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•  Stimuli 
 - Speech condition: two Mandarin monosyllables (ju, ci) with two tones (Tone 2: 
rising, Tone 4: falling) 

 - Non-speech condition: hums of the same syllables with rising and falling tones 

•  Participants 

•  Paradigm 
 - Oddball sequences containing both syllables & tones: ju2-ci2-ju2-ci2-ju2-ci2-ju2-
ci4-ju2-ci2…  

 - Order counter-balanced for syllable (ju-ci or ci-ju), deviant syllable (ju or ci), and 
deviant tone (2 or 4) 

•  Analysis 
 - BESA (Brain Electrical Source Analysis) with a passband of 0.5-40 Hz 

 - MMN (mismatch negativity) peaks at 100-300ms & 300-600ms, with 40ms 
window 

- Topographical maps calculated for selected peak points 

 - Point-to-point t-tests to examine temporal evolution of differences for key factors 

 - Repeated measures MANOVA performed for MMNs at F3, F4, and Cz sites.  
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Method 

Results 

Speech 

General question addressed 

-  Extent to which processing of pitch in speech involves linguistic-specific 
neural mechanisms or extends across lower-level sensory and higher-level 
cognitive processes. 

Previous research 

-  Speech and non-speech pitch: specialized speech processing vs. shared 
general auditory mechanisms [1-3]. 

-  Pitch in speech and music: independent processing vs. shared cognitive 
processes [4-6]. 

Present study 

-  Does auditory processing of pitch patterns differ from linguistic tone 
processing? 

-  Is there automatic transfer of learning for tonal pattern processing from 
speech to non-speech in tone language speakers but not in non-tone 
language users? 

-  How does experience with music affect the processing of linguistic tone? 

Non-speech 
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•  Equipment 
 - 128-electrode Geodesic net (EGI) 

 - Stimuli presented via speakers (Edirol MA7A) 

ERPs at selected electrode sites for the speech (left panel) and non-speech (right panel) stimuli 
in the native and non-native musician and non-musician participant groups. (a) Grand average 
ERPs for the standard & deviant stimuli (b) Topographical maps for the peaks in MMN waveforms. 

•  Speech 
-  Native vs. non-native: Mandarin 
natives showed earlier MMN responses 
than the MMN of the English 
participants. 

-  Musician vs. non-musician: 
Mandarin musicians showed greater 
MMN responses than English musicians， 
both showing greater MMNs than the 
non-musicians.  

•  Non-speech 
-  Native vs. Non-native: Mandarin 
participants showed earlier and larger 
MMN than non-native English 
participants. 

-  Musician vs. non-musician: No 
significant difference in the MMN 
amplitudes for the two musician groups, 
both showing greater MMNs than the 
non-musicians. However, Mandarin 
musicians showed earlier MMN than the 
English musicians.   

•  Summary of results 
-  MMNs present for both native non-native groups 

-  Natives showed larger MMNs than non-natives for speech 

-  Natives showed earlier MMNs than non-natives in both 
speech and non-speech conditions 

-  Musicians showed larger MMNs than non-musicians 

-  For musicians, the maximal difference in MMNs for speech 
between natives and non-natives was observed at Cz; for 
non-musicians, the maximal difference was at F4.   

•  Indications 
-  The effects of language experience may automatically 
transfer to non-speech tonal pattern extraction. 

-  Musical experience may enhance pre-attentive neural 
sensitivity to lexical tones and reorganize the cortical 
representations. 

Non-musician Musician Non-musician Musician 

198 ms 

220 ms 

188 ms 

213 ms 

Mandarin  English 
Non-musician 14 16 < 2 years’ musical experience 

Musician 12 12 >7 years’ instrumental music training 

No tone  All adults, right-handed 

Results indicate a high degree of interconnectivity for 
speech and non-speech in terms of neural sensitivity 
to pitch categories, whose cortical representations are 
shaped by musical experience. 


