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The study presented here examined the production of word-initial English
consonants by 240 native Italian (NI) speakers who began learning English
between the ages of 3 and 21 years. Those who began learning English after
the age of 15 years produced Ipl and It! with significantly shorter voice onset
time (VOT) values than did the subjects in a native English (NE) control
group. Those who began learning English after the age of 11 years produced I
8/ and /0/ less accurately than did the NE group, often realizing the interdental
fricatives as stops. Although age of L2 learning was clearly important, it was
by no means an overriding determinant of how well the NI subjects produced
English consonants. Some subjects who learned English in late adolescence
or early adulthood produced English consonants like the NE subjects. A
multiple regression analysis of the NI subjects' responses to a detailed language background questionnaire was carried out to identify factors that might
account for inter-subject variability. A total of 51 % of the variance in the 18 01
scores was accounted for (of this 43% was due to age of L2 learning, 5% to
language use factors, and 4% to motivation). Even less variance in the VOT
data was accounted for (20% by age and 10% by language use factors). A
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number of alternative hypotheses are considered as to the basis for the
variance unaccounted for.

1.

Introduction

It is firmly established that many people who learn a second language (L2)
after their native language (L1) speak the L2 with a foreign accent. The
earlier one begins to learn the L2, the more accurately it is generally pronounced (Asher and Garcia 1969, Fathman 1975, Oyama 1976, Suter 1976,
Thompson 1991, Flege and Fletcher 1992). Flege, Munro, and MacKay
(1995b) recently attempted to define the age of L2 learning at which foreign
accents first appear in the English spoken by native speakers of Italian who
had begun learning English between the ages of 3 and 21 years. The age of
onset of accents varied, averaging 7.4 years for the ten listeners who participated.
Some have suggested that foreign accents occur because humans' ability
to learn speech and language is bounded by a critical period (e.g., Lenneberg
1967, Scovel 1969, 1988). Although progress has been made in quantifying
degree of foreign accent, little is known at present concerning which specific
aspects - if any - of the speech learning process deteriorate, or operate
more slowly, after a critical period has been passed (Flege 1987). Flege
(1988) reviewed a number of hypotheses that have been advanced as to why
incorrect segmental articulation (an important, but not the only, source of
foreign accents) occurs in L2 speech production (see also Flege 1991a,
1992a,b). These include:
1. Incorrect perception. During L1 acquisition, speech perception becomes
attuned to the phonetic elements of the L 1. L2 learners may fail to perceive
the phonetic details of L2 sounds and sound contrasts accurately owing to the
assimilation of L2 sounds by LI categories. Without accurate perceptual
'targets' to guide sensorimotor learning, production is destined to be inaccurate.
2. Motoric difficulty. Children require a number of years to learn to produce

the sounds of their L1 according to its language-specific phonetic norms.
Some sounds are more complex articulatorily than others and are acquired
relatively late by most children. Beyond a certain age, L2 learners may have
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difficulty at a motoric level in modifying pre-established patterns of articulation or in learning new patterns of speech articulation. The difficulty might be
more evident for difficult (i.e., articulatorily complex) sounds than for sounds
that are readily acquired by children learning their Ll.
3. Inadequate phonetic input. With increasing age, phonetic input might
become less adequate, either in terms of quantity or quality (e.g., hearing
others speak the L2 with a foreign accent).

With increasing age, motivation to learn to produce L2 sounds
(especially 'difficult' ones) may decline if articulatory errors do not impede
communication.

4. Motivation.

L2 learners, especially older ones, are often forced into
using the L2 to communicate almost immediately. Given the challenge of
arranging many new words into grammatically meaningful sequences in
spontaneous speech, Ll sounds may be substituted for L2 sounds not found in
the native-language inventory, especially if such a substitution (e.g., saying
think as 'tink,' or they as 'day') does not lead to misperceptions. Once a
'shortcut' articulatory pattern has been adopted, it might become habitual.
5. Habit formation.

With increasing age, psychosocial factors may increasingly inhibit L2 learners from wanting to sound like a native speaker. Or,
there may be an increasingly strong desire to maintain allegiance to the Llspeaking community by producing the L2 with an Ll accent.
6. Psychosocial

factors.

Evaluation of these and other hypotheses will require adequate L2 production
data bases. However, although many studies have examined aspects of L2
speech production, the data now available is insufficient to address hypotheses concerning changes across the life span in speech learning ability. For
example, in some studies where assertions are made concerning how sounds
in a target L2 are pronounced by speakers of a particular Ll background (e.g.,
Koutsoudas and Koutsoudas 1983), it is uncertain who produced the sound
errors that were noted, how those errors were observed, and in what context or
style of speech the errors occurred. Other, more descriptively adequate,
studies have focused on individuals in early stages of L2 learning (e.g.,
Hammarberg 1988). Given the slow course of speech learning in the L.l,
speech errors by the subjects in such studies may reflect insufficient input or
learning in progress, rather than an inability to learn to pronounce the L2.
Other studies have included highly experienced subjects who were more
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likely to have had sufficient opportunity to learn the L2 (e.g., Busa 1992).
However, none of these studies, to the best of our knowledge, have examined
large numbers of subjects representing a wide range of ages at the time L2
learning commenced.
The present study focused on the production of English consonants by
native speakers of Italian who had learned English as an L2. The data
presented here represent a subset of the data presented by Flege, Munro, and
MacKay 1995a; see also Flege et aI., 1995b. The present study goes beyond
the earlier study in relating the production data to the results obtained in a
detailed language background questionnaire (LBQ). More specifically, an
attempt was made to relate subject variables (e.g., language use, attitudes,
motivation) to the production data through multiple regression analysis of
factors derived from a principal components analysis of the LBQ items. The
design of the production study enabled us to overcome the limitations just
mentioned. The study population consisted of 240 native Italian (NI) speakers
who had lived in Ottawa, Canada for over 30 years, on the average. All of
these subjects began learning English when they arrived in Canada between
the ages of 3 and 21 years. Their responses to the LBQ indicated that they
spoke English frequently with native speakers of English and that they had
been highly motivated to acquire English as an L2. The NI subjects' production of English consonants was evaluated auditorily by native English-speaking listeners, and through acoustic analysis.
The present study focused on the production of Ip t 0 81 in word-initial
position. The choice of consonants was based on a consideration of differences between the sound systems of English and Italian. The word-initial stop
consonants Ipl and It! were of interest because these stops are realized with
shorter VOT values in Italian than English (Ferrero and Magno Caldognetto
1986). As a consequence of this difference in production, Italians require a
longer VOT interval to hear stops as phonologically voiceless than do native
speakers of English (Magno Caldognetto et aI. 1979, Lisker and Abramson
1964, 1970). Previous research has shown that native speakers of another
Romance language, Spanish, tend to produce English Ip t k/ with VOT values
that are too short for English if they began learning English in adulthood, but
to produce English Ip t k/ accurately if they began learning English as young
children (Flege 1991b). No previous study has examined VOT in Italianaccented English, to our knowledge. However, we supposed that our NI
subjects would show much the same effect of cross-language interference as
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do native Spanish speakers of English. If so, then the wide range of ages
represented by the NI subjects in the present study should provide an opportunity to determine the age of L2 learning at which the effects of cross-language
phonetic interference first appear in Ip t/, at least in a highly experienced
population.
Previous research suggested that the NI subjects would be able to
auditorily detect differences between Italian Ipl and It! and the corresponding
English stops, but would nevertheless judge the voiceless stops of their two
languages to be 'the same' (Bohn and Flege 1993, Flege and Munro 1994).
The same might not hold true for 101 and 18/, however. Italian has labiodental
fricatives (If vI), apicodental fricatives (Is z/), and a palatal fricative IBI, but it
does not have the interdental fricatives 101 and 181 (Vagges et al. 1978, Magno
Caldognetto et al. 1979, Ferrero and Magno Caldognetto 1986). Flege (1988)
hypothesized that L2 sounds which are perceived as being distinct phonetically from any sound in the Ll inventory will ultimately be produced more
accurately than will sounds which differ acoustically from a phonetic counterpart in the Ll but which are not perceived as phonetically distinct. On this
view, one might expect NI learners of English (at least those who began
learning English as adults) to produce /0 81 more accurately than Ip t!.

2.

Method

2.1 Talkers
A total of 264 individuals were tape recorded in Ottawa, Canada. Of these,
110 males and 130 females were native speakers of Italian who had immigrated to Canada between the ages of 3 and 21 years. The remaining 10 male
and 14 female subjects were native speakers of English drawn from the same
community as the NI subjects, all of whom had been born in Canada. Prior to
being tape recorded, the NI subjects completed a detailed language background questionnaire (LBQ), which is presented in the Appendix. Most items
on the LBQ used here were drawn from previous studies of L2 speech
learning, although no previous study included all of these items.! In designing
the LBQ, we attempted to include multiple items that focused on factors
typically regarded as being important to L2 pronunciation. So, for example,
we queried the NI subjects as to how often they used both English and Italian

oor' (1) to 'good' (7)
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(in a number of specific situations, as well as generally) in order to probe the
importance of the frequency of use of English. We reasoned that if Italian was
used frequently in a particular context, English use would be infrequent in
that same context. In fact, significant negative correlations were obtained for
all five pairs of questions dealing with frequency of use of Italian and English
(a mean r of -0.665, p < 0.001). Other sets of LBQ items focused on the NI
subjects' strength of concern for pronunciation, their estimated musical and
imitation ability, motivation to pronounce English well, and their motivation
to speak English well. Other questions dealt with 'instrumental' motivation,
which reflects a desire to achieve competence in the L2 in order to achieve
specific (often economic) goals. Still other questions were meant to reflect
strength of 'integrative' motivation, that is, desire to master the L2 in order to
fully participate in the culture of those who speak the L2 natively.
Characteristics of the native Italian (NI) subjects are summarized in table
1. They were slightly older on the average than were the NE subjects (44 vs.
39 years), had arrived in Canada at an average age of 13 years, and had lived
in Canada for an average of 32 years (range = 15 to 44 years). The NI subjects
reported using English more often than Italian on a daily basis (69% vs. 28%).
They nevertheless rated their ability to pronounce Italian as somewhat better
than their pronunciation of English (5.5 vs. 5.2 on a 7-point scale ranging
from 'poor' to 'good').
The NI subjects' estimates of how frequently they used English and
Italian varied as a function of their age of arrival in Canada. Those who

Table 1: Characteristics of the 110 male and 130 female native speakers of Italian who
participated in the study. The 24 native English subjects who participated were all born
in Canada, and thus had an age of arrival of zero years.
SD
10.0
0.0
0.8
1.6
23.2
5.9
6.0
56.5
24.7
6.3
14.6
1.9
100%
7Min
21%
95%
1Max
1.5
0%
5%
44.3

44.1
Mean
5.5
0.5
31.5
12.5
28%
69%
5.2
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arrived in early childhood reported using English far more than Italian. The
gap narrowed as age of arrival increased but, on the average, even those NI
subjects who arrived in Canada as adults used English somewhat more than
Italian. The NI subjects' estimates of how well they pronounced their two
languages also varied as a function of age of arrival. The subjects who arrived
in Canada before the age of 12 years reported pronouncing English better than
Italian, whereas the reverse held true for many of those who arrived in Canada
after the age of 12 years (see Flege et aI., 1995b). Self-reported frequency of
use and ability to pronounce English were moderately correlated [r = 0.348,
df = 238, P < 0.01], as was the use of Italian and ability to pronounce Italian
[r= 0.468, df = 238, P < 0.01]. As expected, there was also a modest negative
correlation between the subjects' age of arrival and their length of residence
in Canada [r = -0.437, P < 0.01].
The NI subjects were asked to identify which of their two languages they
spoke best. Ninety percent of the subjects who arrived in Canada before the
age of 12 years indicated that English was the 'better' of their two languages,
but only 26% of those who arrived in Canada later in life gave that response.
The NI subjects were also asked which of their two languages they would be
most reluctant to lose through injury or illness. Despite the difference in selfestimated ability to speak English mentioned earlier, roughly the same percentages of early- and late-arriving subjects reported being less willing to lose
English than Italian (86% vs. 79%). This suggests that English was very
important to all of the NI subjects, hot just the early arrivals.
The 240 NI subjects were assigned to subgroups based on age of arrival
in Canada. As shown in table 2, the mean ages of arrival of subjects in ten
subgroups comprised of 24 subjects each increased in roughly 2-year increments. The range of ages of arrival varied somewhat across the subgroups
but, for the sake of convenience when presenting the results, the NI subgroups
will be referred to by their average age of arrival, rounded down to the nearest
whole number. (For example, the 24 NI subjects who arrived in Canada
between the ages of 4.2 and 6.4 years had an average age of arrival of 5.2
years. They will be designated as the subjects who arrived at the age of '5'
years.) Table 2 also presents the mean age at which the subjects in each
subgroup estimated having first attempted to speak and understand English.
On the average, this occurred 0.2 years after the NI subjects arrived in
Canada.2
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Table 2: The mean age of arrival in Canada. age of first exposure to English. and age at
which the subjects in ten native Italian subgroups (24 per group) indicated they could
first speak English 'comfortably. '
Age of Arrival
Group

M

3
5

3.1

7

7.5
9.6
11.6
13.6
15.8
17.5
19.3
21.5

9

II
13
15

17

19
21

5.2

Range

1.9- 4.1
4.2- 6.4
6.5- 8.6
8.7-10.6
10.6-12.6
12.7-14.8
15.0-16.8
16.8-18.5
18.5-20.2
20.2-23.2

Age of Exposure
M

4.3
5.4
7.5
9.6

11.6
13.6
15.9
17.5
20.2
21.3

Age of Acquisition

Range

M

Range

2.6- 6.5
4.2- 6.4
6.5- 8.6
8.7-10.6
10.6-12.6
12.7-14.8
15.0-16.8
16.8-18.5
18.0-28.0
16.0-23.2

5.6
6.3
8.3
10.6
12.6
14.6
17.6
19.1
22.1
23.5

4.5- 7.0
5.0- 9.0
7.0-10.0
9.0-15.0
11.0-15.0
13.0-16.0
15.0-25.0
17.0-25.0
19.0-30.0
21.0-28.0

2.2 Speech Materials
The subjects were tape recorded one at a time in a quiet room at a Catholic
church in Ottawa, Canada by an experimenter (MJM) who did not speak
Italian. The experimenter verified that each subject met the selection criteria,
could speak English well enough to respond to the LBQ, and that no subject
had an obvious hearing problem. The subjects' production of 25 English
words was recorded immediately after they responded to the LBQ. Among
the 25 words were the eight examined here: pick, peak, tack, tag, they, then,

thought, thief
Production of the words was elicited orthographically and aurally. The
words to be spoken appeared on a written list placed in front of the subjects.
The subjects produced each test word in a carrier phrase (Now I say_.) after
hearing the test word in a different carrier phrase Cis the next word) presented over a loudspeaker. This elicitation procedure was adopted to ensure
that difficulty in reading did not masquerade as foreign accent. Although the
words to be repeated were modeled by a native English speaker on the tape,
the delay between the model and the subjects' repetition of it, as well as the
presence of intervening speech material, was expected to prevent· direct
imitation from sensory memory. The list was recorded twice using a head
mounted microphone and a portable cassette tape recorder. In addition to the
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test words just mentioned, the subjects also produced five English sentences,
which were rated for overall degree of foreign accent (Flege et aI., 1995b).
2.3 Stimulus preparation

The second available token of the test word beginning with fricatives was
low-pass filtered at 10.0 kHz, then digitized at 22.05 kHz using a Pc. The test
words were edited out of their original carrier phrase using a Kay Elemetrics
Inc. Computerized Speech Lab (CSL), then normalized for peak amplitude. A
single digitized token by the 264 subjects of the words they (loell), then (I
DEn/), thought (l8atl), and thief (l8if/) was modified by removing all of the
signal after the acoustic midpoint of the vowel. This was done to ensure that
variations in the final consonant or vowel would not influence the listeners'
judgments of the word-initial consonant. The stimuli were then ramped on
and off using special software (zero amplitude to full amplitude over 5 ms;
full amplitude to zero amplitude over 20 ms) to remove transients arising from
the editing.
2.4 Listening test

Listeners auditorily evaluated the word-initial consonants spoken by the NE
and NI subjects. The words were presented in separate, counterbalanced
blocks to ten native speakers of Canadian English (8 males, 2 females)
residing in Birmingham, Alabama. The mean age of the listeners was 27 years
(range: 19 to 34 years). Just prior to testing, each listener passed a pure-tone
hearing screening. They heard the stimuli binaurally at a comfortable level
while seated in a sound booth. The listeners were told that the experiment
evaluated production of word-initial consonants by individuals who had
learned English as an L2. The listening tests were self-paced (i.e., the time
between each response and presentation of the next word was fixed at 1.0 s).
The stimuli were presented in random order a single time. To allow the
listeners time to grow accustomed to the task, ten unanalyzed practice trials
were presented at the beginning of each block. The listeners typed a number
ranging from 1 to 6 on a keyboard, depending on whether they heard a
'correct th', a 'distorted th', 's', 'f', 't', or 'd'. The response alternatives
chosen were based on the authors' appraisal of the kinds of sounds that might
be heard by NE listeners without special phonetic training. The number of
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times each listener used the six available responses for the two tokens each of
10 81 spoken by each subject was tabulated. The maximum number of 'correct' productions for the two interdental fricatives was 40 (10 listeners x 2
fricatives x 2 tokens per talker).
2.5 Acoustic Analysis

Given the shorter VOT values in Italian than English voiceless stops (Magno
Caldognetto et al. 1979, Ferrero and Magno Caldognetto 1986, Farnetani
1989, Vagges et al. 1978), we expected many of the NI subjects to produce
the English stops with shorter VOT values than the NE subjects. Acoustic
measurements were made of word-initial stop consonants in the remaining
words (peak, pick, tack and tag) using a Kay CSL. VOT was measured to the
nearest millisecond from the beginning of the release burst of Ipl and It! to the
first positive peak in the periodic portion ('vowel') of the waveform. A testretest assessment of reliability suggested that the VOT measurement error
was negligible. The research assistant remeasured 50 randomly selected
tokens two weeks after the first measurement. The average unsigned difference between the two sets of measurements was only 1.8 ms (range: 0 to 12
ms). Measures for the two available tokens each of Ipl and ItI for each talker
were averaged.

3.

Results

3.1 Interdental

Fricatives

As shown in figure 1, the percentage of interdental fricatives (/8/, lo/) that
were judged by the listeners to be 'correct' averaged about 70% for the native
English (NE) subjects and the first three groups of native Italian (NI) subjects,
who began learning English at about the ages of 3, 5, and 7 years. Beyond that
age of L2 learning, the percentage of correctly produced tokens declined
precipitously. The rate for the last four groups of NI subjects, who began
learning English between the ages of 15 and 21 years, averaged only 20%
correct. The percent correct scores were submitted to a one-way ANOV A,
which yielded a significant effect of Group [F(lO,253) = 33.3, P < 0.01].
Dunnett's test revealed that the NI subjects who arrived in Canada at the age
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Figure I: The mean percentage of word-initial tokens of lei and 101judged to have been
produced 'correctly' by native speakers of Italian who differed according to age of
arrival in Canada and by a group of native English speakers (Age = 0). Additional tokens
produced by each group were identifiable as intended, but were labeled 'distorted'. Each
data point is based on a total of 96 judgments (24 talkers x 2 interdental fricatives x 2
tokens).

of 11 years or older produced significantly fewer correct tokens than did the
NE comparison group (p < 0.05). Although the Age factor was confounded to
some extent with the NI subjects' length of residence in Canada, the effects
seen here were unlikely to have been due to variations in amount of L2
experience, as assessed by length of residence (LOR) in Canada. The correlation between age of arrival and the percent correct scores was significant
when variations in LOR were partialled out (p < 0.01). However, the correlation between the percent correct scores and LOR was non-significant when
variations in age of arrival were factored out (p > 0.10; see below).
Additional tokens of the interdental fricatives were heard as 'distorted'
realizations of the intended target sound rather than as stop consonants (see
Flege et aI., 1995b). When the NI subjects' productions of 101 were heard as
something other than /01 (or distorted la/), the most common substitute was
Id/. And, when some sound other than target 181 was heard, it was. It/.
Although the listeners might have labeled the 18/s as Isl or If I, they virtually
never did so. Thus, the NI subjects examined here resembled native speakers
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of Russian in substituting stops for the English interdental fricatives rather
than resembling native speakers of Japanese in substituting a fricative (/sl or
hi) for English 181 and 101 (see Weinberger 1990).
The different 'substitutes' used by speakers of different Lis has suggested a number of possible explanations as to how L2 sounds are mapped
onto sounds in the LI. It may be that certain features are more prominent, or
are weighted more heavily, than are other features owing to the overall
structure of feature contrasts in the L2, or to differences in the frequency with
which various features are used to contrast words in the L I (Ritchie 1968,
Weinberger 1990, Hancin-Bhatt 1993). Although the perceptual features used
in identifying Italian consonants have been examined (e.g., Magno
Caldognetto et al. 1988), we know of no research that can explain why our NI
subjects apparently attended to the non-stridency feature of 181 rather than to
its continuancy feature in choosing the 'nearest' Italian consonant. It is worth
noting, however, that the substitutes used by French speakers in producing
English 181 and 101 (which includes Is z f v t d/) vary according to their overall
proficiency in English and also according to speaking style (Wenck 1979).
3.2 VOT results

The mean VOT values obtained for the NE and NI subjects are shown in figure
2. The mean values for the NE subjects and the first four NI groups averaged
about 70 ms. The NI subjects who arrived at later ages in Canada produced the
English stops with shorter (and thus Italian like) VOT values. Flege (199Ib)
hypothesized that speakers of languages like Italian who learn English as an L2
in adulthood will persist in identifying the long-lag realizations of English Ip t kI
in terms of Ll voiceless stop categories, and that 'equivalence classification'
will prevent them from establishing new phonetic categories for English Ip t k1.
However, since differences between Ip t kI in the LI and L2 are accessible
auditorily to adult learners of an L2, their existing (i.e., Ll) long-term memory
representations for Ip t kI will undergo restructuring.
The average VOT values observed for the NE subjects in the present
study for Ipl and It! were 57 and 60 ms, respectively. The values reported for
the corresponding Italian stops by Vagges et al. (1978) were 12 and 17 ms,
respectively. Thus, if the NI subjects produced English stops with VOT
values that represented a 'compromise' between values typical for English
and Italian, one would expect to observe values of 34.5 and 47.5 for Ipl and It!,
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Figure 2: The mean voice onset time (VOT) of Ipl and It! tokens produced by groups of
native Italian speakers who differed according to age of arrival in Canada and by a group
of native English speakers (Age = 0), in msec. Each mean value is based on 96 VOT
measurements (24 talkers x 2 stop consonants x 2 tokens).

respectively. In fact, the NI subjects who arrived in Canada at the age of 21
years produced Ipl and It! with VOT values that averaged 35 and 45 ms,
respectively.
The mean VOT values were submitted to a one-way ANOV A, which
yielded a significant effect of Group [F(IO, 253) = 10.87, p < 0.01]. Dunnett's
test revealed that the NI subjects who arrived in Canada at or after the age of
15 years (i.e., the last four NI groups) produced Ip t! with significantly shorter
VOT values than did the NE subjects (p < 0.05).
A simple correlation existed between the NI subjects' average VOT and
their age of arrival in Canada when variations in length of residence (LOR)
were partialled out (p < 0.0 I), but there was not a significant correlation
between VOT and LOR when age of arrival was partialled out (p > 0.10).
Although we can be fairly certain that age of L2 learning is relevant to the
observed variations in VOT, we do not know how it is related. It may be that
the earlier the NI subjects began to learn English, the more likely they were to
establish separate phonetic category representations for English Ipl and It!
(see Flege 1991b). Doing so may have enabled them to minimize the effects
of cross-language phonetic interference. Alternatively, the variations in VOT
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may have been due to a restructuring of the subjects' long-term memory
representations for Ip t/, without the formation of new phonetic categories for
English stops. The earlier the subjects arrived, the more English stops they
should have heard over their lifetime, and, as a result, the more their longterm memory representations may have come to resemble those of the NE
subjects.
3.3 Multiple regression analyses

Although age of L2 learning was clearly important, it was by no means an
overriding determinant of how well the NI subjects produced English consonants. For example, roughly 25% of the 126 NI subjects who began learning
English after the age of 12 years received scores for 181 and 101 that fell within
+1- 2 standard deviations of the mean score obtained for the 24 NE subjects.
It is uncertain how best to account for variation in the NI subjects'
pronunciation of word-initial tokens of 10 81 and Ip t/. One possibility is that
certain individuals lose the ability to learn to produce L2 sounds that are
'new' (i.e., are not found in the Ll inventory), or that differ phonetically from
corresponding Ll sounds. Another possibility is that some people lose the
ability to perceptually distinguish sounds found in the ~2 from sounds in the
Ll inventory. If they cannot establish an accurate perceptual 'target,' one
would not expect them to be able to fully harness their sensorimotor learning
abilities. Inter-subject differences in auditory or perceptual ability might
conceivably be reflected in self-reported imitation ability or in self-reported
musical ability.
Another type of explanation has to do with the L2 learners' attitudes
concerning the L2 or their motivation for learning to pronounce the L2 well.
Although speaking with a foreign accent has certain disadvantages such as
slowing comprehension, there may be certain advantages to speaking with an
accent. For one thing, a particular foreign accent might help establish and
maintain bonds of loyalty among a group of individuals. Work reported by
Segalowitz and Gatbonton (1977) indicated that the pattern of errors made by
French Canadian (Quebecois) subjects in producing English 101 and 181 was
related to the subjects' strength of 'ethnic identification.' The more Frenchlike were the native French subjects' productions of English 101 and 18/, the
more 'nationalistic' were their political attitudes. Another experiment showed
that listeners attributed strong nationalistic sentiment to individuals who
spoke English with a strong French accent.
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The analyses presented thus far indicate that age of L2 learning. influenced how well the NI subjects pronounced word-initial English consonants
that are either not found in the Italian inventory (viz., /8 of) or are implemented differently in English than in Italian (viz., /p t/). To help identify other
factors that might influence L2 pronunciation, we carried out analyses examining the NI subjects' responses to the LBQ presented in the Appendix.
Thirty-four LBQ items were submitted to principal components analyses,3 the
aim of which was to identify common underlying factors in the LBQ data
through an examination of patterns of co-variation (see, e.g., Metz et al.
1985). The principal components analysis was based on a correlation matrix
containing all pairwise correlation coefficients among the 34 LBQ items, with
unity retained along the diagonal. This approach was used because some LBQ
items differed in terms of unit of measurement. A varimax rotation was
performed, which retained the orthogonality of the factors while optimally
separating variables that were related to one another from those that were not
(that is, it derived a 'simple structure').
The 10 factors identified in the principal components analysis accounted
for 68.7% of the variance in the NI subjects' responses to the 34 LBQ items.
The common factors identified are summarized in table 3. The LBQ items
with the highest loadings on each factor are shown in the table in order of
importance. The factors have been named based on the nature of the LBQ
items with high loadings. Almost without exception, the nature of the factors
was readily evident. Factor I was clearly related to the chronological age of
the NI subjects when they began learning English. Factors 2, 3, and 6 reflect
the NI subjects' use of their two languages in the home, in social settings, and
at work. Factors 4 and 8 seem to reflect the subjects' instrumental motivation
(i.e., desire to learn English for pragmatic purposes) and their integrative
motivation to do so (i.e., to participate in the life of the English-speaking
community). The two factors which loaded most highly on Factor 7 were
length of residence (LOR) in Canada and chronological age, which were
correlated with one another. Factor 9 seems to reflect strength of concern for
pronunciation. Finally, Factor 10 seems to describe the subjects' willingness
to have sought opportunities for speaking English when they first began to
learn English many years earlier.
A regression method was used to calculate factor scores for each subject
by applying the scoring coefficients generated by the principal components
analysis to standardized values for subjects' responses to LBQ items. The 10
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Table 3: Factors with eigenvalues greater than 1.0 that were identified in a principal
components analysis of 240 native Italian subjects' responses to 34 items on a language
background questionnaire. The factors are arranged in descending order of importance.
Items from a questionnaire with the highest loadings (in parentheses) are shown for each
factor. See the Appendix for the questionnaire items that were analyzed.
Home
Social
Use
Work
Use
Factor AOE
Name
of Factor
Instrumental
Concern
Pronunciation
Motivation
E
(-0.815)
LOR
E2
(-0.829)
(0.847)
15I(0.532)
(0.754)
E8
(0.774)
E9
E7
(0.487)
(0.583)
14
(0.869)
(0.934)
PIT
AOA
(0.707)
(0.933)
16
ABIL5
E14
(0.841)
(0.708)
(0.825)
E12
E15
CA
E3
(-0.635)
(0.663)
(0.802)
(0.706)
112
(-0.685)
ABIL6
III
(0.760)
E6
E5
(0.527)
(0.763)
E13
(0.689)
LBQ
items
with
highest
loadings
AOAcq
(0.919)
II
Imitation
Integrative
ability
Motivation
Length(0.458)
of Residence
Age
of
L2for
Learning
Seek Opportunity

Table 4: (top) Results of a stepwise multiple regression analysis examining the relation
between native Italian subjects' accuracy in producing English interdental fricatives and
underlying factors derived by principal components analysis of their responses to a
language background questionnaire. (bottom) Results for the analysis of VOT. See table 3
for a description of the factors.
0.000
207.3
0.428
0.428
Home
Factor
Use
0.025
8.5
Work
Social
Use
0.000
0.001
0.011
0.201
0.037
0.036
67.4
17.9
18.2
5.5
0.201
0.503
0.238
0.514
0.466
0.004
0.035
11.6
0.273
0.298
Prob.d
12.3
F-valuec
R-sqra
Changeb
Integrative
of0.019
L2
learning
Motive
Step Age
I1

aR-sqr, Cumulative variance accounted for at each step
bChange, Increase in variance from the preceding step
cF-value, Tests the significance at each step
dProb., Probability that adding the last variable added significantly more variance
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factor scores were then submitted to stepwise multiple regression analyses,
one for the scores obtained for the interdental fricatives, and the other for the
VaT data. The model developed for the production of interdental fricatives
accounted for 51 % of variance. As summarized in table 4, Age of L2 Learning (Factor 1) was by far the most important determinant of the NI subjects'
production of the interdental fricatives. It accounted for 43% of variance.
Home Use (Factor 2) and Integrative Motivation (Factor 8) each accounted
for about 4% more variance. Work Use (Factor 6) accounted for an additional
1% of variance.
The model developed for the NI subjects' production of vaT in Ipl and
ItI accounted for only 30% of variance. As summarized in table 4, Age of L2
learning accounted for most (20%) of the variance. Social Use (Factor 3),
Home Use (Factor 2), and Work Use (Factor 6) together accounted for about
10% more of the variance in VaT. It is noteworthy that no motivational factor
was identified as a predictor of VaT. In neither analysis was imitation ability
or strength of concern for pronunciation identified as important.

4.

Discussion

The purpose of this study was to examine the production of consonants in the
initial position of English words by native Italian (NI) subjects differing in
age upon immigrating to Canada, and thus in age at the time they began
learning English as a second language (L2). Four consonants were examined.
Two (viz. 18 of) have no counterpart in the NI subjects' Ll, and two (/p t!) are
produced differently than the corresponding consonants of Italian. The NI
subjects' accuracy in producing English 18 01 was assessed in a listening test.
The subjects' production of the VaT of Ip t! was assessed acoustically.
Both analyses showed strong age effects on consonant production. The
NI subjects who began learning English as young children produced 181 and
/01 much like the subjects in a native English (NE) comparison group. Those
who began learning English later in life tended to substitute It! and Idl for 181
and 10/, respectively. The first subgroup of 24 NI subjects to differ significantly from the NE subjects in producing 181 and /01 arrived in Canada at an
average age of about 11 years. As expected, some of the NI subjects produced
Ip t! with shorter (Italian like) VaT values than did the NE subjects. The first
NI group to differ significantly from the NE subjects in producing VaT in
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Ip t/ began learning English at about the age of 15 years.
Although age of L2 learning was clearly important, it was by no means
an overriding determinant of how well the NI subjects produced English
consonants. Some subjects in each of the NI subgroups, even those consisting
of individuals who arrived in Canada as young adults, succeeded in producing
the English consonants in a native like fashion. In an attempt to identify
factors that would account for inter-subject variability, we carried out a
principal components analysis of the items on a language background questionnaire (LBQ) administered to the 240 NI subjects. The underlying factors
derived from this analysis were then submitted to multiple regression analyses. A total of 51 % of the variance in scores for 18 01 was accounted for. Of
this, 43% was due to age of L2 learning, 5% to language use factors, and 4%
to motivation. This analysis did not identify strength of concern for pronunciation, or imitation ability, as predictors of variance. It left nearly half of the
variance unaccounted for. The analysis of the VOT data was even less
successful. An age of L2 learning factor accounted for 20% of variance in the
VOT values, and language use factors accounted for an additional 10% of
variance. That left 70% of variance unaccounted for.
The NI subjects who began learning English as young children succeeded in mastering the sound system of English (see also Flege et al. 1995b).
One might interpret the results presented here as support for the view that
speech learning is bounded by a critical period (Scovel 1969, 1988). However, offering such an interpretation does not explain why production errors
occur in L2 production.
Unfortunately, we cannot at present provide a satisfactory explanation as
to why many of our NI subjects differed to such a great extent from the NE
subjects in what must be regarded as a very simple production task. Nor can
we explain why certain NI subjects who began learning English at roughly
the same age differed. We can, however, formulate hypotheses for testing in
future research. Six hypotheses were outlined in the Introduction concerning
why non-native speakers may produce L2 sounds incorrectly. They involved:
(1) insufficient motivation, (2) inadequate phonetic input, (3) incorrect perception, (4) motoric difficulty, (5) incorrect habit formation, and (6) psychosocial factors.
We can probably rule out the first two hypotheses as explanations for
why our NI subjects pronounced English consonants incorrectly. The NI
subjects examined in the present study had lived in Canada for an average of
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32 years. It seems reasonable to think that these subjects had attained their
ultimate proficiency in pronouncing English. Thus, the production problems
noted here are likely to be persistent problems. (Also, it is worth recalling that
the NI subjects were provided with a taped model of the words to be produced. Had spontaneous production been examined, some of the NI subjects
might have produced the English consonants in an even less native like
fashion.)
The LBQ included 7-point rating scale items dealing with motivation,
use of English and Italian, and attitudes towards pronunciation. If motivation
were at issue, we would have expected it to account for a great deal of
variation in the consonant production data. It did not. To further consider this
point, we carried out several post-hoc analyses of LBQ responses. If motivation were very important, one would expect NI subjects who began learning
English in adulthood (i.e., those who made many articulation errors) to show
less concern for pronunciation than subjects who began learning English in
early childhood. However, there were no significant differences between the
NI subjects who arrived at the age of21 years and the NI subjects who arrived
at the age of 3 years in response to questions dealing with strength of concern
for pronunciation. Also, the latest-arriving subjects actually indicated that
they were more, not less, desirous of improving their English pronunciation
than were the earliest-arriving subjects (p < 0.05). Although the latestarriving subjects used English somewhat less than the earliest-arriving subjects (60% vs. 77%) and had lived in Canada for a slightly shorter period of
time (28 vs. 35 years), all subjects enrolled in this study had received substantial native-speaker input. The Italian-speaking community in Ottawa is relatively small. As far as we know, all of our subjects learned English mostly
from native speakers of English, and typically spoke English with native
speakers of English.
An explanation for the articulation errors seen here can probably be
found among the remaining four hypotheses, although choosing from among
them may prove difficult. The easiest of these four hypotheses to reject
(assuming it is incorrect) will be the one that posits a perceptual cause for L2
articulatory errors. The type of perceptual difficulty we envisage is categorical rather than continuous in nature (see, e.g., Flege 1991a, 1992a,b). It is
unlikely that native and nonnative speakers will differ in ability to discriminate L2 sounds auditorily in a same/different (AX) task, but nonnative speakers' prior linguistic experience may nonetheless cause them to ignore certain
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properties of L2 sounds that are phonetically relevant (e.g., Yamada and
Tohkura 1992). We hypothesize that an L2 sound must be recognized as
being distinct phonetically from any Ll sound if it is to be produced accurately (assuming, of course, that it differs acoustically from the nearest Ll
sound). On this view, one might attribute the production of English ItJ with
Italian-like (i.e., short-lag) VOT values to an L2learner's failure to recognize
that the long-lag Itls of English are distinct phonetically from the short-lag Itls
of Italian (see Flege 1991b). To take another example, NI learners of English
might produce 101 as Idl if they fail to note the phonetic distinction between
English 101 and its nearest neighbor in Italian (presumably, Id/).
To be successful, an L2 perceptual test must be tailored to the kinds of
errors actually observed in speech production. Locke (1980a,b) showed that
when this was done for monolingual English children who misarticulated
certain English sounds, only about one-third of sound production errors could
be eXplained as the inability to discriminate the incorrectly produced target
sound from the sound used as a substitute for it. However, given that adults
are language-specific perceivers of speech (e.g., Flege and Hillenbrand 1987,
Best et al. 1988, Best and Stange 1992), we suspect that a larger proportion of
production ~rrors in a second language may have a perceptual basis.
We know of no cross-language or L2 perception research that relates
directly to the production of English consonants by NI subjects. However,
research with native French subjects is consistent with the perceptual hypothesis. French, like Italian, lacks 101 and 18/. French speakers of English - like
the NI subjects examined here - often substitute Idl and Itl for 101 and 18/.
Morosan and Jamieson (1989) found that native French subjects had difficulty in differentially identifying multiple natural tokens of English 101 and
18/, and also tokens of 101and Id/. The question of interest, then, is whether NI
speakers of English will have difficulty in recognizing the phonetic distinction between 101 and Idl after many years of speaking English.
L2 perceptual tests should focus on the issue of whether or not an
equivalence class of Englisl;1 phones (e.g., word-initial singleton Itls) are
judged to be the 'same' as an equivalence class of phones in the Ll. The
critical issue is not whether L1 and L2 phones can be discriminated auditorily,
but whether L2 learners recognize that a phonetic distinction exists between
the Ll and L2 sounds. The oddity discrimination task used by Flege, Munro,
and Fox (1994) is ideally suited for this purpose since it discourages withincategory discrimination and promotes the grouping of sounds into phoneti-
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cally relevant equivalence classes. The stimuli used to test whether L2 learners have 'collapsed' two phonetically distinct sound types (e.g., 10/ and Id/)
are realizations of the two sound types as spoken by a number of different
talkers. The listener's task on 'change' triads, which contain tokens of two
categories (e.g., /OI-/d/-/dl or /OI-/OI-/dl), is to choose the odd item out. In
'catch' triads containing three physically different tokens of a single category
(e.g., /01-101-10/), on the other hand, the correct response is 'no odd item out'.
This is because the three tokens, which have been spoken by three different
talkers (as for the change triads), are all realizations of a single phonetic
category. Among other things, Flege et al. (1994) found that native speakers
of Spanish, who often substitute Ia! for fa:J in English, were unable to discriminate Spanish Ia! and English lrel tokens, although they readily discriminated triads containing vowels likely to map onto distinct Ll categories (e.g.,
triads containing a Spanish Ia! and two English Iii tokens).
For the perceptual hypothesis to receive support, one would need to show
that subjects who failed to produce an L2 sound accurately are unable to
discriminate the incorrectly produced L2 sound from the sound used as a
substitute for it. For example, some of the NI subjects who arrived in Canada
after the age of 12 years produced /01 correctly, but others substituted Idl for
/01. The perceptual hypothesis leads to the prediction that the NI subjects who
produced 101 correctly will perform well on triads containing Id/ for 10/,
whereas subjects who produced /01 incorrectly will not. The same testing
format could be applied to sounds drawn from the Ll and L2, e.g., English It!
and Italian It!. If NI subjects must first recognize that English It!s differ
phonetically from their short-lag Italian counterpart to produce English It!
correctly, then one would expect better performance on triads with English
and Italian Itls (e.g., [ti]-[thi]-[ti]) by NI subjects who produced English It!
accurately than by subjects who produced NE It! with Italian-like short-lag
VOT values.
Perceptual difficulties, if they exist, should be fairly easy to identify. In
the event that subjects' production errors cannot be related to specific perceptual failures, it would be necessary to choose from among the remaining
alternatives. One might reject the 'motoric difficulty' hypothesis, for example, by showing that subjects who produced Idl for /01 in the present
experiment could produce /01 correctly when some other elicitation technique
was used (e.g., when asked to produce words 'emphatically' or 'like a native
English speaker').
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The nature of the phonetic

input received

by L2 learners remains

an

important concern for those who wish to understand why L2s are often
produced with an accent. Consider the following hypothetical scenario. Upon
arriving in Canada, a NI subject hears the word 'then' spoken by fellow native
Italian speakers as 'den'. As we know from studies of Ll acquisition, stops
are easier to produce in word-initial position than are interdental fricatives.
Moreover, to produce /d/, our hypothetical L2 learner could rely on an already
familiar (Italian) sound. There would thus be strong motivation to use /d/.
Even if both stops and interdental fricatives were later heard in 'then', the L2
learner might regard the stop as the 'correct' pronunciation. Additional exposure to native speakers of English would eventually disabuse our hypothetical
L2 learner of this incorrect conclusion. However, it might at this point be
difficult for the learner to change his/her characteristic way of pronouncing
the word 'then'. Of course, the problem with this hypothesis (and others like
it) is that it is very difficult to quantify L2 input, at least in studies of
naturalistic L2 learning.
In summary, the present study showed that highly experienced native
Italian speakers of English often produce English word-initial consonants
inaccurately. The later in life the subjects began learning English, the more
likel y this was found to be true. Errors were noted in the production of
consonants that might be related to a corresponding Italian consonant, as well
as in consonants that might not be related to a sound in the Ll inventory. By
far the most important predictor of the native Italian subjects' production of
the English consonants was the age at which they began learning English as
an L2. Language use factors accounted for a small amount of variance;
motivation accounted for even less. More than half of the variance in the
consonant production data was left unaccounted for. A number of hypotheses
concerning sources of the remaining variance were discussed. It was not
possible, on the basis of the data presented here, to choose from among those
hypotheses.
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Notes
1.

For the sake of clarity, we have omitted a few items and reworded others.

2.

The lag between the age of arrival and first exposure to English was somewhat greater for
subjects who arrived in Canada before school age or in late adolescence than for subjects
who arrived between the ages of five and 17 years. The NI subjects were also asked to
estimate their age at the time they could first speak English comfortably. On the average,
the NI subjects reported needing 1.6 years to 'acquire' English. The self-reported time
needed to acquire English was apparently somewhat greater for subjects who arrived in
the pre-school years and in late adolescence/early adulthood than it was for subjects who
arrived at school age.

3.

We excluded several items from the background questionnaire that yielded binary
responses (which are not shown in the table) as well hs items that were related directly to
the dependent variable of the subsequent regression analyses, viz., pronunciation of
English. Items not examined in the principal components analysis are marked by an
asterisk.
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Appendix
Items on a language background
subjects. The items not submitted
asterisk.

questionnaire
to a principal

(LBQ) administered
to the 240 Italian
components analysis are marked by an

Part I
POB*
SEX*

Place of birth
Gender

CA

Chronological
age (years)
Age of arrival in Canada (years)
Age of first exposure to English (years)
Age of acquisition ( = 'speak comfortably')
Length of residence in Canada (years)
Percentage use of English
Percentage use of Italian
Time spent in Italy (months)

AOA
AOE
AOAcq
LOR

PEN
PIT
TII

Part 2 (1 = 'never',

II
12
I3
14
IS
16
17

Use
Use
Use
Use
Use
Use

18*
19*

110*

III
112

E2
E3

E4

of
of
of
of
of
of

Italian
Italian
Italian
Italian
Italian
Italian

with relatives of the same age or older
with my children and/or younger relatives
with best friends
in the home
at work
in or at social events

use of Italian in past five years

7 = 'disagree')

It is easy for me to communicate in Italian on the telephone.
When I speak Italian, my pronunciation
is excellent.
I am good at telling jokes in Italian.
I believe it is important to pronounce Italian well.
I am good at imitating different dialects of Italian.

Part 4 (1 = 'never',
El

(years)

7 = 'all the time')

Overall

Part 3 (1 = 'agree',

of English

7 = 'all the time')

Use of
Use of
Use of
Overall

English
English
English
use of

in the home
at work
at social events
English in the past five years

Factors Affecting L2 Consonant Production

Part 5 (l
E5
E6

E7
E8
E9
ElO*
Ell *
El2
El3
El4
E15

Part 6 (l
ABILl *
ABIL2*
ABIL3
ABIL4
ABIL5
ABIL6

= 'agree',

7

73

= 'disagree')

I believe it is important to pronounce English well.
I pay attention to how people pronounce words and sounds in English.
I want to improve my pronunciation of English.
If it were possible, I would pronounce English like a native speaker of
English.
Pronunciation
affects how well one can communicate
in English.
It is easy for me to communicate in English on the telephone.
My English pronunciation
is excellent.
I believe that speaking English well helps people get a good job.
When I first arrived in Canada, I often sought out opportunities
to speak
English.
I believe that Canadians will respect me more if I pronounce English well.
I believe that English is important for my success at work (school).

= 'very poor', 7 = 'very good')
Ability
Ability
Ability
Ability
Ability
Musical

to pronounce English
to pronounce Italian
to remember how English words are pronounced
to remember how Italian words are pronounced
to imitate foreign accents and dialects
ability (playing instruments or singing)
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