of course, individual exceptions to the general pattern. 
Thus, the following analysis was carried out to determine if the 
participants with inaccurate perception also tended to produce vowels 
inaccurately. The nonnative participants were assigned to one of three 
subgroups based on their performance in the identification experiment. 
Those who showed more than an 80% decrease in /i/ as F1 values 
increased in the  stimuli (n=18) were designated the “accurate” 
perceivers. Those who showed shifts of 10% to 79% (n=22) were 
designated the “moderately accurate” perceivers; and those who showed 
shifts of less than 10% in the expected direction (n=40) were designated 
the “inaccurate” perceivers. The accurate perceivers were found to 
have produced significantly larger spectral differences between  
(M=2.6 barks) than the moderately accurate perceivers (M=1.7 barks), 
who in turn produced a significantly larger spectral contrast between 

 than the inaccurate perceivers (M=0.8 barks; p <.05). Similarly, 
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FIG 5.3 (a, b). The relation between producing and perceiving spectral quality 
differences between English vowels. Data are from Flege, Bohn, and Jang (1996).
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30 accurate perceivers and 28 moderately accurate perceivers of the /ε/-
/æ/ continua were found to have produced significantly larger spectral 
contrasts between these two vowels than the inaccurate perceivers (2.9 
and 1.2 vs. 0.8 barks; p<.05).

Consonants

Flege (1993) examined Chinese participants’ production and perception 
of /t/ and /d/ in the final position of English words. This phonetic 
contrast was of interest because Chinese words are not differentiated 
by word-final obstruents that differ in voicing. The study focused on 
vowel duration. Native speakers of English make vowels longer before 
/d/ than /t/ in words such as bead versus beat. If asked to identify an 
ambiguous word-final stop as /d/ or /t/, a relatively long vowel gives 
rise to the perception of /d/ by native speakers of English. Thirty of the 
Chinese participants who participated were “late” bilinguals who were 
first exposed to English on a regular basis as adults when they arrived in 
the United States; nine others were “early” bilinguals who had arrived 
in the United States prior to the age of 10. Both the late and early 
bilinguals made vowels significantly longer in English words ending in 
/d/ than /t/ (p<.01), but the size of the late bilinguals’ contrasts were 
significantly smaller than those produced by the native English controls 
and the early Chinese-English bilinguals (p<.01).

A parallel perception experiment by Flege (1993) assessed the 
Chinese-English bilinguals’ use of vowel duration as a cue to the 
voicing feature in stops. Both 17-member perceptual continua that 
were developed consisted of naturally produced English CVC words 
in which the original vowel durations were altered in such a way that 
native English controls heard a word ending in /d/ (for stimuli with 
the longest vowels) or words ending in /t/ (for stimuli with the shortest 
vowels). The method of adjustment was used. In one session making 
use of a beat-bead continuum, the participants were asked to choose the 
member of the continuum that represented the best example of beat. In 
a second session using the same continuum, they were asked to choose 
the best instance of bead. In two sessions using a bat-bad continuum, 
the participants were asked to choose the best examples of bat or bad.

Both groups of Chinese-English bilinguals examined by Flege (1993) 
chose stimuli with significantly longer vowels as the best instances of 
/d/-final compared to /t/-final English words. However, the magnitude 
of the perceptual effect was significantly smaller for the late bilinguals 
than for the native English controls or for the early bilinguals (p<.01). 
The bilinguals’ perceptual and productive use of vowel duration 
thus seemed to parallel one another. Indeed, a significant correlation 
was obtained between the size of vowel duration differences that the 
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bilinguals produced in /t/-final versus /d/-final words and the size of the 
vowel duration differences observed between the stimuli preferred as 
the best instances of /t/-final versus /d/-final words, r=.535, p<.01.

Recent studies examining the voice onset time (VOT) dimension in 
the production and perception of word-initial English stop consonants 
also suggest that production and perception are related at a segmental 
level during the acquisition of L2 speech. This work (Flege and Schmidt, 
1995; Schmidt and Flege, 1995) examined 40 native speakers of Spanish 
who came to the United States as young adults. The participants judged 
the members of two synthetic continua. The stimuli in the continua were 
heard by native English control participants as /bi/, /pi/, or exaggerated 
/pi/ (i.e., a stop with too much aspiration) depending on VOT. One 
continuum consisted of short-duration CVs that simulated a fast 
speaking rate; the other consisted of long-duration CVs that simulated 
a slower rate of speech.

The participants rated randomly presented members of both continua 
for goodness as instances of the English /p/ category. As shown in Fig. 
5.4, native English control participants gave low ratings to the stimuli 
that had VOT values that were shorter than is typical for English /p/. 
As VOT increased, so too did their goodness ratings; but as VOT values 
increased beyond values typical for English, the goodness ratings began 
to decrease systematically. The native English participants exhibited 
“internal category structure” in that, for them, some stimuli were better 
examples of /p/ than others.

The VOT value of the stimulus that received the highest rating, 
called the preferred VOT value, was determined for each participant. A 
significant correlation was found to exist between the VOT values that 
the native English participants produced and their perceptually preferred 
VOT values, r=.536, p<.01 (see Newman, 1996, for similar results). 
That is, the native English participants who produced /p/ with relatively 
long VOT values tended to prefer stimuli having relatively long VOT 
values.4 This evidence of alignment does not contradict Bever’s (1981) 
hypothesis, for the alignment could have been established during L1 
acquisition, prior to the ending of a critical period. The results obtained 
for native Spanish participants in other research do run counter to 
Bever’s hypothesis, however.

4 The finding just reported held true for the slow-rate continuum only. The results for two 
proficient participants whose preferred VOT values were dubious were excluded.
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In Spanish, /p/ is produced with short-lag VOT values rather than 
with the long-lag VOT values typical for English. Native speakers of 
Spanish who learn English in adulthood have been observed to produce 
voiceless English stops such as /p/ with VOT values ranging from 
Spanish-like short-lag VOT values to values that match or even exceed 
the long-lag VOT norm for English.

Flege and Schmidt (1995) determined the overall degree of foreign 
accent in English sentences spoken by 40 Spanish late bilinguals, 
assigning the 20 participants with the lowest ratings to a nonproficient 
group and the 20 with the highest ratings to a relatively proficient 
subgroup. The correlation between the VOT values produced by the 
proficient participants and their perceptually preferred VOT values 
was significant, r=.489, p<.01, whereas the correlation observed for the 
nonproficient native Spanish participants was nonsignificant, r= −.004, 
p>.10. This finding suggests that as nonnative adults gain proficiency in 
an L2, their production and perception align. 

FIG 5.4. Mean goodness ratings obtained from native English participants for 
two voice onset time (VOT) continua, one simulating a fast sneaking rate and one 
simulating a slower rate. Data are from Flege and Schmidt (1995).
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CATEGORY FORMATION

To summarize the evidence presented so far, it appears that adult learners’ 
overall pronunciation of their L2 and their ability to comprehend it are 
related. However, the ability to perceptually gauge degree of accent in 
L2 sentences may develop more rapidly, or to a greater extent, than the 
ability to pronounce L2 sentences.

At the segmental level, modest correlations have been found to exist 
between production and perception accuracy. Segmental production 
and perception do not appear to develop independently as hypothesized 
by Bever (1981). One possible explanation for why the segmental 
production-perception correlations observed so far have been modest 
is that not all participants who adapt their perception to conform to 
the sound pattern of the target L2 make a comparable adaptation in 
production. If perception “leads” production in L2 acquisition, then the 
modest correlations that have been observed are just what one would 
expect. To use a term coined by Bever (1981), certain adult learners 
may not yet have transported what they learned about the perception to 
the domain of speech articulation.

Other explanations might also be advanced for the modest size of 
the correlations observed. For example, although segmental phonetic 
contrasts are based on multiple dimensions, most published studies have 
focused on a single dimension. It is possible that some dimension(s) 
other than the one examined in a study have undergone change as the 
result of learning in one or both domains. Or, a stronger underlying 
relation between production and perception may have been obscured 
by measurement error or some inadequacy in experimental design. For 
example, the speech production samples may have represented fast-
rate speech, whereas the speech perception data may have represented 
careful speech produced at a slower rate.

Still another possible explanation for why the observed L2 production-
perception correlations tend to be significant but weak is that the most 
meaningful perceptual variable has not yet been examined. According 
to the SLM (e.g., Flege, 1995), category formation exerts a powerful 
influence on L2 learners’ accuracy in producing L2 vowels and 
consonants. The notion of category formation implies a discontinuity 
in performance. This being the case, it might prove more fruitful to 
compare the segmental level performance of participants who have 
versus have not formed a category than to compare, for example, 
groups of participants differing in overall L2 proficiency or AOA in an 
L2-speaking environment.

There is some preliminary evidence to support the hypothesis that 
production accuracy is related to category formation. Flege, MacKay, 
and Meador (1998) elicited the production of 11 English vowels in two 
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ways. One of the two elicitation methods was thought likely to require 
the presence of English vowel categories. The participants examined 
were three groups of 18 native Italian speakers each who had arrived 
in Canada at average ages of 7, 13, and 19 respectively, plus a group 
of English controls.5 These participants were all long-time residents of 
Ottawa, Canada, with a mean age of 48. The native Italian participants 
had lived in Canada for an average of 34 years at the time of testing, 
and estimated speaking Italian 31% of the time, on average.

The participants in the Flege et al. (1998) study were given a list of 
the CVC words so that they could read as well as hear the vowels that 
were said. For each vowel of interest, the participants first repeated a 
sequence of four real words containing a single vowel (example: read, 
deed, heed, bead) after hearing the words via a loudspeaker. After 
hearing the same four-word sequence a second time, the participants 
inserted the vowel found in all four words (/i/, in the example given) 
into a /b_do/ frame. After a third and final presentation of the four-
word sequence, they inserted the /bVdo/ nonword (where V=the vowel 
common to all four real words) into a carrier phrase (I say__again and 
again). After digitization, productions of each vowel were randomly 
presented in separate blocks (one for each vowel of interest) to native 
speakers of English from Ottawa for goodness ratings. The identity of 
the intended vowel in each block was always known beforehand to the 
listeners.

Figure 5.5a shows the goodness ratings obtained for four English 
vowels that have a phonetically different counterpart in Italian. Separate 
mean ratings are shown for the vowels that were produced in real words 
(i.e., the vowels in the last words of the four-word sequences)6 and the 
vowels spoken in a /b_do/ frame (i.e., the nonwords inserted into the 
carrier phrase). The native Italian participants’ accuracy in producing /i 
ε o u/, all of which have a counterpart in Italian, decreased somewhat as 
a function of AOA. However, there was little difference in the accuracy 
with which the four groups of participants produced these vowels in 
words versus nonwords, so the Group×Vowel interaction in the ANOVA 
examining the goodness ratings for /i ε o u/ was nonsignificant, F(3, 
68)=2.4, p>.05.

As shown in Fig. 5.5b, however, a different pattern of results was 
obtained for four English vowels that are unlike any vowel in the Italian 
inventory, namely  The native Italian participants with AOAs 

5 Another group of native Italian participants with an AOA of 7 years was made up of 
individuals who seldom spoke Italian. As might be expected from the interaction hypothesis, 
they performed more like the native English controls than did participants matched for 
AOA who reported speaking Italian more often.

6 The vowels in the real word condition shown in Fig. 5.5 were those in bead, bid, bed, bad, 
bode, hood, booed, bird.
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of 7 and 13 did not differ significantly from the native English controls 
when producing these vowels in real words (p>.10). However, unlike 
the participants in the other two groups, they produced  
significantly less accurately in nonwords than in real words, and 
significantly less accurately than the native English controls (p<.01). 
This led to a significant two-way interaction, F(3, 68) =15.8, p<.001.7

To produce the  accurately in nonwords, the native Italian 
participants had to identify the vowel heard in four real words, hold that 
vowel in working memory for an interval of time, and then produce the 
represented vowel in a /b_do/ context, thereby forming a nonword. It is 
unlikely that the difficulty experienced by the native Italian participants 

FIG 5.5a. Mean goodness ratings obtained for English vowels with a counterpart 
in Italian.

7 The lack of an effect of Condition for the native Italian participants with an average AOA 
of 19 years can be attributed to the fact that they produced   so inaccurately 
in real words that a further reduction in accuracy in the nonword condition was not 
realistically possible.
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with AOAs of 7 and 13 years in producing  was due to memory 
limitations. First, they did not produce English vowels that have a 
counterpart in Italian (namely, /i ε o u/) less accurately in nonwords than 
in words. Second, the participants’ phonological STM was evaluated 
by having them repeat nonwords formed by concatenating two to five 
Italian CV syllables. The participants with AOAs of 7 and 13 years 
did not differ in their nonword repetition ability any other group. The 
fact that these participants produced  as accurately as the 
native English participants in the real-word condition suggests that they 
were motorically able to articulate these vowels accurately. It is likely, 
therefore, that the native Italian participants’ inaccurate production 
of  in the nonwords was due either to a lack of long-term 
memory representations for these vowels, or to representations that did 
not conform as closely to the  tokens as was the case for the 
native English controls.

FIG 5.5b. Mean goodness ratings obtained for English vowels that do not have a 
counterpart in Italian.



 

AGE OF LEARNING AND SECOND LANGUAGE SPEECH 123

Two other recent studies related to the issue of category formation 
examined the production and perception of English /p/ by 10 Spanish 
late bilinguals (Flege, Schmidt & Wharton, 1996; Schmidt & Flege, 
1996). The participants rated the members of slow-rate and fast-rate 
VOT continua (see earlier sections) for goodness as instances of English 
/p/. As was shown previously in Fig. 5.4, the rating function obtained 
from native English controls differed as a function of the simulated 
speaking rate in the two sets of VOT stimuli. More specifically, the 
English controls gave different goodness ratings to stimuli having VOT 
values of 50 to 125 msec. For example, a stimulus with a VOT of 75 
msec was judged to be a better instance of /p/ if it occurred in a slow-
rate syllable than in a fast-rate syllable. This rate-dependent perceptual 
processing observed for the native English participants corresponds 
closely to the changes in VOT production one observes across rate 
changes in the speech production of English monolinguals.

Given that the short-lag /p/ of Spanish shows little variation in VOT 
as a function of speaking rate (Schmidt & Flege, 1995), a question 
of interest was whether the Spanish late bilinguals would also show 
evidence of rate-dependent processing. They might show evidence of 
internal category structure (the rise-fall of ratings seen in Fig, 5.4), simply 
by recognizing that English /p/ has longer VOT values than Spanish /p/, 
and that VOT values that extend beyond the norm for English (the 
“exaggerated” /p/ tokens) do not occur in human languages. However, 
it seemed unlikely that they would also show rate-dependent processing 
(i.e., a systematic shift in their goodness rating as a function of speaking 
rate) if they did not have a long-term memory representation for English 
/p/.

Figure 5.6a shows the mean goodness ratings that were obtained 
for the 4 Spanish late bilinguals (out of 10) who produced English 
/p/ with the Spanish-like short-lag VOT values ranging from 13 to 18 
msec. These four participants showed little if any effect of the speaking 
rate manipulation when rating the stimuli for goodness as instances of 
English /p/.

As shown in Figure 5.6b, on the other hand, the four participants who 
produced English /p/ with English-like long-lag VOT values ranging 
from 41 to 68 msec8 did show evidence of rate-dependent processing.

One might speculate that they were able to produce English /p/ 
accurately because they had established a phonetic category for it. 
Additional research of a longitudinal nature will be needed to evaluate 
this interpretation before it can be accepted, of course. It would also 

8 (The remaining two participants in the study, whose ratings are not shown, produced 
English /p/ with VOT values that were intermediate to the values typical for Spanish and 
English).
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be valuable to determine if teaching native Spanish participants to 
accurately produce long-lag stops in English would precipitate rate-
dependent processing (see Bradlow, Pisoni, Yamada, & Tohkura, 
1996). Were such a finding obtained, it would undermine the claim 
that perception accuracy precedes, and limits, L2 segmental production 
accuracy.

SUMMARY

In the first section, we presented the results of recent studies examining 
the relation between age of learning an L2 and degree of foreign accent 
in the L2. The finding that production accuracy declines linearly with 
age is inconsistent with the view that foreign accents occur as the result 
of the passing of a maturationally defined critical period. Then we 

FIG 5.6a. Mean goodness ratings obtained for voice onset time (VOT) continua, 
one simulating a fast speaking rate and one simulating a slower rate, from four 
Spanish late bilinguals who each either produced English /p/ with Spanish-like 
short-lag VOT values. Data are from Flege and Schmidt (1995).
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described alternate hypotheses that might be advanced to account for 
the fact that earlier is better in regard to the pronunciation of an L2. 
L2 pronunciation accuracy may decline, not because one has lost the 
ability to learn to pronounce, but because one has learned to pronounce 
the L1 so well. The results presented suggest that one’s accuracy in 
pronouncing an L2 varies as a function of how well one pronounces the 
L1, and how often one speaks the L1.

We next considered a CPH presented by Bever (1981), one that was 
more specific (and thus testable) than most CPHs. Bever proposed that 
a critical period for speech learning ends when humans lose the capacity 
for adapting their production of sounds (vowels and consonants) to 
conform to their perceptual representations of the sounds. Empirical 
evidence was presented that disconfirmed this hypothesis. Other studies 
were cited showing that modest albeit significant correlations exist 

FIG 5.6b. Mean goodness ratings obtained for two voice onset time (VOT) continua, 
one simulating a fast speaking rate and one simulating a slower rate, from four 
Spanish late bilinguals who each either produced English /p/ with English-like long-
lag VOT values. Data are from Flege and Schmidt (1995).
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between the accuracy with which vowels and consonants are produced 
and perceived.

According to the SLM (Flege, 1995), the likelihood that L2 learners 
will establish new categories for L2 vowels and consonants decreases 
as the age of exposure to an L2 being learned naturalistically increases. 
It is also hypothesized that the likelihood of category formation for 
a particular L2 vowel or consonant is related directly to its degree of 
perceived phonetic dissimilarity to the closest L1 vowel or consonant. 
In the fourth section, we presented results that were consistent with 
these hypotheses and with the view (Flege, 1995) that L2 segmental 
production accuracy is limited by the accuracy of the perceptual 
representations that are developed for L2 vowels and consonants.

As mentioned earlier, one hypothesis that warrants additional 
testing is that late bilinguals sometimes establish phonetic category 
representations for English sounds not found in the L1. Those who do 
establish a phonetic category representation for an L2 sound may be 
more accurate in producing it than those who do not. If this hypothesis is 
correct, then future research examining the relation between production 
and perception should use discrete tests of category formation instead 
of (or in addition to) continuous tests of the perception of particular 
perceptual “cues” (e.g., vowel duration, VOT). Such a research strategy 
may yield greater insight into the perception-production relation than 
has yet been obtained in segmental studies.

One caveat should be offered before closing. We are not sure at 
present what precipitates category formation. It would be prudent, 
therefore, to remain open to the possibility that category formation 
is precipitated by the discovery of articulatory means for producing a 
novel L2 phonetic contrast, and that perceptual fine tuning is mediated 
by an implicit knowledge of how L2 sounds are produced. One serious 
obstacle we must face in pursuing these and other important questions 
is that, at present, an accepted method does not exist with which to test 
for the formation of new phonetic categories (but see Flege, 1998). To 
implement the research strategy proposed here, a reliable method must 
be developed.

Another promising avenue for future research is to study the effects 
of training. Work by Yamada and Bradlow (Bradlow et. al., 1996; 
Yamada, Tohkura, Bradlow & Pisoni, 1996) showed that training-
induced improvements in perceiving a novel L2 phonetic contrast 
lead to more accurate production of the L2 contrast in the absence 
of speech production training. It would be valuable to replicate and 
extend these findings. Also, it would be worthwhile to determine if 
training nonnatives to produce new or difficult contrasts will lead to a 
concomitant improvement in their perception of the L2 contrasts in the 
absence of perceptual training.
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CHAPTER SIX 

Ultimate Attainment in L2 

Pronunciation: The Case of Very 

Advanced Late L2 Learners

Theo Bongaerts 

University of Nijmegen, The Netherlands

It is now more than three decades ago that Lenneberg (1967) advanced 
the hypothesis that there is a critical period, roughly between age 2 and 
puberty, for the acquisition of language. He argued that, due to a loss of 
neural plasticity, languages could no longer be completely successfully 
acquired after the close of that period. Whereas Lenneberg’s claims 
were not restricted to the acquisition of accent, Scovel (1969, 1988) 
singled out pronunciation as the one area of language performance 
that was subject to the constraints of a critical period. His arguments 
were that pronunciation is “the only aspect of language that has a 
neuromuscular basis,” requires “neuromotor involvement,” and has 
a “physical reality” (Scovel 1988, p. 101). He predicted that learners 
who start to learn a second language (L2) later than around age 12 
will never be able “to pass themselves off as native speakers” and will 
“end up easily identified as nonnative speakers of that language” (p. 
185). Clearly, such arguments and predictions hinge on the assumption 
that basic neurologically based abilities are irreversibly lost around the 
onset of puberty.1 

1 It should be noted, however, that Scovel (1988) allowed for the possibility that there may 
be some “superexceptional” L2 learners, about 1 out of 1,000 in any population or adult 
learners, who are not bound by the biological constraints of the critical period. Indeed, 
a number of studies published between 1988 and 1995 by Schneiderman and Desmarais 
(1988), Novoa, Fein, and Obler (1988), Ioup, Boustagui, El Tigi and Moselle (1994), and 
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Besides the neurological one, various other explanations have been 
advanced to account for age-related differences in accentedness of L2 
speech. Flege (1992a, 1992b, 1995), for example, suggested that foreign 
accents may be largely perceptually based. In his argumentation, the 
distinction between two modes of speech perception—the continuous 
mode and the categorical mode (see Wode, 1993, 1994, 1995)—plays 
a central role. The continuous mode relates to the perception of 
minute differences between speech sounds, for example, between the 
realizations of a given phonetic category by different speakers and in 
different phonetic contexts. The categorical mode, on the other hand, 
implies that attention is paid to only those sound cues that signal 
contrasts between different categories of sounds, for example, /b/ and 
/d/. Although very young children learning their native language (L1) 
initially rely heavily on the continuous mode, they soon begin to tune 
their perception to those sound cues that signal phonetic contrasts, and 
by the time they are 7 and have formed stable L1 phonetic categories, 
their perception is strongly guided by those categories (Flege 1992a, 
1992b, 1995).

As pointed out before, the idea of a critical period for the acquisition 
of pronunciation is based on the assumption that some basic abilities that 
are available to young children are no longer available to adult learners. 
The question, then, that needs to be addressed at this point is whether 
there is evidence that the foreign accents that are typical of the speech of 
late L2 learners are, in fact, due to loss of original perceptual abilities, 
or whether these accents occur because access to these abilities merely 
becomes more difficult after a certain age (Wode, 1993). There is now 
abundant empirical evidence (e.g., Best, McRoberts & Sithole, 1988; 
Klein, 1995; Neufeld, 1977, 1978; Rochet, 1995; Werker, 1994, 1995; 
Werker & Logan, 1985; Werker & Tees, 1983) that the first possibility 
must be ruled out. Flege (1992a, 1992b, 1995) offered arguments in 

Ioup (1995) documented individual cases or superexceptional talent for L2 learning, we 
refrain from discussing these cases here and only observe that the authors of the case studies 
just mentioned provide evidence that their participants owe their phenomenal language 
learning success to two factors that distinguish them from the “normal” population of 
language learners: an exceptional brain organization for language and a high incidence 
of features (e.g., lefthandedness, twinning, autoimmune disorders, homosexuality), which 
according to Geschwind and Galaburda (1985) are associated with talent. In this respect, 
they seem to be clearly different from the very successful learners reported on in this 
chapter (for a review of such cases and discussion, see Bongaerts, 1997). We further note 
that it is not always the case that research in exceptional L2 acquisition targets learners 
who attain nativelike proficiency, as opposed to learners who make extraordinarily fast 
progress. It may be that the components of talent are not the same for these two types of 
success.
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support of the second possibility. His own research led him to conclude 
that one of the main causes of foreign accents is the tendency of L2 
learners, once they have firmly established the categories of their L1, to 
perceive L2 sounds in terms of those categories, particularly in the case 
of those L2 sounds that are close to L1 sounds. It should be pointed 
out, however, that Flege’s position does not rule out the possibility that 
some learners will eventually work out the phonetic categories for the 
L2. Those that do will be the ones that are somehow able to reactivate 
the continuous mode of perception.
A related question is whether or not foreign accents can be attributed 
to loss of original motoric abilities needed for authentic pronunciation. 
In a recent article, Klein (1995) observed that although it is well known 
that the complex and finely tuned motor control, without which an 
authentic accent in an L2 is unattainable, becomes increasingly difficult 
with age, there is no evidence of any drastic changes in this biological 
component of what he termed the language processor before well into 
adulthood. In other words, Klein argued that there are no absolute 
barriers to the accurate production of a new system of speech sounds 
by late learners. Support for Klein’s observation is found in a study by 
Neufeld (1977, 1978), who, in a laboratory experiment with young 
adults, showed that they had not lost the ability to successfully mimic 
short phrases in a language totally unknown to them.

Still others have linked the success of younger vis-à-vis older learners 
to experiential and sociopsychological factors (e.g., Schumann, 1975, 
1978). Younger learners, it is argued, generally receive more and 
more varied input from native speakers than adult learners do and are 
intrinsically motivated to acquire the L2 at a native-like level. Klein 
(1995), however, pointed out that it is not always the case that adults 
receive less adequate input and are less motivated language learners. 
He suggested, in fact, that if a learner has continued access to massive 
L2 input from native speakers and if it is of vital importance to him to 
sound like a native speaker, there is a possibility that he will attain a 
native-like accent, in spite of a late start.

The Evidence

Let us now consider the empirical evidence for Scovel’s (1988) prediction 
that an authentic pronunciation of an L2 is unattainable after a certain 
age has been passed. In their literature reviews, Long (1990, 1993) 
and Patkowski (1994) concluded that this prediction is supported by 
the collective research evidence. This is how Long (1990) summarized 
his findings: “A native-like accent is impossible unless first exposure is 
quite early, probably before 6 in many individuals and by about age 
12 in the remainder” (p. 206). Interestingly, while supporting Scovel’s 
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(1988) claim, Long’s (1990) conclusion also suggests (a) that there is 
no sharp cut-off point at the close of the purported critical period and 
(b) that even within the boundaries of this period, there is a high degree 
of variability in the degree to which L2 learners at the same age of 
learning succeed in attaining native-like mastery.2 Such findings could 
be interpreted to suggest that the biological factor of age is only one of 
the determinants, although arguably an important one, of success in 
achieving an authentic pronunciation of an L2.

Although the studies reviewed by Long (1990, 1993) and Patkowski 
(1994) all provide support for Scovel’s claim, it should be pointed out 
that such results might at least partly be due to participant selection 
factors, a possibility also hinted at by Long (1990, 1993). Practically 
none of the studies surveyed, although addressing the question of age-
related differences in L2 acquisition, had been specifically designed to 
establish whether or not it is possible for—at least some—late learners 
to ultimately attain a nativelike accent in an L2. In order to come to 
conclusive findings with respect to this issue, it is imperative, as Long 
(1990, 1993) suggested, for ultimate attainment studies to include 
highly successful, very advanced late learners in their designs.

Aims of the Present Chapter

In this chapter I report on three studies, two with Dutch learners of 
English and one with Dutch learners of French. The aim of the studies, 
which were all conducted at the University of Nijmegen, was to find 
out whether or not some learners could be identified who, in spite of a 
late start, had attained such a good pronunciation of an L2 that native 
listeners would judge them to be native speakers of the language. The 
studies were inspired, as were similar studies on ultimate attainment in 
the domain of grammatical competence by Birdsong (1992), Van Wuijts-
winkel (1994), and White and Genesee (1996), by Long’s suggestion 
that future ultimate attainment studies should focus on very advanced 
learners. The studies I review in this chapter, therefore, all included a 
group of carefully screened, highly successful learners in their designs. 
For reasons of space I cannot give full accounts of any of the three 

2 That even a (very) early start is no guarantee for nativelike attainment is shown by a 
recent study by Flege, Munro, and MacKay (1995) that examined foreign accentedness 
in the English spoken by Italians who had lived in Canada for an average of 32 years and 
reported using English more than Italian on a daily basis. The authors reported that of the 
participants who had started to acquire English before the age of 4, no less than 22% had 
failed to achieve an authentic English accent.
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studies. Rather, I briefly summarize the design and main findings of the 
first study and give more detailed information on what I consider the 
central aspects of the second and third studies.

THE FIRST STUDY3

There were three groups of participants in this study: a control group 
with 5 native speakers of British English and two groups of learners. One 
group consisted of 10 Dutch learners of English who had been brought 
to our attention by English as a Foreign Language (EFL) experts, who 
described them as highly successful learners with an excellent command 
of British English. The English learners in this group were the key 
participants in our study. The other experimental group was composed 
of 12 learners of English at various levels of proficiency. None of the 
learners had received instruction in English before the age of 12. All 
participants provided four English speech samples: They talked briefly 
about recent holiday experiences and they read aloud a brief text, 10 
sentences and a list of 25 words. Four linguistically inexperienced 
native speakers of British English rated the four speech samples for 
accent, using a 5-point scale, which ranged from 1 (very strong accent: 
definitely non-native) to 5 (no foreign accent at all: definitely native). 
The most important result of the study was that the judges appeared to 
be unable to make a distinction between the group of highly successful 
learners and the native speaker control group. In addition, there were 
some results that we had clearly not expected: (a) the average score 
assigned to the group of native speakers was rather low (3.94) and (b) 
half of the participants in the group of highly successful learners received 
higher ratings than any of the native speakers. We hypothesized that an 
explanation for these unexpected results might perhaps be found in the 
composition of the group of native speakers and the group of judges. 
The participants in the former group were from the south of England 
or from the Midlands, and their pronunciation contained some regional 
features. The participants from the group of very successful learners 
had all been intensively trained to speak the supraregional variety of 
British English known as Received Pronunciation (RP). The judges all 
lived in York, in the north of England. We speculated that there may 
have been an inclination on the part of the judges to assign higher scores 
to participants who spoke the supraregional variety than to those who 
spoke English with a regional accent with which they may not have 
been very familiar. As these are mere speculations, however, we decided 

3 For a full report on this study, see Bongaerts, Planken, and Schils (1995).
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to conduct a follow- up experiment in which we took care to match 
native speaker controls and judges more closely in terms of the variety 
of English that they spoke.

THE SECOND STUDY4

Participants

As in the first experiment, there were three groups of participants:

(mean age 27). They all spoke British English with a “neutral,” 
supraregional accent, which is the target of instruction in most Dutch 
schools. They were selected from a larger pool of candidates who were 
originally recruited for the experiment. Only those candidates were 
invited to participate who had indicated on a questionnaire that they did 
not speak English with a regional accent and whom we had judged to 
have no regional accent after listening to four different speech samples 
they had provided.

of whom had also participated in the first study. They were selected for 
the experiment because university-based EFL experts had designated 
them as highly successful, very advanced learners with an exceptionally 
good command of British English. The participants reported to have 
been not more than incidentally exposed to English input, through the 
Dutch media, before entering high school at or around the age of 12. 
While at high school, they received 2 hours of instruction in English 
per week from native speakers of Dutch, who most of the time did not 
use English as the medium of instruction. After graduating from high 
school, they all studied English at a university, where they were for the 
first time exposed to a large amount of English input. During their first 
year at the university, they also received intensive instruction in the 
pronunciation of the supraregional variety of British English known as 
RP. During the last stage of their study, most participants spent a year 
abroad at a British university. At the time of the experiment, all but 2 
of the 11 participants taught English at a Dutch university or a Dutch 
teacher-training institute. All participants reported in a questionnaire 
that it was very important for them to have very good pronunciation 
in English.

at widely different levels of proficiency in English. This group was 

4 For more details, in particular on the preparation of speech samples and on procedures, 
as well as for extended discussion, see Bongaerts, Van Summeren, Planken, and Schils 
(1997).
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composed of students of English, Dutch, and history, and of professors 
from various departments.

Speech Samples

All participants read aloud the following six sentences a total of three 
times:

(1) Arthur will finish his thesis within three weeks.
(2) My sister Paula prefers coffee to tea.
(3) The lad was mad about his dad’s new fad.
(4) Mat’s flat is absolutely fantastic.
(5) It’s a pity we didn’t go to the city.
(6) You’d better look it up in a cookbook.

The sentences were picked such that they contained phones ranging 
from very similar to to very different from Dutch phones. Only 
the participants’ last two renderings were used for the experiment 
(henceforth called first and second versions, respectively), except when 
they contained irregularities such as slips of the tongue.

Judges and Procedure

The speech samples were judged by 13 native speakers of British English 
(mean age 44), who were selected from a larger pool of candidates using 
the following criteria: Their level of education should be comparable to 
that of the Dutch participants in the study, they had to be residents of 
Great Britain, and most important, they had to speak standard British 
English without a regional accent. Spontaneous speech samples the 
prospective judges had provided enabled us to ascertain whether the 
latter criterion had been met. Thirteen judges met all criteria; 6 of them 
were or had been EFL teachers or phoneticians (the experienced judges), 
and 7 had not received any formal training in languages or linguistics 
after high school (the inexperienced judges).

For each judge, a unique tape was prepared that contained 12 sets 
of speech samples, each set consisting of one sentence pronounced 
by all 41 participants. Within each set, the order of the participants 
was randomized. The 12 sets were administered to the judges in the 
following order: The first six sets, which contained the first versions 
of the sentences, were presented in the order 1, 2, 3, 4, 5, 6; and the 
second six sets, with the second versions, in the order 5, 3, 1, 6, 4, 2. 
The judges rated all (2×6×41=492) speech samples for accent on the 



 

140 SECOND LANGUAGE ACQUISITION

same 5-point scale that was used in the first study. They were told that 
they would hear sentences pronounced by an unspecified proportion of 
native and nonnative speakers of British English.

Results

First, we calculated the scores assigned to each participant and averaged 
them across 12 samples (two renderings of six sentences) and 13 judges. 
These scores are displayed in Table 6.1.

Inspection of Table 6.1 reveals that the native speakers of English 
received very high scores: Individual means range from 4.67 to 4.94, 
with a group mean of 4.84, which is much higher than the average score 
of 3.94 assigned to the native speakers in the first study. The table also 
shows that the highly successful learners, too, were given high scores: 
Their means ranged from 4.18 to 4.93, with a group mean of 4.61.

Before further analyzing the differences between the scores assigned 
to the participants in each of the three groups, we first wanted to 
determine whether or not it would be justified to ignore the distinction 
between experienced and inexperienced judges in this analysis. In doing 
this, we used the following procedure. First we calculated the euclidian 

TABLE 6.1 Mean Participant Scores Averaged Across Samples and Judges

aM=4.84. bM=4.61. cM=2.59.
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distances between the rating patterns of the 13 judges. Each pattern 
contained 492 ratings, 1 for each participant-sample combination. 
Next, we constructed an artificial pattern, which we termed strict. 
This pattern was arrived at by first calculating, for each of the 492 
participant-sample combinations, the mean and standard deviation 
across all 13 judges and then defining the pattern strict as representing 
an imaginary judge whose ratings are 1.5 standard deviations below the 
mean. Finally, we analyzed the differences between the rating patterns 
of the experienced judges and those of the inexperienced judges in terms 
of their distances from the pattern strict. This analysis revealed that the 
average distance of the inexperienced judges’ score patterns from the 
pattern strict was 2.82 (SD=1.02) as opposed to 2.26 (SD=1.04) for the 
experienced judges. Application of the Mann-Whitney test resulted in 
a z of 0.57 (p=0.57, two-tailed). On the basis of this result, we decided 
to ignore the distinction between experienced and inexperienced judges 
when further analyzing the data. 

To examine the differences between the three groups of participants, 
we followed a similar procedure. This time we calculated the euclidian 
distances between the score patterns of the 41 participants. Each pattern 
contained 156 ratings, 1 for each judge-sample combination. We also 
defined an artificial pattern, which we termed max and which represents 
an imaginary participant who has only been given ratings of 5 by all 13 
judges on all 12 samples. An analysis of the score patterns of the three 
groups of participants in terms of their distances from the pattern max 
revealed that the distances were smallest for the native speakers (0.17 on 
average; SD=0.09), somewhat greater for the participants from Group 
2 (0.41 on average; SD=0.41), and much greater for the participants 
from Group 3 (2.61 on average; SD =0.99). The difference between 
group 3 and the other two groups is obvious even without testing. The 
difference between the native speaker group and the group of highly 
successful learners also turned out to be significant: Application of the 
Mann-Whitney test resulted in a z of 2.82 (p=0.004, two-tailed).

However, the main aim of the study was to find out whether or not 
at least some learners could be identified whose scores were comparable 
to those assigned to the native speakers. Our next analyses, therefore, 
focused on individual learners. In these analyses, we adopted the 
criterion of nativelikeness that Flege et al. (1995) used in their study of 
the strength of perceived foreign accent in the English spoken by Italian 
immigrants in Canada. They considered participants who received a 
mean rating for the sentences they had been asked to pronounce that 
fell within 2 standard deviations of the mean rating assigned to the 
native speakers of English in their study to have spoken the sentences 
with an authentic, nativelike accent. The results of the analyses of the 
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ratings assigned to individual participants, adopting Flege et al.’s “z<2” 
criterion, are displayed in Table 6.2.

As Table 6.2 shows, there are 5 participants in group 2 marked with 
an asterisk in the table (11: z=0.98; 16: z=0.28; 19: z=0.14; 20: z= 1.12; 
21: z=0.66), who meet this criterion. In other words, this analysis, which 
was based on scores averaged across sentences, led to the conclusion 
that the pronunciation of five highly successful learners could be 
characterized as authentic. What if we apply the sameprocedure to the 
ratings obtained for each of the six sentences separately? The results of 
this analysis are given in Table 6.3.

In this table, the standard scores for nativelikeness are presented per 
sentence for each of the learners from Group 2. Ratings falling within 
the native speaker range as defined by the z<2 criterion are marked 
with an asterisk. The table shows that 5 highly successful learners meet 
the criterion of nativelikeness on Sentences 1, 2, 3, 4, and 6 and that 
3 of these participants reach the criterion on Sentence 5 as well. In 
comparison, the native speakers, whose scores are not displayed in 
Table 6.3, meet the criterion on all six sentences. The conclusion we 
can draw, then, is that, using very strict criteria, we have been able to 
identify a number of learners who, in the present study, have consistently 

TABLE 6.2 Standard Scores for “Native(-like)ness” for All Participants

aM=0.00. bM=2.63. cM=27.26. 
Note. *=native(-like).
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managed to convince native English judges that they are native speakers 
of British English. 

It could be objected that the results of the experiments might not 
be generalizable to L1–L2 pairings other than the one in the present 
study or to other learning contexts, in view of the prominent position 
that English has in the Dutch media in comparison with other foreign 
languages. Such considerations led us to set up a third experiment.

THE THIRD STUDY5

The aim of this study was to find out whether the results of the second 
study could be replicated in an experiment involving a pairing of an L1 
and an L2 that are typologically less related than Dutch and English, 
which are both Germanic languages. The learners in this study were 
Dutch learners of French, a Romance language. An additional reason 
for choosing French as the L2 in this experiment is that the chances 

Note. *=native(-like).

Table 6.3 Standard Scores for “Native(-like)ness” for the Highly Successful Learners 
per Sentence

5 The first part of the experiment described next was also reported on in Palmen, Bongaerts, 
and Schils (1997). In this chapter, the results of the second part of the experiment are 
presented for the first time.
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of learners being exposed to French input via the Dutch media are 
minimal. The design of this study was very similar to the design of the 
second study.

Participants

Again, there were three groups of participants:

age 36), who all spoke French with a “neutral” supraregional accent. 
They were selected from a larger pool of candidates who had originally 
been recruited for the experiment. We excluded from participation 
all candidates who had indicated on a questionnaire that they spoke 
French with a regional accent, as well as those whom university-based 
French as a Foreign Language (FFL) experts judged to have a regional 
accent, after listening to spontaneous, recorded speech samples they 
had provided.

who had been brought to our attention by university-based FFL experts 
as exceptionally successful learners of French. None of these learners 
had received instruction in French before the age of 12. From about age 
12 to 18, they had received 2 to 3 hours of instruction in French per 
week at high school, where the French lessons were, at least initially, 
mainly conducted in Dutch, not in French. Outside school, exposure to 
French was minimal, except during holidays in France, in the case of 
some participants. At the time of the study, the participants were either 
senior university students of French or teachers or professors of French 
employed by Dutch institutions of secondary or tertiary education. In 
that capacity, most of them had spent periods of up to one academic 
year in France. All participants reported in a questionnaire that they 
considered it important to have very good French pronunciation.

widely different levels of proficiency in French.

Speech Samples

Two sets of speech samples were obtained from all participants: (A) The 
first set consisted of 10 sentences that were read aloud three times:

(1) Jacques est bien arrivé chez mes anciens amis anglais.
(2) Jules César alia chercher ses javelots chez les Germains.
(3) Il va falloir que tu te fasses valoir.
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(4) Geneviève songe que la vie est longue mais très vide.
(5) Avec ce brouillard horrible j’allumerais mes phares.
(6) C’est une drôle d’idée de tirer les rideaux.
(7) Dans le garage Gaston fait des exercices de prononciation.
(8) Il parle du livre formidable sur la table ovale.
(9) Le huit juillet j’arriverai en Suisse.
(10) Nous cachions l’assiette que nous avions cassée.

These sentences are seeded with problems for native speakers of Dutch. 
We only used each participant’s last attempt at reading a given sentence 
for the experiment, unless it contained an irregularity, such as a slip of 
the tongue.

(B) The second set consisted of 27 phrases, each of which started with 
Je dis, followed by a CV slot in which the C position was filled with 
one of three consonants, to provide three different phonetic contexts 
for nine different vowels that occupied the V position. It was decided 
to pay some special attention to vowels, as Dutch learners are known 
to find it very hard to acquire an authentic pronunciation of French 
vowels, particularly when they occur in open syllables. The procedure 
just sketched resulted in the following 27 combinations (henceforth 
called frames), which were read aloud three times:

Five of the 27 CV slots, marked by an asterisk, were not filled with 
existing French words but with orthographic sequences that were 
consistent with counterpart items; thus ti was used instead of t’y, and 
lan instead of lent. Before reading the frames, participants were told 
that some of the CV combinations following Je dis…had been made up 
by us and did not constitute real French words. We generally used the 
third attempts at reading the frames for the experiment. However, some 
participants tended to adopt a different intonation pattern on their last 
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attempt than on their first two attempts. In those cases, the second 
realization was used for the experiment.

Judges and Procedure

The speech samples were judged by 10 native speakers of French (mean 
age 34). They were selected from a larger pool of candidates using a 
procedure and criteria that were very similar to the ones adopted in 
the second study. Of the 10 judges that were eventually selected, 5 
were professors or advanced university students of French as a foreign 
language, phonetics, or linguistics (the experienced judges) and 5 
had not received any formal training in French, foreign languages, or 
linguistics after high school (the inexperienced judges).

For each judge, a unique tape was prepared that contained five 
sets of sentences, five sets of frames, five sets of sentences, and four 
sets of frames in the order indicated. In each set of sentences, which 
consisted of one sentence pronounced by all 36 participants, the order 
of participants was randomized. The order in which the sets were 
presented was different for each judge. It was considered too tiresome 
a task for the judges to have to rate all 27 frames (containing nine 
vowels in three different phonetic contexts, i.e., preceded by /p/, /t/, 
or /l/) pronounced by all 36 participants. It was therefore decided to 
construct nine sets of frames, one frame per target vowel, such that each 
frame would contain (a) only one rendering of a vowel per participant 
and (b) four renderings of a vowel by different participants in each of 
the three different phonetic contexts. Moreover, as with the sentences, 
in each set of frames the order of participants was randomized, and the 
order in which the sets were presented was different for each judge.

The judges were asked to rate all (10×36=360) sentences using a 
French translation of the 5-point scale used in the two previous studies. 
With respect to the (9×36=324) frames, the judges only had to indicate 
for each frame whether they thought that it had been spoken by a 
native speaker of French or by a nonnative speaker of the language. 
The judges were told that they would hear speech samples that had 
been provided by an unspecified proportion of native and nonnative 
speakers of French.

Results: Sentences

In analyzing the results for the sentences, we adopted the same procedure 
we had used in the second study. Table 6.4 displays the ratings assigned 
to each participant averaged across 10 sentences and 10 judges. 
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Table 6.4 shows that the scores assigned to the native speakers ranged 
from 4.36 to 4.86, with a group mean of 4.66, and that those assigned 
to the highly successful learners ranged from 3.15 to 4.88, with a group 
mean of 4.18.

To determine whether it would be justified to pool the data from the 
two groups of judges, we first calculated the euclidian distances between 
the rating patterns of the 10 judges. Each pattern contained 360 ratings, 
one for each participant-sentence combination. Next, we constructed an 
artificial pattern, termed strict, according to the procedure delineated 
earlier. Finally, we analyzed the differences between the rating patterns 
of the experienced judges and those of the inexperienced ones in terms 
of their distances from the artificial pattern strict. It appeared that the 
average distance of the score patterns of the inexperienced judges from 
the pattern strict was 2.56 (SD=0.98), compared with 2.77 (SD=1.04) 
for the experienced judges. Application of the Mann-Whitney test 
resulted in a 2 of 0.52 (p=0.60, two-tailed). Therefore, we decided to 
pool the ratings assigned by the two groups of judges for our subsequent 
analyses.

To examine the differences between the three groups of participants, 
we again calculated euclidian distances, this time between the score 
patterns of the 36 participants, each pattern comprising 100 ratings, 
one for each judge-sentence combination. Again, as in the second 
study, we defined an artificial pattern, termed max. An analysis of 

TABLE 6.4 Mean Participant Scores Averaged Across Sentences and Judges

aM=4.66. bM=4.18. cM=2.23.
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the distances of the score patterns of the three groups of participants 
from the “ideal” pattern max brought to light that the distances from 
max were on average 0.35 (SD=0.19) for the native speakers, 0.88 
(SD=0.54) for the highly successful learners, and 3.07 (SD=0.64) for 
the participants in Group 3. The difference between Group 3 and the 
two other groups is immediately obvious. The groupwise difference 
between the native speakers and the highly successful learners was also 
significant: Application of the Mann-Whitney test resulted in a z of 2.43 
(p=0.015, two-tailed). 

However, if we adopt Flege et al.’s (1995) criterion of nativelikeness 
and apply it to individual learners, we see that there are some learners 
who meet this criterion, as shown in Table 6.5.

In Table 6.5, participants who were assigned scores that fall within 
the native speaker range as defined by the z<2 criterion are marked 
with an asterisk. As it turns out, there are four participants from Group 
2 with nativelike scores (12: z=0.54; 15: z=−1.13; 16: z=1.81; 17: z= 
1.18). In a subsequent analysis, we applied the same procedure to 
the ratings for each of the 10 sentences separately. The results of this 
analysis are displayed in Table 6.6. Table 6.6 gives the standard scores 
for nativelikeness per sentence for the native speakers and the learners 

TABLE 6.5 Standard Scores for “Native(-like)ness” for All Participants

aM=0.00. bM=2.83. cM=14.97. 
Note. *=native(-like).
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from Group 2. Scores assigned to participants from the latter group 
who met the criterion of nativelikeness are marked with an asterisk. 
Scores assigned to native speakers who did not meet this criterion are 
marked with a double asterisk in the table. If we look at the scores of 
individual participants, we can see that of the 4 participants who met 
the criterion in our overall analysis, 1 (15) reached it on all sentences, 
2 (12 and 17) on eight sentences, and 1 (16) on only six sentences. In 
comparison, there were three native speakers of French who did not 
meet the criterion on all ten sentences: 1 participant (9) did not meet it 
on three sentences, one participant (1) failed to meet it on one sentence, 

TABLE 6.6 Standard Scores for “Native(-like)ness” for the Native Speakers and the 
Highly Successful Learners per Sentence

Note. *=learners with z<2 (native-like). **=native speakers with z>2.
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and there was one participant (7) who marginally missed it on one 
sentence. The combined results of these analyses allow us to conclude 
that, in the sentence-reading part of the experiment, three learners could 
be identified who performed at a native-speaker level.

Results: Frames

In this part of the experiment, judges had to decide whether a given 
sample had been pronounced by a native speaker of French or by a 
nonnative speaker of the language. In our first global analysis, we 
calculated how often each participant was judged to be a native speaker 
of French. The results of these calculations are found in Table 6.7, in 
which the number of times a participant was judged to be a native 
speaker is expressed in percentages, averaged across nine frames and 
10 judges.

As Table 6.7 shows, the number of times the native speakers of 
French were judged to be native speakers ranged from 61.1% to 95.6% 
(group M=85.6%). The corresponding percentages for the learners from 
Group 2 ranged from 25.6% to 93.3% (group M=60%) and those for 
the learners from group 3 from 0% to 60% (group M=16.6%).

As before, we wanted to know whether or not it would be justified 
to ignore the distinction between experienced and inexperienced judges 
in our subsequent, more detailed analyses of the data. We therefore 
again calculated the euclidian distances between the rating patterns of 

TABLE 6.7 Identifications as Native Speaker for All Participants Averaged Across 
Frames and Judges (in Percentages)

aM=85.6. bM=60.0. cM=16.6.
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the judges. For these calculations to be made, we assigned a score of 1 
to all frames that were judged to have been spoken by a native speaker 
and a score of 0 to those that were judged to have been pronounced by 
a nonnative speaker. Each rating pattern comprised 324 ratings, one 
for each participant-frame combination. We also defined an artificial 
pattern, termed strict, which should be interpreted as representing an 
imaginary judge who assigned scores of to all speech samples. Next, 
the differences between the rating patterns of the experienced judges 
and those of the inexperienced judges were analyzed in terms of their 
distances from the pattern strict. The average distance from this pattern 
of the inexperienced judges’ score patterns was 2.25 (SD=1.13) as against 
2.72 (SD=0.79) for the experienced judges. Application of the Mann-
Whitney test resulted in a z of 0.73 (p=0.465, two-tailed). Therefore, in 
our subsequent analyses, we ignore the distinction between experienced 
and inexperienced judges. 

Next, differences between participant groups were examined, using 
euclidian distances that were calculated between the score patterns of the 
36 participants, each pattern comprising 90 ratings, one for each judge-
frame combination. As before, an artificial pattern max was also created. 
This pattern represents an imaginary participant whose pronunciation 
was judged to be “native” on all frames. Next, the distances of the 
participants’ score patterns from the ideal pattern max were calculated. 
This analysis showed that the average distance from that pattern was 
0.45 (SD=0.39) for the native speakers, 1.48 (SD= 0.97) for the learners 
from Group 2, and 3.16 (SD=0.56) for the learners from Group 3. As 
in the first part of the experiment, the difference between the group of 
native speakers and the group of highly successful learners turned out 
to be significant (Mann-Whitney: z=2.60; p= 0.009).

The conclusion, then, is that the highly successful learners were as 
a group outperformed by the native speakers. But does this conclusion 
also apply to all learners individually? To answer this question, we again 
applied Flege et al.’s (1995) criterion of native-likeness to individual 
learners. The results are displayed in Table 6.8.

Table 6.8 shows that the same 4 participants who met the above 
criterion on the sentences also met it on the frames (12: z=0.36; 15: z= 
−0.74; 16: z=1.91; 17: z=0.46). Among the native speakers there was 1 
individual (1: z=2.50) who failed to meet the criterion. The results of an 
application of the same procedure to each of the nine frames separately 
are presented in Table 6.9. 
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In Table 6.9, which gives the standard scores for nativelikeness 
for the native speakers and the learners from Group 2 per frame, 
scores assigned to learners who met the criterion are marked with an 
asterisk and scores assigned to native speakers who failed to meet the 
criterion are marked with a double asterisk. As the table shows, of the 
4 participants who met the criterion in the overall analysis, there were 
three (12, 15, and 17) who met it on eight out of nine frames. One of 
the 4 participants (16), and another participant (13) who just failed to 
meet the criterion in the overall analysis (13: z=2.08, see Table 6.8), 
had standard scores lower than 2 on six frames. In comparison, among 
the native speakers there was 1 individual (1) who failed to meet the 
criterion on two frames, and another (2) who did not meet it on one 
frame. The conclusion that we can draw from this study is that we have 
identified three highly successful learners who have managed to attain 
an authentic, nativelike French accent.

CONCLUSIONS AND DISCUSSION

According to those who support the notion of a critical period for 
accent, it would be impossible to achieve a nativelike pronunciation 
in an L2 after a specified, biological period of time. The three studies 

TABLE 6.8 Standard Scores for “Native(-like)ness” for All Participants

aM=0.00. bM=2.67. cM=6.99. 
Note. *=native(-like).
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ummarized in this chapter were, unlike most previous studies on age-
related differences in ultimate attainment, specifically designed to test 
this claim. Each of the studies included a carefully selected group of very 
advanced, highly successful late learners in its design. These learners—
learners of English or French with a Dutch L1 background— had, at 
least initially, primarily learned the L2 in an instructional context, in 
high school. They had not been massively exposed to input from native 

TABLE 6.9 Standard Scores for “Native(-like)ness” for the Native Speakers and the 
Highly Successful Learners per Frame

Note. *=learners with z<2 (native-like). **=native speakers with z>2.
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speakers of the target language until they were about 18 years of age, 
when they went to the university to study English or French. The main 
conclusion to be drawn from the combined results of the three studies is 
that the pronunciation of some of these learners was consistently judged 
to be native-like, or authentic, by listeners who were native speakers of 
the language. We argue that such results may be interpreted as evidence 
suggesting that claims concerning an absolute biological barrier to the 
attainment of a nativelike accent in a foreign language are too strong.

Having said this, it should also be pointed out that nativelike 
attainment in the domain of pronunciation seems to be a fairly exceptional 
phenomenon. The question that needs to be addressed is what is it that 
makes the exceptional learners identified in our experiments so different 
from the general population of less successful learners? We are far from 
being able to give a conclusive answer to this question, as we did not 
make a detailed study of the specific characteristics of these learners. 
We do not know, therefore, to what extent these learners differ from 
less successful learners in terms of cognitive variables such as language 
aptitude, cognitive style, or the use of learning strategies, or affective 
variables such as anxiety, empathy, or what Guiora (e.g., 1990, 1991) 
termed ego permeability.

Yet, on the basis of what we know about the learning histories of the 
highly successful learners in our studies, we would like to suggest that 
a combination of the following learner and context factors may have 
contributed importantly to their success. In the introduction, we referred 
to Klein’s (1995) suggestion that a nativelike accent may be attainable 
for late L2 learners, provided that it is of vital importance to them to 
sound like native speakers and provided they have continued access to 
massive, authentic L2 input. As the description of the participants in our 
studies showed, both factors were clearly operative in the case of the 
very successful learners. They were all highly motivated individuals who 
reported that it was very important to them to be able to speak English 
or French without a Dutch accent, and they all received a large amount 
of input from native speakers from the time they entered the university 
around the age of 18. Another important learning-context factor 
may have been what we have elsewhere (Bongaerts, Van Summeren, 
Planken & Schils, 1997) called input enhancement through instruction, 
using a term adapted from Ioup (1995). In the introduction, we cited 
evidence that the original perceptual and motoric abilities that enable 
children to master the pronunciation of their L1 are not lost over time 
and can still be accessed by adults. We also cited evidence that late L2 
learners tend to (over)rely on the categorical mode of perception and 
thus to perceive L2 sounds in terms of firmly established L1 phonetic 
categories. In this connection, we remind the reader that, in the course 
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of their studies at the university, the highly successful learners in our 
experiments had all received intensive perceptual training that focused 
their attention on subtle phonetic contrasts between the speech sounds 
of the target language and those of their L1. We suggest that this may 
have helped them to rely less on the categorical mode and more on the 
continuous mode of perception, as they did when they acquired their 
L1, and thus to gradually work out what the relevant sound cues in the 
L2 are (Martohardjono & Flynn, 1995; see also Hammond, 1995) and 
to establish correct perceptual targets (Flege, 1995) for the L2 speech 
sounds. In addition, the very advanced learners had all received intensive 
training in the production of L2 speech sounds aimed at developing the 
finely tuned motor control required for accurate pronunciation. In sum, 
what we suggest is that the success of the exceptional adult learners we 
identified may have been at least partly due to the combination of three 
factors: high motivation, continued access to massive L2 input, and 
intensive training in the perception and production of L2 speech sounds. 
Clearly, much more work in this area is called for, and subsequent 
studies of ultimate attainment should put more effort into identifying 
the psychological and contextual correlates of exceptionally successful 
L2 learning.

So far, our studies have focused on the pronunciation of British 
English and French by adult learners with a Dutch L1 background. It is 
an empirical question whether the findings we reported in this chapter 
can be generalized to pairings of L1s and L2s that are typologically 
more distant than the L1–L2 pairings in our experiments. We intend to 
explore this issue in future studies with very advanced learners of Dutch 
who have Turkish, Moroccan Arabic, or Berber L1 backgrounds.

To conclude, although the speech of adult L2 learners is typically 
accented, it seems that we have identified at least some individuals who 
have beaten the predictions of the critical period hypothesis for accent 
by attaining a native-like pronunciation of an L2. A major challenge 
for the future would be to identify which (combinations of) learner, 
context, and language variables (L1–L2 pairings) are instrumental in 
making nativelike attainment possible.
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THE NATURE OF THE PROBLEM

In spite of what we all learned in our first statistics course, we just cannot 
resist attributing causality to correlation. We have to remind ourselves 
every time we see two events contiguously linked in time and space that 
the most natural explanation for their co-occurrence, namely, that one 
causes the other, might simply be false. The assumption of causality 
is one of the basic tenets of commonsense logic: Spring rains lead to 
flowers, knocking over the juice container results in spilled liquid, 
and clicking the power button on a small handheld instrument causes 
pictures to appear on the television screen. We all know, too, that it is 
counterexamples that compel caution in assuming the interpretation 
of causality: Superstition notwithstanding, carrying or not carrying 
an umbrella has no causal consequence for local meteorological 
conditions.

How are we to discover the correct logical relation between two 
events that share patterns of occurrence? The simplest explanation, 
that one event causes the other, is often taken at the expense of details 
that do not fit easily into the interpretation but are overlooked, set 
aside, or discounted. Indeed, it was the final effort to deal with the 
inconsistencies in the Ptolemeic description of planetary motion that 
led to the overthrow of that explanation, but it took 14 centuries 
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and countless attempts to patch up the theory before the basic logic 
was rejected. No doubt one of the reasons that Ptolemy’s description 
endured as long as it did was that prima facie it seemed to be correct. 
To an observer, it does indeed appear as though the earth is the center 
of the planetary system. Discovering the correct logical model requires 
stepping outside of the domain of the immediately perceptual data 
and imagining alternative explanations that are more subtle, more 
inaccessible, more indirect.

The problem of discovering the correct explanation for events that 
appear to have a simple observable relation with each other permeates 
the inquiry into the relation between age and the ability to learn a 
second language. Observationally, there is a co-occurrence between 
two events: The age at which a person starts learning a second language 
corresponds in some way to the ultimate success that the person will 
attain after years of having used that language. But are these two 
events—age and ultimate success—linked causally? Explanations of 
causality require stronger evidence than co-occurrence.

The critical period hypothesis is a causal explanation for the differential 
success in acquisition of a second language by younger and older learners. 
The explanation is causal because the bulk of the variance in achievement 
as a function of age is attributed to maturational changes in the brain 
that alter the possibility of successful acquisition. The controversy 
in the debate over the status of a critical period for second language 
acquisition has less to do with the documentation of observations than 
with the interpretation of those data. Are younger learners generally 
more successful than older ones when ultimate proficiency in a second 
language is assessed? Yes. Do younger and older learners approach 
the learning problem differently? Presumably. Are there neurological 
differences in the brains of younger and older learners? Probably. None 
of these statements, however, compels the conclusion that there is a 
critical period for second language acquisition. Similarly, neither the 
Ptolemeans nor the Copernicans disputed the observation that the sun 
rose in the east and set in the west; it was their interpretations of those 
events that were different. To use the terminology of the statistical 
test, there may well be a correlation between age of initial learning 
and ultimate achievement, but it does not necessarily follow that age is 
a causal factor in that relation. It may turn out that it is, but the data 
would need to show convincing evidence for causality.

Our approach to evaluating the argument for a critical period is 
to show that age intervenes in the effect that linguistic and cognitive 
factors have on success in second language acquisition. Therefore, 
correlations between age and success are spurious because the relation 
is actually reflecting the effects of these linguistic and cognitive factors. 
Statistically, this argument could be demonstrated by partialling age 
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out of the equation and then studying the relation between these 
linguistic and cognitive factors in the absence of age. If our explanation 
is correct, then the partial correlations between linguistic and cognitive 
sources of variance and proficiency should remain significant when age 
is not included in the equation. Alternatively, if it could be shown that 
linguistic or cognitive factors (or social, although we do not discuss 
these) were capable of producing patterns of results that are sometimes 
attributed to age differences, then the role of age in explaining these 
effects would need to be reconsidered. Our approach, however, is to 
offer data that challenge the interpretation that the effects are caused by 
age by identifying areas in which empirical results contradict predictions 
from the critical period hypothesis.

The debate over the critical period hypothesis embodies some of 
the most basic questions about second language acquisition, and 
indeed, language acquisition in general. These questions permeate 
the foundations of several disciplines, such as linguistics, cognitive 
psychology, and neurolinguistics. Is language learning governed by 
environmental conditions or by an internal bioprogram? Do languages 
reside in independently constructed mental representations or are they 
mutually available in processing? Is transfer a legitimate process in 
language learning or an unwanted symptom of the improper separation 
of distinct languages? To some extent, the answers to these and other 
fundamental questions in human language learning rest partly in the 
role that age plays in acquiring languages. If there is a critical period 
for second language acquisition, then logically there is also one for first 
language acquisition, and the answers to questions about language 
processing take a clear direction. One must be prudent, therefore, 
in accepting the hypothesis for a critical period in second language 
acquisition. Methodologically, one must begin with the null hypothesis 
that no such limitation exists and produce reasons why this hypothesis 
should be rejected.

CHARACTERIZING CRITICAL PERIODS

What would constitute evidence for a critical period? Consider the 
following three definitions that have been offered:

During select times in the life cycle many structures and functions become 
especially susceptible to specific experiences (or to the absence of those 
experiences) in a way that alters some future instantiation of that (or a 
related) structure or function. (Bornstein, 1989, p. 179)

Certain environmental events must happen at certain times in the development 
of an organism in order for normal development to occur. (Gazzaniga, 1992, 
p. 56)
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Any phenomenon in which there is a maturational change in the ability to 
learn, with a peak in learning at some maturationally definable period…and 
a decline in the ability to learn, given the same experiential exposure, outside 
of this period. (Newport, 1991, p. 112)

In addition, Colombo (1982) and Bornstein (1989) both identified 
criteria that need to be specified in learning that is considered to be 
constrained by a critical period. These criteria include onset and offset 
times for the period, as well as other factors that characterize the nature 
of the learning during the critical period. Two points recur throughout 
all these definitions. First, learning during a critical period is assured, 
similar across individuals, normatively described, and probably governed 
primarily by endogenous factors. Exogenous factors, therefore, should 
have minimal impact on this learning. Second, learning outside of the 
critical period is different in both form and success, especially in that it 
would be less certain and more erratic in its outcomes. Therefore, there 
should be a clear discontinuity between these two types of learning, 
and the time of that discontinuity should reflect the close of the critical 
period.

Some researchers have tried to take a moderate position by positing a 
weakened version of the critical period hypothesis. These positions are 
often signaled by terminological choices, notably, the use of sensitive 
period instead of critical period. Colombo (1982) discusses the reasons 
why this distinction has failed to clarify the issues, primarily because of 
the difficulty of classifying phenomena as being one or the other and the 
lack of evidence that the two phenomena were different from each other. 
Similarly, some attempts have been made to weaken the conditions that 
make critical periods distinct learning situations. If a critical period 
is considered to be simply a period of heightened sensitivity that can 
be overcome outside the period, as some accounts posit, then there is 
almost no doubt that there is a critical period for language acquisition, 
but by these standards, there would be a critical period for virtually 
everything we learn (baseball, music, and calculus being examples).

BUT COMPARED TO WHAT?

Our discussion proceeds by examining the role that some linguistic and 
cognitive factors play in second language acquisition and considering 
how age might interact with these factors. But first, we need to know 
what the rules are. What is it we are trying to explain? What do we 
mean by proficiency in a second language? 

Pinker (1994) recounted the story of Dizzy Dean, a 1950s baseball 
announcer, who routinely described such plays as, “He slood into 
second base.” Mr. Dean was a native speaker of English, but in his 
home state of Arkansas, dialectal peculiarities such as these were the 
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standard. What is native speaker proficiency? Although this case may 
seem extreme, it is only a progression on a continuum of variation in 
language use.

There is an assumption in all research into second language 
acquisition that the learner is striving toward some stateable goal, a 
standard and perfect version of the language that is embodied in the 
mind of every native speaker. Chomsky (1957) formally acknowledged 
this idealization as linguistic competence and quickly discounted the 
likelihood that it would ever be produced by real speakers (Chomsky 
himself notwithstanding) because of the sobering reality of performance 
that prevents mortal humans from achieving that level of perfection. For 
that reason, most linguistic research is based on speaker judgments and 
not speaker performance because, the argument goes, judgments can be 
made solely from competence whereas performance cannot. But how 
would Mr. Dean judge his own sentence describing the runner’s arrival 
at second base? Indeed, native speakers do not perform judgment tasks 
with 100% accuracy. What do we mean, then, when we speak vaguely 
of second language learners achieving native-like proficiency? This 
problem of designating a standard linguistic form is evident at all levels 
of analysis, but phonology is perhaps the most salient.

In addition to the problem of determining a standard for correctness 
is the problem of scope and generalizability. On the basis of some 
local assessment, conclusions are made about general competence, or 
language proficiency. What kind of assessment legitimately supports 
such claims? It depends in large measure on the nature of the hypothesis 
being tested. A theory about the process of second language acquisition, 
for example, should lead to specific predictions about acquisition 
that could be tested by detailed analysis of linguistic structures. Such 
theories, therefore, can be supported through a few discrete linguistic 
features. A theory about a critical period, however, may require more 
broadly based evidence covering many aspects of language proficiency. 
There is an inherent tension between the need to choose measures that 
are narrowly focused on the theoretical dimension of interest on the 
one hand, and the need to use measures that are global and ecologically 
more valid on the other.

Research into the critical period for second language acquisition has 
made use of a range of outcomes. The most sharply specified are the 
variables defined by Universal Grammar (UG), the putatively abstract 
and unlearnable elements of human language, such as subjacency and 
the complex noun phrase constraint (e.g., Johnson & Newport, 1991 
Juffs & Harrington, 1995; Martohardjono & Flynn, 1995). The idea 
is that these principles are part of the biological language program that 
constrain the hypotheses learners are able to construct about grammar. 
If learners lose access to this bioprogram, then presumably they lose 
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access as well to the specific grammatical hypotheses that follow 
from these constraints of UG, making it difficult or even impossible 
to discover such rules naturally. UG, then, is endowed with a level of 
reality that virtually moves it into the realm of concrete rules rather 
than abstract constraints. It should be particularly troubling to such 
theories, then, when a recantation of those constraints is proclaimed, as 
Chomsky (1995) recently did.

Another kind of outcome is defined by grammatical rules that do not 
necessarily require formal grammatical theory for explanation. Johnson 
and Newport (1989), for example, examined 12 rule types, including 
past tense, plurals, and third-person singular verb. Violations of these 
grammatical rules were created by omitting the required morpheme, 
replacing the required morpheme with an inappropriate morpheme, 
making an irregular item regular, or by attaching a regular marking 
to an already irregularly marked item. These rules could be abstract in 
the sense that they are part of a general theory of abstract grammar, 
but they can also be explained through nonlinguistic models rooted in 
cognitive analysis. Thus, outcomes defined by these rules are ambiguous 
with respect to the language specificity of the phenomenon.

A third kind of outcome is global assessment of some aspect of 
proficiency. For example, Patkowski (1980) asked trained judges to 
rate the overall syntactic proficiency of transcripts of tape-recorded 
narratives by second language learners. Oyama (1976) also recruited 
raters who listened to tape-recorded narratives and gave judgments of 
fluency. More recently, Bongaerts, Planken, and Schils (1995) elicited 
raters’ judgments of learners’ degree of foreign accent. In such studies, 
it is the overall proficiency that is being judged and as such, probably 
comes closest to a commonsense definition of language proficiency. 
Although the reliability of ratings and the criteria used to generate them 
can be questioned for their scientific authority, the evaluations are high 
in ecological validity.

The choice between precise specification of learning outcomes and 
the ecological validity of second language acquisition (L2A) offers an 
important methodological lesson for researchers. To the extent that a 
theory has explanatory precision, it is best served by testing for specific 
structures. For example, if the theory is that UG governs second language 
acquisition until puberty and then becomes unavailable, then UG-based 
structures are the prized items to be examined. Discovering age-related 
effects of non-UG structures may be problematic for a theory of UG but 
may fuel the development of various alternative theories. The nature of 
the linguistic data is critical in setting out -the possible interpretations 
that may follow from those data, regardless of how the results turn 
out.
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LINGUISTIC CONSIDERATIONS

If language is represented as innate abstract principles and there is a 
critical period for language acquisition, then L2A during the critical 
period should resemble first language acquisition (L1A) because both 
processes are governed by the learner’s access to those principles. 
Therefore, L2A during the critical period should show little or no effect 
of transfer from the first language because direct access to UG should 
override cognitive intervention in the process of constructing the system 
of rules for the second language. Learning after the critical period, 
however, would reflect elements of the first language because general 
cognitive resources would be recruited to construct the linguistic system, 
and they would naturally begin with the linguistic structures already 
in place. Demonstrating different types of language transfer before 
and after the close of the critical period, therefore, would support the 
argument for a critical period in L2A.

Historically, evidence for language transfer has been one means of 
explaining the uniqueness of L2A and was used as the empirical method 
in early research on this problem to define that difference (Hakuta & 
Cancino, 1977). If L2A were the same as L1A, it was argued, then the 
process was largely a linguistic development. Whatever was responsible 
for the child’s assured access into the arcane world of abstract rules and 
representations would equally guide the second language learner into 
proficiency. Furthermore, the prevailing linguistic theory that posited 
universal structures that were wired into the child made neurological 
factors an essential aspect of first language acquisition. However, if the 
course and outcomes of L2A were considered to be importantly different 
from those of L1A, then other kinds of factors, notably cognitive and 
social ones, needed to be invoked. Empirical evidence attempting 
to pronounce on this matter turned out to be largely equivocal: 
L2A was exactly like L1A in some ways and completely unlike it in 
others. Accordingly, both linguistic-neurological and cognitive-social 
explanations were going to be needed. The critical period debate entails 
a return to some of these arguments. If transfer from the first language 
is discovered to characterize learning even for the youngest learners, 
then some of the responsibility for second language learning would 
need to be reassigned to these other factors.

Although it is true that transfer distinguishes L2A from L1A in some 
respects, it is not clear that the process itself is unique to L2A. A major 
aspect of children’s development consists of their connecting linguistic 
competence with conceptual knowledge. In this sense, children’s 
L1A also involves something like transfer from cognitive structures 
to linguistic ones. Transfer, that is, can be considered to be a much 
broader process than just the extension of linguistic structures from one 
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language system to another. It also involves the generalization or use 
of knowledge from one domain into another. To what extent does this 
cognitive interpretation of transfer in language acquisition apply to the 
kinds of transfer observed in second language acquisition?

Consider first the kinds of transfer that can be observed in L2A. 
Transfer has been reported at different levels of linguistic analysis, 
described earlier as either comprising part of the abstract rules of UG 
(e.g., subjacency constraint), or surface structure similarity between 
two languages (e.g., negation, determiners). Transfer has also been 
detected in semantic interpretations of individual words (e.g., Ijaz, 1986; 
Kellerman, 1986). These examples fall along a continuum from abstract 
linguistic structure to cognitive conceptualization. In the first case, the 
learner is drawing on prewired constraints of UG that characterize the 
structure of the first language to formulate utterances; in the second, the 
learner is using knowledge of a structure and applying it to the L2 on 
the hypothesis that the two will be similar. These processes are different 
from each other in many respects: They are based on different kinds of 
mental representations, they involve different degrees of intentionality 
by the learner, and they are differentially susceptible to variation in 
the specific language pairs. Nonetheless, they all occur during the 
construction of an L2. Is transfer, therefore, a linguistic process or a 
cognitive process?

The important evidence from transfer for the critical period hypothesis, 
however, comes from the interaction between the type of transfer 
observed and the maturational stage of the learner. If there is a language 
learning faculty that undergoes change as a function of maturation, 
neurological development, or atrophy, then over time the transferred 
structures would presumably shift away from abstract linguistic 
principles toward more surface features or cognitively determined 
structures. This would reflect the move away from the control over 
language acquisition residing in a specific language center that is both 
formally (i.e., neurologically) and functionally (i.e., language acquistion 
device) defined to more general cognitive processes. Consequently, as 
access to UG becomes weaker, L2 learners’ intuitions about the new 
language will rely less on the constraints of UG that were set for the 
L1, decreasing transfer of these abstract principles into the L2. This 
may be compensated by an increasing reliance on transfer effects based 
on language-specific features. Empirically, the important observation 
would be a qualitative shift in the extent or nature of transfer from the 
L1 at different maturational stages of second language acquisition. 

The evidence on this point suggests that it is not the case. For example, 
Juffs and Harrington (1995) found as much transfer of subjacency from 
older and younger Chinese learners of English. Both groups performed 
well on a judgment task assessing their mastery of English subjacency, 
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but all the learners took significantly longer to make these judgments 
than did native speakers. On aspects of linguistic structure that were less 
constrained by UG, that is, more along the dimension toward surface 
rules or cognitive regularities, Bialystok and Miller (1998) found no 
change as a function of the transfer of six structures from Chinese 
to English. As shown in Fig. 7.1, both younger and older learners 
made more errors in a sentence judgment task on items containing 
grammatical features that were different between Chinese and English 
than on items containing grammatical features that were similar in the 
two languages. Similarly, older and younger Spanish-speaking learners 
of English had more difficulty in judging sentences containing an 

FIG. 7.1. Mean score for Chinese bilinguals by age of arrival.
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error in a structure that was different between the languages than in 
judging sentences with errors that were common. The younger learners 
performed at a higher level than older ones, but the pattern was exactly 
the same. In other words, even though the amount of first language 
interference was different for younger and older learners, the nature of 
the interference was the same. These data are plotted in Figure 7.2. The 
results of the study by Johnson and Newport (1989) also support the 
position that older learners transfer more than younger ones in absolute 
terms. However, accepting the experimental hypothesis for a critical 
period requires evidence of a discontinuity in the quality of rules that 

FIG. 7.2. Mean score for Spanish bilinguals by age of arrival.
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are transferred within and outside of that period. No such discontinuity 
has been found (Bialystok & Hakuta, 1994).

COGNITIVE CONSIDERATIONS

Even for those theorists who view language as an independently 
functioning module, governed by domain-specific principles and 
acquired through dedicated mechanisms, it overflows at every turn 
into the realm of cognition. Indeed, it was Chomsky (1957) who made 
the study of language a cognitive problem and unleashed a shift in 
psychological theorizing that has come to be known as the “cognitive 
revolution.” But how is cognition implicated in the debate over the 
existence of a critical period for second language acquisition?

In spite of the degree to which language acquisition may be governed 
by innate principles, aspects of language learning and use are clearly 
beyond the reach of such dedicated modules. The acquisition of literacy, 
for example, inflicts permanent change on children’s conceptions of 
language. We know that children who learn to read in alphabetic scripts 
develop more sophisticated conceptions of phonological structure, and 
all children, irrespective of the language they read, advance rapidly 
in their metalinguistic concepts as literacy is established (review in 
Adams, 1990). To the extent that literacy is a factor in second language 
acquisition, that aspect of the process must be considered to be 
controlled by cognitive and not purely linguistic mechanisms. Although 
there is little research into the role that literacy plays in second language 
acquisition, some inferences are possible. For example, certain forms 
of instruction are possible with literate, that is older, learners that are 
unavailable to preliterate or younger learners. Different instructional 
forms could lead to differences in proficiency. The literacy factor might 
also influence the outcomes of language acquisition in situations of 
immigration, a common population for critical period studies, where 
such differences as literacy of the learners, availability of written 
texts, opportunity for instruction, and other such factors influence the 
proficiency of the learners. In general, younger immigrants would likely 
attend schools in the host language and learn the literate grammatical 
forms through texts as part of their curriculum. Some older learners, 
especially those without strong cultures of literacy, may not have 
access to these standard written forms. It would not be surprising if 
the eventual attainment of those immigrants who had attended schools 
in the target language surpassed in large measure that of their parents. 
However, these factors are rarely discussed in the literature, and so 
demonstrations of simple age-related differences in ultimate proficiency 
do not determine the cause of those differences.

Another example of the cognitive influences on assessments of 
second language proficiency, if not the process of acquisition itself, 
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can be seen through differences in performance that are attributable to 
testing methods. In a replication of the study by and Newport (1989), 
Johnson (1992) gave the same sentences to the same participants but 
used written presentation instead of the original oral format. Not only 
did participants perform at a higher level overall, but there were fewer 
structures for which differences in age were relevant. In other words, 
evidence for age-related differences in learning depended not only on 
which structures were being examined but also on the testing modality. 
This difference in modality, in which written presentation elicits higher 
levels of performance than oral ones, was also found in the studies by 
Bialystok and Miller (1998). Why would this be the case? It is possible 
that here, too, some effects of literacy emerge in the results. Again, for 
age to be a main effect and be credited with the explanatory power in 
these results, the role of testing method needs to be clarified.

If second language acquisition is under the control of cognitive 
processes that are not unique to a language learning module, then 
the age-related changes in ultimate proficiency must be explained to 
some extent by changes in these general cognitive mechanisms. Because 
ultimate proficiency declines with age of initial acquisition, these 
general cognitive mechanisms must also deteriorate in their efficiency 
or effectiveness to serve as part of the explanation for changes in 
proficiency. There is evidence from studies in lifespan cognition that 
exactly this sort of deterioration takes place (Schaie & Willis, 1991). 
In a paired-associate task (like vocabulary acquisition), older learners 
were more sensitive to timing factors in the presentation of the material 
and required longer intervals than younger learners to recall the same 
pairs (Craik, 1986). Older learners were also more cautious and 
unlikely to venture a response if they were unsure of its correctness 
(Birkhill & Schaie, 1975). The encoding stage of establishing long-
term memory also took longer for older learners, and they required 
more trials to learn the list (Rabinowitz & Craik, 1986). There is also a 
decline across the lifespan in the ability to recall details, and as learners 
aged they increasingly remembered only the gist (Hultsch & Dixon, 
1990). These are examples of declining cognitive functions that take 
place across the lifespan. All of these abilities are involved in learning 
and using language, so their decline would adversely affect the ability 
to learn a new language. However, the decline of these functions is 
gradual and constant. No one has ever suggested that there is a critical 
period for memory and cognition. Therefore, if age-related changes in 
ultimate language proficiency are to be attributable to these cognitive 
changes and not to a specific language module that is constrained by 
a maturational schedule, then the decline in ultimate proficiency in a 
second language should also be gradual and constant. Conversely, if the 
age-related changes in ultimate proficiency are reflections of a critical 
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period for second language acquisition, proficiency should show a 
discontinuity at a certain point in time, probably around puberty. Such 
a discontinuity is the minimal essential evidence needed to reject the 
null hypothesis of no critical period.

The empirical issues that reflect these concerns are the shape of the 
function that relates proficiency to age of language learning and the role 
that other factors play in this relation. If there is a critical period, then 
the relation between age of learning and proficiency will be nonlinear 
because of a sharp break at the critical period; if there is no critical 
period, the relation will be linear. Regarding other factors, if there 
is a critical period, then age will be the exclusive or primary factor 
accounting for proficiency; if there is no critical period, then other 
factors will be significant.

We conducted a preliminary analysis of data from the 1990 U.S. 
population census (U.S. Department of Commerce, 1995) to test these 
two hypotheses. The data set includes information on a large number 
of population characteristics, such as home language background, age 
of immigration to the United States, level of formal education, and 
English ability. Population data of this sort have both advantages and 
disadvantages. The advantages are (a) the sample is close to the universe 
of the population and relatively free from bias; (b) the numbers are 
large enough that parameter estimates are highly reliable; and (c) the 
data have already been collected, and the empirical properties of many 
of the demographic variables are well understood. The major weakness 
is that the measure of English proficiency is obtained through self-
report, which is susceptible to various forms of corruption. However, 
a number of studies have compared self-report on English proficiency 
with behaviorally measured proficiency and report reasonable positive 
relationships between these two measures (Hakuta & D’Andrea, 1992). 
Kominski, 1989, cited in McArthur, 1993; McArthur & Siegel, 1983;

The present analysis is based on data from New York State, which, 
along with California, Florida, Illinois, and Texas, has among the 
largest language minority numbers in the United States. From the New 
York population, individuals were selected whose home language was 
either Spanish or Chinese. The following variables were estimated:

1. Length of Residence in the United States (based on year of entry)
2. Current Age (as of 1990)
3. Age of Arrival (subtraction of Length of Residence from Current 

Age)
4. Years of Formal Education
5. English Proficiency (“Not at all”, “Not well”, “Well”, “Very 

Well”, “Speak only English”).
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Because census data are categorical, models are best tested through 
log-linear analysis. However, one of our goals is to ask whether the 
data are linear, so the categorical data were converted into individual 
scores through interpolation, and some assumptions had to be made to 
make the data interpretable through linear analysis.

Because we are interested in asymptotic effects that reveal ultimate 
proficiency rather than the learning curve, we assumed that length of 
residence of 10 years would be ample time for most individuals to reach 
stable proficiency in English. Therefore, we eliminated participants who 
had length of residence of 10 years or less. This left us with a sample that 
included 24,903 speakers of Chinese and 38,787 speakers of Spanish. 
The initial analysis plots English proficiency as a function of Age of 
Arrival. The question of linearity can be answered by fitting a locally 
weighted, nonlinear function to the data using the LOWESS procedure 
available through SYSTAT (Wilkinson, 1996). The linear trend in these 
data is shown in Fig. 7.3 for Chinese (r=−.52) and Fig. 7.4 for Spanish 
(r=−.44). Superimposing the two curves on each other shows how similar 

FIG. 7.3. Proficiency by age of arrival for Chinese speakers.
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the slopes are, although there is a slightly higher mean score for Spanish 
than for Chinese. Most important, there appears to be nothing special 
about the age range before puberty. The decline in proficiency remains 
constant across the ages and is similar for both Spanish and Chinese.

To separate out the effects of cognition, the data were disaggregated 
by the educational level of the participants. Three categories were 
created: (a) less than 9 years of formal education; (b) between 9 and 
13 years of formal education; and (c) more than 13 years of formal 
education. The graphs are shown in Fig. 7.5 for Chinese and Fig. 7.6 for 
Spanish. Schooling was positively related to proficiency, independently 
of age of arrival or language. These data should be interpreted carefully 
with respect to cause and effect: for those participants who immigrated 
as children, increased English proficiency could just as easily lead to 
more formal education as the other way around. 

FIG. 7.4. Proficiency by age of arrival for Spanish speakers.
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We will conduct further analyses to separate out those individuals 
who were educated in the United States from those who were educated 
prior to immigration. Nevertheless, the graphs reveal systematic effects 
for educational level for both groups of participants.

CONCLUSION

It is tempting to believe that children are better second language 
learners than adults because their brains are specially organized to learn 
language, whereas those of adults are not. This is the explanation of 
the critical period hypothesis. The evidence for it comes from several 
sources. Informal observation irrefutably shows children to be more 
successful than adults in mastering a second language. Empirical studies 
confirm this pattern by demonstrating performance differences between 
children and adult learners on various tasks and measures. Yet both 
informal observation and empirical testing also yield exceptions to this 
rule. Late learners are sometimes able to achieve native-like perfection 

FIG. 7.5. Effect of education level for Chinese speakers.
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in a second language (e.g., Ioup, Boustagui, El Tigi, & Moselle, 1994) 
and experimental results sometimes show late learners performing 
just as well as early learners, even though the older group on average 
performs worse (e.g., Birdsong, 1992). Biological restrictions such as 
brain maturation should not be so easily overturned.

Neurological evidence has also been amassed to support claims 
for a critical period in second language acquisition. Neville (1995; 
Neville & Weber-Fox, 1994; see also Weber-Fox & Neville, chap. 2, 
this volume), for example, demonstrated event-related brain potential 
differences that show that neural organization is different for early and 
late language learners. Again, however, correlation is not causality. 
Researchers remind us that neural organization can reflect different 
kinds of experiences without being abnormal or supporting inferior 
performance (Elbert, Pantev, Wienbruch, Rockstroh, & Taub, 1995; 
Locke, 1993; Merzenich et al., 1984). Special experiences, in other 
words, may influence neural organization without affecting performance. 
As Gazzaniga (1992) pointed out, neural configurations are just as 

FIG. 7.6. Effect of education level for Spanish speakers.
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likely to be altered by cognitive processes as cognitive processes are to 
be determined by neurological structures. It is not surprising that the 
experience and knowledge we accumulate as we grow changes the way 
in which new information, including new languages, will be represented 
and that these differences can be detected as different patterns of neural 
organization in the brain. Indeed, brain patterns vary in the population: 
In some people, language is lateralized to the right hemisphere instead 
of the left, but they can still write, draw, and throw a baseball. The 
only issue is whether or not learning is impaired by these differences 
and whether the critical variable in determining the difference is age 
of first exposure. Here, only behavioral evidence is relevant, and the 
behavioral evidence does not make a sufficiently compelling case.

A more unusual argument for a critical period in language acquisition 
(but not specifically second language acquisition) was offered by 
Hurford (1991; see also Hurford & Kirby, chap. 3, this volume). Using 
computer modelling to simulate population growth and evolution, 
he demonstrated how a critical period for language acquisition is an 
adaptive feature in population terms. His explanation was that there 
is no selective pressure to keep the capacity for language learning 
available after puberty, so it turns off. The argument is interesting, but 
the amount of conjecture in the discussion is staggering.

Our discussion described some linguistic and cognitive factors 
involved in the language learning process that both contradict specific 
claims from the critical period hypothesis and offer an alternative 
means of explaining the advantage younger learners normally enjoy in 
second language acquisition. In addition, social factors conspire to ease 
the effort for young children by providing a nurturing environment, 
simplified input, educational opportunities, cooperative peers, and other 
supporting aspects of a social context that facilitate the acquisition of 
any language. Armed with these problems in the experimental studies 
designed to support a critical period, unconvinced that performance 
differences for younger and older learners reflect more than simple 
correlation, and given alternative explanations for the patterns of data 
that do occur, we see no reason to reject the null hypothesis that there 
is no critical period for second language acquisition.
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