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ABSTRACT

Four hypotheses regarding “age” effects on ultink&eoroficiency are considered here. All four apeirid
to have some predictive power, but none is perfiets suggests that age effects arise from mulfgadéors
that co-vary with age in ways that are not yetfulhderstood.

Keywords: Age, AOA, foreign accent, critical period, speech.

1. INTRODUCTION

That “earlier is better” for learning a second laage (L2) has been demonstrated convincingly frioen t
1980s on. An “age” factor seems to be especialngtfor L2 speech perception and production. Hedslr
of studies have examined how particular vowels aodsonants (“sounds”, for short) are identified or
discriminated by listeners, how L2 learners artitellthe sounds making up L2 words, and the effefcts
inaccurate L2 articulation on native listenerséaipts to recognize words spoken with foreign ac(iehj.

Surprisingly, what the general public has gleansaliiL2 speech learning is not too different frdra t
“received wisdom” of academics not specializind.hhspeech research. It is still common to heaaii shat
everyone who begins to learn an L2 after pubertjeistined to forever speak it with a FA, and thgtome
lucky enough to begin learning an L2 before the eha “critical” period will learn the L2 effortlety,
rapidly, and perfectly. This view not without aremlent of truth, but it is mistaken in important wayhe
aim of this talk, then, is to briefly review sonesearch examining age effects on overall succdssiining
an L2, and to underscore important questions #raaim unanswered.

1.1. Age?

In L2 acquisition research, “age” refers to teonologicalage at which L2 learning began. My own work
examined immigrants whose age of L2 learning wa$ thge of arrival (AOA) in the host country. One
study, for example, examined native speakers baftavho learned English in Canada after emigratimege
from ltaly (Flege et al. 1995). Another examined&ms who learned English in the United Statesyé-ét

al. 1999). With but few exceptions, contact witke th? was immediate and plentiful for these research
participants, for they were compelled to learntth&i (English) due to its social and economic daamice in

the surrounding community.

In studies such as these, AOA marked participdint®’ substantial contact with the L2 as spoken by
native speakers of the L2. A few participants winivad as adolescents or young adults reportednbavi
studied English briefly in school before emigratifgit there is no evidence that this previous dzpee
exerted a lasting effect. To ensure that our rebedocused on sequential rather than simultaneous
bilinguals, we excluded individuals who arrivedgorio the age of 2 years.

AOA has proven to be a useful research variablestoreral reasons. It can be reported accurately;
participants differing in AOA are fairly easy tocrait; and constructing groups that differ in AOAsares
robust outcomes. The real importance of AOA, howei® its presumed association with “causative”
variables thought likely to vary with AOA. Thesecinde variation in neural maturation (itself thotigi
influence degree of neural plasticity), the stdtel@velopment of native language phonetic categpaed
the kind and/or amount of L2 input typically recsiv

AOA varies in a near-continuous fashion in immidraopulations inasmuch as whole families often
emigrate together. Some research studies haveeatiaptorrelation approach, evaluating the effe @A
in samples of participants selected randomly ortles basis of some other variable. Better controlled



research has used AOA as a selection variable.ndrieal research design, for example, would be one
contrasting “early” learners having AOAs of, sayto210 years to a group of “late” learners havingAs

of, say, 15 to 23 years. A more ambitious desiga that of Flege et al. (1995), who selected 10 psaf

24 participants each. The groups’ mean AOAs rariged 3 (fange 1.9 to 4.1) to 21 yearsange 20.2 to
23.2). One aim of this study, and a similar stuggneining Korean immigrants to the U.S. (Flege et al
1999), was to identify the AOA of the first non-ivat group to differ significantly from the nativenglish
(NE) comparison group.

As far as | know, all research to date has dematesirstrong effects of AOA. Consider, for examghe,
seminal study of Johnson and Newport (1989). Thadgbors examined knowledge of 12 grammatical
structures said to be the most important of Engli$te stimuli consisted of both grammatidadgt night the
old lady diedin her sleep and ungrammatical versionsLést night the old ladgie in her sleep of 138
English sentences. The participants were 46 ChiaadeKorean speakers, all students or professaoss at
American university who had lived in the U.S. foreast 3 years. Their task was to label each seatas
“grammatical” or “ungrammatical”. A strong corratat between AOA and the percent correct scores was
obtained: the later the arrival, the lower weredberes.

A second example is a study by Flege (1991), whasored a well-known acoustic phonetic dimension
in speech production, voice-onset time (VOT). T8tisdy compared early to late native Spanish learakr
English. The early learners were found to produoedwinitial English /t/ with mean VOT values thaewe
very similar to English monolinguals’ whereas thtellearners’ VOT values were intermediate to tleam
values obtained for English and Spanish monolirgyual

2. EXPLAINING “AGE” EFFECTS

Although age (AOA) effects are robust, the bestlaxation for these effects remains uncertain, even
controversial. With this in mind, | will review folgeneral hypotheses culled from the literature thight
be used to explain age effects.

2.1. The maturational constrain hypothesis (H1)

H1 states that endogenous changes that occur aansumature render less effective mechanisms that
subserve language acquisition. DeKeyser (2000: HAB§- observed strong effects of AOA on
grammaticality judgment test scores. He concludhed $uch effects arose as the consequence'ssvare
decline[in] ability to induce abstract patterns implicitiyvhich is an“inevitable consequence of fairly
general aspects of neurological maturatiorih a similar vein, Scovel (2000) concluded thge a&ffects
have d@'neuromotor” etiology, attributing the poorer performance kg ldhan early learners to the reduction
of cerebral'plasticity” after the closing of &ritical period” for L2 learning.

One strength of H1 is that it correctly predictffatences between early and late learners as Well t
strong AOA-L2 performance correlations observedniany studies. H1 also correctly predicts the result
obtained in an analysis of data obtained by Flegal.e(1995) and Flege et al. (1999). These studies
evaluated overall degree of perceived FA in semespoken by Italian and Korean immigrants to Canad
and the U.S., respectively. Degree of FA in serdgerspoken by the non-native participants were raltatty
with sentences produced by members of a nativeifngNE) comparison group. Individual non-native
participants who received a mean FA rating thdtvighin 2.0 SDs of the mean rating obtained for the NE
group f = 24) were considered to be “accent free” (admiiyta rather lax criterion). As predicted by H1, no
Koreans and just one Italian participant with anAA@eater than 12 years were found to be “acceswsf’fr

The same analysis, however, revealed a problefdTotess than half of the Italians and only abmé-o
guarter of the Koreans with an AOA less than 10y&zgere found to be accent free. This finding likisig
given that all of these participants were educateBnglish-medium schools, most had been immersed i
English for more than 15 years, and nearly all reggbusing English more than their L1.

The two studies just cited used retrospective dgwveéntal designs, that is, examined adults whe i
according to when in the past they began learnimgjigh. Flege et al. (2005), on the other handméned
FA in English sentences spoken by groups of Koddgldren having AOAs that ranged from 5 to 15 years



After 5 years of immersion in English, the Koredrnldren's sentences still received significantlyvey
ratings than sentences produced by NE children.sHmee held true when the same test was performed a
year later. A closer look revealed the presenceeatéctable FAs even in sentences spoken by Korean
children who had begun learning English at the @fgé years and had been immersed in English foemor
than 5 years.

Another problem for H1 is its generation of a pe#idn that has been falsified in several studiedQA
effects are due to the passing of a critical periode would expect L2 performance to decline as
participants’ AOAs near the end of a critical pdriblowever, performance should remain stable tfiterea
because everyortgeyondthe critical period should show equally the ilfeets of having passed the critical
period. A re-analysis of FA ratings obtained faaliin and Korean immigrants showed, contrary ts thi
expectation, that FAs continue to grow strongembeythe critical period. For each study (Flegel e1 205,
1999), AOA-FA correlations were computed for theirensample (i.e., the 240 participants having AOAs
ranging from 2 to 23 years), just for participahé&ving AOAs ranging from 12 to 23, and finally julsbse
having AOAs of 15 to 23 years. As the number ofipiiants decreased, the correlations became wdsaiter
remained significanty(< .01) even in the last sample which included &plyst critical period” learners.

Figure 1: Ratings of sentences spoken by native English (lElsers and groups of Italian immigrants. Each mehre is
based on 2,916 ratings (18 participants x 162).érhar bars bracket +/-3E
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Flege and MacKay (unpublished) evaluated degredefoin English samples produced by NE speakers
and native ltalian groups differing in AOA. As seenFig. 1, the pair-wise differences between alirf
groups were significanp(< .05 by Tukey test). H1 might be used to explam d¢tronger FA of immigrants
who arrived in Canada at the age of 18 than 10sydart not the stronger FA of immigrants who began
learning English at 26 than 18 years of age. Thibdcause members of both of the last two groups
mentioned had begun learning English after theaértlde supposed critical period.

A re-consideration of the Johnson and Newport (1988rphosyntax data also calls H1 into question.
The strongest support obtained by these author$itomwas a significant correlation between AOA and
morphosyntax scores for participants having an A®hess than 15 years, but not for those having AOA
16+. Crucially, the existence of a critical periadage 15 was assumed, not demonstrated. Hakuta and
Bialystok (1994) showed that when the “cut pointasvarbitrarily shifted to an AOA of 20 years, a
moderately strong = -0.49) correlation between AOA and the morphaosyrsicores was obtained for “post-
critical period” learners.

Even more strikingly, the results of Flege et a999) suggested that the effect of AOA on
grammaticality judgment test scores may disappehenwfactors confounded with AOA have been
controlled. These authors used a test modellechaindf Johnson and Newport (1989). As in the o&bin



study, the test scores showed a strong correlatitnAOA. But, as is usually the case in L2 reshasOA
was correlated with other variables that might well’e influenced the test scores: years of educdtio
English-medium schools, length of residence indt®., and self-reported use of English.

Flege et al. (1999) used the matched-subgroup ipobnn an attempt to unconfound these other
potentially important variables. Two groups of 2@itiwipants having mean AOAs of 10 and 17 yearswer
selected from the original sample of 240 withoutsidering any other factor. Not surprisingly, treglg
learners obtained much higher scores than thédateers did. Two additional groups having the sarean
AOA values (viz., 10 and 17 years) were then setkdhis time taking care to match the participamtsach
AOA group for years of education in the U.$nean11 years for both). The matching process also
eliminated significant between-group differences/@ars of U.S. residence and self-reported English
Importantly, the morphosyntax scores for thesdchedgroups of early and late learners did not diféard|
in fact, did not even approach significance). Tigling leads one to wonder how many “age” effects
reported in the literature were really due to fegtoonfounded with AOA and not actually to the age
which L2 learning began.

2.2. The cognitive development hypothesis (H2)

H2 states that L2 learning becomes gradually |&&steve across the entire life span because cognit
abilities needed for speech and language learnmmish slowly across the life span. H2 is deriveain a
study by Hakuta et al. (2003). These authors deeelestimates of English proficiency based on sdver
responses to the U.S. Census by large numbers iok€s# and Spanish-speaking immigrants. For both
groups, the English proficiency estimates decreasatinuously from 10 to 60 years, not just in seeond
decade of life.

H2 correctly predicts the FA difference in Fig. dtlwseen immigrants having AOAs of 18 and 26 years.
But for H2 to really explain this finding, it wilbe necessary to identify a specific cognitive cleatiat
might be responsible. A more serious limitation i, however, is the unlikelihood of its being alkbde
explain the difference between NE speakers and gmamts with an AOA of 10 years (Fig. 1). Itaspriori
difficult to imagine 10-year-olds having underganeognitive change that could reduce their abititjearn
a second language in a period of life in whichlthes still developing.

2.3. Changes in L1-L2 interactions (H3)

H3 states that as the L1 system develops, theteffeross-language phonetic interference becornesger
because of differences in how the L1 and L2 soystess interact. This hypothesis is derived froegEls
Speech Learning Model (e.g., Flege 2002, 2003, 22009). H3 assumes that L1 categories developlglow
at least into early adolescence (as shown, for pkgrby studies examining the recognition of L1 @gin
noise). According to H3, as L1 categories developytbecome stronger “attractors” for sounds later
encountered in an L2. This has the effect of makesgners less likely to create new categoriesLior
sounds that are similar but non-identical to cqroesling L1 sounds, even when the cross-languageepico
differences are audible.

H3 generates predictions that can be readily tedtepredicts, for example, that as native Spanish
speakers get older, their ratings of the perceplaohetic dissimilarity between tokens of Englidh] and
Spanish [t] (all realizations of a /t/ phoneme)lwitcrease. H3 also predicts that the frequenaetdctions
of English-like VOT values inserted into Spanisteesgh samples will decrease as Spanish monolinguals
grow older (and, possibly, that the latencies ofrex detections will increase). Most importantiy3
predicts that as an indirect consequence of theldement of L1 phonetic categories, Spanish eadyriers
will be more likely than Spanish late learnersdtablish a new phonetic category for English i ao will
be more likely than late learners to produce Ehgliscorrectly.

A less obvious prediction—also derived from the Skkégards what is expected to happen when
learners (presumably, mostly late learners) fadstablish a new phonetic category for L2 soundsdtifer
auditorily from the closest sound in L1. Here thlxpextation is the development of a composite (nrge
category sharing properties of the perceptuallyuédgd” L1 and L2 sounds. This leads to the premtictior



example, that late Spanish learners of Englishterit to produce English /t/ with VOT values thed oo
short for English, and Spanish /t/ with VOT valtieat are too long for Spanish.

As already mentioned, Flege (1991) found that e8pwnish learners of English produced English /t/
with native-like values whereas late learners pcedwalues intermediate to those observed for Shamd
English monolingual. H3 generates the same predistior French as for Spanish. Flege (1987) obderve
“compromise” VOT values for late French-Englishifmjuals. Also, both French learners of English and
American learners of French were found to produtetLwith values that had moved in the directidn o
typical L2 values.

A problem for H3 is that little research has beenduicted to determine if the perceived dissimiait
pairs of L1 and L2 sounds actually does decreadel asategories develop, and whether such changes—if
they occur—predict accuracy of L2 segmental pradacind/or perception (but see Baker et al. 2002).

2.4. More/better input for early than late learners (H4)

There is evidence that early learners typically mere, and perhaps more authentic, L2 input th&sn la
learners do. H4 states that L2 proficiency increage a function of amount of L2 input. Given the
assumption that input varies as a function of lagguuse, it predicts that participants who have tise L2
often over the years will outperform those who hased L2 less often.

The prediction of H4 was supported by research @xam Italian immigrants in Canada (Flege and
MacKay 2004; Piske et al. 2001, 2002; MacKay et2@01). Groups differing in AOANnfeans8 vs. 20
years) were subdivided accorded to self-reportequiency of Italian usemeansof 7% and 10% vs. 43%
and 53%). For both early and late learners, a &sfjuse of Italian (and thus an infrequent userafligh)
was associated with a significantly poorer idecdifion of word-final English consonants, a poorer
discrimination of English vowels, less accuratedoiciion of English vowels, and relatively stron§és.

Table 1: Characteristicsnjeans SDs) of three groups of Italian immigrants tested-lgge and MacKay (unpubl.). All
differences between AOA-10 and AOA-18, but no dédfeces between AOA-18 and AOA-26, were signifidant .05).

AOA-10 AOA-18 AOA-26
Years of residence in Canada 43(5) 37(7) 33(8)
Years of education in Canada 9(4) <1(1) <1(1)
Self-reported % use of English 71(14) 53(15) 47(19
Self-reported % use of Italian 27(14) 47(15) 52(20)
Self-rated (7-pt) ability to pronounce lItalian 5.3 6.4(0.8) 6.8(0.5)
Self-rated ability to speak-understand Italian 5.6 6.4(0.8) 6.8(0.3)

These findings discredit claims (e.g., DeKeyser@®@L9) that input differences do not contributeate
effects on L2 speech learning. However, it is Heaicat present to whaitentinput differences contribute

to age effects inasmuch as L2 research has refiegskld-reports of language use rather than takaigah
measurements of input. Another problem for H4 & tanguage use differences do not predict allirfigsl
currently available. For example, H4 might expléne difference in Fig. 1 between participants hgvin
AOAs of 10 and 18 years but not the difference ketwthose having AOAs of 18 and 26 years. As can be
seen in Table 1, the former but not the later pagroups was likely to have differed in terms ofaunt of

L2 input.

3. CONCLUSIONS

All four hypotheses considered here seemed to bame predictive value, but none offered a convimcin
explanation of age effect and none was able towtcior all of the evidence considered. The pobsibi
therefore exists that all four hypotheses mighp leedplain, to varying degrees, age-related effeets in the
literature.



Future research should be designed so that conddufadtors can be eliminatedpriori or, at the very
least, be controlled statistically posteriori It will be imperative to evaluate variables thbtigo affect
ultimate L2 proficiency directly rather than, astire past, to manipulate “age” of L2 learning vi®oA
Potentially “causative” variables worth investigaftiinclude: age-related changes in the perceiviadioe
between sounds in the L1 and L2; variations inkihe of input received (foreign accented?), esplscia
early stages of L2 learning; and the amount (measurot estimated!) of L2 input received. Until salu
variables have been examined directly and variatdegounded with them have been controlled, we can
only speculate about the true basis (bases) foredgted differences in ultimate L2 proficiency.
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