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This study investigated how native language background influences the intelligibility of speech by
non-native talkers for non-native listeners from either the same or a different native language
background as the talker. Native talkers of Chinese (n52), Korean (n52), and English (n51)
were recorded reading simple English sentences. Native listeners of English (n521), Chinese (n
521), Korean (n510), and a mixed group from various native language backgrounds (n512) then
performed a sentence recognition task with the recordings from the five talkers. Results showed that
for native English listeners, the native English talker was most intelligible. However, for non-native
listeners, speech from a relatively high proficiency non-native talker from the same native language
background was as intelligible as speech from a native talker, giving rise to the ‘‘matched
interlanguage speech intelligibility benefit.’’ Furthermore, this interlanguage intelligibility benefit
extended to the situation where the non-native talker and listeners came from different language
backgrounds, giving rise to the ‘‘mismatched interlanguage speech intelligibility benefit.’’ These
findings shed light on the nature of the talker–listener interaction during speech communication.
© 2003 Acoustical Society of America.@DOI: 10.1121/1.1603234#

PACS numbers: 43.71.Gv, 43.71.Hw, 43.71.Es@RD#
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I. INTRODUCTION

It has long been recognized that adult second-langu
learners from a given native language background prog
in a relatively consistent way from a monolingual to a bili
gual system. Conversely, adult second-language lear
from different native language backgrounds exhibit differe
deviations from the target language norms. For exam
while native English talkers consistently produce and p
ceive the French high front rounded vowel@y# as @u# or
@u#-like, native Portuguese talkers consistently produce
perceive French@y# as @i# or @i#-like ~Rochet, 1995!. This
observation has formed the basis for a wealth of research
theorizing in phonetics and phonology on the perception
production of individual speech sound categories in sec
languages~e.g., see contributions to Strange, 1995!. In this
paper, we explore the phenomenon of native and target
guage interaction during the acquisition of second langu
sound structure at the level of overall sentence intelligibil
We investigate this issue by testing sentence intelligibi
amongst adult non-native talkers and listeners who sha
native language and amongst adult non-native talkers
listeners who do not share a native language. Since indiv
als from the same native language background who are in
process of acquiring a given target language all share
‘‘interlanguage,’’1 we predicted that target language intellig
bility between non-native talkers and listeners from the sa
native language background would be enhanced relativ
intelligibility between a native talker and a non-native li
tener. Indeed, second-language learners often report tha
speech of a fellow non-native talker is easier to underst
than the speech of a native talker. The present study aime

a!An earlier version of this study was presented at the 143rd meeting o
Acoustical Society of America, Pittsburgh, PA, June 2002.

b!Electronic mail: t-bent@northwestern.edu
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investigate this claim under controlled laboratory conditio
Furthermore, we included talkers and listeners from sev
native language backgrounds in order to examine whe
any ‘‘interlanguage speech intelligibility benefit’’ that w
may observe~i.e., the benefit afforded by a shared interla
guage between a non-native talker and listener! is entirely
dependent on the talker and listener sharing the native
guage or if non-native speech is generally more intelligi
than native speech for all non-native listeners regardles
native language background.

Findings in support of these predictions would demo
strate that any measure of overall speech intelligibility m
take into account both talker- and listener-related facto
Speech that is of relatively low intelligibility for one grou
of listeners~e.g., non-native accented English for native l
teners of English! may be highly intelligible for another
group of listeners~e.g., non-native listeners of English!.
Therefore, rather than considering variability in intelligibilit
as a function of talker characteristics, it is more accurate
measure intelligibility in terms of the talker–listener relatio
ship. In this study, we approach this issue with respec
intelligibility between talkers and listeners from either th
same or different native language backgrounds.

Previous research has demonstrated that native liste
generally find native talkers more intelligible than non-nati
talkers, particularly in noisy conditions~Munro, 1998; Mu-
nro and Derwing, 1995!. However, the findings from studie
investigating whether native or non-native talkers are m
intelligible for non-native listeners have been less clear.
example, based only on casual observation rather than
controlled laboratory study, Nash~1969! claims that non-
native speakers are more intelligible to other non-nati
than to native speakers: ‘‘A@non-native# speaker who canno
make himself understood when speaking English to a na
English speaker will have no difficulty conversing in Englis

e
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with another@non-native# speaker’’~p. 4!. Similarly, Wein-
reich ~1953! states, ‘‘When the other interlocutor is als
bilingual, the requirements of intelligibility...ar
drastically reduced. Under such circumstances, there
hardly any limit to interference; forms can be transferr
freely from one language to the other and often used in
adapted shape’’~p. 81!. Smith and Rafiqzad~1979! provide
some experimental evidence in support of this claim in
study in which foreign-accented talkers of English from m
tiple native language backgrounds and one native Eng
talker recorded English passages of their own choos
Then, listeners from various language backgrounds, inc
ing native languages that matched and mismatched the n
languages of the talkers, completed a cloze procedure te
which the listeners filled in words that had been remov
from transcripts of the recorded passages. Results sho
that the non-native listeners found the native talker equ
or less intelligible than the non-native talkers. Neverthele
a talker–listener match with respect to native language
not necessarily produce the highest intelligibility scores. U
fortunately, the passages in this study differed significantly
difficulty and a strong positive correlation between pass
difficulty and intelligibility was reported. This correlatio
suggests that the observed intelligibility differences m
have been due to the difficulty of the passage rather tha
the language backgrounds of the talkers and listeners.

More recently, van Wijngaarden~2001! and van Wijn-
gaardenet al. ~2002! provided strong evidence in support
the claim that under certain conditions non-native listen
find sentences produced by non-native talkers at least a
telligible as sentences produced by native talkers. Spe
cally, van Wijngaarden~2001! found that for native listeners
all four of the non-native talkers included in the study we
less intelligible than each of the four native talkers includ
in the study. However, the two higher intelligibility non
native talkers~based on their ranking for the native listene!
were more intelligible for non-native listeners than each
the four native talkers. van Wijngaardenet al. ~2002! mea-
sured intelligibility of Dutch, English, and German sentenc
produced by native and non-native talkers of these three
guages for trilingual listeners~native language5Dutch, sec-
ond language5English, third language5German). The lis-
teners were all more proficient in English than in German
evidenced by the fact that they learned English earlier, u
English more frequently, and gave higher self-repor
scores on overall proficiency in English than in Germa
When listening to English~their higher proficiency foreign
language! the listeners found the native English talkers mo
intelligible than the non-native talkers. However, when l
tening to German~their lower proficiency foreign language!
they found the non-native talkers more intelligible than t
native talkers. The findings of these studies demonstrat
intelligibility advantage between non-native talker–listen
pairs when the listener is at a relatively early stage of tar
language acquisition and the talker is at a relatively advan
stage of target language acquisition. Similarly, Imaiet al.
~2003! found an advantage of shared language backgro
for word recognition. They investigated the ability of nativ
and non-native listeners with a first language of Spanish
J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003
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recognize English words spoken by one native talker and
non-native talker also with Spanish as a first language.
tive listeners performed better than the non-native listen
~i.e., recognized more words! for the words produced by the
native talker, whereas the non-native listeners performed
ter than the native listeners for words produced by the n
native talker. An important finding from this study was th
the non-native listeners outperformed the native listen
only for the words produced by the non-native talker th
came from dense lexical neighborhoods~i.e., words that have
many similar sounding ‘‘neighbors’’ with which they ca
easily be confused!. This finding is consistent with the find
ing of Bradlow and Pisoni~1999! that word recognition by
non-native listeners is worse for ‘‘hard’’ words~low-
frequency words in high-density neighborhoods! than for
‘‘easy’’ words ~high-frequency words in sparse neighbo
hoods!. Since lexical neighborhood characteristics are
fined in terms of segments shared across words, these
ings suggest a connection between lower-level processin
the segmental level and higher-level processing at the w
level.

Other work on non-native speech perception has sho
that the success of acquiring the second language sy
depends on many factors, including~but not limited to! age
of acquisition, duration of exposure, amount of continu
first language usage, and quantity and quality of second
guage input~e.g., Flege, 2002!. Although studies have show
that adults are capable of learning novel phonetic contr
~Logan et al., 1991; Lively et al., 1993, 1994; Bradlow
et al., 1997!, the impact of the native language has be
shown to influence speech perception even for very e
bilinguals. For example, Sebastian-Galles and Soto-Fa
~1999! showed that bilinguals who learned their second la
guage as early as 4 years of age were less efficient at
cessing phonemic contrasts on-line than native listeners.
perception and production of non-native contrasts in late
linguals and naive listeners is even more strongly influen
by the first language. However, an important generalizat
to emerge from studies of non-native phoneme perceptio
that not all non-native contrasts are equally difficult for se
ond language learners. The relative difficulty with whic
non-native listeners perceive non-native sounds is relate
the relationship between the status of sounds in the ove
systems of phonemic contrasts in the first and second
guages~e.g., Flegeet al., 1999; Bestet al., 2001!. These
difficulties in phoneme perception have been shown to af
lexical representation for early bilinguals~Pallier et al.,
2001! and to impair word recognition for early and late b
linguals ~Meadoret al., 2000!. Experiments with non-native
listeners and native talkers have shown that non-native
teners can perform with native-like proficiency in the qui
but even early bilinguals are impaired in noise compared
native listeners~e.g., Mayoet al., 1997; McAllister, 1990!.
The cause for this decline is not fully understood, but a c
tributing factor may be the fact that non-native listeners
less able to take advantage of contextual cues for word id
tification ~Mayo et al., 1997!, and so when in the presence
noise they have less signal-independent information to
on as an aid to sentence recognition.
1601T. Bent and A. R. Bradlow: Interlanguage intelligibility benefit
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Two important issues regarding speech intelligibility b
tween native and non-native talkers and listeners remain
resolved in controlled laboratory studies. First, all of t
studies where both the talker and listener were non-na
have involved a shared native language between talker
listener. The only exception is Smith and Rafiqzad~1979!,
where the uncontrolled variable of passage difficulty co
founded the results. Therefore, we still do not know how
intelligibility of non-native talkers for non-native listener
varies depending on whether there is a match or mismatc
native language background between talker and liste
Data addressing this issue will allow us to assess the ex
to which the possible non-native talker–listener intelligibili
benefit is due to a particular shared interlanguage or to
tain more general features of non-native language produc
and perception that are independent of the particular na
and target languages in question. Second, the findings of
Wijngaarden~2001! and van Wijngaardenet al. ~2002! sug-
gested that talker and listener proficiency in the target l
guage is important for determining the relative intelligibili
of native and non-native talkers, but this factor deser
more attention. By including non-native talkers who a
known to vary in target language production proficiency,
present study aimed to gain further insight into the fact
that contribute to an interlanguage speech intelligibility be
efit.

Using a database of sentence recordings by non-na
talkers from various native language backgrounds,
present study investigated how the talker–listener match
mismatch with respect to language background and varia
in second language proficiency affected non-native talker
telligibility. We made two specific predictions. First, we pr
dicted, based on the findings of van Wijngaarden~2001! and
van Wijngaardenet al. ~2002!, that a non-native talker with
relatively high proficiency in English speech producti
would be at least as intelligible as a native talker for no
native listeners from the same native language backgro
This prediction supposes that non-native language lear
from a given native language have a broad base of sh
linguistic and phonetic knowledge that facilitates spee
communication in the non-native language. We expected
interlanguage intelligibility benefit to be attenuated in t
case of less proficient non-native talkers due to the fact
their speech production may stray so far from the target
guage norm that important lexical contrasts may not be
equately conveyed, resulting in word and sentence intell
bility that is low enough to produce very low overa
intelligibility for both native and non-native listeners. Se
ond, we predicted that a relatively high proficiency no
native talker will also be at least as intelligible as a nat
talker for non-native listeners from a different native la
guage background. This prediction supposes that, regard
of native language background, certain features of n
native speech will make non-native talkers more intelligib
to all non-native listeners. For example, non-native talk
may be less likely than native talkers to apply certain red
tion phenomena that characterize native accented run
speech in English such as alveolar flapping and failure
release final stops. While these features of non-native
1602 J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003
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glish speech may contribute to the overall impression o
foreign accent for native listeners, they may in fact be b
eficial for speech perception by all non-native listeners
English regardless of native language background.

II. THE NORTHWESTERN UNIVERSITY FOREIGN
ACCENTED ENGLISH SPEECH DATABASE

The Northwestern University Foreign Accented Engli
Speech Database~NUFAESD! contains recordings of 64 sen
tences produced by 32 non-native talkers for a total of 20
recorded sentences. Along with these recordings, the d
base includes demographic information about each talker
an overall intelligibility score for each talker as measured
a perception test with native English listeners.

The sentences in this database were taken from the
tence lists included in the revised Bamford–Kowal–Ben
Standard Sentence Test~BKB-R! developed by the Cochlea
Corporation for use with American children. The origin
Bamford–Kowal–Bench Standard Sentence Test was de
oped for use with British children~Bamford and Wilson,
1979; Bench and Bamford, 1979!. These sentences were ch
sen for this database because they include words that
highly familiar to non-natives and are syntactically simp
Each list consists of 16 simple, declarative sentences wi
or 4 keywords for a total of 50 keywords per list. From th
21 lists included in the BKB-R test, four lists~lists 7, 8, 9,
and 10! were selected for the NUFAESD. These lists we
selected based on their equivalent intelligibility scores
normal-hearing children as reported in Bamford and Wils
~1979!. Ratings of age of acquisition, written and verbal fr
quency, imagability, concreteness, and familiarity for the 1
keywords in these four lists were gathered from the MR
Psycholinguistic Database: Machine Usable Dictionary V
sion 2.00 and are shown in Table I. Because some of
keywords are repeated within and across lists, there are
200 unique keywords.

The talkers recorded for this database were recru
from the Northwestern University International Summer I
stitute and English as a Second Language~ESL! program
over the course of the summer of 2000 and the 2000–2
academic year. The International Summer Institute provi
incoming international graduate students from across the
versity with intensive English language training as well a
general introduction to academic life in the USA during t
month before they begin their graduate studies at Northw
ern University. All of the participants in this program ha
already been admitted to a doctoral program and had th
fore demonstrated a high level of proficiency with writte
English communication. However, these students all had l
ited experience with spoken English communication. T
subjects recruited from the ESL program all came to
program due to their own or their department’s recognit
of their need to improve their oral and aural English skil
The talkers came from a variety of language backgroun
Chinese2 (n520), Korean (n55), Bengali (n51), Hindi
(n51), Japanese (n51), Romanian (n51), Slovakian (n
51), Spanish (n51), and Thai (n51). The talkers ranged
in age from 22 to 32 years with an average age of 25.5 ye
They had spent on average 2.7 months in the United St
T. Bent and A. R. Bradlow: Interlanguage intelligibility benefit
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TABLE I. Frequency and psychological ratings for keywords.

Verbal
frequencya

Age of acquisition
ratingb

Written
frequencyc

Familiarity
ratingd

Imagability
ratingd

Concreteness
ratingd

Average 120 231 588 587 524 503
Standard
deviation

395 58 2266 35 104 122

Number of
items

134 37 134 106 104 97

aVerbal frequency: frequency of occurrence in verbal language from Brown~1984!.
bAge of acquisition: age multiplied by 100 to produce a range from 100 to 700.
cWritten frequency: the norms of Kucera–Francis~1967!.
dConcreteness, familiarity, and imageability values range 100 to 700.
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with a range from 0.25 months to 24 months at the time
recording. The average age at which the participants bega
study English in school was 12.0 years and the aver
length of English learning was 9.8 years. All talkers had
known speech or hearing impairments. All talkers were p
for their participation.

The talkers were recorded in a sound-attenuated bo
The recording were made on an Ariel Proport A/D sou
board with a Shure SM81 microphone. All subjects read
four sets of sentences in the same order. After the record
the sound files were converted to the WAV format with
16-kHz sampling rate and transferred to a PC-based c
puter. The digital speech files were then segmented into
tence length files and the root-mean-square amplitude
equated across all files.

For assessing the intelligibility of the talkers, the dig
tized recordings were embedded in white noise, yieldin
speech-plus-noise file with a15-dB signal-to-noise ratio
Each of the stimulus files consisted of a 400-milliseco
silent leader, followed by 500 ms of noise, followed by t
speech-plus-noise file, and ending with 500 ms of noise o

In order to keep the number of native English listen
manageable while still evaluating the intelligibility of all th
non-native talkers, eight test conditions with five listene
each were constructed. Each native English listener ev
ated 64 sentences from the four BKB-R lists and all 32 n
native talkers described above. Each of the 32 non-na
talkers supplied two different sentence recordings to eac
eight test conditions~for a total of 64 sentences per cond
tion!. Therefore, each talker’s intelligibility was evaluated
the basis of 16 sentences (8 conditions32 sen-
tences per condition! from one full BKB-R list in a multiple
talker presentation format~i.e., in each condition, listener
evaluated sentences by all 32 talkers!. The native English
listeners were presented with each sentence once and
task was to transcribe the sentence in standard English
thography. Intelligibility scores for each talker were based
the number of keywords correctly transcribed across al
the 16 sentences submitted to perceptual evaluation by
native English listeners. The raw percent-correct scores w
converted to rationalized arcsine transform units~rau!. This
transformation places the scores on a linear and add
scale, thus facilitating meaningful statistical compariso
across the entire range of the scale~Studebaker, 1985!. The
rau scale ranges from223 to 123. The middle of the scal
corresponds closely to percent correct, but at the edges o
, Vol. 114, No. 3, September 2003
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scale, below 15% and above 85%, the rau scale dive
from percent correct. For example, 80% corresponds to 7
rau but 95% corresponds to 102 rau. The non-native subje
sentence production scores~i.e., the average percentage
keywords correctly transcribed by the native English liste
ers! ranged from 43 to 93 rau.

III. TEST OF FOREIGN-ACCENTED ENGLISH
PERCEPTION

Using materials from the NUFAESD, we designed
experiment to investigate the perception of foreign-accen
English by listeners from various language backgrounds.
overall design involved presenting English sentences p
duced by five talkers to four listener groups. The talkers w
native talkers of Chinese (n52), Korean (n52), and En-
glish (n51). The listeners were native talkers of Chine
(n521), Korean (n510), English (n521), and a mixed
group of non-native talkers of English from various nati
language backgrounds (n512). None of the non-native lis
teners had served as talkers in the collection of the N
FAESD materials and none of the native English listen
had evaluated the sentences in the NUFAESD. Of partic
interest for this study was the effect of a listener–talk
match or mismatch in native language background, and
interaction of this listener–talker match or mismatch w
talker proficiency in the target language~i.e., English!.

A. Method

1. Talkers

The talkers selected for this experiment were from th
language backgrounds: monolingual English (n51), non-
native ~NN! talkers of English with a first language of Ch
nese (n52), and NN talkers of English with a first languag
of Korean (n52). The four non-native talkers’ production
were taken from the NUFAESD. These talkers were selec
based on their first language~either Korean or Chinese!, gen-
der ~female!, and production intelligibility scores obtaine
from the perceptual evaluation test conducted at the time
the database compilation. For the Chinese and Korean t
ers, one from each language background was of higher
ficiency and one of lower proficiency as defined by th
production intelligibility scores. The Chinese high- and low
proficiency talkers had intelligibility scores~average percen
of keywords correctly identified converted to the rau sca!
of 80 and 43 rau, respectively. The Korean high- and lo
1603T. Bent and A. R. Bradlow: Interlanguage intelligibility benefit
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TABLE II. General information about non-native listener groups. Mean and standard deviations~in parenthe-
ses! are shown. The Northwestern University Graduate School minimum for TOEFL is 560~paper! or 220
~computer!.

NN-Chinese
(n521)

NN-Korean
(n510)

NN-Mixed
(N512)

Significant
differences

Age ~years! 23.60 ~1.60! 28.00 ~4.72! 25.18 ~2.35! Korean.Chinesea

Mixed.Chineseb

TOEFLc—
computer

n/a (n51)
253

(n58)
269.63 ~22.06!

n/a

TOEFL—
paper

(n517)
641.82 ~19.63!

(n57)
602.43 ~18.80!

(n54)
629.25 ~37.25!

Chinese.Koreana

Time in US
~months!

1.12 ~1.92! 8.25 ~9.48! 5.23 ~10.34! Korean.Chinesea

AOAd ~years! 10.95 ~2.22! 12.25 ~1.39! 10.00 ~4.22! none
LOAe ~years! 10.11 ~2.26! 7.00 ~1.41! 8.17 ~4.37! Chinese.Koreana

a5p,0.01.
b5p,0.05.
cTOEFL5Test of English as a Foreign Language.
dAOA5age of acquisition.
eLOA5 length of acquisition~i.e., English study!.
e
e

w
ou
tic
ot
n

er
an
lk
lo
h
il

ng
ou
(
g
-

ag

e

it
th
m
e

lis

u
7
E

tiv

ed
he

ng
n-
e

n a
on-
re
h

n
e or
ach

uld

nce
er
i-
the
er
h
hi-
n-
or
ean

of
nese
the
ur-

or-
nce
proficiency talkers had scores of 90 and 55 rau, respectiv
An effort was made to match the intelligibility scores for th
high-proficiency Chinese and Korean and the lo
proficiency Chinese and Korean. However, no talkers in
sample with the selected demographic variables had iden
production intelligibility scores. The talkers were n
matched for any other features of their speech and we did
control for speaking rate in either the recording of the talk
or the selection of the talkers. The same procedure
equipment was used to record the monolingual English ta
as was used in the compilation of the NUFAESD. No ana
gous intelligibility score is available for the native Englis
talker since she was not included in any previous intelligib
ity testing.

2. Listeners

A total of 65 adults with normal speech and heari
participated in the experiment. The listeners came from f
different language backgrounds: monolingual Englishn
521), non-native speakers of English with a first langua
of Chinese~NN-Chinese,n521), non-native speakers of En
glish with a first language of Korean~NN-Korean,n510),
and non-native speakers of English with native langu
backgrounds other than Chinese or Korean~NN-mixed, n
512). The NN-mixed group included individuals from th
following native language backgrounds: Bulgarian (n51),
Dutch (n51), French/Douala (n51), German (n51),
Greek (n52), Hindi (n51), Japanese (n52), Serbian (n
51), Spanish (n51), and Tamil (n51). The non-native
listeners were recruited from the Northwestern Univers
International Summer Institute and ESL program over
course of the summer of 2001 and the 2001–2002 acade
year. All listeners were paid for their participation in th
study. Additional data for the three groups of non-native
teners are shown above in Table II.

The monolingual English listeners were all undergrad
ates at Northwestern University and ranged in age from 1
22 years with an average age of 19.1 years. The native
glish listeners were significantly younger than the non-na
oc. Am., Vol. 114, No. 3, September 2003
ly.

-
r
al

ot
s
d

er
-

-

r

e

e

y
e
ic

-

-
to
n-
e

listeners @ t(59)55.78, p,0.0001#. They were recruited
from the Linguistics Department subject pool and receiv
course credit for their participation in the study. None of t
listeners reported any speech or hearing problems.

3. Stimuli and procedure

Sentences from the four BKB-R lists~a total of 60 sen-
tences! were divided into five lists of 12 sentences coveri
37 keywords each~11 sentences with 3 keywords and 1 se
tence with 4 keywords!. See the Appendix for the sentenc
lists with the keywords underlined.

Subjects were seated in front of a computer monitor i
sound-attenuated booth. Stimulus presentation was c
trolled by special-purpose experiment running softwa
~SUPERLAB PRO 2.01!. The audio files were played out throug
the computer sound card~SoundBlaster Live! over head-
phones~Sennheiser HD 580!. The subject’s task was to liste
to the sentence stimulus and to write down whatever sh
he heard on specially prepared answer sheets. After e
trial, the subject pressed a button on a response box~supplied
as part of theSUPERLAB PRO 2.01package! to elicit the next
trial. Each trial was presented only once, but subjects co
take as long as they needed to record their responses.

Each subject heard all five talkers and all five sente
lists in a blocked format. The monolingual English talk
was always in the third position. The high-proficiency Ch
nese and Korean talkers were either first or second and
low-proficiency Chinese and Korean talkers were eith
fourth or fifth. The NN-Chinese and monolingual Englis
listeners always heard the talkers in the following order: C
nese high proficiency, Korean high proficiency, native E
glish, Chinese low proficiency, Korean low proficiency. F
the NN-Korean listeners the order of the Chinese and Kor
talkers was reversed. The rationale behind this ordering
the talkers was to ensure consistency across the NN-Chi
and NN-Korean groups with respect to the ordering of
listener–talker native language match and mismatch. F
thermore, the high-proficiency non-native talkers were
dered before the native talker so that superior performa
T. Bent and A. R. Bradlow: Interlanguage intelligibility benefit
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on the non-native talkers could not be attributed to a prac
effect. Half of the NN-mixed listener group heard the lists
the order for the NN-Chinese group while the other h
heard the lists in the order for the NN-Korean group. T
particular sentence list read by each talker was counter
anced across listeners.

In a separate session after the perception test, a w
familiarity test was administered. For this test, each of
144 unique keywords in the complete set of sentences u
in this study was presented to the subjects for a familia
rating on a scale of 1 to 7 where 15 ‘‘I don’t know this
word,’’ 45‘‘I recognize this as an English word but I don
know its meaning,’’ and 75 ‘‘I know this word.’’ A set of 75
filler items was also presented as part of this test. These fi
items were selected from lists of words that were given lo
medium, and high familiarity ratings by native listeners
Lewellen et al. ~1993! and that were used in previous tes
with both native and non-native listeners~Bradlow and
Pisoni, 1999!. The inclusion of these words ensured that t
full range of the familiarity scale would be represented
the items in this test. An additional 128 words were a
included in this test for the purpose of a separate study
reported here. On each trial, the target word was presente
standard American English orthography on the compu
screen~using SUPERLAB PRO 2.01software!, and the subject
entered his or her familiarity rating by pressing the approp
ate button on the keyboard. The item remained on the sc
until a response was recorded, which then triggered the
of the next trial. The order of presentation of the items w
randomized.

4. Data analysis

Sentence-in-noise perception scores were determine
a strict keyword-correct count. For each set of senten
heard by each listener, the talker could receive a score f
0 to 37 keywords correct. This score was obtained by cou
ing the number of keywords transcribed perfectly. Wor
with added or deleted morphemes were counted as incor
However, obvious spelling errors were not counted as inc
rect. Raw intelligibility scores were converted to percent c
rect and then to rationalized arcsine units~rau!.

B. Results

1. Word familiarity

Data from the word-familiarity rating task showed th
the vast majority of words was highly familiar to the va
majority of the non-native listeners. Familiarity data fro
two of the 44 listeners were missing: one did not return
the second data collection session when the word-familia
test was administered and the other’s data had to be
carded due to a computer error. Of the remaining 42 list
ers, all gave high ratings~5 or greater! to at least 94% of the
words. Thirty-two listeners gave scores of less than 5 to
more than two words; six listeners gave scores of less th
to three to five words; four listeners gave scores of less t
5 to six to nine words, and no listeners gave scores of
than 5 to more than nine words. Furthermore, there was
correlation between the listeners’ average familiarity rat
J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003
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score and their average score on the sentence-in-noise
ception test (rho50.120, p50.47). A vast majority of the
words, 79%, was given a rating of 7 by all subjects. Ad
tionally, only five words had average scores lower than
broom~5.8!, buckets~5.8!, janitor ~5.6!, jug ~5.1!, and sauce-
pan~5.9!. Of the 144 target items, only 19 words were giv
any scores lower than 5. Nine words were given a sc
under 5 by one listener; three words were given scores un
5 by two listeners; and seven words were given scores lo
than 5 by more than two listeners~from 5 to 18 listeners!.
Last, the non-natives’ scores on the low-, mid-, and hig
familiarity filler items were similar to scores given by nativ
listeners in Bradlow and Pisoni~1999!. The low-, mid-, and
high-familiarity filler items were given scores of 1.83, 3.8
and 6.93, respectively, by the native listeners in Bradlow a
Pisoni’s study and were given scores of 2.85, 3.79, and 6
respectively, by the non-native listeners in the current stu
Therefore, we performed all analyses of the sentence
noise perception test with the assumption that the non-na
listeners were all sufficiently familiar with the keywords
ensure that this test provided a valid measure of their ab
to perceive sentences in noise independently of word fam
iarity.

2. Foreign-accented English perception

Table III summarizes the five talkers’ intelligibility
scores for each of the four listener groups.

A repeated measures ANOVA with listener~native En-
glish, NN-Chinese, NN-Korean, NN-mixed! as the between-
subjects factor and talker~high-proficiency Chinese, low-
proficiency Chinese, high-proficiency Korean, low
proficiency Korean, native English! as the within-subjects
factor showed highly significant main effects of listen
@F(3,240)539.34, p,0.0001# and talker @F(4,240)
5194.15, p,0.0001#. The interaction of talker and listene
was highly significant@F(12,240)511.37, p,0.0001#. For
each listener group the low-proficiency Chinese and Kor
talkers were less intelligible than the native talker and
high-proficiency Chinese and Korean talkers. However,
rankings for the two high-proficiency non-natives and t
native talker depended on the language background of
listener group.

Post hocpairwise comparisons~Bonferroni/Dunn tests!
of talker intelligibility within each listener group were con
ducted. Due to the large number of paired comparisons~ten
for each listener group!, thep value must be less than 0.00
to be significant. Pairwise comparisons within a talker acr
listener groups were not conducted as those comparis
were not of primary interest for this study. For the NN
Chinese listeners, the high-proficiency Chinese talker w
not significantly different from the high-proficiency Korea
talker or the native English talker. However, the hig
proficiency Korean talker was significantly more intelligib
than the native English talker (p50.001). All three of these
talkers were significantly more intelligible for these listene
than the low-proficiency Chinese and Korean talkersp
,0.001). For the NN-Korean listeners, there were no s
nificant differences between the high-proficiency Chine
high-proficiency Korean, and native English talkers. Ad
1605T. Bent and A. R. Bradlow: Interlanguage intelligibility benefit
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TABLE III. Percent keywords correctly transcribed for talkers and listener groups in rau. Standard devi
are shown in parentheses. Scores in bold are significantly higher than the other scores in the row and
significantly different from one another except for the underlined scores. Specifically, for the NN-Ch
listeners, the high-proficiency Korean talker is significantly more intelligible than the native English, and f
NN-Korean listeners the high-proficiency Korean talker is significantly more intelligible than the low p
ciency Korean talker.

Listener
group

Talker

Chinese
high

proficiency

Korean
high

proficiency

Native
English

Chinese
low

proficiency

Korean
low

proficiency All talkers

NN-Chinese
(n521)

64
„10.8…

66
„11.7…

56
„10.4…

30
~12.1!

41
~9.8!

51
~17.4!

NN-Korean
(n510)

60
„15.5…

74
„15.8…

60
„11.7…

22
~11.4!

53
„12.0…

54
~21.7!

NN-Mixed
(n512)

62
„11.0…

70
„7.7…

67
„15.8…

19
~20.9!

41
~14.8!

52
~24.1!

Native English
(n521)

77
~12.2!

91
~8.4!

109
„14.7…

38
~13.8!

60
~12.1!

75
~27.7!

All listeners 67
~13.9!

76
~15.2!

76
~26.8!

29
~15.9!

49
~14.5!
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tionally, the high-proficiency Chinese and native Engli
talkers were not significantly different from the low
proficiency Korean talker. However, the high-proficien
Korean talker was significantly more intelligible than th
low-proficiency Korean talker (p,0.001). For the NN-
mixed listener group, the high-proficiency Chinese, hig
proficiency Korean, and the native English talkers were
significantly different from one another, and were all sign
cantly more intelligible than the low-proficiency Chinese a
low-proficiency Korean talkers (p,0.0001). For the native
English listeners, the native English talker was significan
more intelligible than all the other talkers (p,0.001).

In summary, the native listeners found the native tal
more intelligible than any of the other talkers, and all liste
ers generally found the lower-proficiency non-native talk
less intelligible than either their high-proficiency counte
parts or the native talker. Of particular interest for this stu
was the finding that the non-native listeners found the hi
proficiency non-native talkers with whom they shared nat
language as intelligible as the native English talker. T
finding also extended, in one case, to a low-proficiency n
native talker in that the low-proficiency Korean talker was
intelligible as the native English talker for the NN-Korea
listener group. This finding demonstrates amatched interlan-
guage speech intelligibility benefit, such that a native lan
guage match between a non-native talker and a non-na
listener facilitates speech intelligibility. Furthermore, wh
the non-native listeners and high-proficiency non-native ta
ers did not share a native language, the non-native liste
found the non-native talkers equally as or more intelligib
than the native talker. This general finding suggests that
interlanguage benefit can extend to the situation of a talk
listener native language mismatch, demonstrating amis-
matched interlanguage speech intelligibility benefit.

To investigate the possible contribution of speaking r
to the intelligibility results, we measured sentence durat
for each of the five speakers. All pairwise compariso
amongst the five talkers were significant (p,0.005) except
for the high-proficiency Korean and the low-proficiency Ch
oc. Am., Vol. 114, No. 3, September 2003
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nese talker, whose average sentence durations did not d
significantly. The average sentence durations for the
talkers are shown in Table IV.

For each of the non-native listener groups, the aver
sentence durations for the five talkers did not significan
correlate with their intelligibility scores~Spearman rank cor
relation, NN-Chinese listeners: rho50.300, p50.55; NN-
Korean listeners: rho50.103,p50.84; NN-Mixed listeners:
rho520.100, p50.84; Native English listeners: rho
520.300,p50.55). For example, the low-proficiency Ko
rean talker had longer sentence durations than the h
proficiency Korean, yet almost all the non-native listene
~except for three NN-Korean listeners! found the high-
proficiency Korean more intelligible than the low
proficiency Korean. This analysis suggests that the obse
interlanguage intelligibility benefit is not simply due to var
ability in speaking rate across the talkers.

IV. SUMMARY AND DISCUSSION

Four groups of listeners~monolingual English, NN-
Chinese, NN-Korean, and NN-mixed! transcribed sentence
produced by a native English talker, two Chinese non-na
talkers of English, and two Korean non-native talkers of E
glish. The major finding of this study was that the relati
intelligibility of each talker depended on the language ba
ground of the listener such that

TABLE IV. Average sentence durations for the five talkers in order of
creasing duration. Means in milliseconds and standard deviations~in paren-
theses! are shown.

Average sentence
duration

Native English 1223 ms~161!
Low-proficiency Chinese 1512 ms~244!
High-proficiency Korean 1587 ms~210!
Low-proficiency Korean 1680 ms~280!
High-proficiency Chinese 1717 ms~196!
T. Bent and A. R. Bradlow: Interlanguage intelligibility benefit
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~1! For native listeners, intelligibility of the native talke
was greater than the intelligibility of any of the non
native talkers.

~2! For non-native listeners, intelligibility of a high
proficiency non-native talker~and in one case a low
proficiency talker! from the same native language bac
ground was equal to the intelligibility of the nativ
talker. This is the ‘‘matched interlanguage speech in
ligibility benefit.’’

~3! For non-native listeners, intelligibility of a high
proficiency non-native talker from a different native la
guage background was greater than or equal to the in
ligibility of the native talker. This is the ‘‘mismatched
interlanguage speech intelligibility benefit.’’

The matched interlanguage speech intelligibility ben
can be explained by the fact that non-native speech pro
tion and perception are both systematically linked to nat
language sound structure~for a wealth of supporting researc
and theory see Strange, 1995; Best, 1994, 1995; Flege, 1
1995; Kuhl and Iverson, 1995 and many others!. Thus, the
speech of a non-native talker is more intelligible to no
native listeners with whom they share a native language t
for native listeners due to the fact that the overall sha
phonetic and phonological knowledge between the n
native talker and non-native listeners from the same l
guage background is likely to be more extensive than
native/non-native pair. For the non-natives who share a
tive language, their linguistic knowledge covers aspects
both the native and target languages, whereas for the
native/native pair the shared knowledge base includes
their knowledge of the target language insofar as it is de
oped in the non-native talker. This shared knowledge b
includes the system of consonant and vowel categories,
notactics, stress patterns, and intonation as well as other
tures of the sound system. Thus, a non-native listener is
equipped to interpret certain acoustic–phonetic feature
the speech of a native-language-matched non-native talk
the talker intended them to be interpreted, even though t
may deviate markedly from the target language no
whereas native listeners are better equipped to interpre
speech of a native talker. For example, even foreign-acce
talkers who have gained control over producing the full
ventory of vowel contrasts of the target language may p
duce the vowels of the target language in the region of
vowel space~i.e., with a base of articulation! that is typical
of the native language rather than of the target langua
While this may result in misinterpretation of a particul
vowel for native listeners or non-native listeners from a d
ferent native language background, non-native listeners f
the same native language background as the talker wil
more likely to access the correct vowel category, there
contributing to the matched interlanguage speech intelligi
ity benefit that we observed in this study.

A possible explanation for the mismatched interlangua
speech intelligibility benefit is that it results from the talker
and listener’s shared knowledge of the structure of the ta
language in conjunction with the influence of general stra
gies that listeners and talkers apply when learning to prod
J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003
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and perceive a foreign language. For example, in nat
accented American English word-final stop consonants
frequently unreleased. Native listeners know to listen
cues to the presence and identity of word-final consonant
other parts of the signal and to interpret the lack of a sali
word-final stop release as reflecting structural and/or con
tual influences at the phrase and discourse levels, but n
native listeners may miss these cues, thereby compromi
their overall comprehension of native-accented Engli
However, in their own English speech, non-native talk
who have not yet mastered all the details of American E
glish allophony may produce particularly salient word-fin
stop consonant releases, thereby facilitating the intelligibi
of their speech for other non-native listeners from a w
range of native language backgrounds~though not necessar
ily for native listeners!. For example, Smith, Bradlow, an
Bent ~2003! demonstrated that non-native listeners fro
various native language backgrounds are better at identify
words in minimal pairs that differ only in the voicing of th
final stop ~e.g., cap vs cab, pick vs pig! produced by non-
native talkers than produced by native talkers. In this ca
even though the native listeners generally performed be
than the non-native listeners, the performance of the n
native listeners surpassed that of the native listeners
words produced by one non-native talker, indicating that
non-native listeners must be listening for certain cues t
native listeners are not attending to.

Alternatively, the mismatched interlanguage speech
telligibility benefit that we observed in this study may ste
from similarities in the sound structure of the two languag
that we investigated, in which case it is in fact just anoth
manifestation of the matched interlanguage benefit ra
than a separate phenomenon. For example, both Chinese
Korean have a much more constrained syllable structure
English, including a constraint against final consonant cl
ters. The transfer from a language which does not allow fi
consonant clusters such as Chinese or Korean to a lang
that does allow coda clusters such as English may resu
similar features of Chinese-accented and Korean-acce
English which serve to facilitate perception of Englis
speech between native Chinese and native Korean listen
However, evidence against this account based on struc
similarities between Chinese and Korean comes from the
sults of the test with the NN-mixed listener group whic
included very small number of listeners~only 1 or 2! from
each of a wide range of language backgrounds. Seve
these 12 listeners found the high-proficiency Chinese ta
equally or more intelligible than the English talker, and fi
of the 12 listeners from this highly heterogeneous liste
group found the high-proficiency Korean talker more inte
gible than the native English talker. These listeners~i.e.,
those from the NN-mixed group who showed a mismatch
interlanguage speech intelligibility benefit! came from a di-
verse group of native language backgrounds including B
garian, Dutch, French/Douala~bilingual!, Greek, Hindi,
Japanese, and Spanish. This finding suggests that the
served mismatched interlanguage speech intelligibility b
efit is unlikely to be the result of structural similarities b
tween the native languages of the talkers and listeners,
1607T. Bent and A. R. Bradlow: Interlanguage intelligibility benefit
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rather due to certain tendencies in foreign-accented Eng
regardless of native language background. Nevertheless,
from studies with additional carefully selected languages
needed in order to rule out this alternative account.

From the current study, we cannot determine at wh
stage of spoken language processing the interlanguage
efit arises since perceiving words in sentences requires
cessing on many different levels and our task was an off-
measure of comprehension that represents the accumul
of processing at multiple levels. Because we controlled
the linguistic content of the sentences, we can assume
the advantage that many of the non-native listeners rece
when listening to non-native speech came from the diff
ences in the acoustic signal and not from differences in le
cal choices or syntactic structures. Therefore, it is very lik
that the source of the observed interlanguage effect was
relatively early, phonetic stage of processing. Nevertheles
is possible that the interlanguage benefit also operate
higher levels of sentence comprehension where other asp
of linguistic structure and of extralinguistic factors come in
play. Additional tests that specifically tap into various leve
of spoken language processing will be required to determ
whether the early processes are most important for the in
language benefit or if the localization of the phenomen
occurs later in the processing of spoken language as we

Large individual differences were found in the magn
tude of the interlanguage benefit. The difference in intelli
bility between the high-proficiency non-native talker and t
native talker ranged from223 to 52 rau for the matche
interlanguage benefit and from224 to 39 rau for the mis-
matched interlanguage benefit. The basis of these large
vidual differences remains unknown. The subjects in t
study were rather homogeneous in terms of demogra
variables~e.g., age of English study onset, length of re
dence, etc.! and in terms of English proficiency@e.g., TOEFL
scores ranged only from 573–677~paper! and 220–290
~computer!#. Future research will be needed to determine
source of these differences. For example, independent
of language proficiency, particularly with respect to targ
language speech perception, will help to determine how
tener proficiency in the non-native language influences
preference for non-native over native speech.

The findings from the present study are consistent w
the findings of van Wijngaarden~2001! and van Wijngaarden
et al. ~2002!, which demonstrated a non-native talker spee
intelligibility advantage for non-native listeners at a re
tively early stage of target language acquisition. Two imp
tant methodological differences between the present s
and the studies by van Wijngaarden and colleagues are
target language~English vs Dutch! and the intelligibility
measurement technique: van Wijngaarden and colleag
measured the signal-to-noise ratio required for a 50%-cor
response~the speech reception threshold, or SRT!, whereas
the present study measured intelligibility in terms of a ke
word recognition accuracy score for sentences presented
fixed signal-to-noise ratio. Taken together, the present st
and those of van Wijngaarden and colleagues provide c
verging evidence for an interlanguage speech intelligibi
benefit and demonstrate that any measure of speech in
1608 J. Acoust. Soc. Am., Vol. 114, No. 3, September 2003
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gibility must take into account both talker- and listene
related factors.

We conclude by noting an implication of the prese
findings for language variation and change. The demons
tion of the interlanguage speech intelligibility benefit su
gests a mechanism that may underlie the establishmen
new pronunciation norms across a community of non-na
talkers. Due to various social, political, and historical c
cumstances, non-native talkers who share a native langu
may sometimes communicate in a shared foreign langu
This situation can arise in settings where the shared fore
language dominates in the broader context. For example
many university research laboratories where the director
experimenters share a native language, the typical langu
of the laboratory may be English due to the fact that
broader scientific community is English dominated. Th
situation can occur on an even larger scale such as in a c
try like India, where English is widely spoken as a seco
language and, in certain settings, even talkers from the s
native language background will communicate in Englis
Under such circumstances, a characteristic variety of the
get language~e.g., Indian English! may develop as a result o
the interlanguage speech intelligibility benefit which w
cause certain interlanguage features to become firmly
trenched in the speech of the community. This intelligibilit
based factor will likely operate in conjunction with othe
sociolinguistic factors to reinforce the establishment of
new and lasting variety of the target language.
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APPENDIX: FOREIGN-ACCENTED ENGLISH
PERCEPTION TEST MATERIALS

Based on BKB-R materials~Bamford and Wilson, 1979;
Bench and Bamford, 1979!.

List 1

~1! The childrendropped thebag.
~2! The dog cameback.
~3! The floor lookedclean.
~4! Shefound herpurse.
~5! The fruit is on theground.
~6! Mother got asaucepan.
~7! They washed incold water.
~8! The youngpeople aredancing.
~9! The busleft early.
~10! The ball is bouncing veryhigh.
~11! Fatherforgot thebread.
~12! The girl has apicturebook.

List 2

~1! The boy forgot hisbook.
~2! A friend came forlunch.
~3! The matchboxes areempty.
T. Bent and A. R. Bradlow: Interlanguage intelligibility benefit
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~4! He climbed hisladder.
~5! The family bought ahouse.
~6! The jug is on theshelf.
~7! The ball broke thewindow.
~8! They areshopping forcheese.
~9! The pondwater isdirty.
~10! They heard afunny noise.
~11! The police areclearing theroad.
~12! The busstoppedsuddenly.

List 3

~1! The book tells astory.
~2! The youngboy left home.
~3! They areclimbing thetree.
~4! Shestood near herwindow.
~5! The table hasthreelegs.
~6! A letter fell on thefloor.
~7! The five men areworking.
~8! The shoes werevery dirty.
~9! They went on avacation.
~10! The babybroke hiscup.
~11! The lady packed herbag.
~12! The dinnerplate ishot.

List 4

~1! A dish towel is by thesink.
~2! Shelookedin her mirror.
~3! The goodboy is helping.
~4! They followed thepath.
~5! The kitchenclock waswrong.
~6! Someone iscrossing theroad.
~7! The mailmanbrought aletter.
~8! They areriding their bicycles.
~9! He broke hisleg.
~10! The milk was by thefront door.
~11! The shirts arehanging in thecloset.
~12! The chickenlaid someeggs.

List 5

~1! The orange wasvery sweet.
~2! He is holding hisnose.
~3! The new road is on themap.
~4! Shewrites to herbrother.
~5! The football player lost ashoe.
~6! The threegirls arelistening.
~7! The coat is on achair.
~8! The train is moving fast.
~9! The child drank somemilk.
~10! The janitor used abroom.
~11! The ground wasvery hard.
~12! The bucketshold water.
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