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Aims of this talk
In Biological Foundations of Language (1967) Eric Lenneberg laid out a
nativist account of language learning.
In Lenneberg’s view, learning the
native language in childhood
•

has a strong biological
component;

•

is linked to normal neurological
maturation;

•

follows a similar schedule across
individuals, regardless of the
quantity and quality of input they
receive (apart, of course, from
cases of extreme deprivation).

Aims of this talk
Lenneberg (1967) argued convincingly that the native language (L1)
must be learned before the close of a “critical period” in order to be
completely successful.
Then, almost as an afterthought, Lenneberg extended his critical period
hypothesis (CPH) from native language (L1) learning to second
language (L2) learning.

Aims of this talk
Extension of the original CPH from L1 learning to L2 learning was based
on a simple observation, namely that:
1. foreign accents in an L2 can not be “overcome easily
after puberty” (Lenneberg, 1967, p. 176).
Lenneberg also suggested a possible causative mechanism for difficulty in
acquiring the language-specific phonetic properties of an L2 after the
close of a “critical period”, namely the loss of ability to make:
2. “automatic” use of input “from mere exposure” (p. 176 ).

Aims of this talk
The aims of this talk are to show that:
1. the maturational account offered by Lenneberg’s critical period
hypothesis (CPH) for second language speech learning is incorrect;

2. a better explanation exists for the strong age-related effects that have
been observed repeatedly for L2 speech learning.
In the talk I will:
•

present evidence that predictions generated by the CPH regarding
foreign accent are incorrect;

•

show that predictions regarding segmental production and perception
may also be incorrect.

Foreign accents
The CPH leads to expectations concerning members of this family who
immigrated for economic reasons from Italy to Canada at the end of the 1950s:
•

one will eventually speak English without a foreign accent (FA);

•

three other family members will speak English with equally strong FAs.

But what about the 13-year-old girl in the middle? She’s nearing the closure of
Lenneberg’s “critical period”.

Foreign accents
In the period 1992-2003 we carried out a program of research with Italian
immigrants in the capital of Canada, Ottawa.
Our first study (Flege et al., 1995) examined 240 Italians who had
arrived in Canada between the ages of 1-23 years.
The aim of this study was to test Lenneberg’s (1967) CPH in far greater
detail than in previous research.

Foreign accents
Crucially, all of our Italian participants had the opportunity and need to
learn English inasmuch as:
•

none spoke English when they arrived;

•

the Italian-speaking community in Ottawa is small.

Foreign accents
Most Italians who arrived in Canada before about the age of 13 years
reported, decades later when we tested them, that English was the
“better” of their two languages.
Most who arrived after the age of 13 years reported that Italian was the
better of their two languages.

Foreign accents
However, most Italians – regardless of AOA – indicated that they would
chose to keep English if they could only continue using one of their two
languages.
This is because English is crucial for everyday life in Ottawa for all Italian
immigrants, regardless of AOA.

Foreign accents
We asked our Italian participants which language they would be most likely
to use, English or Italian, in a variety of social contexts.
Regardless of AOA, they indicated being most likely to use Italian with
family members and when at church events.

a

These data are from Flege and MacKay (2011), who examined three groups of Italians having
mean AOAs of 10, 18 and 26 years. The AOA-10 group used Italian significantly less often in the
family/church context than the other two groups, but did not differ from the AOA-18 and AOA-26
groups for Italian use in the context of commercial transactions and other personal interactions.

Foreign accents
They were more likely to use English, on the other hand, in most other
social context (e.g., when speaking to a barber or hairdresser or when
talking to a neighbor).a

a

These data are from Flege and MacKay (2011), who examined three groups of Italians having
mean AOAs of 10, 18 and 26 years. The AOA-10 group used Italian significantly less often in the
family/church context than the other two groups, but did not differ from the AOA-18 and AOA-26
groups for Italian use in the context of commercial transactions and other personal interactions.

Foreign accents
We evaluated overall degree of perceived foreign accent (FA) in short
English sentences spoken by the Italians (Flege et al., 1995).
Their productions of English sentences were rated by ten NE-speaking
listeners from Canada.
The mean ratings obtained for the 240 Italians and 24 native English
(NE) controls were each based on 150 ratings. a

a The

listeners rated FA using a continuous scale. The 264 tokens of five short English sentences
were presented to listeners in separate randomized blocks. We examined multiple sentences
rather than a single long excerpt of speech because detectable errors at the beginning of a single
long sample well be forgotten by the time a judgment is given at the end of the sample.
The 264 tokens of each sentence were randomly presented four times each and the median of
the final judgments determined. The mean ratings in the next slide were based on 50 median
ratings (5 sentences x 10 listeners).

All ten NE listeners used the continuous scale appropriately but they showed differing sensitivities
to the presence of FA. For one listener, the first group of native Italian speakers to obtain
significantly lower ratings than the NE control group had a mean AOA of 3.1 years. For other
listeners, the first foreign-accented Italian group had mean AOAs of 5.2 years (n = 3 listeners),
7.5 years (n = 2), 9.6 years (n = 3) or 11.6 years (n = 1).

Foreign accents
I expected that:
1. foreign accents would not be evident for “pre-Critical Period”
learners who arrived in Canada before about the age of 13 years
2. FAs would be very strong for “post-Critical Period” learners who
arrived in Canada after that age.

Foreign accents
Neither expectation was met.
We observed what seemed to be the presence of FA in Italians who
arrived as young children, and a seemingly linear increase in strength of
FA beyond early childhood.

Foreign accents
For a closer look for today’s talk, I computed mean FA ratings for 20
groups of 12 Italians each having non-overlapping AOA values.
The group having a mean
AOA of 12 years had a
slightly stronger FA than did
the group having a mean
AOA of 11 years.
This small non-linearity, plus
the fact that the mean AOA
values of the 20 subgroups
captured 94% of the
variance in the mean FA
ratings obtained for these
groups, seem to provide
strong support the CPH.

In Flege et al.(1995a) the Italians were assigned to non-overlapping groups of 24 each.
Here and throughout this talk error bars bracket +/- 1 SEM.
a

Foreign accents
Like many other studies before and since, Flege et al. (1995) showed
that “earlier is better”. Such “age” effects are not in doubt.
However, the primary question of scientific interest is

what causes the “age” effects?
The most common explanation for the kind of data we just saw is that
differences in the Italians’ state of neurological maturation when they
immigrated to Canada decades earlier was responsible for differences in
strength of FA.
Another possible explanation exists, however:
the FA differences were due to differences in the quantity and
quality of input the immigrants had received.

Foreign accents
We came to realize that:
•

AOA conditioned the social contexts in which the Italian immigrants
learned and used English; a

•

Those who arrived before vs after the supposed “close” of a critical
period seemed to inhabit different social niches, an indirect
consequence of schooling and social structure. a

a

This conclusion is compatible with Brian MacWhinney’s (2006) observation that “social
positioning” largely shapes L2 input received by immigrants arriving after school age, and that it is
“difficult to overestimate the potential impact of social structures.”

Foreign accents
The Italians who arrived in Canada before the age of 15 years generally
received a considerable amount of education in English-speaking
Canadian schools.
This did not hold true for most of the Italians who arrived after the age of
15 years.

a

The years of education data comes from a later study (Flege & MacKay, in prep) examining Italians
drawn from our Ottawa study population. There were 19 participants in each of the 10 AOA-defined
groups.

Foreign accents
Years of education in Canada schools was not important for our Italian
participants because they received instruction in school on how to
pronounce English.
Schooling was important for them because it provided access to nativespeaker input.

a

The years of education data comes from a later study (Flege & MacKay, in prep) examining Italians
drawn from our Ottawa study population. There were 19 participants in each of the 10 AOA-defined
groups.

Foreign accents
Most of the Italians in our study who arrived in Canada between the ages
of 5 and 15:
•

were soon enrolled in schools where English was used as the language
of instruction;

•

learned English from native English-speaking teachers and classmates;

•

formed long-term friendships with their NE-speaking classmates and
sometimes married one.

Foreign accents
The dichotomy between immigrants who arrived before vs after 15 years of
age is evident in analyses comparing Early to Late learners (n = 96 per
group):
•

Early learners: AOA = 4.2 to 12.6

•

Late learners: AOA = 15.0 to 23.2

Foreign accents
Late learners reported using Italian significantly more – and so English
less – than Early learners did. a

a

Between group differences in ratings were assessed using Mann-Whitney U tests. An asterisk
indicates a significant Early vs Late differences at a Bonferroni corrected .05 level.

Foreign accents
Not surprisingly, the Late learners judged their Italian to be better than the
Early learners did. a

a

The difference in ratings obtained for the 96 Early and 96 Late learners were tested using MannWhitney U tests. An asterisk indicates differences at a Bonferroni corrected .05 level.

Foreign accents
The Late learners reported needing twice as long as Early learners to
learn to speak English “comfortably” following their first regular exposure
to English in Canada (M = 22 vs 11 months). a

Speaking the L2 “comfortably” in everyday life is an important milestone but does not provide
information regarding L2 proficiency. The between group difference in the interval of time between
arrival in Canada and regular exposure to English (0.5 vs 3.3) was non-significant (p = 0.16)
whereas the difference in the interval of time been exposure to English and self-rreportted ability
to speak it “comfortably” was highly significant (p < .0001). The error bars here and throughout
the talk bracket +/- 1 SEM.
a

Foreign accents
An analysis of gender differences suggested that this Early vs Late
difference was more likely due to input differences than to learning
English before vs after the close of a “critical period”.

Foreign accents
We found that gender affected strength of FA:
•

Among Early learners: females had a better pronunciation than males

•

For Late learners: males had a better pronunciation than females (p <
.05).a

The differences between males and females were evaluated by non-parametric Mann-Whitney tests
because of unequal numbers of male and females and non-homogenous variances. The slopes of the
two functions shown here differed significantly, F(1, 188) = 15.9, p < .0001.
a

Foreign accents
Time needed to learn English depended on AOA:
•

For Early learners there was no male vs female difference;

•

For Late learners, on the other hand, females needed a year
longer than males to learn to speak English “comfortably”.

The differences between males and females were evaluated by non-parametric Mann-Whitney tests
because of unequal numbers of male and females and non-homogenous variances. The slopes of the
two functions shown here differed significantly, F(1, 188) = 15.9, p < .0001.
a

Foreign accents
Why did strength of FA depend on gender?
Male Late learners had greater opportunity and need to learn English
soon after arriving in Canada because they needed to find work
outside the home. As soon as possible.
No male-female difference was observed for Early learners because
all were enrolled in school soon after arriving in Canada.

The differences between males and females were evaluated by non-parametric Mann-Whitney tests
because of unequal numbers of male and females and non-homogenous variances. The slopes of the
two functions shown here differed significantly, F(1, 188) = 15.9, p < .0001.
a

Foreign accents
This interpretation was supported by Principal Components Analyses.
The PCA indicated that work-related variables predicted the pronunciation
of males but not females.

Flege et al., 1995a (Table III) carried out PCA of questionnaire variables, which identified factors
that were then used to predict variation in overall degree of FA. Some common factors were
identified for male and female participants. Others were unique:
•

For males but not females: variables designated “languages used at work”, “strength of
concern for pronunciation”, and “instrumental motivation” accounted for a significant amount of
variance in the FA ratings;

•

For females but not males: “overall language use”, “language loyalty” were significant
predictors of variance.

Foreign accents
The quantity of English input received by the Italian immigrants was
related to AOA: the earlier the Italians arrived in Canada the more they
reported using English and the less they reported using Italian.
These language use differences were compounded by AOA-related
difference in years of residence in Canada (more for Early than Late
learners).

Foreign accents
I derived a variable we might call “Percent English Heard in Life” from
three questionnaire items:
•

chronological age at test;

•

years of residence in Canada;

•

self-estimated % English use (assume 100% Italian until
immigration).

Second language acquisition (SLA) researchers assume that the AOA
variable is related to immigrants’ state of neurological maturation at the
time of first exposure to an L2.
The Percent English variable I just mentioned is unrelated to
maturational state.

Foreign accents
The “Percent English” variable, even though imprecise, captured nearly as
much variance in strength of FA as AOA did (92% vs. 94%).

Foreign accents
In our first FA study we noted that some Early learners obtained lower
ratings than NE speakers did.
The aim of Flege et al. (1997) was to determine if some Early learners
spoke English with a detectable FA.

Foreign accents
Flege et al. (1997) re-examined sentences spoken by 40 Early learners
from our original FA study (Flege et al., 1995).
We selected two groups of Early learners (n = 20 each) who differed in
self-estimated percentage use of Italian (3% vs 36%).

Native
English

Low
Italian/high
English use

High
Italian/Low
English use

N

20

20

20

Age of arrival in
Canada (years)

--

5.6

6.2

Length of residence
in Canada (years)

--

36

32

Self-estimated %
Italian use

--

3%

36%

Foreign accents
All three groups differed significantly (p < .05).
Neither the presence of FA in Early learners, nor the effect of language
use is consistent with the Critical Period Hypothesis (CPH).

This held true for ratings obtained from panels of listeners in Ontario (Canada) and Alabama
(USA).

Foreign accents
The FA difference between the Early learners differing in language use
was confirmed in FA detection analyses.

In this analysis we treated as hits the English sentences produced by Early learners that were rated
as “probably or “definitely native Italian”. The same ratings given to sentences spoken by the NE
speakers, on the other hand, were treated as false alarms.

Both groups of listeners were significantly more sensitive to the presence of an Italian FA in
sentences produced by Early learners who spoke Italian often than seldom (p < .05 for all three
sentences examined).

Foreign accents
Moreover, FAs were detectable even for a subset of the Early learners who
arrived in Canada before the age of 4.0 years.
These results are inconsistent with the CPH as well as a variant theory
which posits that a “window of opportunity” for successful L2 speech
learning closes at 5 or 6 years of age (e.g., Granena & Long, 2012).

Foreign accents
Why did some Early learners pronounce English better than others?
Here we see, in ascending order, the FA ratings obtained for all 40 Early
Learners. I selected two subgroups for further analysis.

Foreign accents
Members of the (relatively) “bad pronunciation” subgroup (n=12) were
usually classified by listeners as “definitely native Italian”.
Members of the “good pronunciation” subgroup (n=13) obtained ratings that
fell within the range of ratings obtained for NE speakers.

Foreign accents
Despite a difference in listeners and scaling techniques (4-point vs
continuous scale), a strong correlation (r = 0.94) existed between the
ratings obtained for the 25 “good” and “bad” Early learners in the original
(Flege et al., 1995a) and follow-up (Flege et al., 1997) studies.

Foreign accents
The “bad pronunciation” group reported a significantly better pronunciation
of Italian than the “good pronunciation” subgroup of Early learners (p <
.05). a

a

Between group differences in rating were evaluated using non-parametric Kruskal-Wallis
tests.

Foreign accents
The “bad pronunciation” subgroup reported using English significantly less
often than members of the “good pronunciation” subgroup (p < .05).a This
probably contributed to the difference in strength of FA between these two
subgroups..

a

The subgroups did not differ significantly in self-estimated % use of Italian.

Foreign accents
A difference in how much Italian-accented English members of the two
groups had heard might also have mattered. However, I have no direct
proof of this.

Foreign accents
Another problem for the CPH was identified in a FA study (Flege &
MacKay, 2011) examining groups of Italian immigrants having mean
AOAs of 10, 18 and 26 years (n = 20 each).

AOA-10

AOA-18

AOA-26

p<0.05

Age of arrival

10.4

18.1

25.7

10<18<26

Length of residence

42.8

37.1

33.1

10>18,26

71.4%

52.7%

46.9%

10>18,26

30.8

19.5

15.5

10>18,26

% English use
Years of English input
(LOR * % English use)

Foreign accents
As expected from previous research, the “post-Critical Period” learners in
groups AOA-18 and AOA-25 had received significantly less English input
than the “pre-Critical Period” learners in group AOA-10.

AOA-10

AOA-18

AOA-26

p<0.05

Age of arrival

10.4

18.1

25.7

10<18<26

Length of residence

42.8

37.1

33.1

10>18,26

71.4%

52.7%

46.9%

10>18,26

30.8

19.5

15.5

10>18,26

% English use
Years of English input
(LOR * % English use)

Foreign accents
All three AOA-defined groups of Italian immigrants received
significantly lower ratings than the NE speakers did.
And all three Italian groups differed significantly from one another.

Neither finding is compatible with the CPH

Foreign accents
Another serious problem for the CPH is that it ignores the native language
of L2 learners.
Individuals who have the opportunity and need to learn an L2 become
bilinguals.
Bilinguals have two partially over-lapping phonetic subsystems that they
can not turn on/off instantly or completely (see, e.g., Antoniou et al., 2013,
and references therein).
According to the Speech Learning Model (Flege, 1995; Flege & Bohn,
forthcoming):
The phonetic elements of a bilingual’s two phonetic sub-systems
necessarily interact with one another because they exist in a
common phonological space.

Foreign accents
The Italians in our first FA study rated their own ability to pronounce
English and Italian.
Those who arrived before the age of 12 years reported having a better
pronunciation of English than Italian.a
Those who arrived later reported having a worse pronunciation of
English than Italian.

a The

seemingly anomalous data points in the dashed box are not an error. Participants who were
young children when they first arrived in Canada were often kept at home and heard mostly (or
only) Italian until they went to school.

Foreign accents
Yeni-Komshian et al. (2000) later observed the same “crisscross” pattern
in the pronunciation of Korean and English by 240 Koreans living in the
United States. a

The shift in the “magic age” from about 12 in the Italian study to 10 years in the Korean study was
likely due to differences in formal education across the two samples of immigrants. Compared to the
240 Italians, the 240 Koreans were younger, had studied longer in English-speaking schools, and
lived for less time in the host country. Also, at least the younger arrivals were often exposed to
“supplementary” educational activities by their Korean parents, who strongly desired that their
children enjoy social and economic success in the host country.
a

Summary of problems for the CPH
As Lenneberg (1967) noted, FA is usually evident for those who began
learning their L2 after puberty.
But when we take a closer look the data don’t conform well to predictions
generated by the CPH:
1. Roughly the same amount of variance in FA ratings can be captured
by an imprecise and incomplete estimate of input as by AOA.
2. Adults who learned the L2 in early childhood are likely to speak it with
a FA, even after decades of predominant and daily L2 use.
3. FA continues to increase in strength after the supposed close of a
critical period for L2 speech learning.
4. The CPH generates no prediction regarding a very important aspect
of FA: the L2-inspired FA that is often evidence in bilinguals’
pronunciation of their native language.

Perception of L2 segments
Now let’s have a look at segmental production and perception.
I’ll begin with research in Ottawa examining 36 Early learners who had
lived in Canada for decades (Flege et al., 1999; Meador et al. 2000;
MacKay et al., 2001).

Perception of L2 segments
We recruited two groups of Early learners (n = 18 each) who differed in
language use but were closely matched for other variables
(chronological age, AOA, gender, and length of residence in Canada).

The two groups were originally selected on the basis of Italian use, the inverse of English use
which is reported here for expository purposes. Members of the two groups had lived in Canada for
about the same length of time. The observed between-group differences therefore demonstrate the
inadequacy of length of residence (LOR) as a measure of L2 input.
a

Perception of L2 segments
The Early learners in “Early-high” used English significantly more often
than those in the “Early-low” group (90% vs 65%) and so had received
more years of full-time English input (36 vs 26 years).

Perception of L2 segments
We examined
•

identification of word-initial consonants in noise;

•

identification of word-final consonants in noise;

•

the discrimination of English vowels (in the quiet).

a

An asterisk indicates a significant difference between a native Italian group and the NE speakers
according to Bonferroni-adjusted two-tailed t-tests.

Perception of L2 segments
For all three tests, the Early learners who used English relatively little
differed significantly from the NE speakers but not those who used
English relatively often.a

a

An asterisk indicates a significant difference between a native Italian group and the NE speakers
according to Bonferroni-adjusted two-tailed t-tests.

Perception of L2 segments
We also examined the Early learners' ability to recognize naturally
produced words presented in varying amounts of noise.
At all S/N levels, the significant between-group differences were

NE > Early-high > Early-low

a The

results shown here do not include data obtained at the subsequent +12 S/N ratio. This is
because some participants were at ceiling in the +12 dB condition.

Perception of L2 segments
Neither the difference between the Early learners and NE speakers,
nor the effect of language use on English word recognition is consistent
with the CPH.

Perception of L2 vowels
Now let’s consider vowel perception by Early and Late learners
living in Ottawa.
The Italians in this research differed in both AOA and language use
(Flege & MacKay, 2004).
Here I will focus on English vowels /i/ and /ɪ/. This pair of vowels is
of special interest because
•

Italian has an /i/ but no /ɪ/;

•

Both English vowels tend to be heard as Italian /i/ by
Italians when they are first exposed to English.

Perception of L2 vowels
Here we see the location in an F1-F2 acoustic space of English /i/
and /ɪ/ with respect to Italian /i/.
The Italian /i/ is closer to English /i/ than /ɪ/ in this acoustic space
(which is incomplete because it doesn’t include duration nor specify
formant movement patterns).

Perception of L2 vowels
Although difficult, learning to distinguish English /ɪ/ vs /i/ is not expected
to be impossible for Italians (e.g., Tyler et al., 2014).
This because perceptual judgments obtained by Flege & MacKay
(2004) indicated English /ɪ/ perceptually more distant from the Italian /i/
than is English /i/.

More specifically:
•

English /ɪ/ is classified as Italian /i/ less often than English /i/ is (M =
65% vs 87%);

•

English /ɪ/ receives low goodness of fit ratings to Italian /i/ less than
English /i/ does (mean ratings = 2.9/5 vs 4.2/5)

Perception of L2 vowels
One experiment examined the discrimination of English /i/ vs /ɪ/.
The four groups of Italians (n = 20 each) differed orthogonally in AOA and
percent use of English.a

Native English (NE)

a The

Age of
arrival in
Canada
-

Length of
residence % English
(LOR)
use
-

Years of
English
input a
-

Early-high (EH)

7

42

93%

39

Early-low (EL)

8

40

57%

23

Late-high (LH)

20

31

90%

29

Late-low (LL)

20

29

47%

13

Italian participants were originally selected on the basis of % Italian use, the
inverse of % English use.

Perception of L2 vowels
We also tested Italian students who had come to Canada to study
English and had been living there for 2 months.

Native English (NE)

Age of
arrival in
Canada
-

Length of
residence % English
(LOR)
use
-

Years of
English
input a
-

Early-high (EH)

7

42

93%

39

Early-low (EL)

8

40

57%

23

Late-high (LH)

20

31

90%

29

Late-low (LL)

20

29

47%

13

Perception of L2 vowels
The Italian students obtained A’ scores that were significantly above the
chance level of 0.50 (p < .05). This shows that, as expected, native
speakers of Italian can learn to distinguish English /i/ from /ɪ/.

Perception of L2 vowels
All four groups of immigrants obtained significantly higher scores than
the Italian students did. This showed the importance of long-term
naturalistic input. a

An asterisk indicates a significant difference between on of the four groups of immigrants and the NE
speakers according to Bonferroni-adjusted two-tailed t-tests.
a

Perception of L2 vowels
Just one group – the Late learners who used English relatively seldom –
obtained significantly lower scores than the NE speakers. This shows the
importance of quantity of L2 input.

Perception of L2 vowels
The problem with this experiment was that too many Italians were at or
near ceiling.
To learn more, we carried out an even more difficult error detection
experiment the following year.
Once again, the four Italian groups differed orthogonally according to AOA
and languages use.
N (m/f)

AOA

LOR

50

% English
use
-

Years of
English a
-

Native English

8/8

0

Early-high (EH)

7/9

7

42.

94%

40

Early-low (EL)

8/8

8

41

60%

24

Late-high (LH)

7/9

18

33

90%

30

Late-low (LL)

7/9

20

29

48%

14

Perception of L2 vowels
The stimuli consisted of short phrases taken from the spontaneous
conversations of Italians we had recorded in earlier research.
The phrases that we selected for use as stimuli in our perception
experiment contained both correct productions of /i/ and /ɪ/ as well as
incorrect productions in which one vowel was apparently “substituted” by
the other. Examples:

correct productions:
“speak the”

/i/ → [i]

“my kids they”

/ɪ/ → [ɪ]

incorrect productions

“and reading”

/i/ → [ɪ]

“very difficult”

/ɪ/ →[i]

Perception of L2 vowels
The test phrases were presented auditorily via headphones. Participants
also saw the phrases on a computer screen.
In the visual stimuli an asterisk replaced the target vowel of interest:

sp*k the
very d*fficult

The listeners’ task was to decide if the vowel marked by an asterisk had
been produced correctly or incorrectly.
The dependent measure was A’, which ranges from a theoretically
defined chance level of 0.50 to 1.00 (perfect sensitivity).

Perception of L2 vowels
Three groups of Italians (asterisks) detected vowel errors significantly less
often than the NE speakers did.
One of these groups consisted of Early learners who used English
relatively seldom (Early-low). a

An asterisk indicates a significant difference at the 0.05 level between one of the four groups of
immigrants and the NE speakers according to Bonferroni-adjusted two-tailed t-tests.
a

Perception of L2 segments
A group of Early learners and a group of Late learners (Early-low, Latehigh) showed the same perceptual sensitivity to vowel production errors in
English.
If success in L2 speech learning is determined by state of neurological
maturation at the time of first exposure to an L2, how could Italians who
immigrated to Canada at the ages of 8 and 20 years and had lived there
for decades obtain the same scores?

Perception of L2 segments
The CPH implies that variation in language use is of little importance.e
However, language use accounted for slightly more variance than AOA:
•

Language use ƞ2 = 0.162

•

AOA ƞ2 = 0.158

This shows the importance of input, which tends to be undervalued by
advocates of the CPH (e.g., DeKeyser, 2000, p. 519)
Unfortunately, the two factors together accounted for only 32% of
variance in the error detection scores.
This tells use that something very important is missing.

Perception of L2 segments
That “something missing” is probably quality of L2 input.
I suspect that the more our Italian participants had heard other Italians
producing the target English vowels incorrectly, the less native-like
were their long-term memory representations (phonetic categories) for
the English vowels.
If so, it was input-based differences in the phonetic categories that
the bilinguals had established for English vowels that led to betweengroup differences in the perceptual detection of English vowel
production errors.

Production of L2 vowels
Now let’s consider production of the English vowels /i/ and /ɪ/ (Munro et
al., 1996).
These vowels were produced by the same 240 Italians examined in our
original FA study.
In these analyses we will consider 20 groups of 12 Italians each
defined on the basis of non-overlapping AOA values.

Production of L2 vowels
Here we see the proportion of Italians in the AOA-defined subgroups
whose production of /i/ and /ɪ/ were identified correctly.
The production of /ɪ/ varied little as a function of AOA. The correct
identification rates for /i/, on the other hand, decreased somewhat for
Italians who arrived in Canada after about the age of15 years of age.

Production of vowels
A panel of native English-speaking listeners from Canada rated the
accuracy with which the same two English vowels were produced.
Italians who arrived in Canada before about the age of 6 years
produced both English /i/ and /ɪ/ with equal accuracy. After that, the two
vowels diverged, with lower ratings for /ɪ/ - a vowel not found in Italian –
than for /i/.

Production of L2 vowels
Here we see the mean ratings of /i/ and /ɪ/ tokens produced by 24
native English speakers and by Italian Early and Late learners (n = 96
each):

.

•

Early learners: AOA = 4.2 to 12.6

•

Late learners: AOA = 15.0 to 23.2

Production of L2 vowels
For /i/ all between-group differences were significant by Mann-Whiney
U-tests (p < .05)
NE > Early > Late

For /ɪ/, Late but not Early learners differed significantly from the NE
speakers (p < .05):
NE, Early > Late

Production of L2 vowels
What accounts for differences in the production of English /ɪ/ by Early and
Late learners?
1. State of neurological (or cognitive) maturation at the time
of first exposure to the L2?
2. Differences in the quantity and quality of English input
received?
3. Both?

Production of L2 vowels
SLA researchers like to do a “horse race” between AOA and a measure of
input such as “LOR”. a
Whichever variable shows the strongest correlation with the outcome
measure “wins” the race.

a

In the context of tests like these the LOR variable serves as a straw man. It provides no information
regarding quality of input, and it is likely to provide misleading information regarding the quantity of
input received by individuals who do not have both tne opportunity and need to use the L2 on a regular
basis (see, e.g., Flege & Liu, 2001).

Production of L2 vowels
Here I have computed the correlation between the ratings of /ɪ/ production
accuracy and two variables.
Slightly more variance in /ɪ/ production accuracy is accounted for by AOA
than Years of full-time English input (82% vs. 72%). AOA “wins”.

Production of L2 vowels
Does this finding mean that “AOA”, and by extension maturational state
at the time oL2 learning begin, is the only predictor of vowel production
accuracy. Or even the best predictor?
In my opinion neither is true.

Production of L2 vowels
The “input” variable in the analysis I just presented provided an
imprecise measure of quantity of input, that is, how much English
input the Italians had received over the course of their lives.
Alas, we know nothing about the quality of input the Italians had
received. How much of it was Italian-accented English?
If our participants often heard English /ɪ/ produced with an Italian
accent by other Italians, it may well have caused them to develop
phonetic category representations differing from those of NE speakers.
If so, then their L2 vowel production “errors” were not really errors.
They were evidence of highly competent L2 speech learning.

Conclusions
The CPH continues to be accepted as the best explanation for
age-related effects in L2 speech research.
However, the CPH generates incorrect predictions regarding
• overall degree of foreign accent;
• segmental production;

• segmental perception.
In my view, input is the single most important predictor of
success in L2 speech learning.
The problem we face, however, is that our measurements of
quantity and quality of L2 input are inadequate.
The input hypothesis cannot be properly evaluated – accepted
or rejected – until we begin assessing input more precisely.

Thanks for your kind attention

Above: my garden in Tuscania (VT), Italy

For the other talk I presented in Tokyo please visit my website:
http://jimflege.com/files/Sophia_rl_talk5.pdf
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