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ATEGORICAL PERCEPTION OF LEXICAL TONES IN CHINESE

EVEALED BY MISMATCH NEGATIVITY
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bstract—The present study investigated the neurophysiolog-
cal correlates of categorical perception of Chinese lexical tones
n Mandarin Chinese. Relative to standard stimuli, both within-
nd across-category deviants elicited mismatch negativity
MMN) in bilateral frontal-central recording sites. The MMN elic-
ted in the right sites was marginally larger than in the left sites,
hich reflects the role of the right hemisphere in acoustic pro-
essing. At the same time, relative to within-category deviants,
he across-category deviants elicited larger MMN in the left
ecording sites, reflecting the long-term phonemic traces of
exical tones. These results provide strong neurophysiological
vidence in support of categorical perception of lexical tones in
hinese. More important, they demonstrate that acoustic and
honological information is processed in parallel within the
MN time window for the perception of lexical tones. Finally,
omologous nonspeech stimuli elicited similar MMN patterns,

ndicating that lexical tone knowledge influences the perception
f nonspeech signals. © 2010 IBRO. Published by Elsevier Ltd.
ll rights reserved.

ey words: mismatch negativity (MMN), categorical percep-
ion, lexical tones, Mandarin Chinese.

ategorical perception is one of the most extensively studied
henomena in speech perception. It refers to the ability that
uman listeners can perceive continuous acoustic signals as
iscrete linguistic representations. While most of the early
ategorical perception studies focused on segmental fea-
ures (consonants and vowels) (Fry et al., 1962; Harnad,
987; Liberman et al., 1957, 1961), there has been a recent
urge of interests in whether categorical perception applies to
he suprasegmental level, including vowel duration contrasts
f quantity languages1 (Nenonen et al., 2003; Ylinen et al.,

Correspondence to: Y. Zhang, Department of Speech-Language-
earing Sciences & Center for Neurobehavioral Development, Univer-
ity of Minnesota, MN 55455, USA. Tel: �1-612-6247818; fax: �1-
12-6243322. Tel: �86-10-58808186 (H. Shu).
-mail addresses: zhang470@umn.edu (Y. Zhang); shuh@bnu.edu.
n (H. Shu).
bbreviations: EEG, electroencephalogram; ERP, event-related po-
ential; fMRI, functional magnetic resonance imaging; MMN, mismatch
egativity. c

306-4522/10 $ - see front matter © 2010 IBRO. Published by Elsevier Ltd. All right
oi:10.1016/j.neuroscience.2010.06.077

223
005) and lexical tone contrasts of tonal languages (Francis
t al., 2003; Hallé et al., 2004; Xu et al., 2006). For example,
ehavioral results of lexical tone perception show that con-

inua ranging from one tone to another are not perceived
ategorically unless the tonal continua involve contour tones
Abramson, 1979; Francis et al., 2003; Hallé et al., 2004;

ang, 1976; Xu et al., 2006). In Mandarin Chinese there are
our lexical tones, only one of which (high level tone, Tone1)
oes not involve a contour (Howie, 1976). Thus, native per-
eption of Chinese tonal continua is expected to be categor-

cal with better sensitivity to across-category distinction rela-
ive to within-category differences.

Advances in brain imaging and neurophysiological
tudies have allowed researchers to address fundamental
uestions about the neural mechanisms underlying behav-

oral responses for lexical tone perception (Chandraseka-
an et al., 2007, 2009; Gandour et al., 2000, 2002, 2004;
andour, 2006; Hsieh et al., 2001; Krishnan et al., 2009;
en et al., 2009; Wang et al., 2003; Wong et al., 2004).
he neural correlates of categorical perception of lexical

ones, however, have not been carefully examined. The only
xception was Chandrasekaran et al. (2009), in which
cross-category (Tone1/Tone2) and within-category (Tone2/
one2L) tonal contrasts were investigated with an electro-
hysiological measure, and a larger across-category than
ithin-category mismatch negativity (MMN) was found.
owever, Chandrasekaran’s study used stimuli from dif-

erent tonal continua and the physical differences for the
wo contrasts in comparison were not equated, and there-
ore, their conclusions must remain tentative.

The neurophysiological study of categorical perception
f lexical tones has particular theoretical significance for
he understanding of the dynamic interplay between
coustic and phonological processing at the supraseg-
ental level. Recent neuroimaging studies have demon-

trated that the two hemispheres play different roles in
exical tone perception; specifically, the right hemisphere is
nvolved in auditory/acoustic processing, whereas the left
emisphere is responsive to linguisic/phonological func-
ions (Gandour et al., 2000, 2002, 2004; Gandour, 2006;
sieh et al., 2001; Wang et al., 2003; Wong et al., 2004).
ut the interplay between auditory and phonological pro-
essing has not been addressed in these imaging studies.
here are at least two fundamental questions of interest:
a) whether the lower-level auditory processing precedes
he higher-level phonological processing, and (b) whether
he two processes interact with each other during process-
ng. Zhao et al. (2008) provided some functional magnetic
In a quantity language, vowel duration gives rise to phonological
ontrast.

s reserved.
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esonance imaging (fMRI) evidence on the second ques-
ion, but due to the coarse temporal resolution of fMRI,
hey did not address the first question as that is related to
he time course of auditory versus phonological processing
or lexical tone perception.

Auditory neurophysiology provides one optimal ap-
roach towards examining the time course of neural re-
ponses and the interplay between acoustic and phono-
ogical processing of lexical tones. Luo et al. (2006) found
ight-lateralized MMN activation for Chinese lexical tone
erception, and suggested a two-stage model according to
hich acoustic information is initially processed in the right
emisphere and then linguistic information is mapped in
he left hemisphere. However, other studies have failed to
nd right lateralization of MMNs for lexical tones (Chan-
rasekaran et al., 2007, 2009). The discrepancies between
tudies may be due to confounds in the design of the
elevant studies. As we pointed out earlier, in Chan-
rasekaran et al.’s study (2009), one confounding factor
as that the physical differences for the two contrasts were
ot equated (across-category physical changes were
uch larger than the within-category physical changes),
nd the different MMN responses, therefore, could reflect
oth acoustic and phonological processing.

Categorical perception of lexical tones is primarily deter-
ined by language experience (Hallé et al., 2004; Xu et al.,
006). Research has further demonstrated that the experi-
nce-dependent pitch processing skills extend to the pro-
essing of nonspeech sounds (Bent et al., 2006; Xu et al.,
006). For example, Bent et al. found that Chinese listeners
ore often misidentified flat and rising pitch contours of sim-
le nonspeech sound than English listeners, which was at-
ributed to the influence of long-term categorical representa-
ions of lexical tones. Some studies have also investigated
he neural substrates for the perception of nonspeech homo-
ogues of lexical tones by native speakers (Chandrasekaran
t al., 2007; Krishnan et al., 2009), and showed that native
peakers exhibit stronger categorical representations of non-
peech material relative to nonnative speakers. In these stud-
es, the perceptual advantage of native speakers was attrib-
ted to more efficient auditory processing of pitch, although it

s equally possible that categorical perception of nonspeech
timuli is influenced by long-term phonological representa-
ions of speech material in the native language.

To sum up, although the neural mechanisms underly-
ng the perception of lexical tones have been extensively
nvestigated, the neural correlates of categorical percep-
ion of lexical tones, however, have not been carefully
xamined. By studying categorical perception of lexical
ones, we can identify the dynamic interplay between
coustic and phonological processing, particularly with ref-
rence to whether the two processes take place serially or

n parallel. Furthermore, we can also identify the influences
hat phonological representations of lexical tones might
ave on the perception of nonspeech homologues. Con-
idering methodological confounds in previous studies, in
he present study we used well-controlled synthetic tonal
ontinua with equal physical intervals to investigate cate-

orical perception of lexical tones in order to differentiate

c
w

coustic and phonological processing of both speech and
onspeech stimuli.

EXPERIMENTAL PROCEDURES

articipants

ixteen neurologically healthy volunteers (eight females, eight
ales; aged 20 –26, mean age�22) with normal hearing and
inimal musical experience (less than 1 year of total musical

raining and no musical training within the past 5 years) partic-
pated in the study. All participants were native speakers of
hinese, and all were college students at Beijing Normal Uni-
ersity. They were all right-handed according to a handedness
uestionnaire adapted from a modified Chinese version of the
dinburgh Handedness Inventory (Oldfield, 1971). Participants
ave written consent before they took part in the experiment.
he experiment was approved by the ethics review board at
eijing Normal University’s Imaging Center for Brain Research.
ata from two female participants were excluded from further
nalyses due to insufficient number of acceptable trials as a
esult of strong electroencephalogram (EEG) artifacts including
xcessive blinking.

timuli

wo sets of stimuli were constructed for this experiment: speech
nd nonspeech. The speech stimuli were Chinese monosyllables
pa/ that differed in their lexical tones (the high rising tone, Tone2
nd the falling tone, Tone4). The original stimuli were recorded at

sampling rate of 44.1 kHz from a female native Chinese
peaker. The monosyllables were digitally edited using Sound-
orge (SoundForge9, Sony Corporation, Japan), each having a
uration of 200 ms. In order to isolate the lexical tones and keep
he rest of the acoustic features identical, pitch tier transfer was
erformed using the Praat software (http://www.fon.hum.uva.nl/
raat/). This procedure generated two stimuli, /pa2/ and /pa4/,
hich were identical with each other except for the pitch contour
ifference. The /pa2/ and /pa4/ stimuli were then taken as the
ndpoint stimuli to create a 10-interval lexical tone continuum. A
orphing technique was performed in Matlab (Mathworks Corpo-

ation, USA) using STRAIGHT (Kawahara et al., 1999) in 10 equal
ntervals. All 11 stimuli were normalized in RMS intensity. The 11
timuli in the /pa2/-/pa4/ lexical tone continuum were examined in
behavioral test (identification and discrimination tasks) on 16

ative Chinese speaking adults who did not participate in the
ubsequent event-related potential (ERP) study. The identification
ask required participants to identify each stimulus. In the session,
0 trials for each stimulus were randomly presented in isolation.
he AX discrimination task required participants to judge whether
airs of presented stimuli were the same or different. Stimulus
resentation was randomized and both directions of presentation
rder were tested, each for 20 trials. Based on the behavioral test
esults (Fig. 1), an across-category stimulus pair (3 and 7) and a
ithin-category stimulus pair (7 and 11) were chosen for the ERP
ddball paradigm experiment. In particular, stimulus 7 in the con-
inuum was used as the standard stimulus, and stimuli 3 (an
cross-category deviant) and 11 (a within-category deviant) were
sed as deviants.2

The nonspeech stimuli were harmonic tones with the same
itch, amplitude, and duration parameters as the speech stimuli.

A behavioral test was carried out on the ERP participants after the
RP experiment in which the participants were asked to identify the

hree (3, 7, 11) stimuli as one of the four lexical tones. All stimuli were
orrectly identified by all the participants (0% error rate, 10 occur-
ences of each stimuli). Therefore, the ERP participants indeed per-

eived 3 vs. 7 as an across-category contrast and 7 vs. 11 as a
ithin-category contrast.

http://www.fon.hum.uva.nl/praat/
http://www.fon.hum.uva.nl/praat/
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he only difference between the speech and nonspeech stimuli
as in the spectral components. The nonspeech stimuli were
omposed of six equal amplitude harmonics (1, 3, 6, 7, 8, 12) of
he F0. Harmonics 2, 4, 5, 9, 10, and 11 were omitted to increase
erceptual dissimilarity with the speech stimuli. All the stimuli were
ormalized to have equal average RMS intensity (Fig. 2).

RP procedure

wo oddball blocks were presented to each participant with
ounterbalanced sequence among the participants. The within-
ategory deviant and across-category deviant occurred pseu-
o-randomly among standards with a probability of 10% re-
pectively, and any two adjacent deviants were separated by at
east three standards for a total presentation of 1000 stimuli
n each presentation block. The stimulus-onset-asynchrony
SOA) was 800 ms.

ig. 2. Schematic illustration of the stimuli. The left panel shows the F

ig. 1. Behavioral results. (A) Identification task for the speech stimul
nd continua 7 vs. 11 discrimination task for both the speech and non
arked with thick lines). The top-right panel shows a broadband spectrogram o
narrowband spectrogram of its nonspeech homologue.
Participants were seated comfortably in an acoustically and
lectrically shielded chamber and instructed to ignore the pre-
ented sounds while watching a self-selected movie. The movie
as presented in mute mode with subtitles on a screen of 15
m�10 cm positioned approximately 1 m in front of the seat.
articipants were informed to complete a questionnaire about the
ovie after the experiment. Sound stimuli were presented binau-

ally via an insert Sony earphone. The right and left acoustic
hannels of the insert earphone were calibrated for equal and
omfortable loudness (70 dB SPL) prior to the experiment. The
xperimental session lasted approximately 1.5 h including prepa-
ation, data acquisition, breaks, and cleanup.

lectroencephalogram (EEG) recording

ontinuous EEG was recorded using a HydroCel Geodesic Sen-
or Net (HCGSN) consisting of 128 electrodes evenly distributed

um which the speech stimuli are based on (continua 3, 7 and 11 are

-step discrimination task for the speech stimuli. (C) Continua 3 vs. 7
stimuli.
0 continu

f continuum 3 of the speech stimulus. The bottom-right panel shows
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cross the scalp and referenced against the vertex electrode
Tucker, 1993). The GSN also includes electrodes next to, and
elow, the eyes for recording horizontal and vertical eye-move-
ents. The impedance of each electrode was kept below 5 k�.

ata analysis

ff-line signal processing was carried out using Netstation soft-
are (Version 4.2). The raw data were first digitally filtered with a
.3�20 Hz bandpass filter and segmented for 700 ms starting 100
s prior to the onset of stimuli. Data were then re-referenced to

he average of all the electrodes, and baseline corrected. Re-
orded trials with eye blinks or other activities beyond the range of
50�50 �V were rejected.

Based on previous studies and visual inspection of the grand-
verage waveforms, two recording sites were selected for statis-
ical analyses: left frontal (sites F3, channels 19, 23 and 24) and
ight frontal (sites F4, channels 3, 4 and 124) (Díaz et al., 2008;
aan et al., 2007; Kirmse et al., 2008; Luo et al., 2006; Oken and
hiappa, 1986). Only the standard before the deviant was used

or averaging and subtraction. Difference waves for MMN were
btained by subtracting the averaged standard from the averaged
eviant. The MMN peak latency for each subject was found within
60 ms time window that was defined by the grand-average

aveforms at Fz. The calculation of mean amplitude was con-
ucted with a moving window technique: first the negative peak
ithin the 60 ms time window was found for each subject, then the
alue of a time window which extended �40 ms surrounding the
MN peak was averaged. Statistical analysis only included those
articipants with at least 80 accepted deviant trials in each con-

ig. 3. Grand average waveforms elicited by the across-category devi
n speech and nonspeech conditions.
ition. e
RESULTS

he grand average waveforms elicited by the standards
nd the deviants are shown in Fig. 3. Negative peaks
ere observed in the deviant-minus-standard difference
aves for the speech (lexical tone) and nonspeech (har-
onic tone) conditions (see Fig. 4). Two three-way con-
ition (lexical tone/harmonic tone)�deviant type (within-
ategory/across-category)�hemisphere (left/right) re-
eated measures ANOVAs were conducted for mean
mplitude and peak latency respectively. For all analy-
es, degrees of freedom were adjusted according to the
ethod of Greenhouse–Geisser when appropriate.

MN peak latency

he mean peak latencies at the electrodes (F3, F4) were
lotted in the upper panel of Fig. 5. Results from the
mnibus ANOVA yielded a significant main effect of con-
ition (F(1, 13)�17.196, P�0.001, nonspeech�speech),
howing that speech was processed faster than non-
peech. The main effect of deviant type or hemisphere
ailed to reach significance. None of the two- or three-way
nteractions reached significance.

MN mean amplitude

or the MMN amplitudes (lower panel of Fig. 5), the main

10%), within-category deviants (P�10%) and the standards (P�80%)
ffect of condition was not significant (F(1, 13)�1.498,



P
(
g
c
s
d
i
c
c
P
P

T
t

t
f
t
c
e
i
t
t
d
k
b
m
(
t
p

F
a
a

J. Xi et al. / Neuroscience 170 (2010) 223–231 227
�0.243). The main effect of deviant type was significant
F(1, 13)�7.382, P�0.018, across-category�within-cate-
ory) and the main effect of laterality was marginally signifi-
ant (F(1, 13)�3.693, P�0.077, right hemisphere�left hemi-
phere). There was also a significant interaction between
eviant type and hemisphere (F(1, 13)�5.790, P�0.032),

ndicating that the amplitude of the response to across-
ategory deviant was greater than response to within-
ategory deviant in the left hemisphere (F(1, 13)�20.80,
�0.001), but not in the right hemisphere (F(1, 13)�0.16,
�0.694). No other effects reached statistical significance.

DISCUSSION

he present study examined the neurophysiological, par-
icularly MNN, indices of categorical perception of lexical

ig. 4. Mismatch negativities (MMNs) recorded in speech and nons

cross-category changes from the F3, Fz, and F4 electrode locations; (B) Maps d
nalysis window.
ones in native speakers of Mandarin Chinese. It was
ound that across-category contrast elicited a larger MMN
han within-category distinction for Chinese listeners. Be-
ause physical intervals for the two contrasts were
quated, the study provided strong neurophysiological ev-

dence in support of categorical perception of lexical
ones. Previous studies using a similar design showed
hat the MMN response is enhanced by the listener’s
etection of across-category differences in vowels (Win-
ler et al., 1999), place of articulation (Dehaene-Lam-
ertz, 1997), voice onset time (VOT) (Sharma and Dor-
an, 2000) and vowel length of quantity languages

Nenonen et al., 2003). Our results are consistent with
hese studies, supporting the view that when listeners
rocess a speech signal to recover the phonological

nditions. (A) Grand average traces of MMN evoked by within- and
peech co

isplay the topographic distribution of the mean amplitudes in the MMN
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epresentations of their native language, they automat-
cally extract the categorical linguistic information and
how reduced sensitivity towards within-category acous-
ic differences.

With regard to laterality of lexical tone perception, two
ompeting hypotheses have been proposed in the litera-
ure. The acoustic hypothesis claims that speech percep-
ion is cue-dependent and that pitch is mediated by the
ight hemisphere regardless of linguistic functions (Klouda
t al., 1988; Zatorre and Belin, 2001). In contrast, the
unctional hypothesis claims that speech perception is
ask-dependent and that pitch patterns carrying linguistic
unctions are lateralized to the left hemisphere while those
arrying no linguistic functions lateralized to the right hemi-
phere (Van Lancker, 1980; Wong, 2002). Both hypothe-
es have found empirical support in the past (Gandour et
l., 2000, 2002; Wong et al., 2004; Zatorre and Belin,
001). In recent years, a more comprehensive model that

ntegrates the acoustic hypothesis and the functional hy-
othesis has been put forward by Gandour and his col-

eagues (Gandour et al., 2004; Tong et al., 2005; Zatorre
nd Gandour, 2008), according to which the right hemi-
phere is sensitive to low-level acoustic processing and
he left hemisphere is sensitive to high-level linguistic
rocessing.

Data from the present study provided neurophysiolog-
cal evidence in testing these models. We found that rela-
ive to standard stimuli, both within- and across-category
eviants elicited larger MMNs in the right frontal-central

Fig. 5. MMN peak latency (A) and mean amplitude (B) values
ecording sites, which is consistent with previous studies h
Luo et al., 2006; Ren et al., 2009). The right lateralized
esponse presumably reflects the role of the right hemi-
phere in acoustic processing. At the same time, relative to
ithin-category deviants, the across-category deviants
licited larger MMN, which probably reflects the long-term
honemic traces of lexical tones because the ERP topog-
aphy data showed that the enhancement was dominant in
he left frontal-central recording sites (Näätänen et al.,
997). These results are consistent with the hypothesis of
andour et al. (2004) with regard to the differential func-

ional roles of the two hemispheres. Given the low spatial
esolution of ERP, however, the results should be consid-
red preliminary. Magnetoencephalography (MEG) study
ith high temporal resolution and acceptable spatial reso-

ution is needed in order to clearly identify the temporal
ynamics of cortical activation in different brain regions

nvolved in the processing of Chinese lexical tones.
Previous models, however, have not addressed the

ime course issue with regard to whether auditory/acoustic
rocessing precedes high-level linguistic/phonological pro-
essing or whether the two types of processing occur in
arallel. Our data provided insights into this issue. Findings
rom our study indicate that acoustic processing and lin-
uistic processing interact at an early stage, in that acous-
ic and phonological information is activated in parallel for
exical tone perception within the short MMN time window.
his finding provides counter evidence to the two-stage
odel for lexical tone processing (Luo et al., 2006), ac-

ording to which lower-level auditory processing precedes

nd F4 electrodes (vertical bars represent one standard error).
igher-level phonological processing.
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Another issue that our data help to resolve is the
uestion of how linguistic experience affects the percep-
ion of nonspeech sounds. One view is that there exist
eparate modules for speech and nonspeech processing,
nd that exposure to the sound structure of a particular

anguage has no influence on nonspeech auditory pro-
essing (Burnham et al., 1996; Liberman and Mattingly,
989; Miyawaki et al., 1975; Zhang et al., 2005). The
ontrasting view is that there are shared speech and non-
peech processing mechanisms, and that language learn-
ng exerts strong influence on the perception of nonspeech
ounds (Bent et al., 2006; Francis et al., 2003). Such
iscrepant views could be due to the fact that speech
ontrasts such as lexical tone categories, vowels, and
pproximants in the cited studies are cued by markedly
ifferent spectral and temporal features—some acoustic
eatures in speech may be directly analyzed on the basis of
eneral auditory processing capacity, and others may re-
ect language-specific processing of the neural system.
ur findings on lexical tone processing are consistent with

he second view—the MMN amplitude data for nonspeech
timuli were similar to the results for speech stimuli. Our
tudy accords well with studies of other languages, for
xample, by Sussman et al. (2004) who found similar
atterns of MMN for speech and nonspeech counterparts
or Finnish speakers.3 Despite the MMN amplitude similar-
ty between speech stimuli and nonspeech control, our
nalysis of MMN latencies revealed differences in speech
s. nonspeech processing. The MMN latency data showed
hat speech was processed faster than nonspeech. This
atency effect could be attributed to listeners’ linguistic
rocessing or familiarity with the phonetic segments (i.e.
p/ and /a/) of the speech stimuli. Although speech and
onspeech stimuli in our study have the same pitch, am-
litude, and duration parameters, the difference in spectral
omponents clearly distinguishes the two. Therefore listen-
rs’ phonetic processing of the /pa/ syllable might have led
o faster change detections.

An alternative view is that categorical perception of
itch contours results from short-term categorical memory,
hich runs parallel to fine-grain sensory encoding (Xu et
l., 2006). The MMN difference between the within- and
cross-category contrasts, therefore, might be due to the
ising versus falling pitch patterns in terms of feature ab-
traction rather than high-level phonological representa-
ion.4 This view can also potentially account for our find-
ngs that the across-category deviants elicited larger MMN
han the within-category deviants for both speech and
onspeech sounds. According to this view, for nonnative

isteners, across-category deviants should also elicit larger
MN than within-category deviants, especially for the non-

peech stimuli.
Evidence from a separate ERP experiment that we

onducted does not agree with this view. Using the same
timuli and procedure as in the current study, we tested

Tervaniemi et al (2006) showed larger MMN responses to duration
hange of nonspeech sounds for Finnish speakers than for German

peakers.
We are grateful to an anonymous reviewer for pointing out this issue.
orean listeners who had no experience with Chinese
exical tones and found that both within- and across-cate-
ory deviants elicited larger MMN in the right frontal-cen-
ral recording sites, similar to the results of the Chinese
articipants. However, these listeners showed no differ-
nce in the MMNs elicited by the within- and across-
ategory deviants, which is different from the results of the
hinese native listeners (see the supplementary materials

or further details). These results therefore provide more
onvincing evidence that the MMN differences elicited by
he within- and across-category deviants for the Chinese
isteners in the present study could be attributed to high-
evel phonemic processing rather than low-level auditory
rocessing. In recent fMRI studies, it has been found that
ategorical perception of phonemic sound patterns is me-
iated by the left middle superior temporal sulcus (Joanisse
t al., 2007; Liebenthal et al., in press). Future fMRI studies
n categorical perception of Chinese lexical tones could
urther help to clarify whether it is attributable to long-term
honological representations or to short-term categorical
emory.

CONCLUSION

n conclusion, the present study used neurophysiologi-
al (MMN) indices to identify the neural correlates of
ategorical perception of Chinese lexical tones. Our
ndings have shown spatial (hemispheric) differences in
uditory processing versus phonological processing but
o temporal differences between the two types of pro-
essing—the two types of processing occur in parallel
ithin the MMN time window and show early interaction
etween the two hemispheres. Our data also suggest
ommon mechanisms underlying the processing of
peech and nonspeech materials for native speakers, in
hich language-specific tonal experience with the per-
eption of lexical tones influences the processing of
onspeech signals.
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