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The Critical Period Hypothesis (CPH) fails to predict L2
foreign accent and segmental production accuracy
“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.

“Oh Bobby”, she said. “Why did you waste so
much time and money? I could have told you
that. Practice makes perfect!”

The Critical Period Hypothesis (CPH)
In Biological Foundations of Language,(1967) Eric Lenneberg laid out a
nativist account of language learning
In his view, learning the native
language in childhood
•

has a strong biological
component

•

is not an artifact of the
cultural history of a group

•

follows a fixed schedule
across individuals,
regardless of input

Lenneberg argued
convincingly that the L1 must
be learned prior to the closure
of a critical period

The Critical Period Hypothesis (CPH)
Lenneberg then extended his critical period hypothesis (CPH) from the
native language to L2 speech learning based on the observation that:
1. foreign accents in an L2 can not be “overcome easily
after puberty” (Lenneberg, 1967, p. 176)
Lenneberg also suggested that following the closure of a critical period for
L2 speech learning:
2. learners will no longer be able to make “automatic” use of input
“from mere exposure” (p. 176
3. and that what success learners may enjoy will require a kind of
“conscious and labored effort” (p.176) not evident for L1 learning

The Critical Period Hypothesis (CPH)
1. foreign accents in an L2 can not be “overcome easily after puberty”
(Lenneberg, 1967, p. 176)
2. learners will no longer be able to make “automatic” use of input “from
mere exposure” (p. 176)
3. what success learners may enjoy will require a kind of “conscious and
labored effort” (p.176) not evident for L1 learning
Of these three key aspects of the CPH
3. is likely untestable (McGarrigle et al., 2014)
2. is incorrect
1. is problematic in two ways, making prediction that are falsified by
the evidence and failing to predict crucial aspects of L2 speech
learning

Italian immigrants in Ottawa
This photo shows Italians who were first exposed to English when they
immigrated to Canada at the end of the 1950s. Lenneberg’s CPH predicts their
linguistic fate:
•

One member of the family is destined to speak English without a foreign
accent (FA)

•

Three other family members will speak English with equally strong foreign
accents

But what about the girl at the center of the photo?

The Critical Period Hypothesis (CPH)
“Puberty” spans a wide range of chronological ages and is not closely
linked to the neural structures involved in regulating speech production and
perception

Onset/completion of puberty
boys

10-11

15-17

girls

11-12

16-17

Lenneberg (1967) seemed to be thinking of 12 to 14 as the age range
in which the hypothesized critical period for speech learning closes
Researchers who subsequently accepted the CPH converged on this
age range (e.g., Oyama, 1976; Scovel, 1988; Patkowsky, 1980; Tahta
et al, 1981; Long, 1990)

Italian immigrants in Ottawa
Flege, Munro & MacKay (1995) examined English sentences spoken by
240 Italians who immigrated to Canada
All were adults when tested and had lived in Ottawa, Ontario (Canada) for
decades
English sentences spoken by the Italian were rated for overall degree of
perceived foreign accent (FA) by native English-speaking listeners

Italian immigrants in Ottawa
FA ratings obtained for 240 Italian immigrants (here in 20 groups of 12
each)
The immigrants’ ages of arrival (AOA) in Canada captured 94% of the
variance in their overall degree of perceived foreign accent (FA)
According to the CPH: variation in FA due to differences in immigrants’
maturational state when they immigrated to Canada decades earlier

Italian immigrants in Ottawa
In fact: we see a increase in strength of FA at AOA = 11.7 years. Just what
we would expect from the CPH
But wait! Correlation does not demonstrate causation. Do these data
demonstrate the existence of critical period? In fact, no

Italian immigrants in Ottawa
To begin:
No need to appeal to a hypothetical link between AOA and state of
neurological maturation at the time of immigration to explain age related
variation in FA

Italian immigrants in Ottawa
In SLA (Second Language Acquisition) research, AOA usually (always?)
yields a strong effect when “pre-” vs “post-Critical Period” L2 learners are
compared
Do such comparisons reflect difference in neurological development at
the time L2 learning begins? Maybe, but this has never been shown
directly, and no one can prove otherwise (see Flege, 1987)

More importantly:
the potency of the AOA variable often used in L2 research may be due to
input differences
For the Italian immigrants we tested in Ottawa:
•

AOA conditioned experience with English L2

•

Early and Late learners inhabited different social niches, an indirect
consequence of schooling

Italian immigrants in Ottawa
Consider a rather imprecise measure of quantity of L2 input: selfestimated percentage L1 and L2 use
The earlier the Italians arrived in Canada, the more they used English,
the less they used Italian

Italian immigrants in Ottawa
Most Italians having an AOA of 5 to15
•

were enrolled immediately in local schools

•

learned English from native English (NE) teachers and classmates

•

developed lifelong friendships with NE classmates

•

often married a native English speaker
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Italian immigrants in Ottawa
For Italians with AOA > 15
•

Most post-pubertal boys and men worked outside the home, usually with
other Italians. Likely that they often heard English produced with an Italian
accent

•

Most females worked at home. Likely that their first model of English was
Italian-accented English of male relatives

Italian immigrants in Ottawa
The FA ratings obtained varied according to gender
•

For Italians with AOA 5-15: significantly better pronunciation of
English by women then men

•

For Italians with AOA > 15: significantly worse pronunciation by
women than men

Italian immigrants in Ottawa
The role of input often overlooked by researchers who embrace a nativist
account such as the CPH. Consider the effect of
“Percent English Heard in Life”

This variable indicates what percentage of language input the Italians had
received over the course of their lives that was English (not Italian) input
This variable is not related to the Italians’ maturational state at the time of
immigration. It was based on three items from a language background
questionnaire
•

Chronological age at test (assume 100% Italian until immigration)

•

Years of residence in Canada

•

% English use

Italian immigrants in Ottawa
The “Percent English” variable captured nearly as much variance in FA as
AOA (92% vs. 94%)
Likely: more variation in FA could be captured by knowing how much
Italian-accented input the Italians had heard

Problems for the CPH
CPH Problem #1
If the CPH is correct, immigrants who learned English as young
children and have used English as their primary language for decades
should not speak English with a detectable FA
But they do

Problems for the CPH
CPH Problem #1
Flege et al. (1995a) obtained ratings for some Early learners that were
more than 2 SDs lower than the mean rating obtained for NE speakers

Flege, Frieda & Nozawa (1997) carried out a follow-up study to
determine if these early learners spoke English with a FA

Problems for the CPH
Flege et al. (1997) reexamined sentences produced in the 1995 study by
40 Early learners
Selected two groups who were matched for AOA (about 6 years, see
below) but differed in language use:
•

Low Italian use (more frequent English use)

•

High Italian use (less frequent English use)
Native
English

Low-use

High-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%

Problems for the CPH
Results: Both Early learners groups obtained significantly lower ratings
than NE speakers, indicating FA
Early learners who used Italian relatively often (and so English less often)
had significantly stronger FA than those who used Italian less seldom
Both findings are inconsistent with CPH

Problems for the CPH
Individual data
Some Early learners were rated “definitely native Italian”. Others were
indistinguishable from native English speakers

Why the difference?

Problems for the CPH
For this talk I compared Early learners with a relatively “good” pronunciation
of English (n = 13) to those with a relatively “bad” pronunciation (n = 12)

Problems for the CPH
Despite a difference in scaling technique, a strong correlation existed
between the FA rating obtained for the 40 Early learners in 1995 and 1997
(r = 0.94)
Nor surprisingly: a re-analysis of 1995 data also revealed a significant
difference between the “good” and “bad” Early learners

Problems for the CPH
A finding of theoretical importance
Important to understand the difference between the Early learners with
relatively “good” vs “bad” pronunciations of English

Problems for the CPH
Self-rated ability to pronounce English vs. Italian by 25 Early learners
•

For English: no difference between “bad” and “good”. Were the “bad”
Early learners unaware of their FA in English?

•

For Italian: significantly lower ratings of Italian by the Early learners with
a good pronunciation than “bad” pronunciation of English. L2
pronunciation of bilinguals cannot be considered in isolation a

a

Between group differences in rating evaluated by Kruskal-Wallis tests

Problems for the CPH
The “good vs “bad” difference in Early learners probably not due to a
differences in motivation
Part 1
“bad”
n=12

“good”
n=13

Prob. a

If it were possible, I would pronounce
English like a native speaker of English

4.03

5.10

0.17

I want to improve my pronunciation of
English

4.25

4.23

0.91

When I first arrived in Canada I sought out
opportunities to speak English

4.57

5.39

0.68

I pay attention to how people pronounce
words and sounds in English

5.08

5.46

0.55

I believe it is important to pronounce
English well

5.50

6.69

0.23

1 = disagree, 7 = agree

a

Probability of a between group difference according to Kruskal-Wallis tests

Problems for the CPH
The “good vs “bad” difference in Early learners probably not due to a
differences in motivation
Part 2

“bad”
n=12

“good”
n=13

Prob. a

I believe that Canadians will respect me
more if I pronounce English well

3.08

4.15

0.27

Pronunciation affects how well one can
communicate in English

5.25

5.62

0.79

I believe that speaking English well helps
people get a job

5.42

6.15

0.30

I believe that English is important for my
success at work (school)

6.00

6.23

0.83

1 = disagree, 7 = agree

a

Probability of a between group difference according to Kruskal-Wallis tests

Problems for the CPH
Was the “good vs bad” difference the result of some undefined
psycholinguistic ability?
A long shot. However: if such a factor could be shown to exist it would
damage the CPH
The “special ability” card is usually played to explain unexpectedly good
performance by Late learners, not an unexpectedly bad performance by
Early learners

Problems for the CPH
Flege et al. (1997) selected two groups of Early learners matched for
AOA. However, the present “good vs bad” analysis considers just 25
Early learners
The “bad” Early learners (n = 12) were first exposed to English more
than 2 years later than the “good” Early learners (n = 13)
Was the “good vs bad” difference due to maturational state at time of
first exposure to English?
Probably not
bad

good

diff

prob

Age of arrival in Canada, in years

7.3

4.9

2.4

0.0067

Age of first exposure to English

7.5

5.2

2.3

0.0032

Age at which Italians could speak
English “comfortably”

8.9

6.3

2.6

0.0090

Problems for the CPH
For the 25 Early learners: significantly stronger correlation
between foreign accent (FA) ratings and language use a than
between the ratings and AOA

a

The measure of language use in this analysis was the average of
five 7-point Rating scale estimates of Italian use

Problems for the CPH
We cannot rule out the possibility that the good vs bad difference was due
to a difference in language loyalty or allegiance to the L1 (or L2) cultural
group (see, e.g., Gatbonton, Trofimovich & Magid, 2005)
No “good vs bad” difference in self-rated ability to imitate various Italian
dialects
However, Early learners with a relatively “bad” pronunciation of English
reported being significantly better able to tell jokes in Italian than those
with a relatively “good” pronunciation

Problems for the CPH
More likely that the “good vs bad” was the result of differences in input
•

“bad” Early learners used English significantly less than “good” Early
learners, but Italian significantly more often than the “good” Early
learners

•

Possible (even likely): the “bad” but not “good” Early learners spoke
English with a FA because they had more frequently heard English
spoken with an Italian accent

More research needed

Problems for the CPH
CPH Problem #2
If a critical period exists, it has to end sometime (otherwise not a “period”)
By hypothesis:
•

once the critical period is closed, it’s closed

•

everyone who learns L2 after the critical period closure should suffer
equally the ill effects of doing so, regardless of AOA

Problems for the CPH
Flege & MacKay (2011) extended upward the AOA range in previous
Ottawa research
Examined FA in English sentences spoken by Italians having mean AOAs
of 10, 18 and 26 years (n = 20 each)
Age matched native English speakers served as comparison group

AOA10

AOA18

AOA26

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)

Problems for the CPH
Significant differences in FA between all four groups
The CPH correctly predicts stronger FA for AOA18 than AOA10 but not
•

Significantly stronger FA for AOA26 than AOA18

•

the presence of FA for AOA10

Problems for the CPH
Why stronger FA for AOA26 than AOA18?
Probably not a difference in quantity of L2 input …

AOA10

AOA18

AOA26

p<0.05

Overall % Italian use

27%

47%

51%

10<18,26

% Italian use at home

29%

50%

64%

10<18,26

Overall % Italian use in social
settings

35%

49%

56%

10<26

Use of Italian in 26 specific
social contexts

30%

39%

46%

10<26

Never ending foreign accents
… and probably not due to a stronger influence of Italian on English
pronunciation

AOA10

AOA18

AOA26

p<.05

Education in Italy (years)

4.1

7.4

7.6

10<18,26

Ability to understand Italian

5.2

6.2

6.7

10<18,26

Ability to speak Italian

5.8

6.7

6.9

10<18,26

Problems for the CPH
With the data in hand we can not explain the difference between AOA18 and
AOA26
I suspect it was a cohort effect

Consider
Quite difficult to recruit participants for AOA26 because Italians seldom
immigrated to Canada at that age
Members of AOA26 came to Canada to work. Likely that many
•

found work immediately via Italians who had immigrated previously

•

learned English more from compatriots than native English speakers

If this speculation is correct, the stronger FA for AOA26 than AOA18 may have
been the result of a larger percentage of Italian-accented English
More research needed

Problems for the CPH
CPH Problem #3
Application of the CPH to L2 speech learning has led SLA researchers to
lose sight of the nature of bilingualism

•

In time, immigrants who learn an L2 become bilinguals

•

Bilinguals have two partially over-lapping phonetic subsystems

•

Not able to turn on/off their two subsystems instantly or completely

By hypothesis

The phonetic elements of the two systems necessarily interact with one
another because they exist in a common phonological space (Flege,
1995)

Problems for the CPH
The Italians tested by Flege et al. (1995) self-rated their ability to
pronounce English and Italian:
AOA < 12: English better than Italiana

AOA > 12: English worse than Italian
Are these self-ratings of L1 and L2 pronunciation credible? Yes

aThe

seemingly
anomalous data points
in the dashed box are
due to the fact that
participants who were
young children when
they first arrived in
Canada often stayed
at home and heard
only Italian until they
went to school

Problems for the CPH
Several years later we (Yeni-Komshian et al., 2000) assessed L1 and L2
pronunciation by 240 Korean immigrants living in the US.
English and Korean sentences were rated by English and Korean listeners

Problems for the CPH
To sum up so far:
Lenneberg’s (1967) observed that FA is usually present for those who
learn an L2 after “puberty”

His observation was correct. However, when we go beyond superficial
impressions, the resulting empirical data do not conform well to
predictions generated by the CPH
Unfortunately, the widespread initial acceptance of the CPH, which
continues to the present day
•

has led to confirmation bias

•

caused some researchers who support the nativist agenda to
downplay (or ignore) evidence indicating the importance of input

Where does FA come from?
Problems for the CPH also arise when we consider the production and
perception of vowels and consonants
Before turning to segmental data, I want to clear up a common
misunderstanding regarding the relation between global FA and the
production of segment-sized units of speech
As an aside:
The Speech Learning Model was not designed to predict FA, but to
predict learning of vowels and consonants

Where does FA come from?
L2 learners often make phonetic errors when producing phonetic
segments in L2 words
Some errors cause listeners to hear a sound other than intended

And some “segmental substitutions” cause listeners to hear a word that
makes no sense, e.g. French-accented
“I sink so” (apparent substitution of [θ] by [s])
Research by Flege & Hammond (1982) indicate that such errors are
readily noted and remembered by listeners

Where does FA come from?
Flege & Hammond (1982) asked native English college students in Florida to
read English sentences with a “Spanish” foreign accent
The students, who had no special training or aptitude, produced many
segmental errors that actually occur in Spanish-accented English

Substitution

Total (%)

nose, cheese, hose

z →s

141 (47%)

vice, veil, vase

v→b

129 (43%)

fig, pig, wig

ɪ →i

127 (42%)

book, hook, crook

ʊ →u

61 (20%)

shell, sheet, sheep

ʃ →č

49 (16%)

bean, phone, bone

n →ŋ

1 (>1%)

tape, tube, toad

t→d

0 (0%)

Where does foreign accent come from?
Correlations exist between number of detectable segmental errors and
overall degree of FA in paragraph length materials (e.g. Brennan et al.,
1975)
Correlations are weak because
1. not all segmental substitutions “count” the same
2. “sub-segmental” errors matter
3. prosody matters tooa

aIt is fairly easy to distinguish between #1 and #2. As a practical matter, it is
difficult if not impossible to distinguish between #2 and #3. Even if it were
possible, the relative salience of “prosodic” vs “segmental” errors are likely to
vary according to L1 background (see, e,g, Riney Takagi & Inutsuka, 2005)

Where does foreign accent come from?
Flege & Munro (1994) identified six significant acoustic differences in
production of the word taco by Spanish and English monolinguals
These difference guided the creation of
a synthetic speech continuum ranging
from Spanish to English “taco”

•

VOT of initial /t/ varied in 7 steps

•

spectral quality of the first vowel
varied in 3 steps

•

duration of second vowel varied in 3
steps

Where does foreign accent come from?
No segmental substitutions were evident in the synthetized stimuli
However, variation along all three dimensions significantly affected native
englis (NE) listeners’ judgments

Same finding obtained from NE listeners who
(a) identified stimuli as “Spanish” or “English” taco
(b) rated the stimuli for “goodness” as instances of English taco

Where does foreign accent come from?
Possible to hear FA without segments
Flege & Hillenbrand (unpublished) re-examined sentences produced by males
drawn the Flege et al. (1995) study of Italian immigrants

•

control group: 9 native English speakers

•

18 Italian Late learners, randomly assigned to groups of 9 each

Age

Age of
arrival

Length of
residence

% use of
English

Italian 1

47.7

19.5

28.1

41.4%

Italian 2

48.7

20.1

28.6

37.2%

48.3

19.8

28.4

39.3%

M

Where does foreign accent come from?
Stimuli
Flege & Hillenbrand (unpublished) made copies of 81 English sentences
(27 Ss x 3)

The copies manipulated to create 81 new “AM/FM” stimuli
•

Extracted F0 and amplitude variations in the original sentences;

•

used these variations to shape a prolonged schwa vowel;

•

the new stimuli preserved prosody, but not segments

•

the AM/FM sentences sounded liked “hummed” version of the original
sentences

Foreign accent in English sentences
NE-speaking listeners used a 9-point scale to rate sentences for FA
•

first the original sentences

•

then AM/FM (no segment) sentences

For original sentences: replication of Flege et al. (1995a) for both groups of
Late learners
no-segment (AM/FM) sentences: significantly lower ratings for both groups of
Late learners than NE

Production and perception of L2 segments
Now let’s consider phonetic segments
I’ll begin with experiments examining vowel perception (Flege &
MacKay, 2004). Both experiments

•

showed the importance of input

•

focused on Italians’ perception of English /i/ and /ɪ/

Why focus on /i/ vs /ɪ/ ? This distinction is difficult for Italians
because
•

Italian has an /i/ but no /ɪ/

•

English /i/ and /ɪ/ both usually heard as Italian /i/ by Italians
when first exposed to English L2

Production and perception of L2 segments
Although difficult, learning to distinguish English /ɪ/ vs /i/ is not
impossible for Italians because
•

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

•

Goodness of “fit” of English /ɪ/ to Italian /i/ less than the goodness of
fit of English /i/ to Italian /i/ (M ratings = 2.9/5 vs 4.2/5)

In fact, we observed the kind of phonetic learning predicted by the
Speech Learning Model (Flege, 1995)

Production and perception of L2 segments
First experiment tested categorial discrimination of English /i/ vs /ɪ/
Participants
•

Four groups of Italian immigrants who had lived for decades in
Canada

•

differed orthogonally in AOA and % use of Italian (n = 20 each)

Native English (NE)
Early-low (EL)
Early-high (EH)
Late-low (LL)
Late-high (LH)

Age of
arrival in
Canada

Length of
residence
(LOR)

% Italian
use

Years of
English
input a

7
8
20
20

42
40
31
29

7%
43%
10%
53%

39
23
29
13

Segmental production and perception
Also tested: Italian students who had come to Canada to study English fulltime and had lived there for two months (below, right)
The Italian students obtained significant above-chance scores, but significantly
lower discrimination scores than all four groups of immigrants
Just one of the four groups of Italian immigrants -- Late learners who used
Italian often -- obtained significantly lower scores than NE

Segmental production and perception
CPH Problem #4
The categorial discrimination experiment showed that
•

some Late learners can learn L2 vowels

•

L2 vowel learning is affected by language use

Why did Late learners who used Italian often (English seldom) differ from NE
but not Late learners who used Italian seldom (English often)?
To learn more, we carried out an even more sensitive error detection
experiment

Prob.

AOA

LOR

% Italian
use

Education
in Canada

Early-low

> .90

7

42

7%

14

Early-high

.08

8

40

43%

11

Late-low

.06

20

31

10%

2

Late-high

.0002*

20

29

53%

2

Segmental production and perception
Stimuli
Short phrases drawn from Italian immigrants’ spontaneous production of
English. Examples:

•

correct /i/ in phrases like “speak the”

•

correct /ɪ/ in phrases like “my kids they”

•

/i/s heard as [ɪ] (e.g. “and reading”)

•

/ɪ /s heard as [i] (e.g, “very difficult”)

Segmental production and perception
Stimulus presentation in detection task
Test phrases presented both auditorily and visually on the screen, an
asterisk replacing the target vowel

sp*k the
very d*fficult

Listeners’ task
Decide if the target vowel (asterisk in visual representation) had been
produced correctly or incorrectly

Segmental production and perception
CPH Problem #5
Now three of the four immigrant groups differed significantly from NE,
including one group of Early learners (Early-high)

The Early and Late learners in two groups (LL, EH) received identical
scores
If success in L2 learning is determined by neurological maturation (AOA)
how could groups having AOAs of 8 vs 20 years obtain the same scores?

Segmental production and perception
An input variable and AOA shows similar correlations with the error
detection scores just shown. However:
•

Correlation with input remains significant (p < .05) when AOA
partialled out

•

Correlation with AOA non-significant (p = .06) when input
partialled out

Segmental production and perception
The A’ scores submitted to a (2) AOA x (2) Language Use ANOVA.
Strong main effects of both factors, no significant interaction
The two variables accounted for the same amount of variance

•

AOA ƞ2 = 0.158

•

Language use ƞ2 = 0.162

Conclusions
Findings don’t disprove the CPH but, but clearly show the
importance of input, a factor often undervalued or ignored by
advocates of the CPH (e.g., DeKeyser, 2000, p. 519)

Segmental production and perception
Conclusions
The two factors (AOA, Language use) together account for only
32% of variance

Something is missing: more precise measures of quantity and
quality of L2 input
I infer that the Italians’ error detection scores depended on how
much Italian-accented English they had heard
More research needed

Segmental production and perception
Stop consonant production
VOT data for native Spanish adults (Flege et al., 1998). Mean values shown
separately for participants who began learning English before/after closure of
a hypothetical “critical period”
•

Early learners AOA = 1-14

•

Late learners AOA = 16-50

Segmental production and perception
Stop consonant production
Some Late learners produce VOT values falling within the range of values
observed for NE speakers. Others do not

Segmental production and perception
CPH Problem #6
The CPH might claim credit for predicting accurate production by Early
learners and inaccurate production by some Late learners

Can not explain why some Late learners (“good”) produced VOT accurately
whereas other (“bad”) did not

Segmental production and perception
To salvage the CPH necessary to claim that, with respect to the “bad” Late
learners, the “good” Late learners:
1. expended more effort learning English OR

2. managed to make better use of input

Segmental production and perception
Neither seems plausible. A more simple and direct explanation:
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”)

Segmental production and perception
The effect of input is probably more important than what can be observed
here
Given the social context in which they were learning English, it is reasonable
to think that the Late learners often heard English spoken with a Spanish
accent by fellow immigrants
Needed: more precise measures of both the quantity and the quality of
English input

Segmental production and perception
CPH Problem #7
The CPH leads us to expect permanent limitations on L2 speech learning
The native Spanish Late learners had lived in the United States for about 6
years, on average
Would all of them have produced English VOT accurately if they had received
sufficient native speaker input?
According to the SLM: yes
Consider production of VOT of the /p/ in Paul in the sentence Paul ate carrots
and peas spoken by the 240 Italian immigrants who had lived in Canada for
several decades

Segmental production and perception
Left: AOA accounted for 94% of the variance in foreign accent ratings
for Paul ate carrots and peas.
Right: AOA accounted for little variance in VOT of /p/ in Paul because
the Italians, regardless of AOA, produced /p/ accurately

Segmental production and perception
No significant between group differences among Italian immigrants in
the production of VOT in Paul (/p/), carrots (/k/) or peas (/p/)

The Ottawa project: perception
Finally, let’s consider the perception of stops differing in VOT
Lenneberg (1967, p. 176) proposed that L2 learners may be unable
to make “automatic” use of input “from mere exposure” (p. 176)
following closure of a hypothetical critical period.

The Ottawa project: perception
Stölten et al. (2014) recently examined the identification of stops
differing in VOT. These authors noted differences between Swedes
and highly proficient native Spanish speakers of Swedish
The authors did not exclude a possible role for non-maturational
factors (quantity and quality of L2 input, language dominance,
bilingualism, amount of L1 and L2 use)

However, they posited that a maturational (CPH) account offers the
best explanation of their data because the phonetic/ phonological
component of language is

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

The Ottawa project: perception
I don’t agree with this nativist account
Flege & MacKay (in preparation) examined identification of English
stops by Italians immigrants in Ottawa

We assigned 190 Italian immigrants to 10 groups of 19 each based on
AOA. As in our previous research, the native Italian participants had
used English on a regular basis for decades
The Italian immigrants and native English (NE) controls identified the
members of four 9-member natural edited VOT continua:
/bi/-to-/pi/
/bu/-to-/pu/
/di/-to-/ti/

/du/-to-/tu/
Task: identify initial stops as voiced (“b”, “d”) or voiceless (“p”, “t”)

The Ottawa project: perception
We expected the Italians to identify endpoint stimuli just like NE speakers
(Bohn & Flege, 1993; Hazan & Boulakia, 1993)
That was indeed the case

Our primary interest was learning how the Italians would identify the two
short-lag stimuli in each continuum

Note: The CV stimuli in each continuum were randomly presented in isolation four times each. The
continua were presented in counterbalanced order. We began collecting identification data only after
participants demonstrated an understanding of the task and instructions when responding to the stimuli
in “familiarization” continuum that was similar to the ones examined here

The Ottawa project: perception
Identification of short-lag English stops was of interest because:
Italians can not establish new phonetic categories for short-lag
variants of English /b d g/

Why? Short-lag VOT already used for Italian /p t k/
A working assumption:

When the Italians learned English they did not “lose” the phonetic
categories they established in Italy before immigration
Our hypothesis (MacKay et al., 2001):
As Italian immigrants gain experience in English they will
“restructure” their Italian /b d g/ categories for use in both Italian
and English

The Ottawa project: perception
More specifically: the Italians’ restructured /b d g/ categories will encompass
both the lead and the short-lag VOT variants of English /b d g/
Analyses focused on whether the Italians would show

•

an “English mode” of identification, labelling stimuli with lead and
short-lag VOT as voiced OR

•

an “Italian mode” of identification, labelling only stimuli with lead VOT
as voiced

The Ottawa project: perception
bi-pi continuum
As expected: all Italians resembled the NE speakers for endpoint stimuli. Lead
VOT stimuli = voiced, long-lag VOT stimuli = voiceless

English mode” (“b”) labelling of short-lag stimuli. Support for the category
restructuring hypothesis

Note: for clarity I show curves for only 5 of the 10 Italian groups

The Ottawa project: perception
bu-to-pu
Italians usually showed “English mode” (“b”) labelling of short-lag stimuli: M =
90.8% vs 97.2% for NE

More support for re-structuring hypothesis

Note: for clarity I show curves for only 5 of the 10 Italian groups

The Ottawa project: perception
du-to-tu
Fewer “English mode” (“d”) responses to short-lag stimuli by the Italians than
NE speakers (M = 65.7% vs 95.1%)

Partial support, at best, for the restructuring hypothesis

The Ottawa project: perception
di-to-ti continua
Much like du-to-tu continuum
What accounts for the roughly 1/3 of “Italian mode” responses for short-lag
English /d/ tokens?

The Ottawa project: perception
Summary of “Italian mode” (“p, t”) responses for bilabial and alveolar English
short-lag stimuli
Significant differences from NE indicated by asterisks

Frequency of “Italian mode” responses increases with AOA. Support for a
maturational (CPH) account?

The Ottawa project: perception
Were the “Italian mode” responses by “post-Critical Period” learners due to
•

Diminished ability to make “automatic” use of input “from mere exposure”
(Lenneberg, 1967, p. 176)

•

“Vulnerability” of the motor and auditory cortexes of the brain after a
certain point in normal neural maturation (Stölten et. al. 2014, p. 444)?

The Ottawa project: perception
Probably not. Consider data obtained for pairs of Italians having the same AOA
One person in each pair gave English mode (“d”) responses to short-lag
English /d/ tokens, the other gave Italian mode (“t”) responses

Another problem for a maturational (CPH) account: very few “Italian mode”
responses for labial stops

The Ottawa project: perception
Examination of responses to short-lag stimuli raised doubts regarding the
claim that after the closure of a critical period learners can no longer
make effective use of L2 input
Stimuli
Each of our four natural-edited continua had two short-lag stimuli:
•

Unmodified natural tokens produced with short-lag VOT

•

Copies from which 5 msec was removed from the center of the
interval between release burst and onset of voicing

An increase in 5 msec significantly increased Italians’ frequency of Italian
mode (“p” or “t”) responses
•

M = 5% for the labial stops

•

M = 18% for alveolar stops

The Ottawa project: perception
A (2) VOT x (10) Group ANOVA examined the Italians’ responses to short-lag
labial and alveolar stops
Analyses of both /b/-/p/ and /d/-/t/ yielded a significant effect of VOT (p <
0.0001) which did not interact with Group

The Ottawa project: perception
Conclusion: No evidence for a loss of capacity to make effective use of L2
input
Regardless of AOA the Italians remained exquisitely sensitive to small VOT
differences having no phonetic relevance in Italian

The Ottawa project: perception
Possible to explain the “Italian mode” identifications with reference to input?
No. Here we see the frequency of Italian mode responses as a function of
Years of English Input (LOR * % English use). A slightly better fit to the data,
but not enough to exclude AOA

The Ottawa project: perception
Also: consider pairs of Italians matched for input. One member of each pair
used an English mode to identify short lag stops, the other an Italian mode
Must reject both the input and the neural maturation (AOA) explanations

What accounts for the Italian mode responses? bilingual dominance

The Ottawa project: perception
Previous research
Leads to the expectation that language dominance would influence the
Italians’ labelling of short-lag English stops

Elman et al. (1977) examined the identification of short-lag
bilabial stops as “b” or “p”. English monolinguals labelled these
stimuli as “b” far more often than Spanish monolinguals.
Bilinguals were tested in two language “sets”. The overall
decrease in English-like identifications (i.e. labelling short-lag
stops as “b”) averaged just 9%. However, much larger shifts
were seen for “strong” than “weak” bilinguals
Hazan and Boulakia (1993, 19): examined the labelling of shortlag stops by French-English bilinguals. Concluded that results
depend both on the test procedures that are used and on what I
refer to as “relative language dominance”

The Ottawa project: perception
We (Flege & MacKay, in prep.) asked the 190 Italians to self-rate their ability to
speak, understand, pronounce and read/write both English and Italian using 7point EAI scales
From these responses we derived a “relative dominance” score: 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

The Ottawa project: perception
Language dominance reflects the language input that bilinguals have received
over relatively long periods of time
Years of English input (LOR * % English use) varied as a function of AOA in
Canada (the earlier the arrival, the more English input)

The Ottawa project: perception
Input differences, in turn, related to differences in relative language
dominance
AOA  English input  relative dominance

The Ottawa project: perception
Relation between frequency of “English mode” (“d”) responses and relative
dominance
English-dominant Italians did not differ significantly from NE whereas Italians
who were not English-dominant did differ a

aThe asterisks indicates significant differences from the NE group in one-sample t-tests

(Bonferroni-corrected p < .05).

The Ottawa project: perception
The strong effect of language dominance had two sources:

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

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

bilingualism. They next heard and then reproduced English and Italian sentences in alternating
blocks

The Ottawa project: perception
For our bilingual participants (unlike the NE controls) there was no
“correct” answer
Why? The stimuli were not presented in a context that defined the
stimuli as English or Italian
The bilinguals had two response alternatives available for use: “English”
or “Italian” mode. When in doubt, they responded using the phonetic
system of their dominant language
By hypothesis: if language mode were constrained by contextual
materials, the “Italian” mode responses seen here would disappear
More research needed

Summary
In 1967 Lenneberg observed that foreign accents are usually evident for
those who learn an L2 “after puberty”. Everyone agreed that Lenneberg
was right about this, and so his extension of the CPH to L2 speech
learning gained rapid and widespread acceptance.
Lenneberg’s nativist account of L2 speech learning remains dominant.
However, the foreign accent research reviewed here is largely
incompatible with the CPH. The same holds true for the segmental-level
findings
In my opinion: the data now in hand are sufficient to reject the CPH
account of L2 speech learning

Summary
Does a more plausible account exist for the kind of data seen here?
In my opinion, yes: the empiricist account provided by the SLM (Flege,
1995) and SLM-r (Flege, in preparation)
The SLM posits that

•

L2 learners of all ages retain all of the capacities children use in
becoming mature speaker-hearers of their L1

•

As for native language acquisition, L2 speech learning is data driven

Summary
Can the SLM account be fully accepted? Not yet
The data in hand are incomplete.
•

We have rough estimates of quantity of L2 input but they are based on
self-ratings and so are not adequate

•

More importantly: we have no direct evidence of the effect on foreignaccented input

Summary
We need accurate measures of both the quantity and quality of L2 input
received by learners of an L2 (Flege, 2009)

I think that such measures, when obtained
•

will account for far more variance than AOA.

•

It will be important then to determine if any variance in segmental
production and perception can be accounted for by maturational state
at the time of first exposure to an L2

Fortunately, the technology needed to obtain adequate measures of L2
input now exists (Flege & Wayland, 2018)
Time will tell if the conclusions I have drawn today will hold true

The end
Thanks for your attention

Above. My garden in Tuscania

Appendix
Language mode and phonetic system activation

The fact that most people who establish an L2 become bilingual complicates
the study of second language acquisition (SLA)
As Francois Grosjean has said for years, SLA researchers must be more
attentive to language mode and language activation when collecting L2 data
The last experiment I presented in today’s talk focused on whether Italian
immigrants in Ottawa would identify short-lag English stops in an “English” or
“Italian” mode.
•

They usually responded in an “English” mode, supporting the hypothesis
that they restructured Italian phonetic categories for use in English

•

The relatively few “Italian” mode responses that were obtained, I think,
were due to use of an Italian mode of perceptual processing

Appendix
In the experiment just mentioned: the experimenter used only English
However, we tested the Italians in a location where they often spoke Italian
(their parish church)
The Italians took part in the VOT identification experiment after responding to a
questionnaire focusing on their bilingualism. They were asked many detailed
questions regarding when and with whom they used Italian, their attitudes
regarding their two languages, travel to Italy, etc.

Appendix
I will now outline an experiment that might be used to verify (or reject) my
interpretation of the results obtained in VOT identification experiment
presented earlier (Flege & MacKay, in prep.)
To fully engage the bilinguals’ English phonetic system, it will be important
•

to recruit them for a study not ostensibly related to bilingualism or
immigration from Italy to Canada

•

for the experimenter to be monolingual in English

•

to test in a location where participants would expect English to be used

The protocol of this (hypothetical) experiment will begin in English

The bilinguals will first respond in English to a questionnaire. It will regard
where the participants have travelled (or would like to travel) in Canada and
what foods they usually eat at home and when travelling in Canada. The
protocol will be designed to assure production of the names of various kinds of
cheese available in Canada, including mozzarella cheese
Participants will then participate in a modified version of the VOT identification
test described earlier

Appendix
The “language” of the CV stimuli to be labelled in the modified VOT
identification experiment will be defined by precursor materials. Example:
members of the du-to-tu continuum will be presented in counterbalanced
blocks preceded by two different precursors:
A He knows what Sam will CV (do = /d/)

B Sam wants to leave at CV (two = /t/)
For Italian-English bilinguals
•

“d” is the expected response for short-lag
stimuli preceded by A

•

“t” is the expected response for the same
short-lag stimuli when preceded by B

English monolinguals, on the other hand,
will not be influenced by the precursors
material. For them, a short-lag stop is
always “d”

Appendix
Once the English portion of the protocol has been completed, a native Italian
experimenter will enter the room and ask participants, in Italian, to continue
the study in Italian. Participants who give informed consent will respond to a
questionnaire regarding their preference regarding where to travel in Italy
and what they like to eat while there

The first aim of the Italian questionnaire is to shift the Italian-English
bilinguals from an English to an Italian model of speech processing, insofar
as possible
The second aim of the Italian questionnaire is to elicit productions of the
word mozzarella with an Italian pronunciation. The Italian version of the word
differs considerable from the English version (see analysis of Spanish vs
English taco by Flege & Munro, 1992)
Productions of mozzarella will be used to evaluated, acoustically and via
listener judgments, the extent to which the bilinguals switched from an
English to Italian mode of production

Appendix
Possible outcomes
If Late learners again give Italian mode responses to short-lag English
stops in the English portion of the protocol, it would support the view that
ability to adapt perception in an L2 is limited, perhaps by a critical period
The absence of Italian mode responses would support the view that L2
learners can adapt their perception to accommodate the phonetic realities
of an L2 across the lifespan
A correlation between (a) the size of shifts in production of mozzarella
from an English to an Italian pronunciation and (b) the frequency of Italian
mode classifications of English short-lag stops in the Italian portion of the
protocol would confirm that segmental perception in an L2 is influenced
importantly by language mode
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