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•  Stimuli 
 - EEG pre/posttest: (1) Speech: 2 Mandarin syllables (ju, ci) with 2 tones (Tone2: rising, 

Tone4 : falling); (2) Non-speech: hums of the same syllables with rising and falling tones; 
 - Behavioral pre/posttest: 12 Mandarin syllables (with 4 tones) not used in EEG; 
 - Training: 6 additional Mandarin syllables with 4 tones. All the speech stimuli were real words. 

•  Participants 
 - Trainees: 12 adult native Canadian English listeners, right-handed, no tone language or 

musical training backgrounds; 
 - Controls (no training): 7 native Canadian English listeners, same backgrounds as trainees; 

•  EEG pre/posttest paradigm 
 - Two conditions: (1) Speech: tone, (2) Non-speech: hum; 
 - Oddball sequences (e.g., for tone): ju2-ci2-ju2-ci2-ju2-ci2-ju2-ci4-ju2-ci2…    
   Order counter-balanced for syllable (ju-ci/ci-ju), deviant syllable (ju/ci), & deviant tone (2/4). 

•  EEG equipment & Analysis 
 - 128-electrode Geodesic net (EGI); Stimuli presented via speakers (Edirol MA7A); 
 - BESA (Brain Electrical Source Analysis) with a passband of 0.5-40 Hz; 
 - MMN peaks at 100-300ms & 300-600ms, with 40ms window; 
 - Topographical maps calculated for selected peak points; 
 - Repeated measures MANOVA performed for MMN amplitude and latency at Cz and F3/F4 

sites [6]: Group (trainee, control) x Test (pre-, post-) x Stimulus type (tone, hum). 
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Method 

Results Question addressed 

- Brain plasticity in non-native language prosodic learning: To what extent does phonetic 
training enhance domain-general sensitivity to auditory-acoustic features of sounds or 
facilitate learning in higher-level linguistic contexts? [1] 

Linguistic tone (pitch) learning 

- Pitch processing: right-hemisphere dominance for auditory processing and left-
hemisphere dominance for linguistic processing [2-4].  

- Tone learning: interplay between auditory and linguistic processing as a function of 
linguistic experience?  

Previous research 
- Neuro-imaging study of non-native tone training has revealed learning-induced 
plasticity involving both the expansion of pre-existing left-hemisphere language-related 
areas and the recruitment of right-hemisphere regions [5]. 
- Unclear how tone training may alter the time course of neural activation in terms of 
auditory and linguistic processing. 

Present study 

- Using electroencephalography (EEG) to examine training-induced changes in the 
amplitude and latency of the neural sensitivity measure (mismatch negativity, MMN) in 
the processing of pitch in non-native speech and non-speech. 

Pretest tone 

•  Training 
 - Perception identification (ID) of Mandarin tones, with feedback; 
 - 6 sessions (40 minutes each) over the course of 10 days; 
 - Each session: 6 syllables x 4 tones x 2 speakers x 8 repetitions. 

 Summary of results 
(1)   MMN amplitude  
  - Speech (tone): Trainees’ MMNs 

show increased amplitude after 
training (although statistically 
non-significant due to individual 
difference); 

  - Non-speech (hum): Trainees’ 
MMNs show statistically 
significant reduced amplitude 
post-training; 

  - Controls did not show significant 
pre/posttest differences for 
either the speech or non-speech 
condition. 

(2) MMN latency 
  - Across conditions, trainees show 

a longer MMN latency after 
training, whereas the controls’ 
MMN latency is shorter at 
posttest than at pretest; 

  - Trainees show a significantly 
longer latency in pre/posttest 
comparison for the tone stimuli 
but not for the hums. 

(3) Behavioral results 
  - Trainees but not the controls 

show significantly increased 
tone identification accuracy 
after training. 

•  Interpretations of results 
- MMN amplitude: Waveform and topographic results consistently reveal training-induced MMN enhancement 
for the speech (tone) but not the non-speech (hum) condition, indicating increased sensitivity to linguistically-
relevant contrasts as a result of speech training; 
- MMN latency: The longer latency in the post-training processing of tone rather than hum indicates the 
integration of the pitch variation needed for linguistic processing, suggesting a later sensitivity to linguistically 
relevant stimuli while an earlier sensitivity to auditory-acoustic information.  

•  Indications 
- The present results agree with and extend the previous neuro-imaging and electro-physiological findings 
[4,5,7] in that learning-induced plasticity can be reflected in enhanced neural sensitivity and neural specificity, 
suggesting progressive cortical changes as a function of linguistic experience and learning. 

Posttest tone 

Pretest hum Posttest hum 

Pretest tone Posttest tone 

Posttest hum Pretest hum 

Behavioral results 

EEG results 
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