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Abstract

Behavioral and electrophysiological studies indicate that altered language experience has different effects on distinct subsystems within
language. In this study, we recorded event-related potentials (ERPs) in native Japanese late-learners of English listening to English
sentences. ERP indices of semantic processing, syntactic processing, and speech segmentation were compared and contrasted for native
Japanese and previously tested native English speakers. Native and non-native speakers showed similar semantic processing effects
including an N400 for words as opposed to nonwords. In contrast, native Japanese speakers showed none of the effects associated with
syntactic processing in native English speakers including an anterior negativity to nonwords presented in a syntactic context. Furthermore,
the ERP word-onset effect evident in native English speakers was not found for the native Japanese speakers in this study. These data
contribute additional and specific evidence to the proposal that subsystems within language display varying degrees of plasticity.
   2002 Elsevier Science B.V. All rights reserved.
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1 . Introduction possible factor in producing these apparent discrepancies is
that differences in language experience may impact

A burgeoning literature has documented that experience subsystems of language to different extents and in different
affects language processing and its cortical organization. ways [36]. The present study tested that hypothesis by
However, there is considerable controversy within this measuring ERP indices of semantic processing, syntactic
literature about the specific effects of age of acquisition processing, and speech segmentation in the same group of
and of learning one language before another on language non-native speakers.
processing and related neural systems. For example, some
studies claim that only native speakers achieve native-like 1 .1. Semantic processing
processing [15–17,41,50] and that native and non-native
languages are processed in distinct cortical areas [31,42]. Several lines of evidence suggest that native and non-
In contrast, other studies emphasis that at least some native speakers may process lexical and semantic in-
non-native speakers are indistinguishable from native formation in similar ways. Behavioral studies have shown
speakers [4,7,8,35] and argue that first and second lan- that native French speakers and native Dutch speakers who
guages rely on overlapping cortical areas [10,32]. One learn French as a second language display the same pattern

of orthographic masked priming for words presented in
French [9]. Native English speakers and native Chinese
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are able to detect semantic anomalies in American Sign specific words and nonwords matched on physical charac-
Language [38]. Furthermore, both native Spanish and teristics, and across entiresemantic and syntactic sent-
native Japanese speakers who learned English after the age ences.
of 12 rely on lexical and semantic information as speech These same two comparisons were made in a previous
segmentation cues in English to the same extent that native study of native English speakers [47]. In that study, words
English speakers do [48]. elicited a larger N400 than nonwords. This finding was

Electrophysiological evidence also suggests that non- interpreted as indexing lexical search processes that were
native speakers process semantic information in much the not carried out on nonwords since participants could
same way as native speakers. Kutas and Hillyard [33] first predict the occurrence of the nonwords. The native English
demonstrated that semantic anomalies elicit a negative speakers also showed differences in responses tosemantic
ERP over central and posterior electrode sites with maxi- andsyntactic sentences.Semantic sentences elicited a
mum amplitude approximately 400 ms after onset (N400). larger negativity between 1400 and 3000 ms over right
Subsequently, Ardal et al. [1] showed that semantic posterior electrodes, whereassyntactic sentences elicited a
anomalies elicit a similar response in non-native speakers, larger negativity in this same time range over anterior
even when they learn their second language after the age electrodes. The posterior effects were related to N400
of 12. However, bilinguals processing either of their two responses to open-class words across thesemantic sent-
languages had longer N400 latencies than monolinguals. ences. However, the anterior differences were hypoth-
The native Chinese speakers who showed no behavioral esized to be associated with phonological working mem-
deficits in detecting semantic anomalies in English sent- ory.
ences, also showed native-like N400 responses to those Since the results of previous behavioral and electro-
anomalies [51]. Semantic violations in ASL elicit similar physiological studies consistently indicate that semantic
N400 responses in deaf native signers, hearing native processing is relatively unaffected by delays in language
signers, and hearing late-learners of ASL [38]. A recent acquisition, it was hypothesized that native Japanese
study found no differences in the N400s elicited by speakers who learned English late in life (after the age of
semantic anomalies in German sentences presented to 12) would show ERPs similar to native English speakers in
native German speakers and native Japanese speakers who response to semantic and lexical content. Such a finding
learned German after the age of 18 [26]. would suggest that age of acquisition and whether a

The present study employed two measures of lexical and language was learned as an L1 or and L2 do not affect
semantic processing distinct from those used in previous these aspects of the timing or cortical organization of
studies of bilingual speakers. ERPs were recorded while lexico-semantic processing.
native Japanese late-learners of English listened to normal
English sentences (semantic) and sentences in which the 1 .2. Syntactic processing
open-class words had been replaced with pronounceable
nonwords (syntactic) (see Table 1). ERPs were averaged to In contrast to semantic systems, ample evidence indi-

Table 1
Examples of syllables, words, and sentences

Condition Sentence Example

Initial stressed Semantic In order to recycle bottles you have to separate them.
]

Syntactic In order to lefatal bokkers you have to thagamate them.
]

Acoustic Ah ilgen di lefatal bokkerth ha maz di thagamate fon.
]

Initial unstressed Semantic The child stopped crying when a balloon was given to her.
]

Syntactic The ferp trepped plawing when a barreal was kaffen to her.
]

Acoustic Sa ferp trepp plawel ron i barreal hof kaffem gi wem.
]

Medial stressed Semantic If the only thing in it were tobacco it wouldn’t cause so much harm.
]

Syntactic If the ilmy shord in it were dobatty it wouldn’t gaff so much hilm.
]

Acoustic Os fa ilmy shord el ok hon dobatty ag hapsel gaff sha nes hilm.
]

Medial unstressed Semantic I saved money since lowgrade timber worked for this project.
]

Syntactic I cheft rono since miltrok delber meld for this plassig.
]

Acoustic O cheft rono zalf miltrok delber meld sith foch plassig.
]

The underlined items indicate individual syllables ERPs were averaged to. The word-medial group included both word-medial and word-final syllables
since the onset of the phonemes to which ERPs were time-locked was word-medial in both cases.Syntactic sentences were created by replacing all
open-class words with pronounceable nonwords while retaining morphemes such as ‘ing’, ‘ed’, and ‘ly’.Acoustic sentences were created by replacing all
words and morphemes in thesyntactic sentences with pronounceable nonwords. All nonwords were formed by replacing phonemes in words with others
from the same class (voiced stops, voiceless stops, fricatives, nasals, clusters, and vowels).
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cates that syntactic systems are strongly impacted by age Since even brief delays in language acquisition have
of acquisition and whether a language is learned as an L1 been shown to lead to deficits in L2 syntactic processing,
or an L2 (e.g., Refs. [19,49]). In the few studies of delays we hypothesized that native Japanese late-learners of
in first language acquisition, deficits specific to syntactic English and native English speakers would not have the
processing have been reported [11,20,39]. Studies of same ERP responses to syntactic information. Combined
second language acquisition have shown that children who with the results from the semantic comparisons, such
begin learning a second language at 8–10 years of age findings would support the hypothesis that semantic and
score lower than native speakers on tests of grammar in syntactic subsystems are differentially impacted by differ-
their L2 [29]. Delaying acquisition as little as 3 years ences in language experience.
results in deficits in some types of grammaticality judge-
ments [51]. Adult second language learners are better at
detecting semantic than syntactic anomalies in L2 speech1 .3. Speech segmentation
[26]. Additionally, the use of syntactic information to
segment continuous speech has been shown to be affected In order to process speech, a listener must first break the
by delays in second language acquisition [48]. continuous streams of speech sounds into units that can be

Furthermore, ERP indices of syntactic processing have matched with known words or morphemes; however, many
been shown to be reduced, aberrant, or absent in late- of the cues that indicate word onset are language specific.
learners of a language. The ERP study of native Chinese Therefore, non-native speakers must learn different seg-
speakers who were first exposed to English at various ages mentation cues to process speech in their second language.
between 1 and 18 showed marked differences in native and To date, the study of bilingual speech segmentation has
non-native responses to syntactic violations [51]. In that been limited to behavioral studies. Furthermore, the results
study, an early left, anterior negativity (N125) typically of some of these studies indicate native and non-native
elicited by phrase structure violations was absent in even speakersdo not use the same segmentation cues, whereas
early bilinguals. A later negativity (N300–500) normally the results of other studies indicate theydo use the same
left lateralized in native speakers was more bilaterally cues.
distributed in those who learned after the age of 10. Cutler and co-workers [15–17] found that native French
Additionally, a later positivity (P600) was both reduced speakers are faster to detect segments in lists of words if
and delayed in late-learners. The study of native Japanese the segments correspond to syllables as opposed to cross-
late-learners of German found no differences in the ERPs ing syllable boundaries. Native English speakers, in con-
to syntactically correct and anomalous sentences spoken in trast, do not show this effect. Interestingly, even very early
German [26]. English/French bilinguals who describe English as their

In the present study, syntactic processing was measured dominant language do not show the syllable effect. Fur-
by comparing the ERP responses evoked by nonwords thermore, native Japanese speakers have been shown to use
presented in sentences with more or less syntactic structure morae, sublexical units that correspond to syllables in most
(Table 1). Nonwords were presented in thesyntactic cases and parts of syllables in others, as segmentation units
sentences that contained closed-class words and mor- [14,40]. Neither native French nor native English speakers
phemes. Other nonwords were presented in sentences in segment Japanese into morae. These data have been used
which all of the words (open- and closed-class) had been to argue that bilinguals use only one rhythmic segmenta-
replaced by pronounceable nonwords (acoustic sentences). tion cue. That is, native speakers of syllable-timed lan-
Additionally, ERPs were averaged across the entiresyntac- guages (e.g., French and Spanish) and mora-timed lan-
tic and acoustic sentences. guages (e.g., Japanese) do not learn to use the rhythmic

In the previous study with native English speakers [47], cues more appropriate for segmenting stress-timed lan-
nonwords in the syntactic sentences elicited a larger guages (e.g., English and Dutch), even if they acquire a
negativity between 400 and 800 ms (N400–800) over stress-timed language early in life.
anterior regions. In the comparison of sentence types, In contrast, more recent studies have suggested that
acoustic sentences elicited a larger negativity between 400 native French speakers who are fluent in Dutch do use
and 1200 ms (Sent400–1200) that was also largest over stress-pattern as a segmentation cue when processing
anterior regions. Although the specific cognitive functions Dutch [24]. Similarly, both native Spanish and native
that are being indexed by these components are unclear, Japanese late-learners of English have been shown to use
the effects likely reflect differences in syntactic processing. stress-pattern as a segmentation cue when processing
Furthermore, the fact that comparisons used to index English [47]. These studies suggest that bilingual speakers
semantic and syntactic processing resulted in distinct ERPs do learn more than one rhythmic segmentation cue.
in native English speakers indicates the comparisons are There are several possible reasons for the discrepancies
tapping different language systems. Therefore, they are in studies of bilingual speech segmentation. First, the two
appropriate measures of differences in plasticity between groups of studies employed different types of stimuli; the
semantic and syntactic subsystems. studies that found that bilinguals do not use segmentation
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cues absent in their L1 presented word lists, whereas the2 . Materials and method
studies showing bilinguals do learn other rhythmic seg-
mentation cues presented continuous speech. Second, both2 .1. Participants
of the studies showing that bilinguals learn other seg-
mentation cues were specifically measuring the acquisition Eighteen (11 female) right-handed native Japanese
of stress pattern as a segmentation cue. Perhaps the speakers between the ages of 19 and 28 (M522) partici-
acoustic properties that typically mark stress, including pated in this study. All of the subjects were born in Japan
loudness and length, are easier to perceive and use as and lived there until at least the age of 16. They all began
indications of word onset than other rhythmic cues such as learning English (from non-native speakers) in school in
syllables. A third possibility is that stress patterninfluences Japan around the age of 12. They were not fully exposed to
segmentation in speakers whose L1 is not stress-timed, but English spoken by native speakers until they moved to the
is not involved in the initial parsing of speech. Perhaps the United States between the ages of 16 and 20 (M517;10).
studies of Cutler and co-workers reflected only initial All participants had lived in the US for at least 3 years
parsing of speech based on L1 rhythmic segmentation cues (M54;3) and were proficient enough in English to com-
whereas the more recent studies tapped additional seg- plete university level classes. They were all University of
mentation processes reliant on multiple types of segmenta- Oregon students at the time of testing and were paid for
tion information. their participation.

The recent finding that ERP responses to word-initial
and word-medial sounds index speech segmentation in2 .2. Stimuli
native speakers [47] provides an approach to distinguish
among the possible explanations for the different outcomes The sentences used in this study were fully characterized
of the behavioral studies. In native English speakers, word previously [46,47] and will be described briefly here. The
onsets in continuous speech elicit a larger N100 than word-initial (N5360) and word-medial (N5360) syllables
word-medial syllable onsets matched on physical charac- employed for the word-onset comparison were matched on
teristics. If using continuous speech as stimuli is the phonemic content, loudness, length, and fundamental
important factor leading to different results in the be- frequency. The words in which these two types of syllables
havioral studies, non-native speakers should also have occurred were matched on written and spoken word
N100 word-onset effects when listening to continuous frequency, length, cloze probability, and position in the
speech. If stress is a particularly easy segmentation cue for sentences.
non-native speakers to learn, they should show both word- Additionally, half of the word-initial and half of the
onset effects and stress effects similar to those of native word-medial syllables were stressed; the other halves were
English speakers. If, however, non-native speakers do not unstressed. The stressed syllables were both louder and
use rhythmic segmentation cues absent in their L1 in initial longer than the unstressed syllables. The words that
segmentation of speech, they should show both differences contained the stressed and unstressed syllables were
in word-onset effects and stress effects. Therefore, we matched on frequency and cloze probability.
compared the ERPs elicited by word-initial and word- The different types of syllables were presented in three
medial syllable onsets as well as those elicited by stressed types of sentences: (1) normal English sentences (seman-
and unstressed syllables in native Japanese late-learners oftic), (2) sentences in which all of the open-class words had
English listening to the three types of sentences described been replaced with pronounceable nonwords (syntactic),
above. and (3) sentences in which all of the open-class words,

Previous studies have already shown that age of acquisi- closed-class words, and morphemes had been replaced
tion has larger effects on syntactic than semantic process- with pronounceable nonwords (acoustic). Each syntactic
ing. The measures of semantic and syntactic processing in andacoustic sentence was created by replacing words in
the present study were expected to add to that existing one of thesemantic sentences such that the prosody,
literature. However, the effects of age of acquisition and speech rate, and length of thesyntactic and acoustic
learning a language as an L1 or L2 on speech segmentation sentences matched those of thesemantic sentence on
are not well understood. The present study addresses that which they were modeled. Examples of the syllables,
issue using a new measure (ERP word-onset effects) that words, and sentences employed in this study are shown in
can distinguish between initial segmentation and sub- Table 1.
sequent re-segmentation of speech streams. Furthermore, it All sentences were digitized by a female native English
places results concerning non-native speech segmentation speaker. Syllable onsets were defined as the earliest point
in the same context as non-native semantic and syntactic at which evidence of the upcoming phoneme could be
processing. Just as differences in age of acquisition and heard in the sound file or seen in the spectograph. These
whether a language is learned as an L1 or an L2 are onsets were determined independently by two native
hypothesized to have different effects on semantic and English speakers. Only onsets for which the measurements
syntactic processing, they may show yet another pattern of of the two coders were within 10 ms were included in the
influence on speech segmentation. final stimulus set.
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2 .3. Procedure 3 .2. Semantic processing

The procedure employed in the present study was 3 .2.1. Word /nonword
identical to that reported for native English speakers [47]. To index lexico-semantic processing, responses to open-
ERPs were recorded from a 32-channel Electro-Cap while class words in thesemantic sentences and physically
subjects looked at a fixation point and listened to the 720 similar nonwords in thesyntactic sentences were compared
sentences presented in random order. After 10% of the (Fig. 1). The only effects of Word/Nonword were found
trials, subjects were asked to report if a specific word or on the mean between 150 and 600 ms (N400). There was a
nonword had been presented in the previous sentence. Word/Nonword by Hemisphere by Anterior /Posterior

ERPs were averaged to the beginning of each sentence interaction (F(5,85)57.33, P,0.001). An analysis of the
with a prestimulus baseline of 500 ms, and to specific four posterior—most rows of electrodes revealed a main
words and syllables within the sentences with a pre- effect of Word/Nonword (F(1,17)513.27,P,0.01). Dur-
stimulus baseline of 300 ms. Time-windows for ERP ing this time range, words elicited a larger negativity than
measurements were defined based on the results for native nonwords. Unlike for native English speakers, this effect
English speakers. The positive peak between 20 and 80 ms over posterior electrodes did not interact with Hemisphere.
(P50), the negative peak between 70 and 130 ms (N100) When native Japanese and native English speakers were
and the positive peak between 170 and 230 ms (P200) included in the same ANOVA with group as a between-
were measured for word/nonword onsets, sentence onsets, subjects factor, there was a Group by Word/Nonword
and syllable onsets. Additionally, mean amplitude between interaction (F(1,34)512.20, P,0.01). However, there
150 and 600 ms (N400) and between 400 and 800 ms were no differences in these two groups’ responses to
(N400–800) were measured across words and nonwords. words. Instead, a post-hoc comparison revealed that native
Mean amplitude between 400 and 1200 ms (Sent400– Japanese late-learners of English elicited a larger N400 to
1200) and between 1400 and 3000 ms (Sent1400–3000) nonwords than native English speakers (t(34)54.04, P,
were measured across sentences. Mean amplitude between 0.001).
200 and 300 ms (N200–300) was measured for syllables.

The results of these measures were analyzed with 3 .2.2. Across sentences
repeated-measures ANOVAs. Geisser-Greenhouse correc- The ERP responses to entiresemantic and syntactic
tions were applied. Responses tosemantic and syntactic sentences were also compared (Fig. 2). The native Japan-
sentences and the words and nonwords in them were ese speakers showed no differences in the responses to the
analyzed using four-factor ANOVAs: Sentence type auditory onsets of these two sentence types (P50, N100,
(semantic, syntactic) by electrode Hemisphere (left, right) and P200). However, there was a Sentence by Hemisphere
by electrode Laterality (lateral, medial) by electrode by Anterior /Posterior interaction on the mean amplitude
Anterior /Posterior position (six levels). Responses to between 1200 and 3000 ms (F(5,85)512.90, P,0.001).
syntactic andacoustic sentences were compared using the When the posterior three rows of electrodes were included
same design. Syllable effects were analyzed using a six- in an analysis, both a main effect of Sentence (F(1,17)5
factor ANOVA: Position (word initial, word medial) by 8.50,P,0.01) and a Sentence by Hemisphere interaction
Stress (stressed, unstressed) by Sentence type (semantic, (F(1,17)55.81, P,0.05) were found. Between 1200 and
syntactic, acoustic) by Hemisphere by Laterality by An- 3000 ms,semantic sentences elicited a larger negativity
terior /Posterior. To directly compare the ERPs of native over posterior electrodes. This Sentence type effect was
and non-native speakers, the responses from this study and larger over the right hemisphere.
those from the previous study of monolingual English Additionally, over the anterior three rows of electrodes,
speakers were included in the same ANOVAs with Group syntactic sentences elicited a larger negativity thanseman-
as a between-subjects factor. Additionally ANOVAs were tic sentences (F(1,17)56.29,P,0.05). As with the native
conducted for subsets of electrodes as motivated by English speakers, this anterior Sentence effect did not
interactions of Group, Sentence type, Position, or Stress interact with Hemisphere. When both groups of subjects
with any of the electrode position factors. were included in the same ANOVA, there were no main

effects of Group or interactions including Group.

3 . Results 3 .3. Syntactic processing

3 .1. Behavior 3 .3.1. Nonword /nonword
Unlike the comparisons for lexico-semantic processing,

All subjects responded correctly to at least 95% of the the comparisons for syntactic processing were not similar
item recognition questions for all three sentence types for native English speakers and native Japanese late-lear-
(semantic: M599%; syntactic: M599%; acoustic: M5 ners of English. Native Japanese speakers showed no
97%) indicating that subjects were paying attention to all differences in the responses to nonwords presented in the
of the stimuli. syntactic sentences and nonwords presented in theacoustic
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Fig. 1. ERPs to the onset of open-class words in thesemantic sentences and nonwords in thesyntactic sentences. Shaded areas indicate the electrodes
included in the ANOVA for which there was a main effect of Word/Nonword on N400 responses. Native and non-native speakers showed similar
responses to words; non-native speakers showed larger N400s than native speakers to nonwords.

sentences (Fig. 3). There was a Group by Nonword- Sent1400–3000) shown in Fig. 4. With Group as a
syntactic /Nonword-acoustic by Anterior /Posterior inter- between-subjects factor, Group interacted with Sentence
action on the N400–800 (F(5,170)510.55, P,0.001). type (F(1,34)55.31, P,0.05), and Group interacted with
When only the electrodes sites showing an N400–800 Sentence type and Anterior /Posterior (F(5,170)59.33,P,
effect for the native English speakers (left anterior elec- 0.001) for the Sent400–1200 measure.
trodes) were included in an analysis, a Group by Nonword-
syntactic /Nonword-acoustic interaction was found 3 .4. Speech segmentation
(F(1,34)515.58,P,0.001).

3 .4.1. Word-onset effects
3 .3.2. Across sentences The responses evoked by word-initial and word-medial

Furthermore, native Japanese speakers showed no differ- syllables matched on physical characteristics were com-
ences in the responses to the entiresyntactic and acoustic pared as a measure of speech segmentation (Fig. 5). Unlike
sentences (for P50, N100, P200, Sent400–1200, nor the native English speakers who showed enhanced N100
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Fig. 2. ERPs tosemantic and syntactic sentences. Shaded areas indicate the sites included in the ANOVA that showed a main effect of Sentence type
between 1400 and 3000 ms. At posterior sites over the right hemispheresemantic sentences elicited a larger negativity; at anterior sitessyntactic sentences
elicited a larger negativity.

and N200–300 amplitude to word onsets, native Japanese amplitude were analyzed separately for each sentence type.
late-learners of English did not show any differences in the In the native Japanese speakers, position had no effect on
P50, N100, or N200–300 responses to these two types of N100 or peak-to-peak amplitude between 20 and 120 ms
stimuli. When both groups were included in the same for thesemantic, syntactic, or acoustic sentences.
ANOVAs, a Group by Position interaction was found on
both the N100 (F(1,34)57.41,P,0.05) and the N200–300 3 .4.2. Stress effects
(F(1,34)512.33,P,0.01) components. As previously reported, native English speakers show

For native English speakers, word-onset effects inter- larger N100 and N200–300 amplitude in response to
acted with sentence type. Specifically N400s elicited by stressed as opposed to unstressed syllables. The native
words in thesemantic sentences affected the N100 am- Japanese late-learners of English did not show any stress
plitude elicited by word-medial syllables [47]. To be effects on the N100 (Fig. 6). A Group by Stress interaction
certain the same was not true for native Japanese speakers, was found for this component (F(1,34)58.83,P,0.01). In
both N100 amplitude and the difference in P50 and N100 contrast, native Japanese speakers did show a larger N200–
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Fig. 3. ERPs to nonwords in thesyntactic sentences and nonwords in theacoustic sentences. Non-native speakers did not show any differences in the
responses to these two types of stimuli.

300 response to stressed syllables (F(1,17)58.37, P,05). speech segmentation. ERP indices of each of these types of
This effect was widely distributed across electrodes. language processing found for native English speakers
Unlike for native English speakers, there was no Stress by were measured in native Japanese speakers who learned
Anterior /Posterior interaction on the N200–300. However, English after the age of 12. The data suggest that semantic
there were also no Group by Stress nor Group by Stress by processing was relatively unaffected by differences in
Anterior /Posterior interactions for N200–300 amplitude. language experience, whereas syntactic processing and

speech segmentation were greatly impacted.

4 . Discussion
4 .1. Semantic processing

The present study addressed the hypothesis that differ-
ences in language experience (age of acquisition and For each of the comparisons of lexico-semantic process-
learning a language as an L1 or L2) would differentially ing (word/nonword andsemantic /syntactic sentences),
affect semantic processing, syntactic processing, and native Japanese late-learners of English showed ERP
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Fig. 4. ERPs tosyntactic andacoustic sentences. Unlike native speakers, non-native speakers showed no differences in the responses to these two types of
stimuli.

effects that were remarkably similar in both timing and nonword items. However, they were clearly affected by the
distribution to those previously found in native English presence of previous nonwords in thesyntactic and
speakers. Open-class words in the semantic sentencesacoustic sentences. When nonwords are unexpected, they
elicited N400s over posterior electrode sites for both have been shown to elicit larger N400s than words
groups. For native English speakers, it was hypothesized [18,27,28,45,54], which was not the case for native
that N400s were not elicited by nonwords since they were Japanese speakers in the present study. Non-native speak-
presented in sentences containing many other nonwords ers did not show evidence of a negativity elicited by
[47]. We reasoned that when listeners could predict that nonwords over left anterior electrode sites, as native
upcoming items were likely to be nonwords they would English speakers did. However, this effect also failed to
not conduct lexical searches. The difference in the N400 replicate in a different group of native English speakers
response to words and nonwords was smaller for non- [47]. Therefore, its absence in the present study should not
native speakers; as the N400 elicited by nonwords was be interpreted as an effect of language experience.
larger for this group. This finding suggests that non-native The native Japanese and native English speakers showed
speakers were attempting lexical searches for some of the the same effects of sentence type for thesemantic and
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Fig. 5. ERPs to word-initial and word-medial syllable onsets. Non-native speakers showed no word-onset effects.

syntactic sentences. Semantic sentences elicited a larger4 .2. Syntactic processing
negativity between 1400 and 3000 ms over right posterior
electrodes in both groups. Additionally, both native and Non-native speakers did not show any of the effects
non-native speakers showed sentence type effects over associated with syntactic processing in native English
anterior regions. For the native English speakers, this speakers. There were no differences in the responses to
difference was interpreted as reflecting the greater effort sentences comprised entirely of nonwords and those that
required to remember nonwords than words in order to contained several closed-class words. This suggests the
answer the questions asked after some of the sentences. If non-native speakers were not using the closed-class words
non-native speakers were processing lexical information in to process the syntactic structure of the sentences. A direct
similar ways, they would also be expected to need greater comparison of the ERPs evoked by closed-class words in
effort to remember then nonwords as well. The fact that native and non-native speakers was not possible in this
both groups showed the same ERP effects across these study since most of the closed-class words had very short
sentence types suggests this was the case. durations in the continuous speech stimuli. However,
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Fig. 6. ERPs to stressed and unstressed syllables. Non-native speakers showed no differences in N100 amplitude in response to these two types of stimuli.
Shaded areas indicate electrodes included in the ANOVA resulting in a main effect of stress on mean amplitude between 200 and 300 ms (N200–300).

previous studies employing visual stimuli have shown that word-initial and word-medial syllables within 300 ms after
native speakers and late-learners of a language show onset. Even though results from previous behavioral
different ERP responses to closed-class words [37,53]. studies indicate that native and non-native speakers use

some of the same segmentation cues [24,48], data from the
4 .3. Speech segmentation present study indicate they do not use these segmentation

cues in the same ways and/or in the same timeframe.
There was evidence that the non-native speakers in the The fact that non-native speakers do not show evidence

present study were segmenting speech; N400s were time- of the N100 word-onset effect provides some information
locked to the onset of words in thesemantic sentences and about the nature of those word-onset effects found for
participants successfully responded to questions about native speakers (see Sanders and Neville [47] for details).
specific words and nonwords after the sentences. However, Specifically, if early word-onset effects index physical
they did not show any differences in the responses to differences in the stimuli (of either word-initial and word-
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medial syllables or the sounds that precede them), both segmentation. Differences in language experience may not
native and non-native speakers should show these effects. only affect speech segmentation to a different extent than
The absence of an N100 word-onset effect in late-learners semantic or syntactic processing, but also affect different
of a language suggests it indexes language-related pro- aspects of speech segmentation to different extents. Dif-
cesses (e.g., speech segmentation) rather than purely ferential impacts of language experience within a
acoustic processing. subsystem of language have also been found for syntactic

Given that native and non-native speakers do not processing [51].
segment speech in an identical manner, it was interesting What do these studies of bilingual speakers reveal about
to explore the ERP responses to segmentation cues. language processing in general? Language is clearly not
Specifically, stress as indicated acoustically by loudness processed by a uniform system that either is or is not
and length differences, has been shown to be an important dependent on and modified by experience. Instead, some
segmentation cue for native English speakers [12,13,46]. aspects of language processing may require certain types
Additionally, stressed (longer and louder) syllables elicited of experience at specific points in development, whereas
larger N100s and N200–300s in native English speakers other aspects may be equally affected by experience
[47] similar to the exogenous stress effects found for throughout life. The existence of a sensitive period for
native Dutch speakers [6]. A comparison of the responses language acquisition continues to be debated in the litera-
to stressed and unstressed syllables can distinguish be- ture with some researchers concluding biological con-
tween the hypotheses that native and non-native speakers straints are a likely explanation for age of acquisition
process stress in the same ways, though they do not use it effects [25,29,30,34,39,52] and others arguing that cogni-
to segment speech in the same manner and that native and tive factors account for these age effects [2,3,5,21–23].
non-native speakers do not even process the acoustic However, as some of these studies point out, age of
characteristics associated with stress in the same ways. In acquisition effects are not equivalent in different
the present study, native Japanese late-learners of English subsystems of language. Therefore, it will be important to
showed the later (N200–300), but not the earlier (N100) continue to investigate sensitive period effects for
stress effect. This is somewhat surprising considering subsystems within language, or even specific processes
N100 has been shown to index physical characteristics of within the subsystems, to characterize the impact of
auditory stimuli, including loudness (e.g., Refs. [43,44]). differences in language experience on language processing
The native Japanese speakers did show normal auditory and the cortical organization of language.
onset ERP components to the sentence onsets, so there is
no reason to believe they were not processing acoustic
information. Instead, the lack of N100 loudness effects to A cknowledgements
sounds in continuous speech suggest that the non-native
speakers were not processing the acoustic differences as We thank Y. Yamada for help running experiments and
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