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INTRODUCTION

One long-deliberated question in speech perception is 
the extent to which it involves language-specific 
mechanisms. Some research findings support the 
independence of speech and nonspeech processing (1-3). 
Others indicate general auditory mechanisms shared by 
speech and nonspeech processing (4-7). Lexical tones 
present an interesting case at the suprasegmental level to 
study brain organization of auditory and linguistic 
processing as a function of learning experience. Imaging 
data for lexical tones have shown right-hemisphere 
dominance for auditory processing and left-hemisphere 
dominance for linguistic processing (8-10). However, the 
dynamic interplay between the two processes and the 
temporal courses have not been fully addressed (6). The 
present investigation employed high-density ERPs to 
examine two basic issues: (a) whether auditory 
processing of pitch patterns fundamentally differs from 
lexical tone processing, and (b) whether there is 
automatic transfer of learning for tonal pattern 
processing from speech to nonspeech in tone language 
speakers but not in non-tone language users.

METHODS

The participants included 14 native Mandarin 
Chinese listeners, and 16 native English listeners with no 
tone language experience. They were all right-handed 
healthy young adults. Five participants were excluded (2 
native and 3 nonnative) due to incomplete data or 
excessive noise in EEG recording.

The stimuli for the speech condition included two 
Mandarin monosyllables (ju, ci) produced with two tones 
(rising, falling) by a female native Mandarin speaker. For 
the nonspeech condition, the same speaker hummed 
these two syllables with rising and falling tones.

A modified oddball paradigm was employed (3). The 
oddball sequences contained both syllables (ju, ci) in 
alternation. Each condition consisted of four different 
sequences, varying in syllable order (ju-ci or ci-ju) and 
deviant syllable (ju or ci), producing a total of eight 
different blocks. For each condition, 800 stimuli were 
presented (20% deviant, 80% standard). A 128-electrode 
light mesh (Geodesic net) was applied, with the vertex 
(Cz) electrode used as a reference with the ground at the 
nasion. The stimuli were presented via speakers.

The raw EEG data for each participant were analyzed 
and averaged with common average reference in BESA 
software (Brain Electrical Source Analysis) with a 
passband of 0.5~40 Hz. Two windows, 100~300 ms and 
300~ 600 ms, were selected after inspection of the grand 
mean data to search mismatch negativity (MMN) peak in 
the subtracted waveform (deviant -  standard) (11). 
MMN quantification used the mean of sample values in a 
window of 40 ms centered around the MMN peak (6). 
Global field power for the subtracted waveforms was 
calculated for each participant and each stimulus 
condition. Furthermore, point-to-point t-tests were 
performed to see the temporal evolution of significant 
differences for key factors of interest (12). 
Topographical maps were calculated for selected peak 
points. Finally, repeated measures MANOVA was 
performed for the MMNs at F3 site (electrodes 19, 23, 
24) and F4 site (electrodes 3, 4, 124) (6, 11).

RESULTS

In the speech condition (Fig. 1), natives showed one 
early MMN (corresponding to the consonant portion of 
the syllable) and one late MMN (corresponding to the 
vowel portion) in both hemispheres. Nonnatives did not 
show point-to-point significances in the left site, and the 
right hemisphere site had a later MMN response than the 
first MMN of the native group. MANOVA results 
confirmed the significant MMN differences between the 
native and nonnative listeners for the early MMN 
[F(1,23) = 5.02, p < 0.05].

In the nonspeech condition (Fig. 2), both native and 
nonnative groups showed an early MMN response in 
both hemispheres followed by P3a response. The native 
group showed earlier and larger MMN and P3a than the 
nonnative speakers (p < 0.05; MANOVA results).

To avoid channel-selection bias, GFPs (12 for all the 129 
electrodes) were calculated for the MMN waveforms 
(Fig. 3). The results confirmed the MMN results at F3 
and F4 sites, showing that native listeners had earlier and 
stronger MMN responses for both speech and nonspeech 
conditions. Interestingly, the nonspeech condition 
elicited larger MMN responses than the speech condition 
in the native listeners (p < 0.05). The MMNs for the 
speech and nonspeech conditions were comparable for 
the nonnative listeners.
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Fig. 1. ERPs for the speech stimuli in the two participant 
groups. (a) Grand average ERPs for the standard and deviant 
stimuli from F3 (electrodes 19, 23, 24) and F4 sites (electrodes 
3, 4, 124). Point-to-point significant differences were indicated 
by the black/white bars on x-axis (p < 0.01). (b) Topographical 
maps for the peaks in MMN waveforms.

Fig. 2. ERPs for the nonspeech stimuli in the two participant 
groups. (a) Grand average ERPs for the standard and deviant 
stimuli from F3 and F4 sites. Point-to-point significant 
differences are indicated by the black/white bars on x-axis (p < 
0.01). (b) Topographical maps for the peaks in MMN 
waveforms.

Fig. 3. Global field power of MMN waveforms in all the 129 
electrodes for the speech and nonspeech conditions. 
Significant point-to-point differences between the native and 
nonnative groups are indicated by the black/white bars on x- 
axis (p < 0.01).

DISCUSSION

Despite different patterns of MMN elicitation in the 
speech and nonspeech conditions, the MMNs were 
present for both native and nonnative listeners, but the 
magnitude was much smaller in the nonnative listeners 
for the speech stimuli. These data are consistent with 
previous studies (3, 6, 7,11). Unlike a previous report 
(3), the native listeners showed earlier MMN responses 
than nonnative listeners in both speech and nonspeech 
conditions. Furthermore, the MMNs for nonspeech were 
larger than those of the speech condition only in native 
listeners, suggesting that the effects of language 
experience may automatically transfer to non-speech 
tonal pattern extraction (6). The results indicate a high 
degree of interconnectivity for speech and nonspeech in 
terms of neural sensitivity to pitch categories.
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