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Abstract
From the time Lenneberg (1967) first proposed a “critical period” for secondlanguage (L2) speech learning, many have accepted that the capacity for learning
L2 speech is lost or attenuated due to a loss of plasticity (Scovel, 1998, p. 62). It
was soon shown that the closure of the hypothesized critical can not be linked to
the completion of hemispheric specialization (e.g., Krashen, 1973) but Lenneberg
(1967) also proposed that foreign accent – which derives largely from inadequate
segmental production – has a perceptual basis, namely an inability to gain
“automatic” access to the phonetic details of an L2 “from mere exposure” to it.
The Speech Learning model (Flege, 1995, 1999, 2002, 2003) proposes, instead,
that the processes and mechanisms used by children learning their L1 remain
intact across the life span. One exception to this general SLM proposal pertains to
access to features used to differentiate sounds in the L2 not the L1. However,
research carried out since 1995 – some reviewed here – supports the “full access
hypothesis” and so the SLM proposal must be extended to all processes and
mechanisms without exception. The extent to which these intact capacities for
learning will be exploited by individuals first exposed to an L2 in adulthood is
another matter, of course. As in L1 learning, successful learning depends on
abundant native speaker input over many years.

Introduction
During infancy and childhood the vowels and consonants (“sounds”) used to
distinguish L1 words are perceptually “attuned” to the language-specific properties
of sounds heard in the ambient language (e.g., Kuhl, 1998). As the result of
language-specific phonetic learning, children learn to speak like those around
them, that is, to vocally re-produce what they have heard others say.

The question explored in today’s talk is whether young children’s capacity for
attuning their speech to that of others is lost by those who learn an L2 speech
after a certain age due to a loss of plasticity.
One possible type of plasticity that might be lost is the ability to accurately
perceive the phonological features/phonetic properties of L2 sounds. An inability to
accurately perceive L2 sounds, in turn, might block the ability to develop accurate
phonetic realization rules for producing L2 sounds.

Introduction
The inability to accurately perceive L2 sounds, if this occurs at a certain point in
development, might arise from two kinds of filtering: “top-down” phonological
filtering, or “bottom-up” auditory/phonetic filtering.
L2 speech sounds are related to sounds in the L1 via the mechanism of inter-lingual
identification. But at what level of processing?

In the process of word recognition, L2 sounds are identified in terms of L1 phonemic
contrasts. Trubetzkoy (1939) hypothesized that L2 sounds are passed through the
“phonological grid” of the L1 phonological system, which acts as a sort of filter. On
this view, learners of an L2 may ignore the features and properties that are actually
used by native speakers of a target L2 to identify lexically contrastive units when/if
those features/properties play no role in distinguishing L1 phonemes.
Alternatively, plasticity may be lost in the earliest stages of perceptual processing.

Introduction
One perceptual problem that is well known in the L2 literature is the difficulty that
native Japanese (NJ) speakers have in identifying the English liquids /r/ and /l/.
NJ adults who learn English tend to identify the initial consonants in English words
such as right and light in terms of the single liquid consonant found in Japanese
liquid, which I designate here as /R/. As a result, they often err in identifying the
English liquids.
The findings obtained in a recent study by Iverson, Kuhl, Akahane-Yamada et al.
(2003) suggest that NJ adults may be unable to learn to use an acoustic phonetic
dimension that mature NE speakers use to distinguish /r/ and /l/ because they
have not learned to direct attention to phonetically relevant information in early
stages of perceptual processing.

Note: “l”, “r” and “R” are not the correct phonetic symbols for the liquid consonants of English and Japanese; I
use them here purely for convenience.

Filtering
Iverson et al. (2003) made use of a grid of synthetic CV stimuli differing in F2
and F3 formant frequencies. The stimuli were spaced at equal auditory distances
from one another using the Mel scale.
Native English (NE) and NJ adults identified the initial consonants in the
randomly presented stimuli. The same participants also rated pairs of stimuli
drawn from the grid for perceived dissimilarity.

Above: Figure 1 from Iverson et al. (2003)

Filtering
In the figure below, we see the percentage of times that the NE speakers identified
the stimuli as /r/ or /l/. The average ratings of “goodness” to the category selected
in identification are also shown (above the percentages).

The ratings were submitted to a multidimensional scaling analysis (MDS). The
between-stimulus perceptual “distances” derived from the MDS (below, right) did
not correspond closely to the acoustic values in the stimuli (expressed in the Mel
scale). For NE speakers, the perceived distance between stimuli that were usually
identified as “r” vs “l” was “stretched” along the F3 dimension.

Filtering
The MDS solution for NJ adults was different. There was no “stretching” of the F3
dimension but, instead, we see an exaggerated use of the F2 dimension.

The difference between the NJ and NE speakers may have occurred at a late
auditory or early phonetic stage of perceptual processing. The question of interest is
whether this mode of perceptual processing is permanent. If so, it might be
considered a loss of plasticity for NJ speakers who learn English as an L2.

The Speech Learning Model
The Speech Learning Model proposed by Flege (1995 ff.) claims that the
mechanisms and processes used by L1 learning children remain intact and
accessible for use in L2 speech learning. One important exception in the 1995
presentation of the SLM pertained to the use of phonetic features not exploited by
the L1 phonetic system:
The perceptual phonetic categories established for L2 sounds by a bilingual
may differ from a monolingual's if … [the] bilingual's representations [of the L2
speech sounds] is based on different features, or feature weights, than a
monolingual's (Flege, 1995, p. 239).
The results presented later in this talk indicate that this “feature hypothesis” is
probably incorrect and will need to be removed from a revised version of the SLM
(in preparation).
I refer to the hypothesized ability of L2 learners to gain access to the full array or
phonetic properties used by native speakers of a target L2 as the “full access
hypothesis.”

Top-down filtering
Research by McAllister et al. (2002) examined the ability of adults who had
learned Swedish to perceive phonemic length (quantity) distinctions.
The study focused on distinctions between four pairs of long-short Swedish
vowels. The distinctions between mid Swedish vowels is based almost exclusively
duration, whereas that between non-mid vowel pairs is based on both duration
and spectral quality differences.
Three groups nonnative speakers of Swedish (20 each) participated. All had lived
in Sweden for more than 10 years. The L1 of two nonnative groups (English,
Spanish) does not use a [length] feature to distinguish vowel phonemes. The L1
of the third nonnative group, Estonian, does use [length] to distinguish vowel
phonemes.
The stimuli used by McAllister et al. (2002) were naturally produced Swedish
words containing long or short vowels. Copies of the original stimuli were made by
changing long vowels to short, or vice versa. All of these changes in quantity
created non-words. The listeners’ task was to decide if the words they were
“correct” or “incorrect”.

Top-down filtering
The Swedes and Estonians readily detected changes in the [length] feature (from
short to long or long to short). The native speakers of English and Spanish made
more errors for vowel pairs that were distinguished by duration alone than for
vowel pairs distinguished by both duration and spectral quality.
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Top-down filtering
Here we see scores obtained for individual participants for the Swedish /øː/ vs
/ø/ contrast. Eight of 20 native English speakers performed as well as the
Estonian control group. None of the native Spanish speakers did so, however.

Top-down filtering
In a follow-experiment, McAllister et al. (2002) compared relatively experienced
(Exp) and inexperienced (InExp) native English (NE) and Native Spanish (NS)
speakers. By design, the groups differed in LOR. However, the groups were
matched for age of arrival in Sweden, for frequency of Swedish use, and for
subjective familiarity of the 40 Swedish test words.

NE
Exp

NE Inexp

NS Exp

NS Inexp

Age of arrival in Sweden

31

31

28

25

Length of residence in Sweden

18

4

18

14

L2 use (7 = often)

4.9

4.0

5.2

4.8

lexical familiarity (7 = very familiar)

6.4

4.8

6.6

5.4

Top-down filtering
Below: perfect scores were obtained for
only 2 native English speakers. However,
14 (8 experienced, 6 inexperienced)
responded correctly at significantly abovechance rates (p < .01).

Somewhat lower scores were obtained for
native Spanish speakers. None obtained
perfect scores, but 6 (4 experienced, 2
inexperienced) responded at significantly
above-chance rates.

Top-down filtering
In summary:
Few Native English and no Native Spanish participants obtained perfect scores, that
is, were always able to determine if Swedish words had been produced with the
correct quantity (essentially vowel duration for the mid vowel pairs).
However, 70% of the Native English and 30% of the native Spanish participants
responded at significantly above chance rates. This indicated that they were acquiring
sensitivity to the [length] feature in lexical representations.
Conclusion: The nonnative speakers had access to duration as a cue to the phonemic
identify of Swedish words even though their L1 has no quantity distinctions. They
made many errors, of course, but this may have been the result of hearing other
nonnatives incorrectly producing the quantity distinction in Swedish words (something
that needs to be tested).

Bottom-up filtering
The next research to be considered examined the production of the r-colored
(rhotic) English vowel in the word heard.
The data come from the recent studies by Flege & MacKay (2004) and Flege,
Schirru & MacKay (2003), who examined the production of English vowels by native
speakers of Italian who had lived in Canada for decades.
These results, and others, suggests that listeners can gain access of all phonetically
relevant information pertaining to the phonetic structure of sounds encountered on
the phonetic surface of an L2 (the “full access” hypothesis).

The full access hypothesis
English /ɝ/ differs from other English vowels in terms of its low F3 frequency. Italian
has no rhotic vowel and so the English /ɝ/ is judged to be very dissimilar from all
seven vowels of Italian (Flege & MacKay 2004).
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The full access hypothesis
Listener judgments. The 180 productions of the vowel in heard were evaluated by
10 native speakers of Canadian English. The randomly presented tokens were
classified as: good (1), acceptable (2), distorted instance of /ɝ/ (3), or some other
vowel (4). No native Italian group differed significantly from the NE speakers in terms
of how often the /ɝ/ productions were heard as instances of the intended category
(buttons 1-3, unfilled bars in the figure below).

Significantly fewer /ɝ/ tokens produced by
members of the Late-high group (Late learners
who used Italian often, and so English relatively
seldom) were judged to phonetically correct
(buttons 1, 2) compared to vowels spoken by the
NE speakers and by members of the other three
native Italian groups. This indicated that amount
of L2 use influenced production of a vowel found
in English but not Italian.
NE speakers and 4 groups of Italians (18 Italians each) differing in age of arrival in Canada from
Italy (Early vs Late) and amount of continued Italian use (relatively high vs low).

The full access hypothesis
Acoustic analysis. The frequencies of F2 and F3 at the vowel midpoint were
measured in Hertz, then converted to the Bark scale. The difference in F3-F2
frequencies provides an index of the rhotic feature in the production of English
/ɝ/. All four groups of Italian-English bilinguals in Canada produced significantly
smaller F3-F3 values than the Italians having little conversational experience in
English (here labelled “Native Italian”). Their productions were thus more “native
like”.

Above: NE speakers and 4 groups of Italians (18 Italians each) differing in age of arrival in Canada from
Italy (Early vs Late) and amount of continued Italian use (relatively high vs low). The “Native Italian”
speakers were recorded in Italy and spoke very little if any English.

The full access hypothesis
The two groups of Early learners produced significantly smaller F3-F3 values than
the two groups of Late-learners. However, the Late learners who used Italian seldom
(Late-low) were more successful in producing the rhotic feature than those who used
Italian relatively often (Late-high)
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The full access hypothesis
A correlation existed between the listener judgments and the magnitude of F3-F2
differences, r(88) = -0.61, p < .001. The two groups of Early learners cluster with the
NE Ss in terms of listener judgments and acoustic measures.
The question of interest was whether any of the 36 Late learners produced /ɝ/ with
native like F3-F3 values.

The full access hypothesis
To better understand inter-subject variability, I examined separately the F3-F2
values obtained for two groups of 10 Late learners. The members of the “Good
production” group produced vowels having F3-F2 differences less than 1.70 Bark,
and so fell within the range of values obtained for the NE speakers. Members of
“Poor production” group produced vowels having more than a 2.50-Bark difference
and so fell within the range obtained for Italians in Italy having little conversational
experience in English. In addition to differing in terms of F3-F2 differences the
subgroups’ vowels obtained different listener evaluations.
good production
of /ɝ/

poor production
of /ɝ/

10

10

F3-F2 (barks)

1.36

3.11

% phonetically
correct

70%

50%

N

p < .001
p = .058

The full access hypothesis
The Late learners with a relatively “Good” vs “Poor” production of English /ɝ/ did
not differ in terms of age of arrival in Canada and length of residence there, nor
in terms of chronological age.

good production poor production
of /ɝ/
of /ɝ/
Age of arrival

17.4

19.5

p = .144

Length of residence

31.1

29.6

p = .746

Chronological age

48.4

49.1

p = .865

The full access hypothesis
The two groups of Late learners did differ, however, in terms of language use and
input. It appears that for Late native Italian learners of English, amount of
English-language input exerted an effect of how accurately the English vowel /ɝ/
was produced.
«Good
production»
group (n = 10)

«Poor
production»
group (n = 10)

Overall % English use

75%

49%

p=.026

Years of English input
(% English * LOR)

24.3

13.3

p=.021

Average % use of
Italian in six social
contexts

28%

67%

p<.0001

number of Italian
interlocutors

1.1

2.9

p=.011

The full access hypothesis
The remainder of this talk will focus on the ability of native Japanese (NJ) adults to
produce and perceive the initial liquids in English words such as right and light.
This is one of the most studied phonetic contrasts in the literature because it
seems difficult if not impossible for NJ speakers to learn to produce and perceive
English liquids in adulthood. Closer examination, however, realizes that this
contrast is learnable, as least by some Late learners

The full access hypothesis
The first two studies to be considered indicated that individual NJ adults differ
substantially in ability to distinguish English /r/ and /l/.
Jun Yamada (1991) provided feedback training to 152 undergraduate university
students in Tokyo who had studied English at school for 7-10 years but had never
lived outside of Japan. The instruction the Japanese students had received in
English at school focused on reading comprehension, and so they had little or no
conversational experience with English.
Eight naturally produced disyllables forming non-word minimal pairs (e.g., rosti-losti)
served as stimuli. Their task was to identify the initial consonants in the stimuli as /r/
or /l/ in 14 blocks. No feedback was given on the first block, but was provided on up
to 13 subsequent blocks.
Substantial individual variation was found to exist: 88 (57.8%) of the 152 NJ
students failed to reach criterion (14 consecutive correct responses) on any minimal
pair; 53 (34.9%) reached criterion on at least one minimal pair by the end of training;
9 (5.9%) did so for all four minimal pairs; and 2 others (1.3%) had no need of
training, reaching criterion on all four contrasts immediately

The full access hypothesis
The results of MacKain et al. (1981) suggested that native-speaker input is
crucial for learning /r/ and /l/. MacKain et al. (1981) tested two groups of
Japanese adults living in the United States who differed according to
percentage of English use (29% vs. 55%) and years of English use in the USA
(0.7 vs. 2.3 years). The task of the NJ speakers and NE controls was to identify
and discriminate members of synthetic /r/-/l/ continuum.

Six of the seven inexperienced NJ late learners of English showed “nearchance” performance in both identifying and discriminating the /r/-/l/ stimuli. This
is unsurprising given that they had relatively little native-speaker input (0.7 years
* 29% use is equivalent to about 0.2 years of full-time native speaker input).
Importantly, all 5 experienced participants resembled Native English adults,
showing “categorical perception” of English word-initial /r/-/l/ stimuli (i.e., a
discrimination peak at the location of the /r/-/l/ phoneme boundary).

The full access hypothesis
Learning /r/ and /l/ is difficult for NJ adults because both Japanese liquids tend to
be identified as instances of the single liquid of Japanese, /R/

Both studies just cited examined /r/ and /l/ together. However, to understand
“plasticity” it is crucial to examine the learning of /r/ and /l/ separately.

The full access hypothesis
Guion et al. (2003) examined the discrimination of English and Japanese
consonants by three groups of NJ adults differing in conversational experience in
English. J1: individuals who had been living in the US for 1.8-5.5 years (M = 3.1
years); J2: individuals who had never lived outside Japan but who needed to use
English at their place of work in Japan; J3: university students who had never lived
outside Japan and had little/no need to use English. The task was to discriminate
naturally produced tokens of English /r/ and /l/ from tokens of Japanese /R/
The three NJ groups did not
differ in discriminating
English /l/ from Japanese
/R/. All three groups
performed at a near-chance
level for this cross-language
phonetic contrast

The full access hypothesis
However, the two groups of NJ adults who had conversational experience in
English (Groups J1 and J2) discriminated English /r/ from Japanese /R/
significantly better than those with no conversational experience in English (J1)

The full access hypothesis
Why were NJ adults better able to differentiate the /r/ of English from Japanese /R/
than to differentiate the /l/ of English from Japanese /R/?
The most likely explanation is that the English /r/ is perceived to be more
dissimilar to the Japanese liquid than is English /l/.

The full access hypothesis
Takagi (1993) asked Japanese adults living in the US to rate the “goodness of
fit” of English /r/ and /l/ to Japanese /R/. English /r/ was judged to be less like
the Japanese liquid than English /l/ was. (Results for word-initial consonants
within the dashed lines)

The full access hypothesis
To determine how much conversational experience is needed by Japanese
adults in the US to show a difference between /r/ and /l/ Aoyama & Flege (2011)
who tested 50 NJ Late learners in Birmingham, Alabama. The dependent
variable relation between English /r/-Japanese /R/ and between English /l/Japanese /R/ were evaluated in separate counter-balanced blocks using a 7point scale.
A significant negative correlation was found to exist between length of
residence (LOR) in United States and both the /r/-/R/ dissimilarity ratings, r(48)
= -0.38, p=.007, and the /l/-/R/ ratings r(48) = -0.29, p=.039. The longer the NJ
adults had lived in the United States, the less similar they judged both English
consonants to be with respect to Japanese /R/.

Mean

SE

min

max

Chron. Age

33.2

0.84

21.2

48.3

Age of arrival

29.5

0.78

18.9

39

LOR

3.66

0.66

0.1

24.6

The full access hypothesis
To understand these effects better, I re-analyzed the Aoyama & Flege (2011)
data, selecting three subgroups of 16 NJ late learners who differed in length of
residence in the United States.
Subgroup
short
mid
long

LOR
0.6
2.1
8.4

AOA
33.8
28.2
26.8

Age
34.3
30.4
35.1

The stimuli in the “One-talker” condition consisted of 5 tokens each of English CV syllables produced by an
adult male native speaker of English, and Japanese CV syllables spoken by an adult male NJ speaker. The
CV syllables were randomly presented six times each for rating on a scale that ranged from not similar at all
to Japanese /R/ (1) to very similar to Japanese /R/ (7). Responses to the first randomization were discarded.
The ratings for each CV syllable obtained for each participant was the mean of the median rating obtained for
the five tokens of the syllable. The stimuli used in the following “Five-talker” condition, on the other hand,
consisted of the same English and Japanese CV syllables produced by five different native speakers each of
English and Japanese (all male). As for the “One-talker” condition, the ratings obtained for each NJ participant
for all of the CV stimuli were based on 25 judgments. Aoyama and Flege (2011) presented only the results for
the Five-talker condition.

The full access hypothesis
Here we see the ratings obtained in the One-talker and Five-Talkers conditions
(“a” and “b” respectively). In both conditions, the degree of perceived phonetic
dissimilarity of English /r/ and /l/ tokens to Japanese /R/ was intermediate to the
ratings obtained for Japanese /R/ and Japanese /w/ tokens. This held true for all
three LOR-defined groups.

The full access hypothesis
An important differences between the groups existed, however. Simple effects tests
revealed that of the four consonants considered (Japanese /r/ and /w/, English /r/
and /l/) the effect of Group was significant only for English /r/ (p<.05). The English /r/
tokens were judged to be more dissimilar from Japanese /R/ as conversational
experience increased. The effect of LOR on the /l/ tokens was non-significant,
however.
Post-hoc tests revealed that the ratings obtained for English /r/ in both conditions by
the relatively long-LOR group were significantly lower than those obtained by the
Short- and Mid-LOR groups (p<.05). Members of the Short- and Mid-LOR groups
had lived in the United States from 0.1-3.3 years, those in Long-LOR group for 3.724.6 years.
These results suggested that NJ adults need over 3 years of conversational
experience in a predominantly English-speaking country in to differentiate the two
English liquids from the /R/ of Japanese. Of course, the time needed might vary as
a function of how much native speaker input is received.
The ratings were submitted to a mixed-design (3) Group x (4) Consonant x (2) Condition ANOVA, which yielded a significant 3-way
interaction, F(6,135)=3.04, p=.008. In two-way ANOVAs the Group x Consonant interaction was highly significant for the One-talker
condition, F(6,90) = 3.6, p<.01, but only marginally significant for the Five-talker condition, F(6,90) = 1.9, p=.085. Simple effects tests
revealed that for the four consonants under consideration (Japanese /r/ and /w/, English /r/ and /l/) the effect of Group was significant only
for English /r/. This held true for both the One-talker F(2,159) = 8.7, p<.05, and the Five-talker condition, F(2,159) = 7.8, p<.05.

The full access hypothesis
Flege et al.,1996) examined the identification of English /r/ and /l/ by two
groups of NJ adults in the United States. The relatively “experienced” group
(EJ) had lived there for 21 years on average (range 12-29 years), whereas
those in the relatively inexperienced group (IJ) for just 2 years on average
(range = 1-4 years). The task was to identify initial consonant in naturally
produced English words beginning with /r/, /l/, /w/ and /d/ (4-alternative
forced-choice).
NE
Experienced Japanese adults
Inexperienced Japanese adults

As expected, the NJ Late learners
had no difficulty identifying the
words with /w/ and /d/.
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They had difficulty, however,
identifying the words with /r/, and
even more difficulty with the
words beginning in /l/.
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The full access hypothesis
Although the Experienced NJ speakers made fewer errors identifying the
English /r/ tokens than the Inexperienced NJ speakers (7% vs 20%) did, their
scores were not perfect, as was the case for NE speakers.

The full access hypothesis
Just 5 experienced NJ speakers obtained perfect scores for /r/. If this sound is
learnable, as predicted by the SLM, why not more? Lexical bias may have
played a role.
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Identification of /l/
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The full access hypothesis
Approximately 36 minimally paired English words beginning in /r/ and /l/ have
been used in many studies of the “/r/-/l/” problem. The relatively text frequencies
of the pairs in this set vary greatly. Flege et al. (1996) evaluated subjective
lexical familiarity of the words used as test items.
As expected, minimally paired words used as stimuli differed in relative
subjective familiarity for the NJ speakers. In some pairs (e.g., room vs loom) the
word with /r/ was more familiar than the word with /l/. In other pairs (e.g., rook
vs look) the opposite held true.

A lexical bias effect was found to influence identification. The NJ speakers
tended to correctly identify r-initial words when they were more familiar than the
minimally paired l-initial word, and vice versa.

The full access hypothesis
The lexical bias effects on the identification of /r/ and /l/ were significantly
stronger for Inexperienced than Experienced NJ Ss, and significantly stronger for
/l/ than /r/. These finding indicates greater uncertain for Inexperienced than
Experienced NJ speakers, and greater uncertainty for /l/ than /r/.

The full access hypothesis
Flege et al. (1996) examined pairs of stimuli that were balanced for
subjective lexical frequency. For /r/, 9 experienced and 1 inexperienced
NJ participant obtained perfect scores. For /l/, just 3 experienced and no
inexperienced Ss obtained perfects scores

The full access hypothesis
Here we see the % correct identification of /r/ in /l/ in 5 minimal pairs consisting
of words of equal subjective familiarity for the NJ speakers. The are very few
“perfect” scores, even when lexical familiarity has been controlled.

The full access hypothesis
These perceptual results lead to the expectation that the Experienced NJ
Ss will produce English liquids more accurately than the Inexperienced NJ
Ss.
Flege et. al., (1995) examined production of /r/ and /l/ by the same
Japanese Ss. Three elicitation tasks were used: Definition, Word-list
reading, and Extemporaneous.

The full access hypothesis
Flege et al. (1995) used listener judgments to evaluate the production of wordinitial tokens of English /r/ and /l/ that were produced by the NJ speakers differing
in LOR in the United States.
The 38 words (which formed 19 minimal pairs) spoken by the 24 NJ and 12 NE
adults were presented in a single randomized block to 10 NE-speaking listeners
who classified each token as: definitely L (1), probably L (2), possibly L (3), possibly
R (4), probably R (5), or definitely R (6). From these classifications two dependent
variables were derived:
•

The percentage of tokens produced by each of the 36 Ss that were correctly
identified, that is, heard as intended (buttons 1-3 for /l/ productions, 4-6 for /r/
productions

•

The percentage of tokens judged to be phonetically accurate productions
(i.e., tokens identified as “definitely” being an instance of the intended category,
button 1 for /l/, button 6 for /r/).

The values calcuated for each of the 36 Ss was based on a a total of 19 forcedchoice judgments (19 words x 10 listeners)

The full access hypothesis
Left: the results for /l/. For both derived variables (% heard as intended, %
phonetically accurate) significantly lower values were obtained for Inexperienced
NJ speakers than for the NE speakers whereas the Experienced NJ speakers did
not differ significantly from the NE speakers.
Right: the same results were obtained for /r/. These results suggest that with
sufficient English-language experience, NJ Late learners can produce English /r/ in
word-initial position in a native-like way.

The full access hypothesis
Flege et al. (1995) also undertook acoustic analyses to determine if the
experienced NJ adults were producing English /r/ with appropriate F3 values.
Work by Takagi and Mann (1995), who tested many of the same NJ talkers in an
identification experiment, showed that the experienced NJ speakers made
significantly greater use of F3 in perception than relatively inexperienced
Japanese Ss. What about production?

The full access hypothesis
The experienced Japanese speakers produced /r/ with significantly lower (more
English-like) F3 values than did those having less experience in English, but with
significantly higher values than the NE group. (All three groups differed
significantly from one another, p< .001).
Additional experience led to improved production when accuracy was measured
acoustically. These differences in F3 had a perceptual effect. In a stepwise
multiple regression analysis examining listener judgments, variation in F3
frequency accounted for 67% of the variance in ratings
F3 onset frequency (Hz)
Native English (NE)

1,750

Experienced (EJ)

2,106

Inexperienced (IJ)

2,261

Something is missing!
The results presented here show that adult learners of an L2 make progress in
segmental production and perception over time while living in a predominantly L2speaking country. However, something important is missing.
The approach usually used to evaluate accuracy in producing and perceiving L2
sounds is to compare groups of L2 learners to an native-speaker reference group.
Significant native vs. non-native differences are often interpreted demonstrate a
“loss of plasticity”.
This approach is problematic. To begin, it is difficult to determine what is the
appropriate native speaker comparison group. Ideally, the performance of L2
learners should be compared just to L2 native speakers who speak the variety of the
L2 to which the nonnatives have been exposed. This is rarely if ever done.

Perhaps more importantly: we usually do not know who the learners have been
using their L2 with. It is likely that they have been exposed to multiple forms of the
L2, including different social dialects, and also to foreign-accented renditions of the
target L2 spoken by fellow non-native speakers who speak their L1.

Something is missing!
Comparing groups of L2 learners shifts attention away from the substantial intersubject variability that exists among L2 learners, especially late learners (e.g.,
Hazan et al. 2002). Many different proposals have been offered but the source of
such variation is uncertain.
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Factors affecting L2 speech
Inter-subject variability
Early learners often (but not always) closely resemble native speakers of the L2.
The inter-subject variability seen for Early learners is often much like that seen in
a group of L2 native speakers
Late learners, on the other hand, often show far more inter-subject variability.
The values for some fall within the native-speaker range whereas the values for
others may fall within the range evident for monolingual native speakers of the
L1
Example: production of word-initial English stops by native speakers of Spanish
(Flege, 1991)

Factors affecting L2 speech
Flege (1991) examined the VOT dimension in the production of word-initial stops
by English and Spanish monolinguals, and by two groups of native Spanish
learners of English.
The Early learners were first exposed to English at the age of 2 years, the Late
learners at an average age of 20 years. The Early and Late learners also differed
substantially in quantity of L2 input.

N

Age

AOA

Length of
Residence

English
Use

Spanish monolingual

10

30

--

--

--

English monolinguals

10

26

--

--

--

Early S-E bilinguals

10

23

2

21

82%

Late S-E bilinguials

10

34

20

14

66%

Factors affecting L2 speech
The mean values obtained for all individual Early learners fell within the
native English (NE) range. The group mean value for the Early learners is
thus indicative of individual performance.
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1

2

3

4

5

6

7
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9
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(ascending order, by group)

10

Factors affecting L2 speech
The means obtained for Late learners varied widely, and so the group mean value for
them is not indicative of individual performance. One possible explanation for the intersubject variability seen for Late learners are differences in input received. Whatever
the explanation might be, no general conclusion can be drawn regarding plasticity in
Late learners.
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Factors affecting L2 speech
A similar conclusion might be drawn from research examining the age and input
dimensions in the production and perception of English by Italian immigrants
who had spoken English for decades: Flege & MacKay (2004), Piske, Flege,
MacKay & Meador (2002), Piske, MacKay & Flege (2001), MacKay, Meador &
Flege (2001).
These studies used an orthogonal design in which participants differed both
according to age of first exposure to English (i.e., age of immigration from Italy
to Canada) and language use. Half of both Early and Late learners used Italian
relatively often, and so English relatively seldom.

N

Age

AOA

Italian Use

NE

18

50

--

--

early-low

18

50

7

7%

early-high

18

49

8

43%

late-low

18

51

20

10%

late-high

18

49

20

53%

Factors affecting L2 speech
Here we see the results obtained in experiments examining the identification of
word-final stops (left) and the discrimination of three pairs of English vowels
(right). Both the exposure age and language use factors were significant.

Average identification of stops
(/b d g p t k/) in Final Position

% Correct Identification

90

Native
English
mean

85

*

80
75

*

*

70
65

0

low

high
Early

low
high
Late

Factors affecting L2 speech
Below are the results obtained for the production of English vowels and overall
degree of foreign accent in English sentences. Once again, both exposure age
and language use were significant.

Overall FA
9

Native
English
mean

8

*

Mean Rating

7
6

*

5
4

*

3
2
1

low

high
Early

low

high
Late

Conclusions
1. The research considered here suggests that the phonetic system remains
“plastic”, that is, remains malleable and so subject to change and
modification in response to new input even in adulthood.
2. This conclusion is consistent with the Speech Learning Model (Flege, 1995,
1999, 2002, 2003). The SLM proposes that the processes and mechanisms
used in L1 speech acquisition remain intact across the life span. In effect, an
L2 is learned in the same way as the L1, the sole differences being the preexistence of a phonetic system (that of the L1) when L2 learning begins and
fact that L2 input is usually not as abundant, nor as uniform, as the input that
monolingual children receive.
3. One exception to “just as in L1 learning” hypothesis of the SLM pertains to
the features/properties defining L2 speech sounds. Flege (1995) suggested
the L2 learners may not be able to gain access to the features/properties
employed in the L2 phonetic system if those features/properties are not
used, or used differently, in the L1. The research presented here supported
the “full access hypothesis”, which means that the SLM will need to be
revised.

Conclusions
4. Access to the features/properties defining L2 sounds requires time and,
even more importantly, abundant native speaker input. A serious deficit in
research examining L2 speech learning is the absence of information
concerning how much, and what kind of input, individual L2 learners have
received.
5. Much of the L2 research that has evaluated the production and perception
of L2 sounds has compared the performance of groups of immigrants
differing in age of arrival (AOA) and length of residence (LOR) in a
predominantly L2-speaking country. In such studies, the observation of
significant between-group differences does not provide convincing evidence
for a lack of plasticity of group members. This is because the unit of
analysis in research examining L2 speech learning must be individual
learners, who are likely to differ in the L2 input they have received and,
possible, their specification of L1 sounds.
6. More work is needed to investigate both late and early learners who learned
L2 under “optimal” conditions, and to understand the basis for inter-subject
variability.
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