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This study examined the effect of presumed mismatches between speech input and the phonological
representations of English words by native speakers of En@liEh and SpaniskiNS). The English

test words, which were produced by a NE speaker and a NS speaker, varied orthogonally in lexical
frequency and neighborhood density and were presented to NE listeners and to NS listeners who
differed in English pronunciation proficiency. It was hypothesized that mismatches between
phonological representations and speech input would impair word recognition, especially for items
from dense lexical neighborhoods which are phonologically similar to many other words and require
finer sound discrimination. Further, it was assumed that L2 phonological representations would
change with L2 proficiency. The results showed the expected mismatch effect only for words from
dense neighborhoods. For Spanish-accented stimuli, the NS groups recognized more words from
dense neighborhoods than the NE group did. For native-produced stimuli, the low-proficiency NS
group recognized fewer words than the other two groups. The-high proficiency NS participants’
performance was as good as the NE group’s for words from sparse neighborhoods, but not for words
from dense neighborhoods. These results are discussed in relation to the development of
phonological representations of L2 word200 word3. © 2005 Acoustical Society of America.
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I. INTRODUCTION cluding weaker lexical constraints, in addition to differences
_ . _ in bottom-up processing. The overall purpose of the present
Speech perception becomes attuned to native or first lanstydy was to provide a better understanding of the interface

guage(L1) sounds during infancy and childhodel.g., Best, petween the phonological and lexical levels in L2 word rec-
1995; Jusczyk, 1993; Werker and Polka, 199ecause of ognition.

differences in the phonetic inventories between any two lan-
guages, individuals who learn a second languéd® in
adulthood may have L2 speech representations that are
fected by their L1 phonology, and so differ from those of
native speaker&f. Flege, 1995; Kuhl and Iverson, 1993

To date, most L2 speech perception research has focused
?n demonstrating differences in the processing of phonemic
And/or phonetic information by L2 listenef®r review, see
Strange, 1996 At the phonemic level, it has been well docu-

failure to reattune speech representations to specific featyrfaented that L2 Ilstgners do not perceive certain fs.oun-ds in the
of the L2 explains, in part, why L2 learners often displaysame way as L1 listeners in categorical identification and

poor speech recognition performance, especially in nonidediScrimination tasks(e.g., Best, McRoberts, and Goodell,
listening conditionge.g., Bradlow and Bent, 2002; Meador, 2001; Flege, Munro, and Fox, 1994According to Best
Flege, and MacKay, 2000However, the word recognition (1999, foreign languageor L2) phonemes that can be as-
difficulty that L2 listeners sometimes experience may be thé&imilated to a single L1 phonemic category present the great-
result of insufficient higher-level knowledge of the L2, in- est discrimination difficulty(e.g., native Spanish speakers
categorize both Englisli//and #/ as instances of Spanisif)/
@Portions of this study were presented at the 144th Meeting of the Acous? claim that is generally supported across different lan-
tical Society of America, Nashville, TN, May 2003, and in “Spoken word guages. More recently, Pallier, Colome, and Sebastian-Galles

recognition qf acpented and native §peech: Lexical factors affe(_:ting nativgzooj) showed that in a repetition priming task, some
and non-native listeners,” Proceedings from the 15th International Con-S ish-d . t bili | f Catal ds ish
gress of Phonetics Sciences, Barcelona, Spain, August 2003. panish-dominant bilinguals o atalan an panisn pro-

PElectronic mail: imais@uab.edu cessed nonwords containing phonemes that were contrastive
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only in Catalan as if they were Spanish phonemes, withoutlemographic variablege.g., age of arrival, use of the L1,
distinguishing the two Catalan phonemes. length of residence in Canadaere partialled out. Although
At the phonetic level, two languages may exhibit subtlethese results are correlational, they suggest that accurate per-
variations, and previous research has demonstrated that ada#ption of L2 vowels and consonants contributes to differ-
L2 learners are often not sensitive to the relevant differencegnces in word recognition among bilinguals.
For example, word-initialp/, /t/, and k/ are produced with A study by Bradlow and Pisor{iL999 provided a fuller
more aspiration in English than Italian, and word-final stopspicture of the lexical factors that influence word recognition.
are less likely to be released in English. Thus, native ItaliafmThese researchers presented “easy” and “hard” words to
speakers who have learned English as an L2 have difficultpative and non-native English speakers of varying L1 back-
identifying English stop consonants in noiddacKay, Mea- grounds. The easy words had a high frequency of occurrence
dor, and Flege, 2001In a gating experiment using non- and were from sparse neighborhodds., were phonologi-
words, Sebastian-Galles and Soto-Fard@99 showed that cally similar to few other words the hard words had a low
Spanish-dominant bilinguals required more phonetic inforfrequency of occurrence and were from dense neighborhoods
mation to identify Catalan-specific phonemes than Catalanfi.e., were confusable with many other worde addition,
dominant bilinguals did. the neighbors of the easy words were, on average, of low
One limitation of previous L2 speech perception re-frequency, and those of the hard words were of high fre-
search is that we currently know little about how differencesquency. The results showed that both listener groups recog-
in phonemic and phonetic perception between native andized fewer hard than easy words, primarily because words
non-native listeners impact higher or later levels of speeclirom dense neighborhoods are confusable with one another
processing—specifically, word recognition. Several recente.g., Luce and Pisoni, 1988However, the difference be-
studies have examined L2 word recognition in sentence cortween the hard and easy words was larger for the non-native
text and found poorer performance by non-native listeners agroup(cf. Takayanagi, Dirks, and Moshfegh, 200Bradlow
compared to native listener@radlow and Bent, 2002; and Pisoni therefore concluded that non-native listeners may
Mayo, Florentine, and Buus, 1997; Meadsral,, 2000; van  have reduced sensitivity to some of the phonetic details that
Wijngaarden, 2001; van Wijngaarden, Steeneken, and Houware necessary for lexical discrimination.
gast, 2002 However, in these studies, characteristics of the ~ The present study extended the Bradlow and Pisoni
stimulus words to be identifie¢e.g., word frequengyand (1999 study in several ways. First, we compared the perfor-
the carrier sentences have not been controlled or systemathance of native EnglisiNE) speakers and two groups of
cally manipulated. Thus, the extent to which non-native lis-native SpanisiiNS) speakers who differed in pronunciation
teners’ poorer performance is due to inaccurate segmentaroficiency(as defined by overall degree of foreign acgent
perception or insufficient semantic/syntactic knowledge isSecond, the participants of this study were tested on English
unclear. words that were spoken by both a NE and a NS speaker. The
In addition to the lack of empirical evidence regardingtwo NS groups and two types of speech infugtive-
the interface between the phonological and lexical levels iproduced and foreign-accented stimuliere included to as-
L2 perception, there has been a paucity of theoretical attersess how the representation/processing of lexical items might
tion directed toward this issue. In the L1 acquisition litera-vary at different stages of L2 acquisition.
ture, it has been suggested that young children first establish We assumed that our NS participants’ phonological rep-
holistic (e.g., syllable-basg@depresentations of words, and resentations would not be optimally matched to English
only gradually develop phonological representations that inspeech input, especially those of the less proficient NS par-
clude more detailed, segmental informati@g., Ferguson ticipants(“the phonological mismatch hypothesis™We ex-
and Farwell, 1975; Metsala and Walley, 1998 major im-  pected NS participants to be better able to recognize English
petus for this developmental shift is vocabulary growth. Onwords spoken with a Spanish accent than words spoken by a
this view, an increasing number of items overlap with onenative English speaker. That is, a better match should exist
another as the lexicon expands, and more fine-grained reprbetween the NS participants’ phonological representations
sentations are needed for fast, accurate word recogrige and the acoustic phonetic specification of English words as
also Charles-Luce and Luce, 199@erhaps with greater L2 spoken by other NS speakers, in part because they often hear
exposure and additional word learning, L2 learners’ lexicalsuch renditions and because the NS participants themselves
representations may also become more fine-grained or fullpronounce English words in a similar manner. We assumed
specifiedvis-avis their new language. that L2 phonological representations are initially affected by
There is some evidence relating L2 learners’ segmentahe L1 sound system, but that as L2 learning proceeds and
perception and word recognition. In Meadeiral's (2000 L2 pronunciation proficiency increases, these representations
study, early and late Italian-English bilinguals were asked tdbecome more attuned to the L2 and thus more similar to
repeat semantically unpredictable English sentences th#tose of native speakers. Any advantage for Spanish-
were presented in different levels of noise. The number ofccented stimuli should therefore be smaller for more profi-
correctly repeated words was analyzed and compared toent NS participants than less proficient ones. If such a pho-
identification scores for vowels and consona@ssessed in  nological mismatch effect were found, L2 learners’
other experimenjs Regression analyses showed that accuphonological representations could be understood as being
racy scores for segment identification accounted for 17% obrganized differently than those of native speakers.
the variance in the number of words correctly repeated after  There is, in fact, some evidence that L2 listeners benefit
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from hearing L2 speech produced with L1 accent. In a studyo L2 listeners’ segmental representations for spoken words.
by Bent and Bradlow2003, NE and non-native listeners of According to the phonological mismatch hypothesis
different L1 backgrounds listened to English senten@d#ls evaluated in the present study, the accuracy or efficiency of
embedded in white noigdghat were spoken by a NE talker spoken word recognition should be reduced when listeners’
and by proficient and nonproficient Chinese and Korean talklexical representations do not match input speech stimuli.
ers. The researchers assumed that L2 learners developTaus, our hypothesis bears not only on listeners’ perception
shared knowledge base for the L2 sound system which helpsf L2 words, but also on the perception of foreign-accented
them understand the L2 speech of other talkers of the sanmspeech by native listeners. The NE participants in our study
language backgroun@he “matched interlanguage speech were expected to recognize more English words spoken by
intelligibility benefit”) and even of different language back- another NE speaker than English words spoken with a Span-
grounds(the “mismatched interlanguage speech intelligibil- ish accent. Apart from the findings already reviewed, the
ity benefit”). In support, it was found that NE listeners rec- only other relevant research on foreign-accented speech per-
ognized more words in the sentences spoken by the NEeption by native listeners has used sentence stimuli to show
talker than by the L2 talkers, whereas Chinese and Koreareduced performance as compared to native-produced
listeners’ performance was as good for sentences spoken Ispeech—a difference that has been attributed to normaliza-
proficient talkers of their L1 as it was for sentences spoketion processe¢Derwing and Munro, 1997; Munro and Der-
by the NE talker. Further, another group of non-native listenwing, 1995 and processing cogberwing and Munro, 2001;
ers from various language backgroundsn different lan- Munro, 1998; Munro and Derwing, 2001If our hypothesis
guage$ recognized as many words in the sentences spokewere upheld, it could offer a further explanation at the level
by proficient Chinese and Korean talkers as by the NE talkeof segmental representations for the difficulty that native
Similar results were obtained by van Wijngaardenspeakers have in perceiving non-native speech.
(2001, who examined the recognition of both native- Like Bradlow and Pison{1999, we examined the effect
produced and English-accented Dutch sentences by nativad word frequency and neighborhood density on word recog-
Dutch listeners and by native English listeners. The nativenition. However, our study differs from that of Bradlow and
English listeners had spoken Dutch as an L2 for an averag@isoni in a third important respect. In Bradlow and Pisoni’s
of 20 years and were highly proficient. Using a speech restudy, lexical factors covaried—i.e., easy words were of high
ception threshold method, it was found that the native DutcHrequency and were from sparse neighborhoods, whereas
listeners generally tolerated a higher level of noise than thédard words were of low frequency and were from dense
English listeners did, and they tolerated more noise foneighborhoods. As the researchers themselves acknowl-
native-produced than English-accented speech. However, theglged, their non-native listeners’ recognition of fewer hard
native English listeners tolerated noise for English-accentethan easy words might have reflected the influence of word
speech to the same extent as for the native Dutch speectiequency, apart from any effect of neighborhood density.
Thus, non-native speech was less intelligible to native listenindeed, in contrast to native listeners, the non-native listeners
ers, but it was as intelligible as native speech to non-nativalso rated hard words as less familiar than easy words. Bra-
listeners. dlow and Pisoni used a 7-point familiarity scale, but only a
In a subsequent studfvan Wijngaardenret al, 2002, rating of “7” (“I know this word”) was taken as clear evi-
native Dutch participants were asked to identify words indence that a word was knowsee Balota, Pilotti, and Cor-
Dutch, English, and German sentences that were producedse, 2001, for discussinrA follow-up analysis examining
by native talkers of each language, as well as by nativéhe subset of lexical items given a rating of “6” or “7”
Dutch talkers(thus including Dutch-accented English and yielded essentially the same results as the analysis of all
German sentencggain using a speech reception thresholditems. It is nevertheless possible that the non-native partici-
method, the researchers found that the Dutch listeners, wheants actually knew fewer hard than easy words, and that this
were more proficient in English than German, tolerated moreontributed to their difficulty in recognizing hard words.
noise for native-produced as compared to Dutch-accented To address these limitations, the stimulus set examined
English sentences, whereas more noise was tolerated for the present study consisted entirely of known English
Dutch-accented vs native-produced German sentences.  words that varied orthogonally in word frequency and neigh-
The results from the three studies just cited are, howborhood density.Our results should therefore help pinpoint
ever, only suggestive with respect to our phonological misthe causes of any word recognition difficulty by non-native
match hypothesis. Lexical characteristics such as word frelisteners. We hypothesized that the effects of word frequency
guency were not controlled or examined in these studies. land neighborhood density would be greater when there is a
addition, the proficiency of non-native listeners in the L2mismatch between phonological representations and incom-
varied substantially across studies and/or was not systemaiing speech stimuli. NE participants should thus display larger
cally evaluated. Further, sentence recognition is affected bgffects of these lexical factors for Spanish-accented speech
various suprasegmental factors including prosody and speakian for native-produced stimuli, whereas NS participants
ing rate (e.g., Bradlow, Torretta, and Pisoni, 1996; Cohen,should show larger effects for native-produced speech than
Douaire, and Elsabbagh, 2001; Cutler and van Donselaagpanish-accented stimuli. Specifically, the impact of fre-
2002, but the influence of these factors was not consideredjuency (better recognition for high- than low-frequency
either. As a result, it is not clear how any advantage in perwords and neighborhood densitfbetter recognition for
ceiving foreign-accented speech might be related specificallwords from sparse than dense neighborhoods, or a “compe-
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tition effect”) should be greater in the mismatch than theTABLE I. Mean word frequency and neighborhood density of test words
match conditions (ranges are in parenthegeBlote. WF: word frequency, or occurrence per

Finally, we also collected subjective frequency estimateé?”"on words (Kucera qnd Francis, 196;7ND: neight_)orhood Qensity, or
! o umber of words that differ by a one segment, addition, deletion, or substi-
for the test words from both NE and NS participants to fur-tytion (Luce and Pisoni, 1998

ther explore differences in lexical organization. Specifically,
we wanted to examine how strongly subjective and objective High WF Low WF

word frequency measures might be correlated, and whethep Dense Sparse Dense Sparse
or not subjective frequency is related to word recognition :

. . Example “bed” “bring” “bell” “boss”
performance. Experienced word frequency has typically bee, 169.5(54-500 177.8(58-59) 18.0(3-37  22.4(1-41)
operationalized by reference to the number of occurrences @fp 23.5(17-39 10.0(3-15 23.8(19-30 10.4(4-14
lexical items in written corpora such as that of i€ua and
Francis(1967, which is based on written materials. How-
ever, several previous studies have indicated that such es "s an L2. All were one syllable in length, and most had a
mates of word frequency may be confounded with age 0&VC structure(e.qg., bird, cake, love In a, pilot test, six
acquisition and other dimensions of word familiarity that af- NS-speaking Iistenéreﬂo,ne of whom subsequently r;artici-
fect various stages of word recogniti¢e.g., Connineet al,

i ) . pated in the studyindicated if they knew each word and, if
1.990’ Garlock, V_\/_alley, a_nd Metsala, 2001; Morrison and_EI'so, rated it for subjective familiarity using a scale that ranged
lis, 1995. In addition, objective frequency counts are subjec

. ) X : . tf om 1 (“least familiar”) to 7 (“most familiar™).
to sampling biases, including _the under-representation o Four sets of 20 words that differed orthogonally in text
low-frequency words and restricted range effe@@arroll, word frequency(Kuéera and Francis, 1967nd neighbor-

1971, Lachm.an,. Shaﬁ‘?“ and Hennrikus, 197dor these .hood density(Luce and Pisoni, 1998wvere formed from the
reasons, subjective estimates may actually be better pred|§-32 items that were known by at least five of the six pilot

tors% of psych%logiczzl fagnilia;igg:lmg théjs W(irdgg)ecotgnition listeners and that received a familiarity rating greater than
performance(Gernsbacher, ; Gordon, 198%ast re- 5.0. All 80 test words are listed in the Appendix. The four

search has also revealed modality-specific effects for subjec‘s-etS of test words consisted 6§ words with relatively high

tive frequency estimates, suggesting that people can diﬁeli'ext frequency from dense neighborhoodé) high-

entiate between auditory and visual experiences witr} ;
. . requency words from sparse neighborhoods) low-
particular wordAmano, Kondo, and Kakehi, 1995; Balota frequency words from dense neighborhoods: &ddlow-

et al. 2001;_ C_;aygen and Ll.Jce' 19_98” our study then,_ we frequency words from sparse neighborhoods. As shown in
asked participants to provide estimates for the relative fre=|.

. . able I, words differing in frequency had comparable neigh-

quency with which the test words were spoken and/or h.eardoorhood density values, and words differing in neighborhood
In summary, the present study differed from preV|ousdensity had comparable frequency valdes.

studies in several waygi) two lexical factors, word fre- b. Recording The 80 test words were recorded by a
quency and neighborhood density, were orthogonally varied, ale NE talker who was born and raised in the Midwest but
(i) native-produced and foreign, Spanish-accented stimu 'ad lived in Birmingham, Alabama for 21 years. The stimuli
were presented to listener@j) our non-native listeners had produced by this talke’r are referred to as the “native-
similar L1 backgrounds, but varied in English pronunciation

fici (V) st taken t that all the t roduced”(or simply “native”) stimuli. The test words were
proficiency; (iv) steps were taken to ensure that all the 1S, 54 recorded by an adult male speaker of Spanish who was
words were known to the listeners; a@ subjective fre-

) born in Chile, had resided in the U.S. for 2 months, and was
guency ratings were collected.

) ... judged by th thors t k English with a st forei
The specific aims of this study wefe) to determine if Judgec by the authors 1o speak =nglish with & sfrong foreign

. 2 . accent. These stimuli are referred to as “Spanish-accented”
there is an advantage for recognizing words when I|stenera

. g . ~Yor “accented”) stimuli. The words produced by both talkers
presumed phonological representations match incomin

- . ere digitized at 22.05 kHz and normalized for peak inten-
speech stimuli;(b) to determine how such an advantageSity (50% of full scale

might change as L2 pronunciation proficiency increa¢es;
to examine the separate effects of word frequency and neig
borhood density on L2 word recognition; afd) to evaluate
the relation between subjective and objective word frequenc
for NE and NS participants, as well as the effect of subjec
tive frequency on recognition performance.

The NE talker read the test words from a list, one at a
'ffme. For accented stimuli, in order to generate a range of
tokens to select from, the NS talker produced the 80 test
Words four times each using different elicitation methods
(see Flege, Munro, and MacKay, 1995 he four tokens of
each test word produced by the NS talker were auditorily
evaluated by the third author, a NE speaker with extensive
Il. EXPERIMENT training in phonetics. A few tokens contained a segmental
A. Method substitution that resulted in a perceived change in lexical
identity (e.g., ahide token that sounded likki, a bedtoken
that sounded likeBeth. These tokens were eliminated and

a. Stimulus selectionto ensure that all participants, in- the token of each word that was judged to have the strongest
cluding those in the NS groups, knew all the test words, wdoreign accent among the remaining tokens was retained for
began by developing a list of 365 words that were likely tothe study.
be acquired by adults in the early stages of learning English A single NE pilot listener listened to the 80 native

1. Stimuli and design
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stimuli in the clear and recognized all of them. Three NEselected from each of the four lexical sets in which word
pilot listeners evaluated the 80 Spanish-accented stimuli. Afrequency and neighborhood density vajiedere formed.
least one listener recognized 69 stimuli. Of the 11 stimuli nofThe order of words was randomized within each block.
recognized by any listener, three stimuli were misheard irBlocks A and B were presented as both native and Spanish-
the same way. Specifically, all three listeners heard the a@ccented stimuli, and the order of presentation for stimulus
centedfish stimulus (pronounced /fft) as feet ffit/; the ac- type (native vs Spanish-accenjedvas counterbalanced.
centedvoice stimulus (pronounced /bis/) as boys /oiz/; Thus, the participants were randomly assigned to one of four
and the accentetiossstimulus (pronouncedbors/) asbus  counterbalanced conditions: A-native/B-accented,
/bas/. These misperceptions by the native English pilot lis-A-accented/B-native, B-native/A-accented, or B-accented/A-
teners do not indicate that the aforementioned Spanistative. Across participants, each test word was presented in
accented stimuli were inappropriately chosen. Tigh, both native and Spanish-accented form. A given listener
voicg andbossstimuli were correctly recognized by 57% of heard each of the 80 test wordsalf native, half Spanish-
the NS-speaking listeners when presented in noise in the exccenteglonly once.

periment proper. This suggested that while the Spanish-

accented stimuli might not have been realized in such a way. Procedure

as to promote correct lexical access by NE-speaking listen-  participants were tested individually in a sound booth in
ers, their phonetic realization was sufficient for lexical acces$, session lasting about 1 h. They completed three primary
by at least some people who themselves spoke English withysks in the following order: a word recognition task, a writ-
a Spanish accent. _ _ ~ ten lexical knowledge test, and a sentence production task.
~ The third author carried out a broad phonetic transcrip-these tasks were preceded by a pure-tone hearing screening
tion of the 80 Spanish-accented stimuli. A total of 17 seg-z3nd followed by a language background questionnaire in
mental substitutions was noted, the most common beihg /which demographic information such as age of arrival and

for /z/ (in cheese, noise, nogetf/ for /j/ (in push, shake, |ength of residence in the United States, and use of English

were somewhat more common in words drawn from sparse |y the word recognition task, the stimulus words were

than dense neighborhoodk2 vs 5, but about equally com- presented one at a time via loudspeakers. The participants
mon in high- and low-frequency word8 vs 9. The imbal-  \yere asked to write down each word on a prepared answer
ance in number of substitutions between high- and lowsheet. They were given a short demonstration of the task, and
neighborhood word stimuli is probably due to the fact thaty 16-item practice session preceded each of the two blocks.
segmental substitutions result in a perceived change in lexifhe participants were encouraged to adjust loudness to a
cal identity less often for sparse word stimuli than densecomfortable level during the practice session. The practice
word stimuli. As expected from previous resear@g., words differed from the 80 test words. They were recorded
Flege and Munro, 1994all stimuli contained subsegmental by a female NE and a female NS talker and presented with
divergences from the phonetic norms of English and therethe same multitalker babble as the test stimuli. Each test
fore conveyed foreign accent. These included the shorteninglock began with five extra items which were not analyzed.
of voice-onset time in word-initial tokens of £ k/, the par- In the lexical knowledge test, participants were asked to
tial devoicing of word-final tokens of voiced obstruents, theindicate whether or not they knew each of the 80 test words,
prolongation of initial h/ tokens, and the weakening of final which were presented in written form. Five nonword foils
/n/ segments. were included to ensure that participants would veridically
The stimuli were measured for duration and the duratiorreport any test items they did not know. If they knew an item,
values were submitted to a 2 (talkar® (neighborhood participants provided an estimate of frequency of usage on a
density)xX 2 (word frequency) ANOVA. Words from dense scale that ranged from (seldom hear/say this word"to 7
neighborhoods were significantly shorter than words from(“often hear/say this wordy. To encourage them to use the
sparse neighborhoodd$Vi(=473 vs 528 mg F(1,76)=8.4,  entire rating scale when rating the 80 items, participants were
p<0.01, and the Spanish-accented stimuli were shorter thagiven examples of seven words that were presumed to span
the native-produced stimuliM =448 vs 552 ms F(1,76) the full 7-point scalge.g.,dogis heard/said much more of-
=80.0,p<0.01. The effect of frequency was nonsignificant, ten thanoctopus. Thus, our rating scale emphasized the rela-
however;F(1,76)=1.1, p>0.10, and no significant interac- tive frequency of word usage. Next, two 7-item practice sets

tions were found. were presented. When participants demonstrated an under-
The 160 stimuli(80 test wordx 2 talkers) were mixed standing of the instructions, the test items were presented.
with noise to bring word recognition scores off ceiling. Mul- The sentence production task involved saying five

titalker babble was created by adding the voices of six NEsimple English sentences three times each using a delayed
and six NS talkers. The noise segment was set to 10% of fullepetition techniqudsee Flegeet al, 1995. The sentences
scale of peak intensity, and then added to the 160 stimulivere later used to assign NS participants to subgroups dif-
described earliefwhich had been normalized at 50% peak fering in English pronunciation proficiency. Only the third,
intensity of full scale. This yielded stimuli having S/N ratios fluent repetition of each sentence was used for group assign-
of approximately 14 dB. ment(see below.

c. Counterbalancing procedurdwo blocks of 40 test Participants’ written responses in the word recognition
words, designated “A” and “B” (with ten items randomly task were scored “correct” when they exactly matched the
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TABLE II. Demographic information for the HP and LP groups. Shown for each characteristic are (siamard deviations and ranges are in parentheses
Note. HP: high pronunciation proficiency group; LP: low pronunciation proficiency grougfdfaign accentratings are based on a 9-point scale from 1
(strongest accento 9 (least accent AOA: age-of-arrival in the U.S. in years; LOR: length of U.S. residence in years. Estimates of hours of English and
Spanish use per day are based on a 6-point scale frorare, 2 (0.5 h, 3 (1 h), 4(2 h), 5(4 h), and 6(6 h or more. Estimates of hearing Spanish-accented
speech are based on a scale froitvdry seldom to 7 (very ofter). Estimates of ability to speak and understand English and Spanish are based on a 7-point
scale(1—poor; 4—O0OK; 7—good

HP LP
Chronological age 308.3; 19-46 33 (8.5; 20—-47
FA rating 6.3(1.8; 3.6—8.8 2.1(0.5;1.4-2.9
AOA 19.8(8.8; 1.9-38.5 29.0(8.2; 13.4-41.9
LOR 9.7(6.7; .9-24.2 4.1(3.4;0.02-1.2
Age English study began 8(@.3; 0-16 10.4(2.6; 6-14
Years of English study 6.%4.5; 0-14 6.5(4.1; 0.1-13
Education in home country 13(5.8; 3—-22 15.8(4.9; 4-25
Education in US 5.24.6; 0-14 1.5(1.8; 0-5
Spoken English use 5@.3; 5-6 4.6(1.4; 2-6
Spoken Spanish use 5(1.2; 2—6 5.4(1.1; 2-6
Hearing Spanish-accented speech @Z;1-6 3.3(2.5; 0-7
Ability to speak English 5.90.9; 4-7 4.3(1.1; 2-6
Ability to speak Spanish 6.80.5; 5-7 6.9(0.3; 6-7
Ability to understand English 6.00.8; 4-7 4.8(1.2; 3-9
Ability to understand Spanish 6(®.5; 5-7 7.00;7

target words. However, we anticipated that the NS particiforeign accents were assigned to a “high pronunciation pro-
pants might misspell some words. Given that our interesficiency” (HP) group, with the restriction that there were
was in spoken word recognition rather than in spelling abil-four participants from each of the four counterbalancing con-
ity, the experimenter examined each participant’s written reditions in this group. The 16 NS participants with the stron-
sponses after practice sessions and after each block of 40 tegtst foreign accents were assigned to a “low pronunciation
stimuli. She asked for clarification if the handwriting was not proficiency” (LP) group with the same restriction. The aver-
legible. For responses that were not exact, she asked whage age, in years, of the NE, HP, and LP groups was 34
word the participant had intended to write. If the explanation(range: 22—-4), 30 (range: 19—48 and 33(range: 20-4Y,
corresponded to the targét.g., “being noisy” for the writ-  respectively, and the average FA rating was &rérge: 7.5—
ten respons€laud for the stimulusloud), the written re-  9.0), 6.34 (range: 3.6—8.8 and 2.13(range: 1.4-2.9 De-
sponse was scored as correct. mographic information for the two NS groups is shown in
Table II.
3. Participants

. S . B. Results
Sixty NS speakers living in or near Birmingham, AL and

16 NE speakers, who were born and raised in Alabama, wer& Word recognition scores

recruited through advertisements in a university paper and Percent-correct scores for the ten items in each of the
through personal contacts. The NS participants were requiregight conditions of the stimulus design were obtained for
to have been born in a predominantly Spanish-speakingach participant and submitted to @®up: NE, HP, LPx2
country, to have learned Spanish as their L1 from nativestimulus type: native, Spanish-accented (word fre-
Spanish-speaking parents, and to be between the ages agiency: high, lowx2 (neighborhood density: dense, sparse
19-50 years. Nine of the 60 NS participants were excludedANOVA. Group served as a between-subjects factor, and
two failed the pure-tone hearing screening; one did not comstimulus type, word frequency and neighborhood density as
plete the experiment; three failed to report three or morewithin-subjects factors. Only significant main effects or in-
nonword foils in the lexical knowledge test as unknownteractions will be reported. Significant interactions were fol-
words; and three knew fewer than 96%7/80 of the test lowed up by simple effects tests with Bonferroni’s correction
words. (p<0.05).

As mentioned earlier, participants recorded sentences af- The ANOVA yielded significant main effects of group,
ter the lexical knowledge test. Three sentences produced Hy(2,45)=15.27, p<<0.001, stimulus typeF(1,45)=98.82,
each of the 51 retained NS participants and the 16 NE pap<0.001, and neighborhood densiti,(1,45)=67.06, p
ticipants were digitized22.05 kH2, and then randomly pre- <0.001. Both the NE and HP groups performed better than
sented to seven NE listeners from Alabama. Sentences prthe LP group(66.6% and 65.0% vs 53.0%Also, more na-
duced by the NS and NE speakers who had recorded thitve than accented stimuli were correctly recognizéd.4%
stimuli for the word recognition task were also presentedvs 52.8%, as were more words from sparse than dense
The NE listeners rated the sentences using a scale that rangeeighborhood$66.6% vs 56.6%
from 1 (“strong accent’) to 9 (“no accent”). The two-way grou stimulus type interaction was sig-

An average foreign acceffA) rating was computed for nificant, F(2,45)=29.73,p<0.001. The NE and HP groups
each NS participant. The 16 NS participants with the mildesperformed better for native than accented stimuli, whereas
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more clearly than the high-frequency wor@sg., Geffin and

90 —O— Native-produced words 1 Luszcz, 1983; Wright, 1979 whereas the NS talker might
—@— Spanish-accented words have produced the high-frequency words more accurately
80 | . (with less foreign accent because of the frequen) tisan
low-frequency words. However, as noted in the Method sec-
70 b §/<} ] tion, when duration and segmental substitutions were ana-
lyzed, no differences were found for high- vs low-frequency

6ol words by either the NE or NS talker.

] The significant three-way  groupstimulus type
i\i X neighborhood density interaction,F(2,45)=5.56, p
sor 1 <0.01, is shown in Fig. 2. For words from sparse neighbor-

hoods(right pane), there was no difference between the NE,
40 HP, and LP groups’ performance when the stimuli were ac-
cented(59.4%, 59.1%, and 57.8%, respectively(2,45)
=0.04, whereas both the NE and HP groups performed bet-
ter than the LP group for native stimyB83.4% and 82.2% vs
57.5%, F(2,45)=36.54. For words from dense neighbor-
High Low hoods(left pane), the HP and LP groups performed better
than the NE group when the stimuli were accentg.6%

and 48.1% vs 40.6%F (2,45)=5.82. In contrast, for native-
FIG. 1. Mean percent-correct word recognition scores as a function Oproduced stimuli, the NE group performed better than the HP
stimulus type(native, accented spedcand text word frequency. Error bars  group, who performed better than the LP gra@3.1% vs
represent one standard error of the mean. 67.5% vs 48.4% F(2,45)=43.64. Thus, for both native and
accented words from sparse neighborhoods, the NE and HP

the LP group’s performance was similar for the two types ofdroups performed similarly. Interestingly, however, for
stimuli. This finding only partially supported the phonologi- Words from dense neighborhoods, the NE group recognized
cal mismatch hypothesis. That is, although the NE group didnore native stimuli than the HP and LP groups, whereas the
recognize more native than accented stimuli, the LP groufiP and LP groups recognized more accented stimuli than the
did not recognize more Spanish-accented than native stimulNE group did.

The two-way stimulus typeword frequency interaction The significant three-way interaction points to a differ-
was also significant (2,45)=14.99,p<0.001. This was the ential influence of neighborhood densitye., better word
only significant effect involving word frequendgee Fig. 1.~ recognition for words from sparse than dense neighbor-
Post hoctests revealed that more high- than low-frequencyhoods for the three groups. The HP and LP groups displayed
words were recognized in the accented conditiéq],47) a competition effect only for the native stimulk(1,15)
=9.03. The opposite trend for native stimuli did not reach=56.07 and~(1,15)=12.23 (p<0.05, Bonferroni, whereas
significance when Bonferroni’'s correction was applied,the NE group displayed this effect only for the accented
F(1,47)=5.11. This result might reflect subtle differences in stimuli, F(1,15)=22.35 (p<0.05, Bonferroni. The differ-
the way the NE and the NS talker produced the stimuli. Theence between words from sparse and dense neighborhoods
NE talker might have produced the low-frequency wordsfor the accented stimuli did not reach significance for the LP

Mean % Correct Word Recognition

0 T T

Text Word Frequency

Dense Neighborhoods Sparse Neighborhhoods
100
C— Native-produced
ol S Spanish-accented | |

FIG. 2. Mean percent-correct word
60| 1t 4 recognition scores as a function of
stimulus type and neighborhood den-
sity for the native EnglisKNE), high
pronunciation proficiency(HP), and
low pronunciation proficiency(LP)
groups. Error bars represent one stan-

dard error of the mean.
20}

Mean % Correct Word Recognition

NE HP LP NE HP LP
Group Group
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group (57.8% vs 48.19% F(1,15)=5.21 (p>0.05, Bonfer- 2000, we found a negative correlation between mean FA
roni), or the HP group(59.1% vs 51.6% F(1,15)=2.21 ratings and age of arrivédAOA) in the U.S. ¢=—0.63), as
(p>0.10, Bonferroni. Thus, the results show interesting in- well as a positive correlation between FA ratings and length
teractions by neighborhood density and stimulus type. Thef residence, or LORr(=0.72). AOA was strongly corre-
competition effect is evident when there were mismatchesated with years of education in the home country and in the
between speech input and phonological representations. ThatS. (r=0.73 and 0.72and also English use €0.56). FA
is, when fine-grained phonological discrimination was re-ratings was highly correlated with estimates of English use
quired (for words from dense neighborhogd¢he mismatch (r=0.56). Estimates of Spanish use were not correlated with
between phonological representations and speech stimudiny of these variables.
seems to have impeded performance. Recognition scores for native stimuli were significantly
The phonological mismatch hypothesis predicts thatorrelated with FA ratings, AOA, years of education in the
fewer words should be recognized when there is a large didd.S. (r=0.64,—-0.47 and 0.65 and with estimates of En-
crepancy between listeners’ phonological representations arglish use ¢ =0.41,p<0.05), but only marginally with LOR
the speech input they hear. We further anticipated that thiér =0.33, p=0.07). The moderately high correlation be-
might be especially true for low- vs high-frequency wordstween recognition of the native stimuli and the FA ratings
and/or words from dense vs sparse neighbors. The resulsiggests there is indeed a link between good L2 perception
show that the NE and HP groups recognized more nativand pronunciation.
than accented stimuli, suggesting that the HP group has de- Notably, word recognition scores for the accented
veloped representations of English words that were close tstimuli were not significantly correlated with any of the mea-
those of the NE speaker. The LP group, however, did nosures examined here. In particular, having an L2 phonologi-
recognize more Spanish-accented than native stimuli, thusal system that is substantially affected by the L1, as implied
failing to support our hypothesis. Also, word frequency didby having a strong foreign accent, was not correlated with
not interact with group. Possible reasons for this lack of supbetter recognition of Spanish-accented words. This null find-
port will be provided in the Discussion section. ing is consistent with the ANOVA results, which showed
Although the effect of word frequency was minimal, the little difference in performance for Spanish-accented stimuli
three groups did recognize words differently according tobetween the HP and LP groups.
stimulus type(native vs accentgdand neighborhood density.
For words from dense and sparse neighborhoods, no group Subjective frequency ratings

recognized more Spanish-accented than native stimuli. HOW-  \yie next calculated Pearsomr'scorrelations between the
ever, there were between-group differences, such that the N§g, Hp, and LP groups’ subjective frequency ratings for the
groups recognized more Spanish-accented stimuli frongg test wordsr =0.82 for NE and HPr =0.78 for NE and
dense neighborhoods than the NE group, whereas the NSp: r=0.88 for HP and LP 16<0.001, in each instange
groups’ performance was similar to the NE group’s for ac-These strong correlations indicated that for the test words
cented stimuli from sparse neighborhoods. These findinggelected for this study, the estimated frequency of word use
partially support the phonological mismatch hypothesis; i.€.was similar across listener groups, regardless of proficiency
the effect of mismatched conditions was observed when dify; English. The correlations between the subjective fre-
ferences between groups were considered. _ quency ratings of our three groups and text word frequency
As noted in the Methods section, analyses of stimulugyere in the moderate range=0.36, 0.42, and 0.52, for the

duration and segmental substitution of Spanish accentede Hp, and LP groups, respectivelg<0.001, in each in-
stimuli showed differences between words from dense andigncg.

sparse neighborhoods. The words from dense neighborhoods
were shorter in duration and had fewer substitutions than thg The effect of subjective frequency on word
words from sparse neighborhoods. There were no differencegcognition

in duration or the number of substitutions between high- and
low-frequency words. Our focus in this study was on group,

differences in recognition performance, and the duration d'f'Previous work suggests that subjective measures of experi-

ference would have affected the three groups equally. Aﬁnced word frequency may be more sensitive than objective

there were more substitutions for sparse than dense, if ther&es_ We therefore reanalyzed participants’ word recognition

were an effect of subsutuyon, it would have counte_racted th%cores using their subjective frequency ratings. The 40 words
mlsmatch. eﬁect we ob;amed. Thus, the confoundmg of thq“rom dense neighborhoods were rank ordered according to
cha_racterlstlcs of Span!sh—accented speech and stimulus YHean subjective frequency ratings from the 54 participants,
lection was probably minimal. and then divided into a set of 20 high subjective frequency
words (M rating=5.0) and a set of 20 low subjective fre-
quency words 1 =3.0). Similarly, sparse words were sub-
Pearson’sr correlations between the word recognition divided into high and low subjective frequency categories
scores for native and accented stimuli, FA ratings, and othefM =5.1 vs 3.6.3 See the Appendix for average subjective
demographic information for the 32 NS participants werefrequency ratings for each word.
obtained p<<0.001, unless otherwise nojeds in previous Percent-correct scores for these new conditions were
studies(e.g., Flege, 1988; Yeni-Komshian, Flege, and Liu,submitted to a 3group: NE, HP, LPX2 (stimulus type: na-

Thus far, text word frequency does not seem to have had
trong effect on spoken word recognition performance.

2. Correlational data for NS participants
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TABLE lll. Effects obtained for ANOVAs of word recognition scores. Note. native and accented stimuli, the differences between words
In the original analysis, test words were categorized according to text worcfrom sparse and dense neighborhoods were significant only
frequency; in the reanalysis, they were categorized according to subjectiv](aOr high, not low subjective frequency items. However, this
frequency ratings. . ! . : !
neighborhood density effect was much larger for accented, as

Effect Original analysis Reanalysis opposed to native stimuli.
(text word frequency (subjective frequendy In sum, when subjective frequency was used to classify

Frequency F(1,45)<1n.s. F(1,45)=36.7 the test words, there was an interactive effect of neighbor-
Frequency F(1,45)=15.0 F(1,45)=2.4n.s. hood density on word recognition. For native stimuli, perfor-

stimulus type mance was in the expected directi@re., better for high-
Frequency _ F(145)<1 n.s. F(1,45)=35.0 than low-frequency itemsfor words from both dense and

neighborhood density iahborhood H f S ish d
Frequencystimulus type<  F(1,45)<1 n.s. F(1,45)=29.8° sparse neighborhoods. However, for Spanish-accente

neighborhood density stimuli, only words from sparse neighborhoods followed this
pattern; the recognition of less phonologically confusable
items was enhanced when they were of high frequency,
whereas the recognition of highly confusable items was not
affected by word frequency.

4 <0.01.
Pp<0.05.

tive, Spanish-accentgd2 (subjective frequency: high, low
X2 (neighborhood density: dense, sparsmixed-design
ANOVA. Because the reclassification of test words did not Previous studies have shown that L2 learners have dif-
affect the results obtained for other variables, we report onlficulty recognizing L2 wordge.g., Bradlow and Bent, 2002;
those effects related to subjective frequency. Mayo et al, 1997. One likely source of this difficulty is that
The new analysis yielded four effects that differed from perceptual representations for vowels and consonants are not
the original ANOVA(see Table lll. As in the original analy- optimally attuned to the L2; another is insufficient higher-
sis, there was no interaction of group with subjective fre-level, lexical knowledge. To date however, only a handful of
guency, suggesting subjective frequency affected word recstudies have considered the relations between L2 learners’
ognition by all listeners similarly. In the new analysis, therephonological representations and their higher-level, lexical
was a significant main effect of subjective frequency,knowledge(e.g., Bradlow and Pisoni, 1999; Meader al.,
F(1,45)=36.1, p<0.001. More high- than low-frequency 2000. The present study evaluated the influence of two lexi-
words were correctly recognizeé@7% vs 57%. Also, there cal factors(word frequency and neighborhood dension
was a significant two-way interaction between subjective freword recognition by NE listeners and two groups of NS lis-
guency and neighborhood density(1,45)=35.0, p  teners who differed in overall degree of foreign acdagngh
<0.001. More words from sparse than dense neighborhoodsronunciation proficiency vs low pronunciation proficiepcy
were recognized when the words were of high subjectiveListeners were asked to identify words that were spoken by a
frequency(57.3% vs 75.5% whereas no neighborhood den- NE speaker(native-produced stimyliand by a NS speaker
sity effect was found for low subjective frequency words (Spanish-accented stimpuli
(55.8% vs 57.6% Last, the three-way subjective frequency According to our phonological mismatch hypothesis,
X neighborhood densitystimulus type interaction was sig- differences between the phonetic specification of vowels and
nificant, F(1,45)=29.8 p<0.001. consonants in English words and listeners’ lexical represen-
The three-way interactiofsee Fig. 3 was explored by tations should lead to decreased word recognition perfor-
tests of simple main effeci®onferroni,p<0.05). For both mance. We hypothesized that NS adults tend to use
“Spanish-like” phonological representations when process-

lll. DISCUSSION

100 ing spoken English words. We also hypothesized that, con-
—&— Dense Neighborhoods current with L2 learners’ improved L2 pronunciation, their
—0— Sparse Neighborhoods L2 lexical representations would more closely resemble

80 those of native speakers. We assumed that NE listeners’ lexi-

cal representations are optimally attuned to the typical pro-
nunciation of English words. Thus, we expected mismatches
to occur when the NE listeners attempted to recognize the
Spanish-accented stimuli and when the NS listeners at-
tempted to recognize the native stimuli. The latter mismatch
wl effect was expected to be larger for the LP vs HP group.
This mismatch effect was expected to be influenced by
lexical factors such as word frequency and neighborhood
density. Specifically, we anticipated that low-frequency
words might have higher thresholds for activation than high-
Native-produced stimuli Spanish-accented stimuli frequency wordgsee the models of Becker, 1980; Forster,
FIG. 3. Mean percent-correct word recognition scores as a function 01198])’ and thus be harder to recanize in the mismatch con-

stimulus type, subjective frequency, and neighborhood density. Error bar§itions where the bottom-up input was not optimal. We also
represent one standard error of the mean. expected that fewer words from dense than sparse neighbor-

Mean % Correct Word Recognition
3

0 L A L 2
High Sfreq Low Sfreq High Sfreq Low Sfreq
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hoods would be recognized in the mismatch conditions bek2 lexical representations. In agreement with previous for-
cause the former require more fine-grained segmental peeign accent researcte.g., Flegeet al, 1995, the demo-
ception(see also Bradlow and Pisoni, 1999 graphic information indicated the HP participants tended to
Our results provided some support for the phonologicahave arrived in the U.S. at an earlier age than the LP partici-
mismatch hypothesis. Although the NE and HP groups perpants M =19.8 vs 29.0 yeajsto use English morébout 6
formed consistently better for native than Spanish-accentedr more hours a day vs 3 hoyysind to have lived longer in
stimuli, the LP group’s performance for Spanish-accentedhe U.S. M =9.7 vs 4.1 yeans These differences might well
stimuli was no better than for native stimuli. There are sev-have contributed to the HP participants’ superior English
eral possible reasons why we did not obtain the expectegdronunciation, and presumably to the differences observed in
mismatch effect for the LP group. First, although there arevord recognition performance.
“typical” foreign-accent patterns by talkers of a particular The present results confirm that during spoken word rec-
L1, there are likely idiosyncrasies for individuals that areognition, higher-level processes interact with more bottom-
difficult to tease apart from these general patterns. Differenup, segmental perception. The performance differences be-
tial L2 experience in terms of the quality and quantity of tween the HP and LP groups for native stimuli that we
input might produce foreign accents that are more variedbserved further indicated that the lexical representations of
across L2 learners than individual variations among L1 talkthe HP group more closely resembled those of the NE group
ers. Thus, phonological “matches” for native-producedthan the LP group, but that they are not identical.
stimuli with native listeners might be greater than matches  Most models of spoken word recognition assume a
especially for accented stimuli with the LP group. Secondmatching process between incoming speech sounds and pho-
Spanish has regional accents and the NS participants in omological representations in the mental lexicerg., Gaskell
study were from various Central and South American counand Marslen-Wilson, 1997; McClelland, 1988; Norris, Mc-
tries. This heterogeneous background might have reduced tti@ueen, and Cutler, 1995The nature of these representations
effect of exact phonological matches. Third, we added noiséas been investigated in many previous studesg., Hintz-
to our stimuli, and it has been shown that noise can havenan, 1986, but few studies have considered such represen-
more adverse effects on non-native vs native listefeig, tations for those learning an L2, or how they are related to
van Winjingarden, 2001 Perhaps our LP participants neededthe L1 phonology(Pallier et al, 2001). Further, to our
clearer segmental information for accurate recognition. knowledge, no studies have examined whether L2 lexical
The effect of word frequency on word recognition in our representations change as L2 pronunciation improves. The
study was similar across groups, which might be due to ouobserved differences between the LP and HP groups in word
having employed only known words. Another possible rea+tecognition performance provided indirect evidence that im-
son why we did not observe strong text frequency effects iprovements in English pronunciation correspond to more
that text word frequency does not constitute a very sensitiv@ative-like representations that more closely match speech of
measure of the psychological familiarity of wor@Balota  NE speakers.
et al, 2001; Garlocket al, 2001; Gernsbacher, 1984; Gor- Similar to our phonological mismatch hypothesis, Bent
don, 1983. Indeed, when our stimulus sets were reorganizednd Bradlow(2003 have proposed that there is an interlan-
and analyzed according to subjective frequency estimategiuage speech intelligibility benefit that is enjoyed by L2 lis-
more high- than low-frequency words were recognized overteners. That is, L2 learners have a shared knowledge base
all by all three groupg67% vs 57%. Further, there was a that aids the recognition of speech produced by non-native vs
boost in recognition scores for high-frequency words fromnative talkers. This shared knowledge base encompasses nu-
sparse neighborhoods, and this effect was larger for Spanisimerous features of speech, including stress patterns, intona-
accented stimuli. This may be because recently used wordn, phonotactics, as well as segmental features. In contrast,
have higher activation potentials and are easier to recognizeur mismatch hypothesis focuses on segmental perception
with limited phonetic information than words of infrequent and attempts to control these other potentially relevant fac-
use. tors. Additional studies at the sentence level will be needed
There were group differences in word recognition ac-to elucidate the ways in which such factors affect L2 word
cording to stimulus type and neighborhood density. For narecognition in a more precise manner.
tive stimuli, lower word recognition scores were obtained for Further research using time-sensitive tasks, such as
the LP group, who had strong foreign accents, than for thg@riming, will also be needed to define the time course of the
NE and HP groups. This held true for words drawn fromeffects of word frequency and neighborhood density, espe-
both dense and sparse neighborhoods. Lower scores wecally regarding L2 speech processiltg.g., Pallieret al,
also obtained for the HP than NE group, but only when ac2001). Perhaps word frequency influences an early stage of
curate segmental perception was especially important—i.ergcognition by activating candidate words, while neighbor-
for words from dense neighborhoods. In contrast, forhood density affects a later stage, where matching processes
Spanish-accented stimuli, both NS groups outperformed thbetween speech input and lexical representation o@gr,
NE group for words from dense neighborhoods that requiredahan, Magnuson, and Tanenhaus, 200he fact that we
more fine-grained speech perception. did not find group differences in the effects of either text
In the present study, pronunciation proficiency was usedvord frequency or subjective frequency suggests that the ini-
to define high- and low-proficiency NS groups. We assumedial stage of word activation may be similar for the NS and
that good L2 pronunciation corresponds to more native-likeNE groups. However, as suggested by the differential effects
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of neighborhood density, the later matching stage may diffethat of the NE group, indicating changes in phonological
between NE and NS speakers. representations as L2 pronunciation improves. However,
In conclusion, the results of this study supported theboth NS groups showed reduced recognition of words from
phonological mismatch hypothesis, at least when the neighdense neighborhoods, suggesting that even when L2 learners’
borhood density effect is considered. There was a greatesegmental perception improves, their performance under
effect of neighborhood density on spoken word recognitionconditions requiring more fine-grained perception may still
when there were presumed mismatches between lexical repe compromised.
resentations and incoming speech soumés, native stimuli
for the NS groups and Spanish-accented stimuli for the NEACKNOWLEDGMENTS
group than when there were matches. This may be because This study was supported by NIH Grant DC00257. We
bottom-up processing of speech segments in words frorthank Ana Castaneda for the recruitment of participants and
dense neighborhoods was more affected by differences iNitchell Sommers for information about the Washington
phonological representations as compared to words fromuniversity in St. Louis Speech and Hearing Lab Neighbor-
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tion of native stimuli than the LP group, and their perfor- two anonymous reviewers and those of Dr. R. Diehl on a
mance for words from sparse neighborhoods was as good @sevious version of this paper.

APPENDIX

Test words. Note. WF: word frequency; ND: neighborhood density; SF-AVE: average subjective frequency rating across our three listener grdups. ND va
were obtained from the Washington University in St. Louis Speech and Hearing Lab Neighborhood Détebdke references

Word WF ND SF-AVE  Word WF ND  SF-AVE Word WF ND SF-AVE  Word WF ND  SF-AVE
bed 127 25 5.85 bring 158 8 5.69 bell 19 27 2.17 boss 20 11 4.27
call 188 26 6.25 choice 113 3 4.46 bird 31 22 3.50 cart 5 14 2.44
date 103 24 5.33 cold 171 15 5.38 burn 15 22 2.33 cheese 9 13 5.23
face 371 21 4.79 faith 111 11 4.23 cake 13 26 3.79 coin 10 14 4.10
fall 147 26 3.71 fast 78 15 5.04 corn 34 20 3.17 cute 5 6 4.77
heard 269 20 4.83 five 286 12 4.83 duck 9 25 1.92 fish 35 13 3.83
job 238 19 5.92 foot 70 10 4.27 ham 19 26 3.17 fork 14 13 4.65
lake 54 32 3.19 house 591 7 6.31 hide 22 21 2.31 frog 1 4 1.73
list 133 19 4.67 join 65 8 3.79 hurt 37 23 4.54 jump 24 8 3.29
nose 60 18 3.81 kind 313 7 4.69 nail 6 26 3.02 kiss 17 13 5.10
note 127 26 4.94 lost 173 9 3.85 noon 25 19 5.17 lamp 18 11 3.90
park 94 18 4.77 love 232 11 6.06 peach 3 22 2.67 loud 20 12 4.42
part 500 17 4.78 mouth 103 7 4.52 pen 18 29 5.83 match 41 14 3.42
pass 89 24 3.77 move 171 8 5.35 pet 8 30 3.79 mouse 10 14 2.77
phone 54 27 6.58 post 84 15 2.54 sad 35 25 3.65 noise 37 4 4.75
rate 209 39 3.21 safe 58 11 4.10 shake 17 24 3.40 push 37 5 4.25
rest 164 20 5.15 smile 58 5 5.60 sheep 23 20 1.58 smell 34 7 4.67
save 62 22 5.06 voice 226 7 3.65 shine 5 21 3.15 teach 41 13 4.96
ten 165 27 4.63 white 365 11 4.46 sock 4 26 3.94 van 32 12 3.02
west 235 19 3.25 wrong 129 13 4.65 soup 16 22 3.77 wash 37 7 5.81

Word frequency and neighborhood density information was obtained fronBalota, D. A., Pilotti, M., and Cortese, M. ®007). “Subjective frequency

the Washington University in St. Louis Speech and Hearing Lab Neighbor- estimates for 2,938 monosyllabic words,” Mem. Cog2i®, 639—-647.

hood Databasésee the references Becker, C. A.(1980. “Semantic context and word frequency effects in
A between-items analysis of varian¢NOVA) indicated that the four visual word recognition,” Mem. Cognit8, 493-512.

cells were similar in terms of phonotactic probabilify(3,76)=2.53, p Bent, T., and Bradlow, A. Ri2003. “The interlanguage speech intelligibil-
=0.06. In computing phonotactic probability, we used biphone frequency ity benefit,” J. Acoust. Soc. Am114 1600-1610.

(segment-to-segment co-occurrence probabiliyadult speech, according  Best, C. T.(1995. “A direct realist view of cross-language speech percep-
to Carterette and Hubba(d974). tion,” in Speech Perception and Linguistic Experience: Issues in Cross-
3A 2 (subjective frequency: high, low2 (neighborhood density: dense, ~ Language Researctedited by W. StrangeYork, Baltimorg, pp. 171—
sparsg¢ ANOVA was performed on average subjective frequency ratings for 206.
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