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Chinese-English Bilinguals Reading English Hear Chinese
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1School of Psychology, Bangor University, Bangor LL57 2AS, United Kingdom, and 2Economic and Social Research Council Centre for Research on
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Bilingual individuals have been shown to access their native language while reading in or listening to their other language. However, it is
unknown what type of mental representation (e.g., sound or spelling) they retrieve. Here, using event-related brain potentials, we
demonstrate unconscious access to the sound form of Chinese words when advanced Chinese-English bilinguals read or listen to English
words. Participants were asked to decide whether or not English words presented in pairs were related in meaning; they were unaware of
the fact that some of the unrelated word pairs concealed either a sound or a spelling repetition in their Chinese translations. Whereas
spelling repetition in Chinese translations had no effect, concealed sound repetition significantly modulated event-related brain poten-
tials. These results suggest that processing second language activates the sound, but not the spelling, of native language translations.

Introduction

In the past decade, research on bilingual language processing has
been marked by the discovery of cross-language interactions:
When a bilingual processes one language, information in the
other language is simultaneously accessed. Although evidence of
nontarget language activation has been found during reading
(Dijkstra et al., 1999, 2000b), listening (Spivey and Marian,
1999), and speech production (Colome, 2001; Jared and Kroll,
2001; Jared and Szucs, 2002), the nature of the information (e.g.,
spelling, sound, or meaning) that is accessed is undetermined.
This is because previous studies have mostly focused on the spell-
ing as the base of native language access (Dijkstra et al., 1998,
2000a; Van Heuven et al., 1998; De Groot et al., 2000). For exam-
ple, bilingual performance in L2 has been shown to be differen-
tiated by words that share spellings with translations in L1 (i.e.,
interlingual homographs or cross-language neighbors). The logic
is that, if bilingual language processing is language-selective, bi-
lingual participants’ responses should be insensitive to words that
can be read in two languages (e.g., stem meaning “voice” in
Dutch), compared with words that are language specific. So far,
experimental psychology and event-related potential (ERP) stud-
ies have provided compelling evidence that bilinguals are sensi-
tive to the interlingual status of homographs across a range of
tasks (Beauvillain and Grainger, 1987; Andrews, 1997; Elston-
Giittler et al., 2005; Kerkhofs et al., 2006), suggesting the access to
the spelling of native language translations.

Motivated by the theoretical viewpoint that the sound of
words plays an important role in visual word recognition (Frost,
1998; Jared et al., 1999), a few studies have attempted to deter-
mine the magnitude of phonological activation in L1 during L2
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word processing. In the same vein as interlingual homograph
studies, such studies have made extensive use of interlingual ho-
mophones. In lexical decision tasks, for instance, bilingual par-
ticipants display increased reaction time and error rate to words
that sound the same in their two languages (Doctor and Klein,
1992; Dijkstra et al., 1999). Dijkstra et al. (1999) proposed that
such inhibitory effects were attributable to competition between
phonological representations in the target and nontarget lan-
guages, which are activated in parallel. Interestingly, other studies
have reported facilitation effects for interlingual homophones
using the same type of experimental tasks (Brysbaert et al., 1999;
Lembhofer and Dijkstra, 2004).

One drawback of previous studies is that using words from
two languages in the same experiment creates an artificial bilin-
gual context, in which bilinguals are likely to activate lexical in-
formation from both their languages in parallel (Grosjean, 1998).
Furthermore, the relative interdependence between spelling and
sound naturally occurs in most European languages that have
strong alphabetical overlap and similar grapheme—phoneme cor-
respondence rules (Dijkstra et al., 1999; Schwartz et al., 2006).
For instance, the word “roof,” which is spelled the same in both
English and Dutch, also sounds very close in the two languages
([ru:f] vs [ro:f]). Similarly, words that sound the same in two
languages often have substantial overlap in spelling (e.g., leaf vs
“lief” in Dutch). Hence, the relative contribution of spelling and
sound in cross-language interactions is difficult to tease apart.

Materials and Methods

The implicit priming paradigm. Chinese, unlike English and other alpha-
betic languages, features no systematic correspondence between spelling
and sound, and vice versa. We asked proficient Chinese—English bilin-
guals to judge whether or not English words presented in pairs were
related in meaning (Table 1). Participants were unaware that some of the
unrelated English words concealed either a sound or spelling repetition
via translation in Chinese. Although the relatedness judgment task guar-
anteed access to meaning, testing participants exclusively in English pre-
vented artificial coactivation of Chinese. Any effect of spelling and/or
sound repetition in Chinese would then reveal implicit access to the
native language during second language processing. We also tested native
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Table 1. Examples of stimuli used in the semantic-relatedness tasks
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Character repetition in Chinese (implicit)

Sound repetition Spelling repetition

Semantic relatedness (explicit)

Semantically related Unrelated

Accountant — Conference
Kuai Ji— Hui i
2t — 2
SRE, 1.67 (0.21)

SRC, 1.23 (*0.53)

Experience — Surprise
JingYan — Jing Ya
20— vk
SRE, 1.60 (*0.22)
SRC, 1.16 (*0.54)

Heaven — Hell
Tian Tang — Di Yu
R — HUR
SRE, 4.62 (*0.41)
SRC, 4.24 (*0.33)

Sports — Wealth
TiYu—GaiFu

=4
NSRRI
SRE, 1.51(%0.20)
SRC, 1.18 (0.24)

Each cell contains one example of an English word pair used in the semantic-relatedness task, its simplified Chinese translation, the corresponding Chinese Pin Yin (alphabetic transposition of the phonological form), and the mean semantic
relatedness of the words in English (SRE) and Chinese (SRC). SD of the mean relatedness is given in parentheses. SRE of word pairs was rated on a scale from 1to 5 by a group of 25 native English speakers, and the Chinese translations (SRC)

were rated by a group of 27 native Chinese speakers. None of the evaluators was involved in the ERP experiments.

Difference in semantic relatedness was highly significant between semantically related word pairs and other conditions ( p << 0.0001 for all pairwise comparisons), but there was no difference in semantic relatedness induced by either
phonological or orthographic repetition in Chinese, whether it was hidden (English) or visible (Chinese) ( p > 0.1 for all pairwise comparisons).

English and native Chinese control participants. Native speakers of En-
glish were expected to show the same effect of relatedness in meaning
between words as bilinguals and no effect of spelling or sound repetition
given their ignorance of Chinese. Native speakers of Chinese were pre-
sented with a Chinese version of the experiment and perceived spelling
and sound repetitions explicitly. We used the repetition effect in the latter
group as a guideline to interpret effects in the bilingual group.

Participants. A total number of 90 participants, 30 native English
speakers, 30 native Chinese speakers, and 30 Chinese—English bilinguals
volunteered for the experiment. All had normal or corrected-to-normal
vision and self-reported normal hearing. They gave written consent to
take part in the experiments that were approved by the ethics committee
of the University of Wales. Participants were controlled for age (20-27
years), level of education (undergraduate and master students), and
handedness (right) across groups. The bilingual participants were first
exposed to English at the age of 12; by the time of testing, they were
studying at a British university and had lived in the United Kingdom for
a mean of 21.3 months (#3.25). All bilinguals used English in their
everyday life and had an English proficiency score of 6 or 6.5 as measured
by the International English Language Testing System (IELTS) (www.
ielts.org/test_takers_information/what_is_ielts.aspx). The IELTS exam-
ination equally covers four fundamental language abilities (i.e., reading,
listening, writing, and speaking). The maximum score being 9, the ma-
jority of candidates obtained between 4 and 7, 6.5 being what most
English-speaking institutions require for non-native speakers.

Stimuli. The 180 word pairs used were controlled across experimental
conditions for lexical frequency, word concreteness, average numbers of
letters and phonemes (Coltheart, 1981), and the level of semantic relat-
edness as rated by independent groups of native English and Chinese
speakers. The repeated Chinese character, either orthographically or
phonologically identical, always appeared in the same position within a
word pair (Table 1). To avoid possible eye movements during the reading
experiment, no English word had >11 letters and all Chinese translations
featured two Chinese characters. To verify the Chinese translations used
in the experiment, another group of 12 Chinese postgraduate and under-
graduate students from Bangor University performed a translation task.
These participants were randomly drawn from the same population as
the bilingual participants tested in the study to minimize the differences
attributable to levels of proficiency and everyday use of English. The “first
translation” method (Tokowicz and Kroll, 2007) was used, in which
participants provide the first translation that comes to their mind and
cannot change their responses. If they did not know the translation of a
given word, they were to skip that item. The responses in the question-
naire were then checked against translations used in the experiment,
which were guided by an English—Chinese dictionary (XinHua English—
Chinese Dictionary, 2002). In all conditions, participants generated
>96% corrected translations, and there were no significant differences
between conditions.

Tasks. Participants viewed two blocks of 90 word pairs presented in a
pseudorandomized order. After a prestimulus interval of 200 ms, the first
word was flashed for 500 ms at fixation followed by the second word after
a variable interstimulus interval of 500, 600, or 700 ms. In the listening
experiment, the average length of English words was 4.7 = 2 phonemes.
There were no significant differences in the number of phonemes in

pairwise comparisons between conditions (all values of p < 0.1). Partic-
ipants heard digitized words pronounced by a native female speaker of
English or Chinese. Prime words were presented within a 1000 ms time
window followed by a target word after a variable interval of 500, 600, or
700 ms. No word was repeated in either of the studies. Participants were
instructed to indicate whether the second word was related in meaning to
the first by pressing keys. Response sides were fully counterbalanced
between blocks and participants. At the end of each experiment, the
participant was asked whether they had noticed any associations between
the prime and target words other than the apparent semantic relatedness.
They were specifically encouraged to consider both the English words
and their Chinese translations. What we found was that none of the
participants was able to report either the phonological or the ortho-
graphic repetition in Chinese translations and all of them were surprised
when this implicit manipulation was revealed to them.

ERP recording. Electrophysiological data were recorded in reference to
Czatarate of 1 kHz from 64 Ag/AgCl electrodes placed according to the
extended 10-20 convention. Impedances were kept <5 k(). Electroen-
cephalogram activity was filtered on-line bandpass between 0.1 and 200
Hz and refiltered off-line with a 25 Hz, low-pass, zero-phase shift digital
filter. Eye blinks were mathematically corrected, and remaining artifacts
were manually dismissed. There was a minimum of 30 valid epochs per
condition in every subject. Epochs ranged from —100 to 1000 ms after
the onset of the second word. Baseline correction was performed in ref-
erence to prestimulus activity, and individual averages were digitally re-
referenced to the global average reference. ERP data were collected
simultaneously to behavioral data.

ERP data analysis. Peak detection was performed automatically, time-
locked to the latency of the peak at the electrode of maximal amplitude
on the grand-average ERP. Temporal windows for peak detection were
determined based on variations of the global field power measured across
the scalp (Picton et al., 2000). Mean ERP amplitudes were subjected to a
repeated-measures ANOVA with semantic relatedness (related/unre-
lated), character repetition (repeated/ unrepeated), and electrode (63 levels)
as within-subject factors, and group as between-subject factor (native En-
glish controls/Chinese—English bilinguals) using a Greenhouse—Geisser
correction where applicable. We also analyzed ERP data by means of
pairwise millisecond-by-millisecond comparisons between conditions
considered significant when differences were above threshold ( p < 0.05)
for >30 ms over a minimum of six clustered electrodes. Topographical
analyses were based on mean amplitudes measured over 63 electrodes
distributed over the entire scalp. Between-group comparisons involved
calculating main-effect contrasts (semantically unrelated—semantically
related and no character repetition—character repetition) and differences
in mean amplitudes were entered into a between-subject repeated-
measures ANOVA with 63 levels of electrodes. Interactions involving the
electrode factor were controlled by using within-condition vector nor-
malization (McCarthy and Wood, 1985).

Results

Behavioral results show no evidence of cross-language interac-
tions. In the reading experiment, a significant main effect of con-
dition was found in the English control participants on both the
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reaction times (RTs) (F; 4, = 3.33;p < A

0.05) and the error rates (F; 4,y = 6.75; 1400
p < 0.001). Post hoc analysis revealed that 1200
semantically related word pairs were re- ~ Reading

sponded to faster than other conditions
(p <0.05). No effect of repetition in Chi-
nese was found in this group whether
through spelling or sound repetition (all
values of p > 0.1). The effect on error rates
was attributable to an increase of the pro-
portion of error for semantically related g 1400
word pairs compared with other condi- -
tions (all values of p < 0.05). The same  Listening
pattern of reaction time (F; 4,y = 18.38;

p < 0.001) was found in the Chinese-En-

glish bilingual participants: semantically

Mean Reaction Time (ms)

related word pairs were responded to
faster than semantically unrelated word

Mean Reaction Time (ms)

1200 ’7

1000 70 1000 70 1000 70
800 80 % 800 o0 800 %
50 j 50 y 50
600 e 600 0 600 i
400 20 400 30, 400 0
20 20 20

200 200 200
10 10 10
pairs (all values of p < 0.001), and there 0 0 0 0 0 0

o
were no effects of spelling or sound repe-

titions concealed in Chinese translations
(all values of p > 0.1). Finally, no effect of
experimental condition was found on er-
ror rates in the Chinese—English bilinguals
(Fisaz) = 0.36; p > 0.1).

In the Chinese control participants
reading Chinese translations of the English words, there was a
significant effect of condition on reaction times (F(; 4,, = 11.29;
p < 0.001) and a marginally significant effect on error rates
(F3,42) = 2.4; p = 0.08). However, the effect on reaction times
was not attributable to semantically related words eliciting
shorter RTs, but rather to sound repetition in Chinese eliciting
longer RTs compared with other conditions (Fig. 1 A) (all values
of p < 0.01). With regards to error rates, unrelated word pairs
yielded significantly higher error rates than word pairs featuring a
spelling repetition in Chinese ( p < 0.05), and no other difference
was significant (all values of p > 0.1).

The same overall pattern of behavioral performance prevailed
in the listening experiment. English control participants (F(; 45, =
9.02; p < 0.001) and Chinese—English bilinguals (F; 4, = 23.98;
p < 0.001) all displayed the effect by semantic relatedness on
reaction times. No effects of repetition in Chinese were observed
in either of the two groups (all values of p > 0.1). The effect on
error rates in the native English participants (F; 4,, = 23.33;p <
0.001) was again attributable to a significant increase in the num-
ber of errors made for semantically related word pairs (all values
of p <0.01), and no such effect was found in the Chinese—English
bilinguals (all values of p > 0.1).

In the Chinese control participants, sound repetition in Chi-
nese words significantly affected reaction times (F; 4,y = 4.55 p <
0.05) such that word pairs featuring a sound repetition were re-
sponded to slower than word pairs in all other conditions (Fig. 1 B)
(all values of p << 0.05). Unlike in the visual experiment, however, a
significant effect on error rate was found (F; 4,y = 9.11; p < 0.01)
between spelling and sound repetition on the one hand and seman-
tically related and unrelated word pairs on the other, such that rep-
etition priming reduced error rates (all values of p < 0.01).

Figure 1.

ERPs dissociate activation in the sound from that of spelling
in Chinese

In the reading experiment, a significant main effect of experi-
mental condition was found in all three groups of participants. In
the native English control participants (F;,,) = 49.61; p <
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Reaction times (bars; left axis) and error rates (bullets; right axis) for the English control group, the Chinese—
English bilinguals, and the Chinese control group in reading (4) and listening (B) experiments. Conditions in which the
English word pairs were semantically related, shared a phonological repetition or an orthographic repetition in Chinese
translations, and unrelated are labeled S, P, 0, and U, respectively. The stars indicate significant differences ( p << 0.05).
Error bars depict SEM in all cases.

0.001), post hoc analysis (least significant difference) revealed a
significant difference in mean ERP amplitudes between the se-
mantically related and semantically unrelated conditions begin-
ning at 300 ms after stimulus ( p < 0.001). Semantically related
word pairs elicited reduced main amplitude in the N400 range
compared with unrelated word pairs. A similar pattern of result
was found in the Chinese bilinguals (F(; ,,, = 27.54; p < 0.001),
although the time course of the effect was more transient than in
the English controls. Chinese control participants (F; 4,y = 5.22;
p < 0.05) who read the Chinese translations also showed a pro-
longed effect of semantic relatedness on mean ERP amplitude in
the same direction. There was no significant variation in the scalp
topography of these effects across groups.

The hidden sound repetition in Chinese translations had no
effect in the English control participants ( p > 0.1). In compari-
son, Chinese-English bilinguals showed a significant effect of
sound repetition in Chinese translations while reading English
words: Mean N400 amplitude was reduced for English word pairs
that involved a sound repetition in Chinese translations com-
pared with word pairs that shared spelling repetition in Chinese
and unrelated word pairs (all values of p < 0.01) (Fig. 2A). This
sound repetition effect, which appeared within the N400 tempo-
ral window of semantic effects (i.e., between 310 and 420 ms),
explains the significant condition-by-group interaction (F, 55, =
3.91; p < 0.05) that was found between native English partici-
pants and Chinese—English bilinguals, the two groups that were
both exposed the English stimuli.

In the native Chinese control participants, the same pattern of
sound repetition effect was found as that seen in the bilinguals.
Compared with the unrelated condition, overt repetition in the
sound of Chinese characters reduced ERP amplitude between 260
and 510 ms ( p < 0.001), but the amplitude modulation induced
by semantic relatedness was greater and more durable than that
elicited by character repetition, mirroring the pattern found in
Chinese—English bilinguals as well as its topographical distribu-
tion. With regard to the spelling repetition in Chinese transla-
tions, ERPs of the English control participants were insensitive
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Figure2. ERPresultsforthe English control group, the Chinese—English bilinguals, and the Chinese control group in reading (4)

and listening (B) experiments. Waveforms depict brain potential variations from six electrodes (FC1, FC2, F(z, (1, 2, (z). The
schematic head shows electrode locations. The shaded areas represent significant differences between conditions (e.g., p << 0.05)

over a minimal period of 30 ms.

to this manipulation (p > 0.1), showing a pattern of varia-
tions comparable with the baseline comparison of the unre-
lated word pairs. Critically, the Chinese—English bilinguals who
reacted to implicit sound repetitions in Chinese were insensitive
to implicit spelling repetitions ( p > 0.1). However, explicit rep-
etition in the visual form of Chinese characters modulated ERP
amplitude in Chinese control participants: Mean ERP amplitude
was significantly reduced between 250 and 660 ms ( p < 0.05)
when Chinese controls read Chinese target words that shared one
character with the prime words compared with target words that
were unrelated to the prime words.

Listening to and reading words

yielded the same qualitative results in bilinguals

In the listening experiment, a semantic relatedness effect was
found in all three groups of participants (Fig. 2 B). In the native
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English control participants, semantically
related word pairs elicited smaller N400
amplitude than unrelated word pairs
(p < 0.0001), and this difference was
found to be the only explanation for the
difference between the four experimental
conditions (F 4,, = 8.71;p < 0.001). The
Chinese-English bilinguals (F;,,, =
5.23; p < 0.05) and Chinese control par-
ticipants (F5 4, = 12.77; p < 0.001)
showed the same pattern of semantic ef-
fect (all values of p < 0.05).

In the native English control partici-
pants, no difference was found between
word pairs that featured a sound repetition
in Chinese translations and pairs of unre-
lated words (p > 0.1). In the Chinese—
English bilinguals, however, the same
comparison revealed a significant differ-
ence. Implicit sound repetition in Chinese
translations reduced mean ERP ampli-
tude between 360 and 450 ms compared
with words pairs that involved a spelling
repetition in Chinese and were unrelated
(all values of p < 0.05), accounting for the
significant condition-by-group interac-
tion (F(, 5 = 4.17; p < 0.05). In the na-
tive Chinese control participants, again,
explicit overlap in the sound of Chinese
significantly modulated the N400 am-
plitude between 240 and 500 ms (p <
0.05).

When comparing word pairs that fea-
tured a spelling repetition in Chinese
translations with unrelated word pairs, no
difference was found in either Chinese—
English bilinguals or Chinese control par-
ticipants (all values of p > 0.1). ERP
waveforms of the two conditions over-
lapped closely throughout the analysis
window. In the Chinese control partici-
pants, in particular, auditory presentation
of Chinese words did not trigger spelling
repetition priming, contrasting with the
significant effect of spelling repetition in
the reading experiment.

Chinese Controls

13 19 %%
19 19 13

Chinese Controls

Discussion

In the present study, for the first time, we specify the nature of
native language information— orthography or phonology—that
is spontaneously accessed when bilingual individuals read or lis-
ten to their second language. This was achieved by examining
brain potentials elicited by English word pairs that concealed
independently spelling or sound repetition in their Chinese
translations. Although previous studies have failed to fully disso-
ciate these two factors because of the intrinsic links between spell-
ing and sound in alphabetic writing systems, the study of
Chinese—English bilinguals using an implicit priming paradigm
via L1 translations offers an ideal context in which the contribu-
tion of each of the two factors can be tested separately.

Behavioral results collected during ERP recording seemed to
indicate that Chinese—English bilinguals are insensitive to the
implicit manipulations in Chinese in either the visual or the au-
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ditory modality. Semantically related word pairs yielded faster
reaction times in the Chinese—English bilinguals and both the
control groups. This effect might be attributable to the fact that
positive responses are made faster than negative ones. However,
despite an overall increase in response latency and error rates
compared with native English participants, Chinese—English bi-
linguals displayed a “native-like” pattern of performance without
obvious signs of L1 activation when processing L2 words.

By contrast, when Chinese control participants read in and
listened to words presented in Chinese, sound repetition induced
a significant increase in reaction time, that is, a negative priming
effect. Such effect was not seen for spelling repetition, which
suggests that lexical access in Chinese spontaneously activates
phonological codes and that it interferes with semantic decision
processes (Frost, 1998). The absence of such an effect in the bi-
lingual participants replicates results of our previous study in
which repetitions in Chinese translations involved both spelling
and sound (Thierry and Wu, 2007).

The analysis of the ERP data revealed priming effects that were
invisible in the behavioral data of bilingual participants. In the
reading experiment, Chinese—English bilinguals showed a signif-
icant priming effect by sound repetition in Chinese translations
in the form of amplitude reduction at the N400 component.
However, no effects were found for spelling repetition via trans-
lation in L1. Given that (1) bilingual participants were unable to
report the hidden character repetition in Chinese translations at
debriefing, and (2) behavioral data failed to show in bilinguals the
interference pattern observed in Chinese controls, it is likely that
access to L1 was unconscious in bilinguals tested in L2 (see Ma-
terials and Method). The N400 modulation was of greater mag-
nitude and lasted longer for semantic relatedness than implicit
sound repetition. This ERP priming profile is consistent with that
of the classical N400 known to index semantic integration (Kutas
and Hillyard, 1980, 1984), but also phonological and ortho-
graphic priming during word comprehension (Grainger et al.,
2006; Holcomb and Grainger, 2006).

Results from the English and Chinese control participants
confirmed the interpretation of the N400 modulation as a conse-
quence of accessing phonological representations in L1. Native
English speakers responded only to semantic priming. This
shows that (1) the experimental task (i.e., semantic relatedness
judgment) oriented participants onto the processing of word
meaning as planned, and (2) the implicit manipulation in Chi-
nese did not introduce spurious semantic or lexical differences
between conditions in the English material.

Chinese control participants who read Chinese words showed
a priming effect of explicit sound repetition very similar in mag-
nitude and duration to that found in Chinese—English bilinguals
reading English words, but smaller and less durable than the
semantic priming effects. The latter pattern is consistent with
previous reports of weaker variations in the N400 range elicited
by orthographic and/or phonological overlap between words
compared with semantic relationships (Rugg and Barrett, 1987;
Perrin and Garcia-Larrea, 2003; Thierry and Wu, 2007). More-
over, the similar profile of sound repetition priming in Chinese
across participant groups suggests that the modulation of the
N400 reflects the same mechanism whether priming is explicit or
implicit.

Bilingual word processing was further examined in a replica-
tion of the visual experiment in the auditory modality. Experi-
mental psychology has made a case for the activation of spelling
representations during spoken word processing in monolinguals
(Ziegler and Ferrand, 1998; Perre and Ziegler, 2008). For in-
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stance, words that end with a consistent rhyme (e.g., /AK/ sound-
ing like “uck”) are recognized faster and more accurately than
those that end with an inconsistent rhyme (e.g., /alt/ can be
spelled as “ight,” “ite,” or “yte”) during spoken word recognition
(Ziegler and Ferrand, 1998). Recent ERP studies have described
an electrophysiological correlate of orthographic consistency
within the N400 window in a lexical decision task (Perre and
Ziegler, 2008) and in a semantic categorization task when partic-
ipants are not encouraged to access the spelling of words strate-
gically (Pattamadilok et al., 2009). Since auditory perception of
words can be influenced by spelling in monolinguals, it remains
theoretically plausible that listening to words in L2 may be asso-
ciated with implicit activation of the spelling of L1 translations.

However, the results of our auditory experiment excluded this
possibility, because we found evidence for the activation of L1
sound forms but not spelling representations in both the listening
and the reading experiments.

Even in the case of native Chinese participants listening to
Chinese words, the overt perception of a repeated Chinese char-
acter failed to elicit significant priming based on spelling. This
suggests that the repetition priming via Chinese spelling found in
the reading experiment reflects a modality-specific, bottom-up
process in visual word recognition. By contrast, the robustness of
sound priming effects across modalities in both the Chinese con-
trol and the Chinese—English bilingual groups suggests that acti-
vation of sound representations is a spontaneous correlate of
language processing, whether individuals process their second
or their native language. This idea is fully consistent with our
behavioral results: Spelling repetition had no effect in native
Chinese control participants and reaction times were signifi-
cantly longer for sound repetition in both the reading and the
listening experiments.

The dissociation between access to spelling and sound repre-
sentations in the native language established here not only pro-
vides a new interpretational basis to explain inconsistencies in
previous studies of bilingual language comprehension but also
affords a novel perspective on neuroimaging evidence that stud-
ies that mixed these two factors could not shed light on.

Functional neuroimaging studies have often reported activa-
tion in shared or partially overlapping brain regions when com-
paring native with second language processing (Kim et al., 1997;
Chee et al., 2000, 2003; Tan et al.,, 2003). Although commonly
activated areas are generally interpreted as the neural substrates
underlying conceptual processing—arguably shared between
languages—the existence of “language-specific” brain regions is a
matter of controversy. The evidence of cross-language interac-
tions reported here implies that “language-specific” cortical acti-
vations extend well beyond the level of conceptual processing
because the processing of second language words appears to au-
tomatically trigger activation of native language representations
at lexical and possibly sublexical levels. Furthermore, our proce-
dure allows us to distinguish the type of information in the native
language that is associated with (sound) and dissociated from
(spelling) word processing in the second language and, therefore,
provides an interpretative framework for the characterization of
functional language dependency in the bilingual brain.

To conclude, previous studies on bilingual language process-
ing have demonstrated parallel activation in either the spelling or
the sound of two languages, but they have been unable to directly
compare the two factors because of the nature of European lan-
guage writing systems. The present study solved this problem by
concealing fully dissociated spelling and sound repetitions in
Chinese translations while orienting participants to the meaning
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of words presented exclusively in English. In the absence of di-
rect, overt manipulations of phonology or orthography, the cur-
rent method circumvents the biases introduced by physical
repetitions (e.g., homophones), by both physical repetitions and
orthographic aberrations (e.g., homographs), or by task-specific
effects. The implicit nature of the manipulation creates a more
stringent testing context in which Chinese sound (or spelling) is
accessed only if it was the spontaneous correlate(s) for processing
words in English. The finding that bilingual participants activate
the sound, but not the spelling, of translations in their native
language specifies the nature of cross-language interaction in bi-
linguals and provides a framework to interpret functional neuro-
imaging of language in the brain. Future studies looking at
bilingual individuals with different language combinations and
levels of proficiency will shed more light on these conclusions.
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