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L2 speech learning:
Time to change the paradigma
Abstract. The critical period hypothesis (CPH) has exerted a strong
influence on L2 speech research ever since Eric Lenneberg (1967)
observed that people who learn an L2 after puberty usually speak it with
a foreign accent. His observation was largely correct, but research going
beyond a superficial level of observation yields findings that are
incompatible with the CPH. Importantly, the CPH also fails to predict an
important phenomenon regarding foreign accent: an influence of the L2
on how bilinguals pronounce their native language. Evidence regarding
segmental-level production and perception also poses serious
challenges for the CPH. The primary problem is not that the CPH is
wrong but that its widespread appeal has discouraged the search for
better, falsifiable explanations of age-related effects on L2 speech
learning.

a
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“It could happen”
In 2000 Bob decided to enroll in a PhD program at a prestigious American
university. His aim was to study speech development. When Bob told his
grandmother of his plan she was delighted.
She didn’t see her grandson for the next 20 years because Bob was so busy,
working day and night. But when Bob finally did return to visit his
grandmother, she was delighted to see him again.
“My work has gone really well, Grandmother.
I’ve managed to show that learning L2 speech is
much like learning the native language. It takes
time and, in the end, getting it right depends on
getting the right input. All my colleagues think
I’m a genius!”
A look of sadness passed over the old lady’s
face like a storm cloud on a sunny day.
“Oh Bobby”, she said. “Why did you waste so
much time and money? I could have told you
that. Practice makes perfect!”

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.
Extension of the CPH from L1 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 difficulties
that “post-Critical Period” learnings might experiment when learning the
language-specific properties of an L2, namely:
2. an inability to make “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
are sometimes incorrect;

•

outline a more plausible, empiricist account of age-related effects on
L2 speech learning and suggest how this account can be tested
empirically.

A maturational account
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?

A maturational account
Lenneberg (1967) proposed that the critical period for speech learning
closes at “puberty”. However, puberty spans a wide range of chronological
ages.
As best I can tell, Lenneberg was thinking of 12 to 14 as the chronological
age range in which the hypothesized critical period for L2 speech learning
closes.a

average ages of the
onset/completion of puberty
boys

10-11

15-17

girls

11-12

16-17

a In

1967 Lenneberg proposed that the critical (later “sensitive”) period for L2 speech learning closes at
“puberty” (roughly 12-14 years). The endpoint proposed by various researcher in following years has
moved around, ranging from as early as 5-6 years to as late as 15 years. Researchers examining L2
learning soon extended Lenneberg’s proposal for speech learning (“foreign accents”) to other linguistic
domains, for which varying critical period endpoints were proposed. The risk for second language
acquisition (SLA) research is that, with no one minding the store (Lenneberg died in 1975), researchers
are tempted to propose new “critical” periods whenever native vs non-native differences are observed.

Time is limited today, and so I will focus on the “classic” CPH derived from Lenneberg’s original
proposal.

Foreign accent research
We carried out research once a year in the period 1992-2003 with Italian
immigrants living in Ottawa, ON (Canada).
Data for our first foreign accent (FA) study (Flege et al., 1995a) was
obtained at the end of 1992. Its aim was to evaluate Lenneberg’s (1967)
CPH in far greater detail than in previous research.
All 240 Italians we tested:
•

needed to learn English as an L2 when they arrived in Ottawa
because the Italian-speaking community in Ottawa is small;

•

had used English on a regular basis for decades.

The Italians’ age of arrival
(AOA) in Canada ranged from
1-23 years.
None spoke English when they
arrived.

Foreign accent research
Here we responses to a language background questionnaire obtained for
ten AOA-defined groups of 24 Italians each.
Most Italians who arrived in Canada before but not after the age of 12-14
years reported that English was the better of their two languages.
However, most Italians in all ten AOA-defined groups indicated that they
would chose to keep English if they could use only one language. This
reflects the importance of English in the everyday lives of Italians
immigrants living in Ottawa.

Foreign accent research
The Italians in Ottawa were most likely to use Italian with family members
and when at church events than in a wide range of other social contexts
(e.g., when speaking to a barber or hairdresser or when talking to a
neighbor).
However, Italians who
arrived in Canada before
the age of 12-14 years
used Italian significantly
less often (p < .001) in the
favored family/church
context than did those
who arrived after the
proposed close of a
critical period for L2
speech learning.

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 accent research
We evaluated overall degree of perceived foreign accent (FA) in short
English sentences spoken by the 240 Italians and 24 native English (NE)
controls.
The sentences were rated by ten NE-speaking listeners from Canada.
The mean ratings obtained for all 264 participants were 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 accent research
I expected the results of our first FA study to support Lenneberg’s
CPH. This is because AOA indexed the Italians’ age of first exposure
to English which, I assumed, was related to their state of neurological
maturation upon arrival in Canada.
More specifically, I expected to see a strong increase in strength of FA
at an AOA of about 12 to 14 years.

Foreign accent research
We instead observed a gradual
increase in degree of FA
across the entire AOA range.
A sharp increase in FA at an
AOA of 12-14 years was not
evident. The AOA-FA relation
appeared to be linear in the
vicinity of the hypothesized
closure of the critical period for
L2 speech learning.a

a

For many researchers, the shape of the function defining the relation between an L2 outcome
measure (e.g., strength of FA) and an index of exposure age (e.g., AOA) represents the crucial
test for the existence or non-existence of a critical or sensitive period (e.g., Hartshorne et al.,
2018, Fig. 1). Patkowski (1990) claimed that a strong increase in strength of FA would be evident
at an AOA of 15 years. To test this, we examined the FA ratings obtained for 63 Italians having
AOAs ranging from 13-17 years. A third-order (cubic) function failed to account for significantly
more variance in the FA ratings than a first order (linear) function did. Flege et al. (1999, p. 86)
applied the same technique to FA ratings obtained for 144 Koreans who immigrated to the US
between the ages of 7-18 years. This analysis failed to provide evidence for a non-linearity at 1214 years. According to Vanhove (2013, p. 9), this technique for identifying non-linearities is “not
quite ideal”.

Foreign accent research
For a closer look, 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 captured 94% of the variance in the FA
ratings, seems to 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 accent research
The results just shown seem to support of the CPH. However, an
alternative explanation that is seldom considered seriously by SLA
resesarchers exists for data like these.
What many would see as an effect of immigrants’ state of neurological
maturation at the time of first exposure to English might instead be due
to differences in the quantity and quality of input the immigrrants
receive.
Over the course of our 11-year study of Italian immigrants in Ottawa we
slowly 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 proposed closure of a critical
period for L2 speech learning seemed to inhabit different social
niches, an indirect consequence of schooling and societal demands.

a

Our 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 accent research
The Italians who arrived in Canada before but not after the age of 15
years generally received a considerable amount of education in Englishspeaking Canadian schools but not those who arrived later.
Years of education is
quite important, in my
opinion.
Its importance is not
due to instruction in
school on the phonetic
variables of interest in
our research, but to the
access afforded by
school attendance to
native-speaker 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 accent research
Most of the Italians in our study population 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 (NE) teachers and, perhaps more
importantly, from their NE-speaking classmates;

•

developed lifelong friendships with NE classmates, and sometimes
ended up marrying one. a

This 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 accent research
Here we see mean ratings of Italian use obtained from Early and Late
learners (96 per group).
The milder FAs evident for Early than Late learners may be due to
differences in language use. Note that the Early learners used Italian
significantly less – and therefore English significantly more – than the
Late 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 accent research
The better pronunciation of English by Early than Late learners appears to
be related to the extent to which our bilingual participants maintained
Italian which, in turn, seems to have depended on language use.
Here we see that the Late learners reported being more competent in
Italian 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 accent research
The Late learners reported needing twice as much time as the Early
learners to learn to speak English “comfortably” following their first
regular exposure to English in Canada (M = 22 vs 11 months). This
seems to support the claim (Lenneberg, 1967, p. 176) that L2 learning
requires “conscious and labored effort’” following the closure of a critical
period.
Analyses of
gender effects,
however, provide a
counter-argument
to the CPH
interpretation of
the “time needed”
variable.

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 accent research
Female Early learners were found to have a significantly better
pronunciation of English than male Early learners whereas the reverse
held true for Late learners (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 accent research
Principal components analyses (Flege et al., 1995a, Table III) identified
different factors accounting for variance in the FA ratings obtained for the
male and female participants:
•

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 accent research
For Early learners, there was no difference in the self-reported amount
of time needed by males and females to learn to speak English
comfortably.
Female Late learners, on the other hand, needed more than a year
longer than male Late learners to learn English.
I think that difference arose from a greater opportunity and need to
use English by males than females in the period immediately following
immigrant to Canada. Most males but not who arrived in Canada after
the age of 15 sought employment outside the home.

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 accent research
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.
Unfortunately, these estimates of input are insufficient. They provide
no estimate of quality of input. Moreover, the quantity estimate –
overall percent use – is based on self-report, not actual measurement.

Foreign accent research
Now let’s consider a variable I will call “Percent English Heard in Life”.
This variable indexes the percentage of language input the Italians had
received over the course of their lives that was English rather than Italian input.

It was derived from three questionnaire items:
•

chronological age at test;

•

years of residence in Canada;

•

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

Unlike what is presumably the case for the AOA variable, this derived input
variable is unrelated to the Italians’ state of neurological maturation at the time
of first exposure to English.

Foreign accent research
The “Percent English” variable captured nearly as much variance in FA as
AOA did (92% vs. 94%).
This imprecise measure of “input” would likely have captured even more
variance in the FA ratings than AOA did if we had accurate estimates of
how much Italian-accented English the Italians had heard over the course
of their lives.

Foreign accent research
One finding of our original FA study was surprising: Some Early learners
obtained lower ratings than the NE speakers did.
The aim of a follow-up study (Flege et al., 1997) was to determine if some
“pre-Critical Period” learners spoke English with a detectable FA.

Foreign accent research
In the follow-up study we re-examined sentences spoken by 40 of the
Early learners from our first FA study (Flege et al., 1995a).
We selected two groups of 20 Early learners each who were closely
matched for AOA but differed in self-estimated percentage use of Italian
(3% vs 36%).

Native
English

Low Italian
use

High Italian
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 accent research
The ratings obtained for the native English (NE) speakers and the two
groups of Early learners all differed significantly (p < .05). This held true
for ratings obtained from panels of listeners in Ontario (Canada) and
Alabama (USA).
Neither the presence of FA in Early learners, nor the effect of language
use on strength of FA in Early learners is consistent with the CPH.

Foreign accent research
The ratings obtained for the two groups of Early learners were also
submitted to FA detection analyses.
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.

Foreign accent research
A’ scores indexed listeners’ sensitivity to the presence of FA. The scores
obtained for both groups of Early learners (for both groups of listeners)
significantly exceeded a chance level (A’ = .50). This indicated the
presence of detectable FAs.
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 accent research
A FA was detectable even in English sentences spoken by a subset of the
Early learners who arrived in Canada before the age of 4.0 years.
These results are inconsistent with Lenneberg’s (1967) CPH as well as a
CPH variant 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 accent research
Here I plot, in ascending order, the mean FA ratings obtained for all 40 Early
learners.
To better understand why some Early learners spoke English with a FA, I
selected two subgroups for further analysis.

Foreign accent research
Members of the “bad” subgroup (n=12) were usually classified by listeners
as “definitely native Italian”.
Members of the “good” subgroup (n=13), on the other hand, obtained ratings
that fell within the range of ratings obtained for NE speakers.

Foreign accent research
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 Early learners with a “good” or “bad”
pronunciation in the original and follow-up studies (Flege et al., 1995a;
Flege et al., 1997).

Foreign accent research
An as-yet unpublished
longitudinal study also
demonstrated a strong
correlation in the FA ratings
obtained from different
panels of listeners.
This study examined
sentences obtained using
the same protocol for 150
Italians and 20 NE speakers
in 1992 and 2003.

a

The continuous scale ratings of the original study were converted to the 9-point scale we used
in subsequent research.
The ratings for two NE speakers were more than 2 SDs below the overall mean rating obtained
for the NE group. These ratings seem to have been due to inadequate screening rather than
listener errors. We screened out potential participants for the NE group who had been exposed
to Italian but failed to do the same for exposure to French. The two anomalous NE speakers
were brothers 40 and 43 years of age. When contacted after the study they independently
reported having spoken French with their mother and grandmother in childhood.

Foreign accent research
The two sets of FA ratings obtained
from the two panels of listeners were
highly correlated (r = 0.98).a

a

These data demonstrate that global FA ratings are reliable. Carefully obtained FA ratings are also
valid. Wieling et al. (2017) obtained a correlation of r = -0.81 (p < .0001) between a measure of
segmental production accuracy and listeners’ FA ratings. From time to time SLA researchers
suggest that global FA ratings should be replaced, or at least be supplemented by acoustic
measurements because FA ratings are not “objective” measures of L2 phonetic performance. I don’t
agree. Even the most careful count of perceptible segmental-level errors fails to capture all of the
variance in listener ratings because both sub-segmental and supra-segmental phonetic differences
also matter (e.g., Flege & Munro, 1994). Flege & Hillenbrand (unpubl.) removed segmental
information from sentences obtained in our original FA study by modulating a prolonged schwa
vowel using the amplitude and F0 variations present in the original sentences. Listeners readily
distinguished native from non-native speakers in both the original and “hummed” sentences in which
phonetic segments could not be heard. It is a practical impossibility to know how individual listeners
weight and integrate the myriad of phonetic dimensions associated with the segments making up
even a single sentence. For these reasons listener judgments remain the gold standard for
evaluating overall strength of FA.

Foreign accent research
So now we must ask: What caused the difference in strength of overall
degree of perceived FA between the two subgroups of Early learners in the
follow-up study?

Foreign accent research
The Early learners with a relatively “bad” pronunciation of English reported
a significantly better pronunciation of Italian than those with a relatively
“good” pronunciation of English (p < .05). a
The subgroups did not differ significantly, however, in their self-rated ability
to pronounce English.

a

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

Foreign accent research
However they differed in self-estimated language use.
Early learners who spoke English with a relatively strong FA (“bad”)
reported using English significantly less often than those who spoke
English with a milder or no FA (“good”) . a

a

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

Foreign accent research
I suspect that the difference in English pronunciation between the two
subgroups of Early learners was not due primarily to a difference in
quantity of English input.

Rather, the difference may
have depended on quality
of input, that is, how
frequently members of the
two subgroups had heard
English spoken with an
Italian accent by fellow
Italian immigrants.
I have no direct proof of
this, however, and so
additional research is
needed.

Foreign accent research
Another problem for the CPH was identified in a FA study by Flege &
MacKay (2011).
In this study we examined groups of Italian immigrants having mean
AOAs of 10, 18 and 26 years (n=20 each). As expected, the “pre-Critical
Period” learners of English in group AOA-10 had received significantly
more English input than had the “post-Critical Period” learners in groups
AOA-18 and AOA-26 (who did not differ significantly from one another in
Years of English input).
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 accent research
The FA ratings obtained for all three AOA-defined Italian groups were
significantly lower than the ratings obtained for the native English
speakers, indicating the presence of FA.
Just as importantly, all three Italian groups differed significantly from
one another.

Foreign accent research
The CPH might potentially explain the AOA-10 vs AOA-18 difference
but not the one between the AOA-18 and AOA-26 groups. This is
because all members of these last two AOA-defined groups had
begun learning English after the close of the putative critical period.
Is it reasonable to accept the existence of a critical (or sensitive)
period if there is no end in sight?

Foreign accent research
It is important to note, however, that the AOA-18 vs AOA-26 difference
could not be explained by quantity of L2 input. These two groups
differed along some other dimension, perhaps amount of foreignaccented input (i.e., quality of L2 input).

Foreign accent research
Flege (1987) observed that the widespread and seemingly uncritical
acceptance enjoyed by CPH seemed to be discouraging the search for
alternative explanations of age-related differences in L2 speech
production and perception.
I still think so.
Moreover, I think that reliance on the CPH to explain age-related effects
on L2 speech performance has caused some SLA researchers to lose
sight of the very nature of bilingualism.

Foreign accent research
Everyone who has the opportunity and need to learn an L2 when they
immigrate eventually becomes a bilingual.
Unfortunately, this complicates the task facing researchers who, for
theoretical or practical reasons, want to focus exclusively on second
language acquisition (SLA).
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 accent research
We asked the Italians in our first FA study to self-rate their ability to
pronounce English and Italian. Italians who arrived in Canada before
the “magic age” of 12 years reported having a better pronunciation of
English than Italian.a However, Italians who arrived in Canada later in
life reported having a worse pronunciation of English than Italian.
Can we trust these self-ratings? Yes, I think so.

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 accent research
Several years later we (Yeni-Komshian et al., 2000) assessed the
pronunciation of L1 and L2 sentences by 240 Korean immigrants living in
the United States.

English and Korean
sentences were rated by
English and Korean listeners,
respectively.
We obtained much the same
crisscross in the FA ratings
as we saw in the Italians’
self-rated ability to pronounce
English and Italian. 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

Problems for the CPH
To sum up so far:
Lenneberg’s (1967) noted that a FA is usually evident for those who
began learning their L2 after puberty.

This observation is largely correct.
However, when we go beyond superficial impressions, the resulting data
do not conform well to predictions generated by the CPH.

Problems for the CPH
I identified four problems for the maturational account provided by the
“classic” CPH introduced by Lenneberg (1967):
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.

Production and perception of L2 segments
When Lenneberg (1967) proposed a critical period exists for L2 speech
learning he only mentioned foreign accents. However, his proposal was
soon extended to research examining the production and perception of
vowels and consonants.
Problems exist here too for the CPH. I will now review several such
studies.

Production and perception of L2 segments
Let’s begin with research in Ottawa examining 36 Early learners who
had lived in Canada for at least 29 years.
All but three of the Early learners (Flege et al., 1999; Meador et al.
2000; MacKay et al., 2001) reported using English more than 50% of
the time.

Production and perception of L2 segments
We recruited groups of participants who differed in language use but
were closely matched for other variables (chronological age, AOA,
gender, and length of residence in Canada).
Members of the group designated “Early-high” used English
significantly more often than those in the “Early-low” group (90% vs
65%) and consequently had received more English input than
members of the Early-low group (36 vs 26 years). a

The two groups had lived in Canada for about the same length of time. The results of this
research therefore demonstrate the inadequacy of length of residence (LOR) as a measure of L2
input.
a

Production and perception of L2 segments
We tested the Early learners and a group of native English (NE) speakers
on the identification of naturally produced English consonants in wordinitial and word-final positions (in both tests the stimuli were presented in
noise) and on the discrimination of four pairs of English vowels (presented
in the quiet).
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.

Production and 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 NE speakers recognized significantly more
English words than the Early learners who used relatively English
often. These Early learners, in turn recognized significantly more words
than the Early learners who used English relatively seldom (p < .05).

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.

Production and 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.

Production and perception of L2 segments
Now let’s consider the perception of English vowels by Early and
Late learners living in Ottawa.
The Italian immigrants we tested 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.

Production and perception of L2 segments
Although difficult, learning to distinguish English /ɪ/ vs /i/ is not expected
to be impossible for Italians (e.g., Tyler et al., 2014) because English /ɪ/
is a poorer “fit” to the Italian /i/ than English /i/ is.

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)

Production and perception of L2 segments
The first experiment tested categorial discrimination of English /i/ vs /ɪ/.
We examined four groups of Italian immigrants in Ottawa who differed
orthogonally in AOA and percent use of English (n=20 each).a

The aim of this experimental design was to “untangle” the confound that
exists between AOA and input in an immigrant population.

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.

Production and perception of L2 segments
We also tested Italian students who had come to Canada to study
English intensively.
The students had been in Canada for 2 months when tested.

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

Segmental production and perception
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/.
All four groups of immigrants obtained significantly higher scores than the
students, showing 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

Segmental production and perception
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.

Segmental production and perception
Why did Late learners who used English relatively seldom differ from the
NE speakers but not the Late learners who used English relatively often?
To learn more, we carried out an error detection experiment with four
groups of Italian immigrants differing orthogonally in AOA and language
use.
This test was designed to ensure that the scores obtained for all groups
were below ceiling, something needed to avoid Type II error (i.e.,
concluding that a native-nonnative difference does not exist when, if fact,
it does exist; see, e.g., Abrahamsson & Hyltenstam, 2009, p. 253).

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

Segmental production and perception
The stimuli for the error detection experiment consisted of short phrases
taken from the spontaneous conversations of Italians we had recorded as
part of earlier research with our study population in Ottawa.
The phrases we selected for use as stimuli 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]

Segmental production and perception
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.

Segmental production and perception
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

Segmental production and perception
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 the eventual outcome of L2 speech learning is determined by
neurological maturation at the time of first exposure, how could groups
having AOAs of 8 vs 20 years obtain the same scores after decades of
daily L2 use?

Segmental production and perception
We submitted the error detection scores to a (2) AOA x (2) Language
use ANOVA. Both factors were significant and did not interact
significantly.
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)
But hold your applause: The two factors taken together accounted for
only 32% of variance in the error detection scores.
The fact that most of the variance remains unaccounted for tells us that
something very important is missing.

Segmental production and perception
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 representations in long-term memory for the English vowels.
If so, it was input-based differences in the phonetic categories
bilinguals established for English vowels that led to between group
differences in the perceptual detection of vowel production errors.

Segmental production and perception
“Perfectly obvious”, you say. Well maybe so.
I suspect, however, that this explanation may not be readily evident
to researchers who are convinced that age-related effects are due
to the biologically based maturational state of learners when they
are first exposed to an L2.

Segmental production and perception
Now let’s consider the production of word-initial stop consonants.
Here we see VOT data obtained from native Spanish adults living in
Birmingham, Alabama (USA) by Flege et al. (1998). Each mean is
based on the production of 60 /t/-initial words.

Segmental production and perception
The mean VOT production values obtained for the native speakers of
Spanish who began learning English before vs after the close of a
putative “critical period” are shown separately, in ascending order.
Note that all Early learners (filled circles) produced mean VOT values
falling within the range of values observed for the NE speakers. As
predicted by the CPH.

Segmental production and perception
Substantial inter-subject variability existed for the Late learners,
however. Some produced English /t/ with mean VOT values that fell
within the range of mean VOT values obtained for the 20 native English
speakers.
Others produced the /t/ in English words with Spanish-like VOT values.
Why?

Segmental production and perception
The CPH offers no insight into inter-subject variability among Late
learners. To salvage the CPH in the face of data like these its supporters
must claim that the Late learners who produced /t/ accurately
• expended more effort learning

English than those who
produced /t/ inaccurately;
• or were more strongly

motivated to learn English;
• or had greater aptitude for L2

speech learning;
• or were better able to gain

auditory access to crosslanguage phonetic differences;
• or some combination of the

above.

Segmental production and perception
A simpler explanation is quantity of input. Late learners who produced
English VOT accurately (“good”) used English more often (p < .05) than
those who produced English words with Spanish-like VOT (“bad). a

a This observation pertains to use of English at home and in social contexts. At work, most
participants were at ceiling. This is because English is the language of the workplace in
Birmingham and so our participants had no choice but to use English while at work, even
when fellow native speakers of Spanish were present. Unfortunately, we have no
information regarding how much of that input was Spanish accented.

Segmental production and perception
I will conclude this section by presenting data obtained for ItalianEnglish bilinguals living in Ottawa in two as-yet unpublished studies.
The 160 Italians in Flege, Imai & MacKay (in prep.) were drawn from
the same population as those tested previously.
The primary selection criterion for this study, however, was
chronological age (range = 40 to 68 years) rather than AOA as in
earlier research.

Chronological age
Age of arrival
Length of residence
% English use

mean

min

max

56

40

68

12.5

1.2

23.3

43

28

55

69.0%

9%

99%

Segmental production and perception
Participants produced 25 English words, including two words each
beginning with /p/, /t/ and /k/.
They heard the test words at the beginning of a carrier phrase (X is the
next word) and repeated the test words at the end of another carrier
phrase (Now I say X).
VOT was measured in the word-initial stops.
mean

min

max

12.5

1.2

23.3

Chronological age

56

40

68

Length of residence

43

28

55

69.0%

9%

99%

Age of arrival

% English use

Segmental production and perception
Chronological age exerted no effect on the phonetic variables of interest,
probably because the chronological age range was too narrow. I therefore
shelved these data. Until now.
For today’s talk I have assigned the 160 Italians to groups of 40 each
according to both years of English input and AOA.
I did this because, as expected from previous research with immigrants to
predominately English-speaking communities in North American, a serious
confound existed between these variables.

Segmental production and perception
Here is the AOA grouping. The later the Italians had arrived in Canada the
less English input they had received over the course of their lives.
AOA groups

NE

It1

It2

It3

It4

Age of arrival in Canada

0

5

10

15

20

Years of English input
(LOR * % use)

48

37

34

27

21

Length of residence in
Canada

51

51

54

42

39

95%

81

77

65

53

self-estimated % English
use

Segmental production and perception
Here is the grouping based on input. The less English input the Italians
had received the later they had arrived in Canada.
Input groups

NE

It1

It2

It3

It4

Years of English input
(LOR * % use)

48

42

34

26

16

Age of arrival in
Canada

0

8

11

14

17

Length of residence in
Canada

51

47

42

41

40

95%

90%

80%

65%

41%

self-estimated %
English use

Segmental production and perception
Here is what might be called the “traditional” analysis of the VOT data. The
Italians have been assigned to non-overlapping groups based on AOA.
To begin: note that all four groups of immigrants produced English /p t k/
with longer VOT values than is typical for Italian, indicating that phonetic
learning has occurred.

Segmental production and perception
Only “post-Critical Period” learners (individuals in the last two groups
whose AOA ranged from 13-23 years) produced English /p t k/ with
significantly shorter VOT values than the native English speakers did
(asterisks).a

a

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

Segmental production and perception
Does the relatively high rate of incorrect VOT productions by the Late
learners reflected a diminished capacity for speech learning following the
close of a critical period? I don’t think so.

Segmental production and perception
Members of the group having a mean AOA of 20 years produced VOT
values that were almost exactly midway between values typical for English
and Italian.
Can we conclude that their capacity for speech learning was halved due to
the passing of a critical period? I don’t think so.

Segmental production and perception
Here the 160 Italians have been assigned to groups based on years of
English input (LOR * % English use).
The test words were repeated twice, in separate randomized blocks. Here
I show both sets of data. a

a

Unlike the case for the AOA analysis, the Repetition factor interacted significantly with the other two
factors in the Input analysis.

Segmental production and perception
The bilinguals with the most exposure to English did not differ from the NE
speakers. However, individuals who had received as much as 30 years of
English input did differ significantly. a

An asterisk indicates a significant difference at the .05 level between a group of Italian
immigrants and the NE speakers according to Bonferroni-adjusted two-tailed t-tests.
a

Segmental production and perception
These findings might be interpreted as support for the CPH. Moreover,
they seem to refute an expectation generated by the Speech Learning
Model (Flege, 1995), namely that Late learners who obtain “adequate” L2
input will create new phonetic categories for English /p t k/ and produce
these stops accurately.

Theory
There is some “hidden” variable(s) behind exposure age that affects
phonetic performance in an L2. The theoretical question of interest is:
What is it? The candidate variables include:

1. State of neurological (or cognitive) maturation at the time
of first exposure to the L2;
2. The quantity and quality of L2 input that learners receive;

3. Some combination of both;
4. Something else.

Theory
To answer a question like this 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 under examination “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).

Theory
In the data set now being considered, VOT production values correlated
significantly with both AOA and Years of input (p < .001).
However, the correlation with AOA was significantly stronger than the one
with Years of input (r = -0.55 vs. 0.39, X(1) = 76.8 p < .001).
Many SLA researchers will consider this a “win” for the maturational
account.

Theory
Does this mean we can safely continue to ignore input? I don’t think so.
Consider that neither AOA nor Years of Input accounted for a substantial
amount of variance in VOT production values (eta-squared = .258 vs
.125).
Most of the variance is left unaccounted for. Something very important is
missing here.
To better understand the predictive power of AOA, I examined the
distribution of VOT values obtained in the production of English stops by
Early and Late learners.

Theory
VOT values produced by Early learners in English /p/ usually
fell within the 40-80 msec range (blue box).

Theory
Late learners produced fewer VOT values in this range because they
sometimes produced English /p/ with short-lag VOT values typical for
Italian (arrow).

Theory
Most VOT values produced by Early learners in word-initial tokens of
English /t/ ranged from 50-90 msec.

Theory
Late learners produced fewer VOT values in this range because they
produced some stops with short-lag VOT typical for Italian, and others with
VOT values that were slightly longer (but too short for English). Why?

Theory
Many Italians in all four groups, whether defined on the basis of AOA or
Years of English input, never produced short-lag stops.
Most of the 22 Italians who produced short-lag stops 50% or more of the
time were Late learners (left) or individuals who had received less than 30
years of English input (right)

Theory
To better understand why some bilinguals produced short-lag stops, I
selected two subgroups of 15 Late learners each who were matched for
AOA (mean = 18.3 years for both) but differed in frequency of short-lag
stop production.
The fact that one subgroup of Late learners never produced short-lag
stops suggests that producing English words with Italian-like short-lag VOT
values is not the result of a lost capacity to learn speech following the
closure of a “critical period”.

Theory
Equally as important: the two subgroups of Late learners differed very little
in terms of years of English input.
If neither AOA nor input accounts for why some Late learners produced
short-like stops in English but others did not, what does?
Probably code-switching.

Code switching
The Italian-English bilinguals we tested in Ottawa:
•

were recruited in Italian by another bilingual;

•

were tested in a location where they often spoke Italian, namely their
parish church (St. Anthony of Padua, shown below);

•

had just completed a questionnaire regarding their bilingualism,
including detailed questions regarding when and with whom they spoke
Italian.

Code switching
Some Late learners produced both short-lag and long-lag stops,
something we did not see for Early learners.a For these Late learners we
can rule out an incapacity to learn.

A number of studies have examined changes in VOT production within “mixed” sentences, of
which one part is in the L1 of bilingual participants and the other part is in the bilinguals’ L2
(e.g., Bullock et al., 2006). The aim of this kind of research is to induce code switching
through the manipulation of written to materials that are read from a computer screen. As far
as I know this type of research has not yet been extended to bilinguals who, as in this study,
have used both of their languages on a daily basis for decades.
a

Code switching
Consider also how the VOT production data were elicited.
All of the bilinguals in this study were tested previously in our 1992 study
using the same protocol. (VOT data are currently available for only 150,
however.)
In the earlier study we also measured VOT in the two labial stops found in
an English sentence, Paul at carrots and peas.
Below we see the mean VOT of /p/ in words (peak, pick) and in the
sentence.

Code switching
Two groups of Late learners, AOA-18 and AOA-21, differed significantly
from the NE speakers when producing /p/ in words. However, no Italian
group differed from the NE speakers when producing /p/ in sentences.
This also suggests that the Late learners did not lack the capacity to
produce /p/ with English-like VOT values.

Code switching
Why were Late learners more likely to switch to an Italian mode of
production in words than sentences?
I suspect that it was the meaningfulness of the speech materials.

In the word-production task, participants heard 25 words presented
randomly at the end of a carrier phrase: X is the next word. They
responded by saying “Now I say X”.
Sentences were produced in a question-answer-question format. The
sentence elicited in this way formed a kind of dialog.

Code switching
To further evaluate the hypothesis regarding code switching, we
(Flege & MacKay, in prep.) carried out another study with ItalianEnglish bilinguals drawn from our study population in Ottawa.
The 190 native Italian participants in this study were assigned to ten
groups of 19 each based on AOA, which ranged from a mean of 8
years to a mean of 23 years.

Code switching
The stimuli were four 9-member natural edited VOT continua ranging
from:
/bi/-to-/pi/

/bu/-to-/pu/
/di/-to-/ti/
/du/-to-/tu/
The native Italian and English participants identified initial stops in the
CV stimuli as voiced (“b”, “d”) or voiceless (“p”, “t”).

Crucially: each continua had two short-lag stimuli.
VOT was shortened in copies of the original (unmodified) short-lag
tokens by removing 5 msec from the middle of the voiceless interval
between stop release and onset of the following vowel.

Code switching
Analyses focused on responses to the two short-lag stimuli in each
continuum.
We quantified the frequencies with which the bilinguals labelled shortstimuli in an
•

“English” mode (i.e., “b” or “d”)

•

“Italian” mode (i.e., as “p” or “t”, as would be the case in
Italian)

Code switching
Here are the labelling data for two of the 10 AOA-defined Italian groups
for one of the two bilabial continua.
These data are representative for the other eight Italian groups and for
both /b/-/p/ continua.

Code switching
The bilinguals almost always showed an English response mode,
labelling short-lag stimuli as “b” (rather than as “p”, as would be the case
for Italian monolinguals).

Code switching
The Italians usually showed a English response mode when labelling
short-lag stops in the two /d/-/t/ continua.
However, they did so less often than the NE speakers did (M = 66% vs
95%).

Code switching
Here we see the frequency of Italian mode (“p”, “t”) responses for stimuli
in the /b/-/p/ and /d/-/t/ continua.
Significant differences between AOA-defined Italian groups and the NE
group are indicated by an asterisk. a
The frequency of Italian mode responses increased as a function of AOA.

An asterisk indicates a significant difference at the .05 level between a group of Italian
immigrants and the NE speakers according to Bonferroni-adjusted two-tailed t-tests.
a

Code switching
On the surface, these data seem to support a conclusion drawn from a
recent study examining VOT perception by highly experienced native
Spanish speakers of Swedish.
This study (Stölten et al., 2014), like the one just presented, examined the
identification of stops in natural-edited VOT continua.
The authors sought out participants whose overall level of competence in
Swedish was very high. Despite their proficiency in Swedish, some native
Spanish participants differed from native speakers.

Code switching
The authors did not exclude a possible role for non-maturational factors
such as
•

quantity and quality of L2 input;

•

language dominance;

•

amount of L1 and L2 use.

They concluded, however, that a maturational account offered a better
explanation of their phonetic findings than any of these competing
explanations because the phonological component of language is

“especially vulnerable” due to a relatively “early maturation of
motor and auditory cortexes of the brain” (Stölten et al., 2014,
p. 444)

Code switching
I don’t agree. Consider the data we obtained for pairs of Italians who
had the same AOA (and so presumably were subject to the same
neurological “vulnerability”).
One member of each pair of participants showed an English response
mode (“d”) whereas the other member showed an Italian response
mode (“t”) when labelling the short-lag stops.

Recall also that we obtained very few “Italian mode” responses for
short-lag stops in the two labial continua.

Code switching
Can quantity of input explain these data? No.
We assigned the same 190 bilinguals to ten groups based on years of English
input (LOR * % English use).

We get a slightly better fit to the data, but not sufficiently better to exclude a
maturational account.

Code switching
Moreover, we found pairs of participants who, despite being matched for
quantity of input, gave either all English mode responses or nearly all Italian
mode responses.
So what explains these data?
The relatively low frequency of Italian mode responses (labelling short-lag
stimuli as “p” or “t”) seems to have depended on bilingual dominance.

Dominance
The 190 bilinguals rated their own ability to speak, understand,
pronounce and read/write both of their languages (7-point scales)
Our measure of “relative dominance” was the ratio of self-estimated
ability in English compared to Italian. On this scale
•

1.0 indicates “mixed” dominance

•

values substantially > 1 indicate dominance in English

•

values substantially < 1 indicate dominance in Italian

In my view, language dominance reflects language use patterns over
long periods of time. Relative dominance may change, but only
gradually.

Dominance
In our sample of 190 bilinguals, Years of English input varied as a function of
AOA in Canada.
The earlier in life the Italians had emigrated to Canada, the more English input
they had received over the course of their lives.

Dominance
These input differences were related to differences in dominance:
AOA → English input → relative dominance
Dominance, in turn, influenced how the bilinguals identified short-lag
stops in the two /d/-to-/t/ continua.

Dominance
Here we see the frequency of English mode (“d”) responses obtained for the
Italian-English bilinguals, who have been assigned to groups based on their
relative dominance scores.
English-dominant bilinguals did not differ significantly from the NE speakers.
Bilinguals who were not dominant in English despite decades of Canadian
residence, however, did differ significantly from the NE speakers a

a

Asterisks indicate significant differences at an .05 level between a native Italian group and
the NE group in Bonferroni-corrected two-tailed t-tests.

Dominance
The strong effect of dominance in our study depended on two
characteristics of the experimental design.
1. When tested, the Italians
were in a bilingual
language processing mode
– both their English and
Italian phonetic systems
were activated. a
2. The language of the stimuli
being labelled was
undefined by context.

a Prior to identifying stops the Italians had responded to a detailed questionnaire focusing on

their bilingualism. They next heard and then reproduced English and Italian sentences in
alternating blocks. For insightful discussion on the role of language mode and code switching in
L2 research, see work by Francois Grosjean (e.g., Grosjean, 2001) and more recent work by
Mark Antoniou (e.g., Antoniou et al., 2017)

Dominance
The NE speakers always had a correct answer to give. This is because
short-lag stops are always heard as /d/ rather than /t/ in English.
There was no “correct” answer for the bilinguals, however.

This is because the CV stimuli were not presented in a context that
defined them as “English” or “Italian”.

Dominance
Earlier we saw that Italian-English bilinguals had both English and
Italian “ways” to produce word-initial stops in English words.
When the Italian-English bilinguals in this perception experiment were
uncertain as to how to label short-lag stops, they responded using the
phonetic subsystem of their dominant language.
By hypothesis: if language mode were constrained by contextual
materials, the Italian mode responses seen here would disappear.

In summary
Some highly experienced Late learners show native-like performance at
the phonetic level when producing and perceiving L2 sounds. Others do
not.
Various explanations might be offered for the sometimes less-thanperfect performance by Late learners:
1. They learned their L2 too late in life (the nativist account, which
assumes that normal neurological maturation eventually leads to
problems for L2 speech learning);
2. They received too little L2 input, too much foreign-accented input, or
both (the empiricist account);
3. Experiments examining the Late learners’ performance in the L2
were not designed to elicit production and perception in a rigorously
L2 processing mode with as little activation of the L1 system as
possible. (Let’s call this the “lousy design” account.)

In summary
Lenneberg’s CPH for L2 speech learning is incorrect. Alas, it will not be
possible to formally reject this maturational account of age-related
effects on L2 speech production and perception because the CPH, as
formulated, is unfalsifiable.

We can, however:

• design better experiments in the future;

• obtain data that will serve to confirm or disconfirm the empiricist
account offered by the SLM-r (Flege & Bohn, forthcoming), which
holds that:
1.

L2 speech learning is input driven, just as is the case for L1
speech learning by children (e.g., Kuhl, 1983);

2.

The quantity and quality of input that L2 learners receive will
largely determine how they eventually produce and perceive
L2 sounds.

What’s next?
Can we resolve this impasse? Yes, I think so.
Consider once again the VOT data we saw earlier for native Spanish Late
learners. To be valid, a theoretical account of L2 learning must explain data
like these.

What’s next?
Some native vs non-native VOT production differences seen here may
simply demonstrate “learning in progress” rather than a limit on learning
ability.
After all, it takes monolingual English children at least ten years of nativespeaker input to reach adult-like levels when producing and perceiving
word-initial stops in the L1.

What’s next?
The quality of input English obtained by these native Spanish learners
of English is also likely to be important.
An important source of inter-subject variability among Late learners
like these is variation in amount of Spanish-accented English that has
been heard.

What’s next?
Here we see distributions of about 1,200 VOT values obtained for NE
speakers and for groups of native speakers of Spanish who arrived in the
United States either before or after the age 21 years.
Native Spanish speakers who learn English in the United States are
exposed to distributions of VOT values like these.

What’s next?
The frequency of Spanish-accented tokens can not be estimated for
groups of learners.
The frequency with which individual learners of an L2 are exposed to
such tokens will depend on the contexts in which the L2 is heard and
spoken on a daily basis.

What’s next?
Input is crucial for L2 speech learning.
Consider, for example, that native Spanish adults who learned English as
young children (Early learners) differ substantially from age-matched
English monolinguals if they have been exposed to a substantial amount
of Spanish-accented input (Flege & Eefting, 1988) but not if they have
been primarily to input provided by native speakers of English (e.g.,
Flege, 1991).

What’s next?
Is there a way to estimate the input distributions to which Early and
Late learners are exposed?
Yes. The needed technology already exists.

The method I have in mind was outlined by Flege (2008, p. 189) and
elaborated by Flege & Wayland (2019).
I will discuss this method briefly here because I think that a new
approach will be needed to resolve the seemingly never ending
“debate” between empiricist and nativists.

What’s next?
I propose that the Experience Sampling Method (see, e.g.,
Csikszentmihalyi & Larson, 1987) be used in L2 research to quantify
both the quality and quality of input L2 learners receive.
The ESM approach (also known as “EMA”, Ecological Momentary
Assessment) starts with the observation that people can respond
accurately to simple questions about the here-and-now, such as:

What language are you speaking now?
What is the native language of the person
you are talking to now?

What’s next?
Aggregating responses to simple questions that have been asked many
times will yield more accurate estimates of percentage L2 use than
broad questions found on a questionnaire such as
“What percentage of the time do you speak English?”
Application of the ESM to L2 learning might also provide a way to:
•

assess how much L2 input is foreign-accented;

•

define the VOT input distributions to which individual learners of
an L2 have been exposed..

What’s next?
How would such an experiment work?
I envisage an experiment in which a large number of native Spanish
adults living in the United States are recruited.

Selection requirements:
•

at least 1 year of US residence;

•

at least 10% daily use of
English;

•

possession of a smartphone;

•

agreement to respond to two
daily notifications that arrive via
the smartphone over a 3-month
period.

What’s next?
Each notification during the 3-month study will begin with a written
display on the smartphone. The display will consist of a sentence
containing six digits. For example:
Today’s numbers are 6 10 3 and 9 2 5.
Participants will first record the sentence on their smartphone (later
uploaded for VOT analysis).
They will then indicate how many other persons are present, if any.
If there are no other people present the session terminates.

What’s next?
However, if others are present, participants will
•

indicate what language(s) is/are being used;

•

ask how many others are present, and what are their native
languages;

•

ask the other persons present to record the sentence
containing six digits.

To augment compliance, participants will be paid:
•

a fixed sum for taking part in the study for the entire three months;

•

a “bonus” based on the number of sentences they have recorded,
both their own and those of interlocutors.

What’s next?
Measures to be taken:
•

VOT will be measured in the second and fifth digits on the sentences
(always two or ten)

•

The interlocutors’ sentences will be processed automatically by
customized software.

Dependent variables for analysis will include:

•

Each participants’ percent use of English

•

The percentage of each participants’ interlocutors who are native
speakers of Spanish;

•

The distribution of VOT values to which each participant has been
exposed for three months

What’s next?
At the end of the 3-month study the participants will come to the university
campus for a one-hour session that rigorously specifies an English
language mode.
To provide a “social integration score”, the participants will be quizzed at
length by an English monolingual regarding their knowledge of American
TV programs and movies, music, food, recreational activities, and current
events in the surrounding community.
During this interview they will receive their
final 5 notifications, yielding additional
VOT data for analysis.
These final VOT values will be compared
to VOT values obtained over the
preceding three months as participants
went about their daily lives.

What’s next?
Primary questions of interest:
1. Can substantially more variance in the participants’ VOT
productions be accounted for by the input distributions (the
empiricist account) than by age of first exposure to English (the
nativist account)?
2. To what extent will VOT production in the English-only session held
on campus differ from VOT production in off-campus locations as
participants went about their daily lives?
Will participants produce shorter, and thus more Spanishlike VOT values:
•

when they have just been using Spanish?

•

when they have been talking to people who speak
English with a Spanish accent?

What’s next?
The outcome of this experiment may enable us to chose between
the empiricist and maturational accounts.
I think that the experiment just outlined will support the empiricist
account offered by the revised Speech Learning Model (SLM-r,
Flege & Bohn, in preparation) which claims that the capacity for L2
speech learning is not lost following the closure of a critical period
and that L2 speech learning is input driven in the same way that L1
speech learning is.
Time will tell.
Thanks for your kind attention

This talk can be downloaded from my website:
www.jimflege.com/research/conferences
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