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VOT: Key findings

In this part of today’s talk I’ll review studies examining the
VOT dimension in L2 research
Our focus will be native speakers of English who learn a
Romance language, or vice versa
I’ll devote special attention to:

1. differences in the learning of /b d g/ vs /p t k/;
2. differences between Early and Late learners and the
question of whether Late learners are able to produce
and perceive L2 stops in a native-like fashion;
3. the relative importance of age of L2 learning and input in
the learning L2 stops

VOT: Key findings

As mentioned in the first talk, it is easy to make mistakes
when doing VOT research. So I’ll start with the largest – and
theoretically most interesting – mistake I made during my
research career

The mistake was engendered by two dubious ideas, namely
that:
•

a “Critical Period” exists for L2 speech learning;

•

the best place to gather data is the place where potential
participants are most readily available

An interesting mistake

With this in mind, Wieke Eefting and I travelled to a small
town in Puerto Rico to recruit Early learners
At the time, we knew nothing about the linguistic status of
English on the island

I was personally convinced
that the Early learners we
planned to test would
produce and perceive English
stops in a native-like fashion
After all, they had begun
learning their L2 before the
closure of the Critical Period

Wieke Eefting

An interesting mistake
We (Flege & Eefting, 1987) recruited two groups of adult Early
learners. Both consisted of 10 university students in Puerto Rico
having a mean age of 19 years
The members of both groups had begun learning English when
they began to attend school at the age of 5-6 years
Characteristics of the two groups of adult Early learners
•
•
•
•

•

EL1: Born and raised in PR
Never lived outside PR
Native PR Spanish parents
Enrolled in private school
where English used as
language of instruction at age
5-6 years
Enrolled in bilingual school for
M = 7.1 years

•

•
•
•
•

EL-2: Born in the US and lived
there for M = 9.7 years
Native PR Spanish parents
Enrolled in public school in US
where English was language of
instruction age 5-6 years
Enrolled in US school for M = 9.7
years
Returned to PR with parents during
high school

An interesting mistake
To test for possible differences in childhood input, the two
groups of adult Early learners differed in terms of where they
had first been exposed to English: a bilingual school in Puerto
Rico for EL-1, a public school on the US mainland for EL-2

Characteristics of the two groups of adult Early learners
•
•
•
•

•

EL1: Born and raised in PR
Never lived outside PR
Native PR Spanish parents
Enrolled in private school
where English used as
language of instruction at age
5-6 years
Enrolled in bilingual school for
M = 7.1 years

•

•
•
•
•

EL-2: Born in the US and lived
there for M = 9.7 years
Native PR Spanish parents
Enrolled in public school in US
where English was language of
instruction age 5-6 years
Enrolled in US school for M = 9.7
years
Returned to PR with parents during
high school

An interesting mistake
We tested the Early learners’ perception of English stops by
having them identify members of a VOT continuum ranging
from /da/ to /ta/
The /da/-/ta/ phoneme
boundaries of nearly
all (17/20) Early
learners fell in
between the means
values obtained for the
English and Spanish
monolinguals
(indicated by red
arrows)
The phoneme boundary values obtained for the 20 Early
learners differed significantly from those obtained from both
groups of monolinguals (p < 0.01 by one-sample t-tests)

An interesting mistake

The perception results just presented led us to expect
differences in VOT production. In fact, both groups of Early
learners produced mean VOT values in English that were
intermediate to the mean values obtained for Spanish and
English monolinguals

Once again the
differences
between the
Early learners
and both groups
of monolinguals
were statistically
significant (p <
.05)

An interesting mistake
The fact that “pre-Critical Period” learners did not show
native-like production and perception of stops in their L2
came as a great surprise. Additional research gradually
allowed me to understand the basis of these unexpected
results for Early learners
The first clue came from a VOT imitation study. Flege &
Eefting (1988) asked the same participants to repeat, as
accurately as possible, the randomly presented members of
the VOT continuum
The participants’ vocal imitations did not linearly track VOT
values in the stimuli. Non-linearity was evident in
histograms showing the frequency of various VOT values
the participants produced when imitating the various
randomly presented VOT stimuli

An interesting mistake

Here are the results for
the English and Spanish
monolinguals. The height
of the peaks in the
histogram indicate the
frequency of values
observed for particular
VOT values
English monolinguals
showed concentrations of
short-lag and long-lag
VOT values
Spanish monolinguals
mostly produced stops
with lead or short-lag VOT

An interesting mistake

A different pattern was
evident for the two
groups of Early learners
They produced
concentrations of VOT
values in all three modal
VOT ranges
This led us to conclude
that the Early learners
possessed three
phonetic categories:
lead and short-lag from
Spanish and long-lag
from English

An interesting mistake

The second clue came from a consideration of how the
Early learners produced stops in their native language
Here we see mean VOT values
for Spanish /t/
Early learners, both the adults
mentioned before and a group
consisting of 8 to 9-year-old
children who were enrolled in a
bilingual school in Puerto Rico
when tested, produced
significantly shorter VOT in
Spanish /t/ than did age-matched
Spanish monolinguals*

*The adult values shown here are those obtained for EL-2, the Early learners
who began learning English on the U.S. mainland

An interesting mistake

The observed shortening of VOT in Spanish by adult and child
Early learners may have arisen from the need to preserve
phonetic contrast
More specifically, the Early
learners may have shortened
VOT in Spanish /p t k/ to
differentiate their Spanish from
English productions of /p t k/
To my mind (see Part 1) this
this suggests that the Early
learners had distinct phonetic
categories for Spanish and
English /p t k/

An interesting mistake
We later learned that few people in PR speak English on a
regular basis, and that those who do are likely to speak it with
a Spanish accent
This suggested that the Early bilinguals in Puerto Rico had
managed to establish new phonetic categories for English /p t
k/. Their “intermediate” VOT values in both production and
perception were due to the English input they had received

•

Both English and Spanish are official languages, but Spanish
is the island’s primary language, given that English is spoken
by less than 10% of the population;

•

Spanish is the language of instruction in public schools,
where English is taught as a foreign language;

•

Few Puerto Ricans know English speak it regularly; those
who do speak English often usually speak it with a Spanish
accent

An interesting mistake

This conclusion was soon confirmed by additional research with
native Spanish speakers of English living in Austin, Texas. Here
we see the group characteristics of the 10 Early learners tested
by Flege (1991)
Early Learners
Chronological age at test
(mean, range)

29 (21-26)

Age of Arrival in the U.S.
(years)

2 (0-6)

Length of residence in the
U.S. (years)

21 (14-24)

Self-estimate % use of
English

82% (75-90)

An interesting mistake

Flege (1991) took great care to recruit Early learners who had
received a substantial amount of native speaker input

Texas selection procedures

• None of the Early learners were able speak
English prior to being enrolled, at the age of 5-6,
in a public school where English was the sole
language of instruction;
• All had NE teachers in the first three grades and
majority native English classmates;
• These Early learners had received an average of
13 years of formal education in Texas schools
and reported using used English 82% of the time

An interesting mistake

This time, the Early learners produced English /t/ with VOT
values that were essentially identical to those obtained from
English monolinguals

Early vs Late learners

Flege (1991) also recruited Late learners, providing the first
direct Early vs Late comparison in the literature
In addition to a difference in age of L2 learning (AOA = 2 vs 20
years) the Early and Late learners differed in length of residence
in the United States (LOR = 21 vs 14) and self-estimated
percentage use of English (82% vs 66%)
Early Learners
(n = 10)

Late Learners
(n = 10)

Chronological age
(mean, range)

29 (21-26)

34 (19-53)

Age of arrival in the
U.S. (years)

2 (0-6)

20 (12-35)

Length of residence
(years)

21 (14-24)

14 (7-25)

82% (75-90)

66% (35-95)

Self-estimated %
English use

Early vs Late learners

Flege (1991) elicited 14 Spanish and English phrases
beginning with /t/ in counter-balanced blocks within a single
session. Native Spanish and English experimenters chatted
with bilingual participants in the appropriate language at the
beginning of the two blocks, and presented instructions that
had been recorded in the two languages
Ten Spanish monolinguals produced just the Spanish
materials and ten English monolinguals produced just the
English materials

“Take a X”

“Tengo un X”

X = teller, temple, textbook, tempo,
teabag, teapot, t-shirt, t-bone
X = tema, templo, texto, termo, tigre,
tipo, tiro, timbre

Early vs Late learners

As already mentioned, the Early learners closely resembled
those of English monolinguals, both for VOT in utterance-initial
tokens of /t/ (e.g., “take a teabag”) and in utterance medial
tokens (“take a teabag”, “take a temple”, etc.)

Late learners, on the other
hand, produced
significantly shorter VOT
values than both the
English monolinguals and
the Early learners
On average, the Late
learners’ VOT values were
intermediate to those
obtained for English and
Spanish monolinguals

Early vs Late learners

Here we see the mean VOT values produced by individuals,
arranged in ascending order. Nine Early learners produced
value falling within the NE range in both utterance positions;
fewer Late learners (2, 3) did so in the two utterance positions

Early vs Late learners

To evaluate intra-subject Flege (1991) calculated the standard
error of the mean (SEM) for the 14 tokens each of /t/ produced
in utterance-initial and utterance-medial positions. As
expected, the SEMs were significantly larger for stops
produced in -medial than -initial position
The three groups did not differ
significantly in the analysis of
SEMs. Regardless of the extent
to which Late learners’ mean
VOT values approximated those
of English, they were just as
precise at producing English /t/
as the English monolinguals

This suggests that the Late
learners were not incompetent
speaker-hearers of English

Early vs Late learners

In Experiment 2, Flege (1991) examined the production of /t/ in
Spanish and English words in three “switching” conditions.
Averaged across conditions, the Early and Late learners
differed significantly in producing /t/ in their L2, English, but not
in their L1, Spanish

Early vs Late learners

The Early and Late learners produced English and Spanish
materials in alternation. The temporal interval between
successive productions of English and Spanish /t/ decreased
as a function of the length of the materials (Sentence, Phrase,
Word). The same Early vs Late differences in the production of
English /t/ was evident in all three “switching” conditions

Early vs Late learners

Averaged over the three switching conditions, all seven Early
learners tested in Exp. 2 produced mean VOT values falling
within the native English range (grey) whereas just one of
seven Late learner did so

Early vs Late learners

At the time, I interpreted these findings to mean that the
Early but not the Late learners had managed to establish
new phonetic categories for English /p t k/ (Flege, 1991, p.
305). I thought, briefly, that I had uncovered phonetic-level
support for the Critical Period
By the time the Speech Learning Model was formally
launched in 1995 (Flege, 1995, see also Flege 2007 for a
later presentation of the model), other evidence had led me
to re-evaluate my earlier conclusion
According to the SLM learners of all ages retain the capacity
– under certain conditions – to establish new phonetic
categories
What I had failed to understand in 1991 was the importance
of phonetic input (see Flege 2009, Flege & MacKay, 2011)

Early vs Late learners

I proposed in Part 1 that L2 learners need as much as 10
years of native speaker input to learn to produce and
perceive English /p t k/ accurately. (Some might do so with
less input, of course)
The proposed benchmark was based on the time needed
by children learning English as an L1 to produce and
perceive English VOT like adults

Note that the Early learners tested by Flege (1991) had
received substantially more “Years of English input” than
the Early learners
Years of
input

Length of
residence (LOR)

% use of
English

Early learners

17.2 years

= 21 years

* 82%

Late learners

9.2 years

= 14 years

* 66%

Early vs Late learners
Alas, I have no evidence regarding how much of the
English input received by the Early and Late learners came
from native speakers and how much was Spanishaccented English they heard when speaking in English to
fellow native speakers of Spanish
For the sake of discussion, let’s assume that only 70% of
their English input came from native speakers. If so, we
might attribute the Early vs Late difference to a difference
in the adequacy of L2 input (i.e., meeting or not meeting
the benchmark) rather than to age of L2 learning
Estimated years
of English input

Years of native-speaker
input (hypothetical)

Early learners

17.2 years

12.0 years

Late learners

9.2 years

6.4 .years

Can Late learners succeed?

The aim Schmidt & Flege (1995) was to
better understand inter-subject variability
among native Spanish Late learners.
We recruited native Spanish Late learners
living in Birmingham, AL. All 40 had normal
hearing and had arrived in the United States
after the age of 13 years

Anna Schmidt

M

SE

min

max

Chron. Age, years

31.6

1.1

18.6

54.6

Age of arrival, years

25.8

1.0

13.5

38.5

Length of residence, years

5.7

1.0

0.1

36.4

English use, %

48.2

3.8

3.3

93.3

Can Late learners succeed?
We assessed the Late learners’ overall degree of foreign
accent in three English sentences. The 40 mean ratings (each
based on 90 judgments) for these “post-Critical Period”
learners showed a significantly stronger correlation with selfestimated % English use [r(38) = 0.45] than with AOA in the
United States [r(38) = 0.29], Х2(1) = 14.0, p < .001
The Late learners
were then assigned to
subgroups called
relatively “Proficient”
and “Non-proficient”
based on the foreign
accent ratings

Can Late learners succeed?

We used a magnitude production task to elicit productions of a
single phrase with /p/ (a green pea). The Late learners said the
phrase 5 times in a row at normal (N), fast (F) and slow (S)
rates, changing rates in this order: N, F, S, N, F, S, N*

The duration of
phrases produced by
the three groups did
not differ significantly.
All three groups
decreased phrase
duration by about
20% at the F
compared to the N
rate

*Just the middle 3 phrases in the underlined sets were measured

Can Late learners succeed?

Here we see mean VOT values. A 2-way ANOVA yielded
significant effects of Group and Speaking Rate on the VOT of
/p/, but not a significant G x SR interaction
At the normal speaking
rate, both groups of Late
learners produced
significantly shorter VOT
than the native English
(NE) speakers did
At the fast rate, only the
Non-proficient group
differed significantly from
the NE speakers (p <
0.05)

Can Late learners succeed?

More Proficient than Non-proficient Late learners produced
mean VOT values that fell within the range of values obtained
for the NE group. This held true both for stops produced at the
normal and fast speaking rates (13 vs 4, 16 vs 14)

Can Late learners succeed?

How can we explain the enormous inter-subject variability
among the 40 Late leaners?
The mean VOT values they produced in English /p/ were
not correlated with AOA, either at the normal rate, r(38) =
0.02, p = 0.91, or at the fast rate, r(38) = 0.05, p = 0.75)
The Late learner’s estimates of percent English use, on the
other hand, seem to have been important.
The VOT values obtained at both rate for the 40 Late
learners were correlated significantly with degree of foreign
accent (p < .01). The foreign accent ratings, in turn, were
correlated with % use of English, r(38) = 0.45, p > 0.01

Can Late learners succeed?

Of the 40 Late learners tested, 16 produced VOT values that fell
within the NE range at both speaking rates and 10 others failed
to do so at either speaking rate
These two subgroups differed significantly in degree of foreign
accent, and marginally in terms of self-estimated % English use.
Had we known how much of the English input was Spanishaccented, I suspect that the use estimates would have been
strongly significant. More research is needed
Always in NE
range (n = 16)

Never in NE
range (n = 10)

p

AOA

27.1

25.5

0.56

LOR

5.6

4.4

0.43

% English

55.0

38.8

0.07

Foreign accent

134

83

0.02

Can Late learners succeed?
The following year, Schmidt & Flege (1996) further explored
the effect of speaking rate on VOT. The Early and Late
learners recruited for this study differed in age of L2 learning
(AOA = 2 vs 21 years)

The two AOA-defined groups of bilinguals, as well as English
and Spanish monolingual groups, each consisted of 5 males
and 5 females
English
mono

Early
learners

Late
learners

Spanish
mono

Chron. age (years)

21

23

32

27

AOA (years)

--

2

21

27

Length of
residence (years)

--

21

11

0.6

Can Late learners succeed?

The English monolinguals, Early learners and Late learners all
shortened VOT significantly at a fast compared to normal rate.
The Spanish monolinguals showed a non-significant trend in
the opposite direction when producing Spanish materials. This
suggests that native speakers of Spanish who learn English as
an L2 must learn to adjust VOT as a function of speaking rate
As expected:

The Late but not the
Early learners
produced significantly
shorter VOT values
than the English
monolinguals at both
speaking rates (p <
0.05)

Can Late learners succeed?

Here we see individual VOT values averaged over speaking
rates. All 10 Early learners produced English /p/ with mean VOT
values that fell within the native English (NE) range
Once again, we see
extreme variability
among the Late
learners:

• 4 out of 10 produced
values falling within
NE range;
• 4 others produced
VOT values falling
within the range of
values obtained from
Spanish monolinguals

Can Late learners succeed?
Flege & Schmidt (1996) examined perception by the same
participants of two VOT continua ranging from /bi/ to /pi/
Participants rated the
randomly presented VOT
stimuli for “goodness” as
instances of the English /p/
category
One continuum simulated a
relatively fast rate of speech,
the other a slower speaking
rate
Here you see ratings
obtained from English
monolinguals for the “slow
rate” continuum

Can Late learners succeed?
Here we see ratings obtained from the NE monolinguals for
both VOT continua. The “speaking rate effect” on perception
(yellow) reflects VOT differences that occur across rate
changes in the production of English

Can Late learners succeed?
For example, the NE speakers gave higher “goodness” ratings
to a stimulus having a VOT of 80 msec if it seemed to have
been produced at a slow compared to fast rate. By hypothesis,
this perceptual adjustment is mediated by a multidimensional
phonetic category for /p/

Can Late learners succeed?
The speaking rate effect on perception obtained for Early
learners resembled the one obtained for the NE speakers.
This finding suggested that the Early learners had established
phonetic categories for English /p/

Can Late learners succeed?

The four Late learners who produced English-like VOT in
English /p/, but not the four who produced Spanish-like VOT,
showed a rate effect on perception, leading us to conclude that
the former but not the latter had established phonetic categories
for English /p/

Can Late learners succeed?

In the studies reviewed so far, some Late learners were observed
to produce English /p t k/ with native-like VOT values whereas
others produced intermediate values and still others produced L2
words with VOT values typical for the L1

What does this say about the human capacity for L2 speech
learning?

Can Late learners succeed?

Some researchers have interpreted differences between native
speakers and L2 learners in terms of a “critical period” for speech
learning
Based on an examination of the VOT dimension in the speech of
native Spanish speakers of Swedish, Stolten et al. (2014, p. 444)
noted that speech learning may be

especially vulnerable to age-of-onset effects which, in turn,
may be related to the early maturation of motor
and auditory cortexes of the brain

Can Late learners succeed?

Eric Lenneberg suggested that after the close of a Critical Period
at around the age of 12 years, learners of an L2 are no longer
able to make “automatic” use of input “from mere exposure” to
the input (1967, p. 176)

I disagree. I think that both Early and Late learners make
effective use of all the input they receive
From my reading of the literature it has seemed to me that
advocates of the Critical Period Hypothesis regard the glass as
both half full and half empty

Can Late learners succeed?

More specifically, based on my reading of the literature, I think
that some researchers would interpret the findings just presented
in two ways, attributing:
• the (expected) inaccurate production of VOT by some Late
learners to a lost or diminished capacity for speech learning
following the closure of a critical period for L2 speech learning;
• the (surprising) observation of native-like production of L2
stops by others to an undefined special ability that enabled
them to overcome the ill effects of having passed a Critical
Period

Experienced Late learners

Part 1 provided evidence that normal adults do not lose the
capacity to learn L2 speech. To rule out the “special ability”
interpretation we need to consider more evidence from highly
experienced Late learners
One aim of Flege (1987) was to evaluate the effect of
experience on the production of French /t/ by native speakers
of English. Three groups of seven women each were
recruited in Chicago and Paris
American
Students

American
Professors

Americans in
Paris

Chronological Age (years)

22

32

35

Residence in France (years)

0.7

1.3

11.7

seldom

often

very often

Use of French at test

Note: the undergraduate “students” had just returned to Northwestern University (NU)
following an academic year in Paris; the “professors” taught French at NU or Indiana
University in Bloomington

Experienced Late learners

Production was elicited by presenting two sets of cards, one
at a time. Each card bore one of the phrases shown here
Speaking rate was not controlled
Changing the phrase-final words (see below) was intended
to shift the participants’ attention away from the object of
study, namely, the utterance initial /t/ tokens in two French
words, tous and tu

Experienced Late learners

Unlike some American
students, all of the
American professors
modified VOT in
French
On average they
produced French /t/
with VOT values that
averaged 13 msec
shorter – and were
thus more French like
– than the American
students
Note: the data for French monolinguals is from Fowler et al. (2008), an elegant
study providing important new information regarding French and English VOT in
the speech of simultaneous and Early bilinguals. The individual data from native
speakers of English shown here is from Flege & Hillenbrand (1984)

Experienced Late learners

As was the case for the American professors, the Americans
living in Paris produced /t/ with significantly shorter VOT
values in French than English. In fact, their French /t/ VOT
values did not differ significantly from those obtained for
monolingual French women
This does not, however,
provide convincing
evidence of native-like L2
production because the
French monolingual value
is too high. When I elicited
production, one of the
seven monolinguals
accommodated to my
American accent in French,
producing French /t/ with
long-lag VOT

Experienced Late learners

Flege (1987) also recruited seven French women who had
lived in Chicago for 12 years. These women, like the
Americans living in Paris, significantly modified VOT in their L2
Whereas the
Americans in Paris
decreased VOT to
approximate French
phonetic norms, the
French women living
in Chicago
significantly increased
VOT to approximate
English phonetic
norms

Experienced Late learners

Flege (1987) was the first to show L2-on-L1 effects. For both
groups of experienced Late learners, VOT in the L1 moved
significantly in the direction of the L2 phonetic norm.
Specifically, NE speakers decreased VOT in English whereas
the NF speakers increased VOT significantly in French

Note: the monolingual
VOT values are those of
Fowler et al. (2008). The
statistical tests, of
course, used the original
monolingual English and
French data obtained by
Flege (1987)

Experienced Late learners

According to the Speech Learning Model, the phonetic
elements of the L1 and L2 necessarily interact with one
another because they exist in a “common phonological
space”
Within the SLM framework, intermediate values might be
interpreted as evidence for the absence of phonetic category
formation

Alas, Flege (1987) did not publish individual data for the
experienced Late learners (and after 30 years I can no
longer find the original data)
However, an inspection of the error bars (SDs) suggests that
some of the 14 experienced Late learners may have
produced L2 stops with accurate, not intermediate, VOT
values

Experienced Late learners

The Flege (1987) study, although theoretically important,
was limited by a small sample size (n = 7 per group). More
importantly, the participants were not randomly sampled, a
pre-requisite for behavioral research
Members of the three native English groups were defined by
special characteristics that reduce the generalizability of
findings obtained for them. Women in the three groups had:

• recently participated in an academic year abroad program
in Paris of a prestigious American university;
• obtained an advanced degree in French and then taught
French at an American university;
• moved to Paris after marrying a French man encountered
during an academic year abroad program

Experienced Late learners

Even more importantly, Flege
(1987) provided no information
regarding the quantity and quality
of L2 input received by the
experienced Late learners
The American women living in
Paris were all members of a
group called “The Association of
American Wives of Europeans”
(AAWE)

Above. A meeting of the AAWE
in Paris, France circa 1963

French had become their primary language but we don’t know
how much of their French input came from native speakers of
French (e.g., their husbands) and how much was the Frenchaccented productions of other Americans

Experienced Late learners

Birdsong (2003) tested 21 native speakers of English
who had lived in Paris for an average of 11 years
(range: 5 to 22 years)
His criterion for “native-like” L2 production by individual
Late learners was the production of mean VOT values
in French /p t k/ that differed by less than 1 SD from the
mean values obtained from French monolinguals

Experienced Late learners
Here is Birdsong’s VOT data for /t/ (arranged by me in
ascending order). The “very strict” 1 SD criterion was attained
by 14 of the 21 Late learners. When the data for /t/ was
pooled with data for /p/ and /k/, the criterion was met twothirds of the time (40/62 = 65%)*

*Note. The /p/ data for subject 22, which appears to be spurious (David Birdsong,
pers. Communication) has been omitted in this calculation

Experienced Late learners

What about the one-third of participants whose stops were not
classified as “native like”?
Birdsong (2003) did not report values that permit the calculation
of Years of L2 Input, nor indicate with whom his participants
spoke French
One Late learner had lived in Paris for just 5 years. He can be
excluded from our discussion of highly experienced Late
learners
Perhaps all of the remaining Late learners who had received 10
years of native speaker input – the benchmark I proposed in
Part 1 – would have been classified “native like”

Experienced Late learners

Even apart from this conjecture, we can be fairly sure that the
data just presented underestimated the Late learners’
performance in French
As expected (Guion et al., 2000; MacKay & Flege, 2004), the
Late learners tested by Birdsong (2003) spoke more slowly
than did members of the monolingual French comparison
group. We know this because Birdsong (2003) also measured
the duration of vowels immediately following the /p t k/ he had
measured for VOT
The Late learners’ vowels were 48% longer on average than
vowels produced by the French monolinguals (Birdsong,
2003, Table 2)

Experienced Late learners

In English, the VOT in word-initial singleton stops is
correlated with the duration of a following vowel. Here, for
example, are data obtained for an English monolingual by
Theodore et al. (2009)

Experienced Late learners
I adjusted Birdsong’s (2003) published VOT values by
applying the findings obtained by Theodore et al. (2009)
regarding the relationship between VOT and vowel duration*
My post-hoc analysis suggested that had the Late learners
spoken at the same rate as the French monolinguals, their
French VOT values would have shortened – thus becoming
more French-like – by an average of 8.7 msec
The remaining difference between French monolinguals and
Late learners dropped to just 2.1 msec, less than
measurement error (Schmidt & Flege, 1995, p. 46)

*See Tables I and III, Theodore et al. (2009)

Experienced Late learners

Major (1992) tested five Late learners, all American women who
had immigrated as adults to Brazil and had lived there for 12-35
years
All five worked as
administrators or
teachers in an English
language institute

Here we see VOT
values for English and
Portuguese /p/ obtained
in “formal” speech
samples (Similar data
was obtained for /t/ and
/k/)

Experienced Late learners

One participant, B5, produced both L1 and L2 stops with VOT
values similar to those of monolinguals; the remaining four Late
learners differed significantly from both English and Portuguese
monolinguals (indicated by the asterisks)

Major also elicited
conversational
speech. The mean
VOT value obtained
from B5 for English /p t
k/ decreased from an
average of 80 msec in
formal speech to 30
msec in conversational
speech

Experienced Late learners

Major observed an inverse relation between production in two
languages: accurate VOT in Portuguese was associated with
inaccurate VOT in English
Major, who had lived in
Brazil and spoke
Portuguese well, elicited
all production data
The observed L2-on-L1
effects may therefore
have been due to an
appropriate modification
of VOT in a bilingual
speaking context rather
than the “loss” of L1
competence envisaged
by Major (1992, p. 194)

Experienced Late learners

No information was provided in the three studies just reviewed
(Flege, 1987; Major, 1992; Birdsong, 2003) regarding the
quantity or quality of the L2 input participants had received
I attribute the absence of such information to the widespread
acceptance of the “Critical Period” hypothesis, which posits
that the age of L2 learning is a substantially more important
predictor of success than is the amount or kind of input
received
For example, DeKeyser (2000, p. 518) wrote that
“Input differences are not a good explanation for age effects
because it is precisely in the linguistic domains where input varies
least – phonology – that the age effects are most readily
apparent.”

Experienced Late learners

A problem facing those doing phonetic research that focuses
on bilingual speech is to know when, where and how to elicit
production data
Consider the Late learners tested by Major (1992). All worked
in an English Language Institute where they undoubtedly
often heard students producing short-lag VOT in English
words beginning with /p t k/

Did the Late learners “lose” their English /p t k/ categories as
the result of hearing the English stops produced with shortlag VOT?
Late research to be reported today seems to rule out this
interpretation. Moreover, one finding reported by Major
(1992) is inconsistent with the “L1 category loss” hypothesis,
namely the accurate English production by B4 in a “formal”
speech sample

Experienced Late learners

Gestural drift
The L2-on-L1 effects observed by Major (1992) recall the
effects of “gestural drift” noted by Sancier et al. (1997). These
authors observed an increase of VOT in Portuguese /p/ and /t/
by a Portuguese-English bilingual after recent sojourns in the
United States
The authors point to the inherent tendency of people to
“imitate” those around them to explain “drift”. (I use the term
“accommodation” when referring to short-term adaptations to
the speech of interlocutors)

I doubt that the American women tested by Major (1992) had
lost their L1 phonetic categories for /p t k/ and suspect that had
they been recorded by monolingual speaker of English in the
U.S. they would have produced VOT values similar to those of
English monolinguals. More research is needed

Late learners can succeed!
The research I’ll now present provided an opportunity to
evaluate VOT in the speech of individuals who usually spoke
their L1 and L2 with native speakers

The research examined native speakers of Italian who had
immigrated to Canada in the 1950s and 1960s for economic
reasons and had lived there for decades

Late learners can succeed!
The normal-hearing Italian immigrants we recruited for our
phonetic research in Ottawa were selected in a quasirandom manner from the available population based on
gender (half male), length of residence in Canada
(minimum 10 years) and age of arrival in Canada (minimum
1.0 year of age)
The participants in our first published study (Flege, Munro &
MacKay, 1995a,b) were all highly experienced in English,
having lived in Canada for an average of 32 years (range:
15 to 44 years)

Above: Murray Munro and Ian MacKay

Late learners can succeed!

Nearly all of the native Italian speakers who participated in our
12-year program of research in Canada were active members of
a Catholic church located in central Ottawa, where all testing
took place

Above: St. Anthony of Padua, Ottawa ONT

Late learners can succeed!

Our first study examined ten gender-balanced groups of 24
participants each who differed according to age of arrival (AOA)
in Canada
We soon realized that our selection variable, AOA, was
confounded with other important factors such as % use of Italian

Late learners can succeed!

As expected, the Early learners in our first study indicated that
English was the better of their two language whereas Late
learners usually said that Italian was their “best” language
However, nearly all participants, regardless of AOA, indicated
that English was the language they would “prefer” to keep if they
could keep only one language

Late learners can succeed!

This disparity reflects linguistic reality. In later research with the
same population, we learned that Italians in Ottawa often
continue to use Italian at church and with family members

However, given that
few people in Ottawa
speak Italian, they are
far more likely to use
English than Italian for
commercial
transactions (e.g.,
going to the barber)
and personal
interactions (e.g.,
talking to a neighbor)

The role of input and social context
Flege et al. (1995b) used a delayed repetition task to elicit
the production of 25 English words, some of which began
with /p t k/
We used this technique to reduce the influence of
orthography and unwanted variation in VOT due to changes
in speaking rate
Native speaker models were presented at a fixed interval.
The materials intervening between the modelled test words
and repetitions of the test words prevented imitations based
on sensory memory
Model presented via loudspeaker: X is the next word
Participant’s response: Now I say _X_

X: pick, tack, tag, cap, cab

The role of input and social context

Here we see the mean VOT values obtained for ten AOAdefined subgroups
No AOA-defined group differed significantly from the native
English (NE) speakers for /k/. Two native Italian groups
produced /p/ with significantly shorter VOT than the NE
speakers and six groups differed for /t/

The role of input and social context

Two hypotheses might be offered for why some Late learners
differed from the NE speakers
Consider the data obtained for participants having a mean
AOA of 21 years. Their English VOT values were
intermediate to mean values observed for English and Italian
monolinguals
Hypothesis 1 is that some Late learners failed to create new
categories for English /p t k/. To produce phonologically
voiceless stops they used a single phonetic category defined
by both English and Italian input
/p/

/t/

/k/

Mean

Native English

57

78

77

70.7

AOA = 21

35

45

65

48.3

Italian monolinguals

12

17

50

26.3

Late learners can succeed!

Hypothesis 2 is that all of the Late learners established new
phonetic categories for English /p t k/, and developed new
language-specific phonetic implementation rules (PRR) with
which to output their new phonetic categories
But you ask: How can this be true if some groups of Late
learners differed significantly from the NE speakers?

The role of input and social context

Indirect support for H2 was provided by the inspection of
frequency histograms which revealed the production of shortlag VOT by some Late learners
The overall VOT
differences between
some Late learners
and the NE speakers
may have been due
to the production of
English words with
Italian stops, not
failure to establish
new categories for
English /p t k/

Late learners can succeed!
It is implausible – for me at least – to think the Late learners
“lost” their short-lag VOT Italian categories – established in
childhood and used exclusively for many years – as the result
of learning English as an L2 later in life. After all, they
continued using Italian on a regular basis

Late learners can succeed!

Support for H2, the hypothesis that all of the Late learners
established new phonetic categories for English /p t k/, came
from a second set of VOT data obtained from the same
participants

Immediately following the word production task, we (Flege et al.
1995a) elicited production of five English sentences, again
using a delayed repetition technique (Flege et al. 1995a)
Example

Voice 1 (question)

What did Paul eat?

Voice 2 (model)

Paul ate carrots and peas.

Voice 1 (question)

What did Paul eat?

… Pause
… Beep, and then repetition of the model

Late learners can succeed!

The sentences were later rated for overall degree of foreign
accent by native English-speaking listeners

Here we see the mean
ratings obtained for
Paul ate carrots and
peas
Significantly lower
ratings were obtained
for seven AOA-defined
native Italian groups
than for the NE
comparison group*

*It is noteworthy that many individual Early learners also produced the
foreign accent sentences with detectable foreign accents

Late learners can succeed!

We measured VOT in the three word-initial stops found in the
“Paul” sentence. No native Italian groups differed from the NE
monolinguals in producing VOT in these stops

*One-way ANOVAs
carried out for the
three stops all
yielded nonsignificant effects of
Group [ F(10,253)
= 0.738 – 1.498, p
> 0.10]

Note: these data were never published. At the time we were looking for
segmental differences that predicted degree of foreign accent. There was no
relation between VOT and FA, and so I promptly forgot these data until now

Late learners can succeed!

For a closer look, I re-assigned members of the original 10
AOA-defined groups to just three groups. The 80 participants
in “AOA 16-23” consisted of Late learners who arrived in
Canada the between the ages of 16 and 23 years. This group
did not differ significantly from the NE group for any of the
three stops measured for VOT

The role of input and social context

One naturally wonders why only some Late learners differed
from the NE group when repeating English word following a
native speaker model
We can reasonably suppose that all of the native Italian
participants were in an English “mode” because
• all were tested exclusively in English by a native English
experimenter who did not speak Italian;

• only English speech materials were elicited
However, given that the participants had just completed an
extensive Language Background Questionnaire dealing with
their bilingualism, it is also reasonable to assume that the
Italian system of all participants was activated (Grosjean,
2001)

The role of input and social context

To better understand this phenomenon I identified the 33
native Italian participants who usually (at least 6/8 tokens)
realized English /p t/ with short-lag VOT in English words
I then selected 33
others having the
same AOA values
who never produced
English /p/ and /t/
with short-lag VOT
The two subgroups
differed significantly
for VOT in words but
not sentences

The role of input and social context

Given that the two subgroups of 33 each were matched for AOA
(M = 18 years for both), it is unsurprising that they spoke
English with equally strong foreign accents

The role of input and social context

The 33 participants who produced Italian-like VOT in English
words used Italian more than English at home whereas the
reverse held true for participants who never produced English
words with short-lag VOT (p < .05 by Mann-Whitney U-tests). I
speculate that
• the Late learners who
produced short-lag VOT in
English words were more
accustomed to code
switching than those who
did not;
• Code switching was the
source of short-lag VOT in
English words, not the
absence of phonetic
categories for English
stops

The role of input and social context
Experimental design in bilingual research
The need for speculation might have been avoided had our
research, carried out in 1992, controlled language mode and
activation. Unfortunately, it did not
Two experimental designs are possible
A. Repeated measures: Different native-speaker
assistants test bilinguals in the L1 and L2 in
separate location in two seemingly unrelated
protocols (e.g., Magloire & Green, 1999)

B. Randomized block: Different native-speaker
assistants administer L1 and L2 tests, in
counterbalanced order, to groups of participants
who have been matched for all factors known to
influence bilingual speech production and
perception (e.g., Antoniou et al., 2000)

The Speech Learning Model

The data already presented (and soon to be presented) can
be interpreted within the SLM framework
According to the SLM, the processes and mechanisms
used in successful L1 acquisition remain intact and available
for use in L2 speech learning
The SLM predicts that L2 learners of any age can establish
new phonetic categories for English /p t k/ if two conditions
are met:
1. adequate L2 input is received;

2. a sufficient degree of perceived phonetic dissimilarity
exists between English /p t k/ and corresponding L1
stops

The Speech Learning Model
As mentioned earlier, I proposed that “adequate input” for
the learning of VOT in a English L2 be defined as “10 years
of native-speaker input”
This benchmark was based on the observation of how long it
takes children learning English as an L1 to become adultlike in their production and perception of English /p t k/

However, I have not, and will not here, propose a
benchmark for “sufficient cross-language phonetic
dissimilarity”
Why? The data needed to do so are unavailable at present

The Speech Learning Model
Future research

It will ultimately be necessary to develop techniques for
directly measuring degree of perceived cross-language
phonetic dissimilarity of voiceless stops differing in VOT
In the meantime, comparing learners of different L1
backgrounds might help empirically define how much is
“enough”
It would be interesting, for example, to compare the
performance of native speakers of languages such as

• Italian, where /p t k/ is produced with short-lag VOT;
• Japanese, whose VOT values for /p t k/ are intermediate to
those of Italian and English;
• Danish, where /p t k/ is produced with even longer VOT
than in English (see Part 1)

The Speech Learning Model

The remainder of the talk will focus on the production and
perception of /b d g/ and so we need to consider the role of
“communicative pressure”
Romance language learners of English are under
communicative pressure to create new phonetic categories
for English /p t k/
VOT values that are too short contribute to the perception
of foreign accent in English (Flege & Munro, 1992) and
may trigger lexical confusions
No such pressure exists for the creation of new short-lag
categories for English /b d g/. In fact, it is a priori
implausible to think that Italian learners of English would
create new short-lag L2 phonetic categories for /b d g/ “on
top of” already existent L1 categories for /p t k/
The SLM predicts that learning will nevertheless occur

The Speech Learning Model

In Part 1 we saw that monolingual English adults produce /b d g/
in various ways: with full pre-voicing, pre-voicing that ends prior
to stop release, or with short-lag VOT
I suggested that children learning English as an L1 respond to
differences in the input they receive, creating either “lead” or
“short-lag” categories for English /b d g/
I assume that: (a) the two kinds of phonetic categories Englishlearning create encode differences in the relative weight of
voicing and aspiration, and (b) that the two kinds of phonetic
categories are produced using distinct phonetic realization rules
(PRRs)
Existing evidence indicates that the PRRs developed by the
children who establish “lead” categories for English /b d g/ do not
yield pre-voiced stops in which pre-voicing always continues until
release (as in Romance languages)I

The Speech Learning Model

The crucial role of input
In 1967 Eric Lenneberg observed that foreign accents are
quite common in individuals who began learning an L2 after
age 12. He proposed that normal neurological maturation may
also affect how input is exploited
Lenneberg suggested that after age 12 learners of an L2 are
no longer able to make “automatic” use of input “from mere
exposure” (1967, p. 176)
The SLM position, on the other hand, is that input is exploited
effectively at all ages. This leads to a radical hypothesis:
Input influences the learning of English /b d g/ in
much the same way for L1 and L2 learners

The restructuring of L1 categories

The next study to be considered, MacKay et al. (2001),
examined the production and perception of English /b d g/
It provided new information regarding input in L2 speech
learning by comparing groups of native Italian speakers in
Ottawa who differed according to how much they continued
to use Italian
The results led us to conclude that Italians do not establish
new categories for English /b d g/ but, rather, “restructure”
their original categories for use in both Italian and English
The nature of the “restructuring”, in turn, depends on the
input they have received over the course of their lives

The restructuring of L1 categories

MacKay et al. (2001) recruited 36 Early and Late learners
each in Ottawa. The AOA-defined groups were then subdivided according to frequency of Italian use (”high” vs “low”)

A

N

Average %
use of
Italiana

use of Italian
in social
contextsb

N of interlocutors in
Italianc

Early-low

18

7%

12%

2.8

Early-high

18

43%

39%

5.0

Late-low

18

10%

18%

2.6

Late-high

18

53%

51%

4.4

These values were the average of estimated use of Italian in the past 5 years, months,
and weeks preceding the test;
B Participants estimated Italian use in 10 social contexts including home use, use with
family members, at church, with friends and while shopping
C Total number of people with whom Italian was used “always” or “sometimes”

The restructuring of L1 categories

One experiment examined the identification of naturally
produced tokens of English /p t k/ and /b d g/ in a 6alternative forced-choice test. To avoid ceiling effects, the
stimuli were embedded in noise
No native Italian
group differed
significantly
from the NE
comparison
group in the
identification of
English /p t k/

The restructuring of L1 categories
However, one Italian group – the Late learners who used
Italian relatively often – differed from the NE comparison group
in the identification of the naturally produced English /b d g/
stimuli, which had been produced with short-lag VOT values
averaging 15 msec

The restructuring of L1 categories

Here we see errors in the identification of the short-lag /b d g/
tokens that were due exclusively to the voicing feature.a Now
both groups of Late learners differ significantly from NE
This finding suggests
that the Late learners’
phonetic categories for
/b d g/ differed from
those of NE speakers
It led us to expect
production differences
between both groups of
the Late learners and
the NE speakers
aErrors

shown in the previous slide represented the combined effect of errors
identifying the voicing feature and place of articulation of the /b d g/ stimuli

The restructuring of L1 categories

In fact, both groups of Late learners produced English /b/
with full pre-voicing more often than the NE speakers did

The restructuring of L1 categories

I hypothesize that between-group differences in /b/
production arose from input differences. More specifically:
differences in how often the participants had previously
heard /b/ produced with pre-voicing and short-lag VOT

To evaluate this hypothesis, I estimated the percentage of
pre-voiced and short-lag /b/ tokens the 72 native Italian and
18 NE participants were likely to have heard over the course
of their lives
As far as I know, this approach has never been used before
in L2 speech research, and so I will now briefly explain how
these lifetime language input estimates were obtained

The restructuring of L1 categories

The estimates were based on values obtained experimentally
and from a detailed Language Background Questionnaire
1. The frequencies with which English and Italian
monolinguals produce /b/ with pre-voicing and short-lag
VOT were based on values obtained by MacKay et al.
(2001): English - 24.6 vs. 75.6%, Italian - 99.5 vs. 0.05%;
2. Bilingual participants were assumed to have heard only
Italian before immigrating to Canada;
3. Years of English and Italian input in Canada were
estimated by multiplying years of residence in Canada by
participants’ self-estimated % use of English and Italian
I assumed that the NE speakers received only English input.
Estimates for them were obtained by multiplying chronological
age by the English values in #1 above

The restructuring of L1 categories

Here we see estimates of how often the five groups of
participants had heard /b/ produced with pre-voicing over the
course of their lives
The input estimates
obtained for the five
groups correlated with
production. Specifically,
estimates of how often
pre-voicing had been
heard captured 80% of
the variance in the
frequency with which
the five groups
produced /b/ with prevoicing

The restructuring of L1 categories

The same procedures were used to estimate how often
members of the five groups had heard /b/ realized with shortlag VOT over the course of their lives
Once again, input was
correlated with output.
The estimates of input
captured 80% of the
variance in the
frequency of short-lag
productions of /b/
(In both analyses the
correlations were somewhat
weaker when just the four NI
groups were considered)

The restructuring of L1 categories

All four native Italian groups produced short-lag VOT
significantly less often than the NE speakers (p < 0.05)
The significant Early
vs Late difference
obtained, F(1,70) =
8.29, p < .01, was
likely due to
differences in input
given that the Late
learners had heard
significantly fewer
short-lag production of
/b/ than the Early
learners, 31% vs
48%, F(1,70) = 28.1, p
< .01

The restructuring of L1 categories

The following year Flege & MacKay (in prep.) carried out a
larger study in Ottawa to better understand how input shapes
the production of /b/
Participants

The 190 native Italian (NI) speakers recruited in Ottawa were
assigned to ten groups according to AOA. The resulting
groups of 19 each had mean AOA values ranging from 8 to
27 years
Speech materials

The NI speakers produced alternating blocks of English and
Italian materials; members of the native English (NE)
comparison group produced only the English materials
We examined the /b/ in Barbara, the first word in translation
equivalent English and Italian sentences

The restructuring of L1 categories

Once again, we used a delayed repetition task to elicit
production. The three English and two Italian blocks (presented
in alternation) consisted of 10 question-answer pairs (see
examples below), yielding 9 tokens of English /b/ and 6 tokens
of Italian /b/ for analysis
Crucially, the native-produced “Barbara” stimuli used to elicit
production in two languages differed. The two-syllable English
models began with a short-lag /b/ whereas the three-syllable
Italian models were all produced with lead VOT
#

Question

Modelled response

6

Does she have a sister?

Barbara is Patty’s sister

7

Who’s taller?

Barbara is a little taller than Patty

8

Who did you invite to
dinner?

Barbara and Patty will be coming

Above: three of 10 pairs used to elicit production of /b/ in English

The restructuring of L1 categories

The native English group (AOA = 0) produced utterance-initial
tokens of English /b/ more often with short-lag VOT (M =
65.4%) than pre-voicing (M = 34.6%)
Most native Italian
speakers showed the
opposite pattern in
producing English /b/

All NI groups except for
AOA-8 produced
English /b/ significantly
more often with prevoicing than short-lag
VOT (Bonferroni
adjusted p < .05)

The restructuring of L1 categories

The frequencies with which the native Italian participants
produced /b/ with pre-voicing in English and Italian were
correlated [r(8) = 0.77 for groups, r(188) = 0.71 for
individuals]
The English-Italian
correlations would
likely have been higher
had group AOA-8 not
been included. This
was the only group to
pre-voice /b/
significantly less often
in English than Italian

The restructuring of L1 categories

The difference between AOA-8 and the other AOA-defined
groups of native Italian participants may have arisen from
differences in input
Here we see estimates
of the percentage of L1
vs L2 input obtained
over the lifespan

AOA-8 had received
more English than
Italian input whereas
the reverse held
increasingly true for
participants who
arrived in Canada after
the age of 12 years

The restructuring of L1 categories

Using the procedure described earlier, Flege & MacKay (in
prep.) estimated the percentage of times that members of the
ten AOA-defined groups had heard /b/ produced with prevoicing over the course of their lives
These input estimates
captured 82% of the
variance in the frequency
of pre-voicing in
productions of English
/b/

Note: this analysis assumed
that 34.6% of English tokens
and 99.5% of Italian tokens
heard by participants were prevoiced

The restructuring of L1 categories

Cross-language research has consistently shown that, during
childhood, monolinguals learn to pronounce their native
language like they have heard it pronounced by others
around them
Similarly, we see here for
bilinguals that L2 speech
output is shaped
importantly by speech
input, that is, exposure to
languages used in the
surrounding environment
However, for the SLM
there is mediating factor
between input and
output: perception

The restructuring of L1 categories

To evaluate perception, Flege & MacKay (in prep.) examined
the forced-choice identification of the members of four
natural-edited VOT continua

The native English
speakers reliably
identified stimuli with
short-lag VOT values
(arrows) as voiced (“b”
or “d”)
They showed no effect
of vowel context on
the location of
phoneme boundaries
but did show the
expected effect of
place of articulation

The restructuring of L1 categories

Here I have juxtaposed the responses of the native English
participants (AOA = 0) to those of five (of 10) AOA-defined
groups of native Italian participants
For the two continua
ranging from b-to-p
there was little
evidence of
differences between
the native English and
Italian participants

Like the NE speakers,
most NI participants
identified stimuli with
short-lag VOT as
voiced (“b” or “d”)

The restructuring of L1 categories

Between-group differences in the identification of short-lag
realizations of English /d/ were more evident
The native English
speakers identified both
lead and short-lag
realizations of /d/ as “d”
Some native Italian
speakers identified the
short-lag stimuli in an
Italian-like way, that is
as “t”
The English-like pattern
of responding
decreased as the NI
groups’ mean AOA
increased

The restructuring of L1 categories

Here we see the frequency with which the NE speakers (AOA
= 0) and AOA-defined groups of NI speakers labelled shortlag stimuli in an English-like way (i.e., “b” or “d”)
The later the NI speakers
arrived in Canada, the less
often they identified short-lag
English stops like members of
the NE group
The effect of Group was
significant for both b-to-p (p >
0.05) and d-to-t (p < 0.0001);
significant differences from
the NE group are indicated by
asterisks

The restructuring of L1 categories

Given that the only NI groups to differ significantly from the NE
group arrived in Canada after age 13 years, some would
interpret these data as support fir the Critical Period hypothesis
However, a simpler and
more intuitive interpretation
is that the between-group
perceptual differences – as
for the differences in
production considered
before – arose from
differences in input
received

The restructuring of L1 categories

The percentage of times the native Italian participants had heard
/b/ realized with short-lag VOT over the course of their lives was
correlated significantly with their identification of short-lag English
stops (p < 0.01 for both groups and individuals)
The more often the native
Italian participants had
heard /b/ produced with
short-lag VOT, the more
often they identified shortlag stimuli as “b” (or “d”)
The analysis likely
accounted for more
variance in “b” than “d”
because many NI
participants were at ceiling
for /b/

L2-on-L1 effects

The final study to be presented is that of Flege, Imai & MacKay
(in preparation)
We recruited 160 native Italian (NI) speakers who had
previously taken part in our program of research in Ottawa.
The NI speakers were assigned to four groups based on AOA
N
(m/f)

Age of
arrival

Length of
residence

% English
use

15/25

4.6
1.2-7.1

46
37-53

81
25-99

18/22

9.7
7.2-12.2

44
30-55

77
30-98

20/20

14.8
12.6-17.1

42
32-51

65
20-98

17/23

19.8
17.3-23.3

39
28-47

53
9-95

L2-on-L1 effects

Although we (Flege et al., in prep.) selected participants on
the basis of AOA, the groups also differed – as expected according to the number of years of English and Italian input
they had received over the course of their lives
The English input
estimates were obtained
by multiplying years of
Canadian residence
(LOR) by self-estimated %
use of Italian
The Italian estimates
included full-time
exposure to Italian in Italy
(100% * age at the time of
emigration) and part-time
exposure to Italian after
arrival in Canada

L2-on-L1 effects

Data collection
We used the protocol of Flege et al. (1995b) to elicit English
words beginning with /p t k/ and /b/ (22 tokens). Participants
heard an English model such as “Boot is the next word” and
responded, for example, by saying “Now I say boot”
After completing the English protocol, the NI speakers
repeated Italian words beginning with /p t k/ and /b d g/ they
had heard over a loudspeaker. The Italian protocol was also
used to elicit the production of words in isolation by Italian
monolinguals in Rome

Crucially: the native-produced English words used to elicit
production of English /b/ were produced with short-lag VOT
whereas the native-produced Italian words used to elicit
production of /b d g/ in Italian were produced with full prevoicing

L2-on-L1 effects

The production results for English /b/ show the importance of
phonetic context. In the last study reviewed, the native English
(NE) speakers produced utterance-initial /b/ tokens far more
often with short-lag VOT than pre-voicing. The reverse held true
in this study which examined utterance-medial stops (e.g., Now
I say boot”)
As expected for this
post-vocalic context
(Flege & Brown,1982)
the NE speakers
produced /b/ far more
often with pre-voicing
than short-lag VOT

L2-on-L1 effects

Of most interest in this data set is the frequency with which the
native Italian (NI) speakers produced English /b/ with prevoicing that ended before release, something that does not
occur in Italian

One-tailed t-tests
indicated that all four NI
groups produced /b/ with
pre-voicing that ended
before release
significantly more often
than 0, the rate observed
for Italian monolinguals
(Bonferroni adjusted p <
.05)

L2-on-L1 effects

Here are the results for Italian /b d g/. The influence of
English on the production of Italian stops is unmistakable. All
four AOA-defined groups produced Italian stops with shortlag VOT even though the Italian words they repeated had all
been produced with full pre-voicing
When compared to Italian
monolinguals, all four NI
groups produced Italian
/b d g/
• significantly less often
with full pre-voicing;
• significantly more often
with short-lag VOT (p
< .05 by Bonferroniadjusted t-tests)

L2-on-L1 effects

The mean VOT values obtained by Flege et al. (in prep.) for
English /p t k/ closely resembled values obtained earlier using
the same protocol (Flege et al., 1995b). Members of the groups
having mean AOAs of 15 and 20 years produced significantly
shorter VOT values than the NE speakers

L2-on-L1 effects

Earlier I concluded that differences between Late learners and
NE speakers in the production of words with English /p t k/
arose because some Late learners produced the English
words using their Italian short-lag VOT categories

In Flege et al. (in prep.) we
again see evidence of codeswitching
Some Late learners
produced English /p, t/ with
short-lag VOT values falling
within the range of VOT
values observed in Italian
monolinguals’ /p/ and /t/.
Such productions were
hardly ever observed for NE
speakers and Early learners

L2-on-L1 effects
Unfortunately, the conditions which induce code switching in a
formal experiment are uncertain at present
Moreover, the results of a
regression analyses suggest that
more than just code switching is
necessary to explain the difference
between NE speakers and some
Late learners

We regressed the 7 variables
shown here onto the VOT values
obtained for English /p/
In addition to AOA, four predictor
variables indexed aspects of input
and two indexed production of /b/

#

Variable examined in a
step-wise regression
analysis

1

Age of arrival in Canada

2

Self-estimate % use of
Italian

3

Self-estimated % use of
English

4

Years of Italian input

5

Years of English input

6

Production of English /b/
with full pre-voicing

7

Production of Italian /b/
with full pre-voicing

L2-on-L1 effects

The results of this analysis seemed to support a “Critical
Period hypothesis” (CPH) for L2 speech learning:
• age of L2 learning (indexed by AOA) was identified as the
most important predictor of VOT in /p/;

• none of the four input variables was identified as a
significant predictor of VOT in /p/
However, given the hypothesis that AOA is a macro-variable
having no predictive value in itself (Flege, 2009), I excluded
AOA in a second analysis.
Step

Variable

R2

change

F

p

1

AOA

0.288

0.288

70.3

.001

2

% of full pre-voicing
in Italian /b/

0.360

0.076

17.8

.001

L2-on-L1 effects

The second analysis accounted for slightly more variance than
the first analysis which included AOA as a predictor variable.
Now we find that:
• 27.3% of the variance in VOT is accounted for by input;

• an additional 9.5% of the variance is captured by /b/
production

Variable

R2

change

F

p

1

Years Italian input

0.239

0.239

58.6

.001

2

Full pre-voicing English /b/

0.311

0.072

17.6

.001

3

% English use

0.345

0.034

8.4

.004

4

Full pre-voicing Italian /b/

0.368

0.023

5.7

.019

L2-on-L1 effects

More important than just variance, the second analysis is
phonetically plausible
The more Italian input the NI participants had received, the less
often they used English (r = -0.92) and the more often they
produced /b/ with full pre-voicing, both in English (r = 0.25) and
Italian (r = 0.38)
The NI speakers who didn’t pre-voice produced /b/ with shortlag VOT, which meant they couldn’t also produce /p/ with shortlag VOT. This, in turn, increased observed VOT values for /p/
Variable

R2

change

F

p

1

Years Italian input

0.239

0.239

58.6

.001

2

Full pre-voicing English /b/

0.311

0.072

17.6

.001

3

% English use

0.345

0.034

8.4

.004

4

Full pre-voicing Italian /b/

0.368

0.023

5.7

.019

L2-on-L1 effects

Here we see the mean VOT values for Italian /p t k/. The two
groups of Early learners (AOA-5, AOA-10) produced significantly
longer VOT in Italian stops than the Italian monolinguals did
A follow-up analysis of the
production of Italian /p t k/
by Early learners revealed
that these L2-on-L1 effects
were not due to the loss of
L1 categories for /p t k/, but
were instead due to
changes in how the
bilinguals produced Italian
/b d g/

Note: the NI groups were compared to the Italian monolinguals in a series of ttests; the p-values in the graph are those obtained after correcting for the fact that
four test were carried out

L2-on-L1 effects

For this analysis, we selected the 18 of 80 Early learners
who produced Italian /d/ with short-lag VOT at least 2/3 of
the time. We called this group «Frequent SL»
We then selected 18 other Early learners who seldom or
never produced short-lag VOT («Infrequent SL») but had
the same AOA as did members of the first subgroup.
Finally, we randomly selected 18 of the original 20 Italian
monolinguals
% short-lag productions of
Italian stops

n

AOA

/b/

/d/

/g/

Frequent SL

18

7.8

58%

83%

69%

Infrequent SL

18

7.8

6%

5%

17%

Italian monolingual

18

--

1%

0%

6%

L2-on-L1 effects

Early learners who often produced Italian /d/ with short-lag
VOT values produced Italian /p t k/ with VOT values averaging
15 msec longer than both Early learners who seldom/never
produced short-lag VOT and Italian monolinguals
An ANOVA examining these
data yielded significant main
effects of Group and Place
but not a significant G x P
interaction
Members of the «Freq SL»
subgroup differed significantly
from both the «Infreq SL» and
Italian monolingual groups,
who did not differ from one
another (p < .01)

L2-on-L1 effects

It seems that learning English caused some of our NI
participants in Ottawa to begin producing Italian /b d g/ as shortlag stops and this, in turn, caused them to slightly increase VOT
in Italian /p t k/
This finding is similar to one reported for monolingual
speakers two varieties of French. Caramazza & YeniKomshian (1974) found that – presumably due to “contact”
with English – French Canadians were more likely to produce
French /b d g/ with short-lag VOT values than monolinguals in
France
Production of French /b d g/
dialect

% lead VOT

% short-lag VOT

Quebec (Canada)

41%

59%

Nantes (France)

94%

6%

L2-on-L1 effects

The French Canadians, in turn, produced French /p t k/ with
longer VOT values than the French monolinguals living in
France

The Flege et al. (in prep.)
finding for bilinguals suggest
that learning English changed
how Italian-English bilinguals
produced /b d g/ in their L1,
which then prompted changes
in how they produced /p t k/ in
their L1
This suggests to me that
similar mechanisms are at
work in second language
acquisition (SLA) and historical
sound change

Longitudinal effects

One last finding of Flege et al. (in prep.) is important
It showed that L2 learners remain able to exploit input
across the lifespan, even if they have already been
speaking their L2 for many years

The data I just presented were obtained in 2003. All 160 NI
participants tested by Flege et al. (in prep.) were tested
previously using the same protocol used in 1992
(published in Flege et al., 1995a,b)
The 1992 data for 150 of the 160 native Italian participants,
and 20 native speakers of English were still available, and
so were submitted to longitudinal analyses

Longitudinal effects

Before presenting the longitudinal data, I want to stress that
all aspects of the English protocols administered in 1992
(reported in Flege et al. 1995a,b) and 2003 were identical
except for
• Experimenter: Murray Munro tested all participants in 1992
whereas five University of Ottawa Linguistics students and
Ian MacKay did so in 2003;

• Listeners: different panels of native English listeners from
Ottawa were used to rate sentences produced in 1992 and
2003 for degree of foreign accent

Longitudinal effects

The foreign accent ratings obtained for three sentences spoken
by the 150 native Italian speakers in 1992 and 2003 were very
similar, r(148) = 0.98
The same held true
for ratings obtained
for the 20 native
English speakers,
even though ratings
of their sentences
clustered at the high
(“no foreign accent”)
end of the scale,
r(18) = 0.93

Longitudinal effects

The VOT values obtained in 1992 and 2003 for English /p t k/
were also correlated, both for NI and NE speakers
We nevertheless wondered why the 1992 - 2003 VOT
correlations were slightly weaker than those obtained for
sentence ratings
n

VOT correlation
1992 - 2003

Native Italian

150

r(148) = 0.83*

0.001

Native English

20

r(18) = 0.74*

0.001

Group

p

Note: VOT increased from 1992 to 2003 by a constant 4.15 msec for
both NE and NI speakers due to a change in measurement
procedures. Voicing onset was defined as beginning at the first
upward-going zero crossing in 1992, but at the first positive peak in
the following vowel in 2003

Longitudinal effects

We identified the NI participants who showed the largest and
the smallest VOT changes over time. For these subgroups of
20 each, and also the remaining 110 NI participants, the 1992
vs 2003 VOT correlations approximated the near-perfect
correlation obtained for sentence ratings
Group

n

VOT change
(msec)

Correlation
1992 - 2003

NI showing largest
VOT increases

20

+18.37

r(18)=0.96*

NI showing largest
VOT decreases

20

-18.06

r(18)=0.97*

Remaining NI
participants

110

-0.04

r(108)=0.95*

Note: We subtracted 4.15 msec from the 2003 values obtained for all participants;
see note on the previous slide

Longitudinal effects

A 2-way ANOVA examining these values yielded non-significant
main effects of Group and Time, but a highly significant G x T
interaction (p < 0.0001). The VOT values obtained for both NI
groups changed significantly over time but in opposite directions

The “Increase” subgroup
produced significantly shorter
VOT than the other two
groups in 1992 (p < .05)
The “Decrease” subgroup
produced significantly shorter
VOT than members of the
other two groups in 2003 (p <
.05)

Longitudinal effects
The “Increase” and “Decrease” subgroups did not differ in
chronological age, age of arrival in Canada, length of
residence in Canada or according to bilingual dominance*
Increased

Decreased

F(1,38)

9m/11F

10m/10f

-

Chronological age
(years)

53

57

3.41 n.s.

Age of arrival (years)

10

14

3.34 n.s.

Length of residence
(years)

42

42

0.0 n.s.

1.42

1.03

2.49 n.s.

N

Dominance ratio*

*The ratio of self-rated ability to speak and understand English vs Italian

Longitudinal effects

It appears that changes in language use were responsible for
the observed changes over time in VOT production

The native Italian
speakers who
produced longer
English VOT in 2003
than 1992 reported
using English more in
2003 (p < 0.05)
whereas those who
produced shorter
VOT in 2003 reported
using English
somewhat less

Longitudinal effects

Fossilization

It is well accepted in SLA research that after a certain point in
time progress in an L2 slows, or even ends entirely because
learners “fossilize”
Nearly everyone believes this, and I suspect that it holds true
for many L2 learners. Not because L2 learners lose the
capacity for further progress in the L2 but because they
normally settle into a comfortable “niche”
Their input becomes relatively fixed. They tend to use the L1
and L2 in well defined contexts with well defined sets of
people (family members, friends, service providers,
acquaintances, etc.)

Longitudinal effects

The participants who increased VOT had an average age of
43 years when they were tested the first time, and had
already been using English on a daily basis for decades
The longitudinal finding supports the view (e.g., Flege, 2009;
Flege & MacKay, 2011) that L2 learners remain able to exploit
the input they receive across the life span
One wonders: why did English use patterns change for just a
subset of the native Italian participants?
I suspect that such changes arise only as the result of
important life changes such as moving to a new
neighborhood, getting a new job or re-marriage. Clearly,
however, more research is needed

Summary

The research reviewed here leads to a number of conclusions
having theoretical importance
Before enumerating those, I would like to first note findings that
bear on research methodology

Conclusions of methodological importance
1. We have known for years that it is inappropriate to calculate

mean VOT for /b d g/ by averaging over two kinds of
productions, lead and short-lag
In my view, the same should hold true in bilingual research
for /p t k/. Mean VOT values for native speakers of Romance
language who learn English as an L2 should not be
calculated by averaging over two kinds of productions, shortlag and long-lag

Summary

Conclusions of methodological importance
2. We found that even highly experienced Late learners of

English who have established new phonetic categories for
English /p t k/ may produce English words using L1 shortlag VOT categories as the result of code switching
Future research should be designed to reduce or even
eliminate code switching by controlling for unwanted
variation in bilingual mode and/or activation

Summary

Conclusions of theoretical importance

1. Learning to perceive and produce the VOT dimension in an
L2 depends more importantly on the phonetic input received
than on the age at which L2 learning begins;
2. L2 learners of all ages retain the speech-learning capacities
children use when learning their L1, including the capacity to
make effective of use of input and to establish new phonetic
categories and phonetic realization rules;

Summary

3. For native speakers of Romance languages, the learning
of English /b d g/ and /p t k/ proceed differently due to
differing patterns of cross-language differences for
phonologically voiced and voiceless stops;
4. Native speakers of Romance languages do not establish
new phonetic categories for English /b d g/. Instead, they
restructure their L1 phonetic categories for use in two
languages on the basis of the input they have received;

Summary

5. On the other hand, native speakers of Romance languages
who receive adequate phonetic input do establish new
phonetic categories for English /p t k/;
6. Doing so does not cause them to “lose” their L1 phonetic
categories for /p t k/. As a result, they have three categories
for stops consonants, not just two as is the case for
monolingual speakers of English and Romance languages;

7. Those who begin to produce L1 /b d g/ with short-lag VOT
values as the result of long-term exposure to such stops in
the L2 slightly increase VOT in L1 /p t k/ in order to avoid
producing L1 /b d g/ and /p t k/ with the same short-lag
VOT values
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