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ÁSpoken English of Non-native English Learners:  

1. Influenced by accents and knowledge of the learnerôs native 

language. 

2. Failure to pronounce English in an appropriate way. 

3. Failure to manipulate stress and rhythm in English. 

4. From the viewpoint of language acquisition, prosody is the 

hardest and the last to be acquired. 

 

        

 

        

        

 

 

 

 



Á Proposed System Structure 

  
 



Feedback Utterances in CALL System: utterances pronounced by 

the teacher with native and natural prosody, not considering the 

differences between the learnerôs and the teacherôs voice features.  

 
Á Current Feedback: 

 

 

 

 
Á Proposed Feedback: 



Motivation for Accent Reduction: 

 

1.   A ñgolden speakerò whose voice is highly similar to that of the 

learner, can enable the learner to more concentrate on the 

pronunciation and prosody issues in learning process 
 (K. Probst, Y. Ke, and M. Eskenazi, ñEnhancing foreign language tutors-In search of the golden speaker,ò Speech 

Communication, vol. 37, no. 3-4, pp. 161-173, 2002.) 

 

2. Enables intermediary reference speech which provides learners 

with correct-pronunciation or correct-prosody. (D. Felps, H. Bortfeld, and R. 

Gutierrez-Osuna, ñForeign accent conversion in computer assisted pronunciation training,ò Speech Communication, vol. 51, no. 

10, pp. 920-932, 2009.) 

 

3.   Accent reduction can be used to significantly improve the 

intelligibility of cross-language speech synthesis system. (K. 

Yanagisawa, and M. Huckvale, ñAccent morphing as a technique to improve the intelligibility of foreign-accented speech,ò in 

International Congress of Phonetics Sciences, Saarbrücken, Germany, 2007.)  

 

 



Rule-based Method: The transformation of perceived accents is 

based on a thorough study of the different English accents. Formants 

& prosodic transformations are performed to convert from the 

source accent to the target accent. 
 

(Q. Yan, and S. Vaseghi, ñModeling and synthesis of English regional accents with pitch and duration 

correlates,ò Computer Speech & Language, vol. 24, no. 4, pp. 711-725, 2010.) 

(Q. Yan, S. Vaseghi, D. Rentzos et al., ñAnalysis and synthesis of formant spaces of British, 

Australian, and American accents,ò Audio, Speech, and Language Processing, IEEE Transactions on, 

vol. 15, no. 2, pp. 676-689, 2007.) 

 
 



Reference-based Method: Accent reduction is performed with 

reference utterances given by native speakers. The reference 

utterances provide linguistic cues to reduce prosody & pronunciation 

errors of foreign English learners. 
 

(D. Felps, H. Bortfeld, and R. Gutierrez-Osuna, ñForeign accent conversion in computer assisted 

pronunciation training,ò Speech Communication, vol. 51, no. 10, pp. 920-932, 2009.) 

(D. Felps, and R. Gutierrez-Osuna, ñDeveloping objective measures of foreign-accent conversion,ò 

Audio, Speech, and Language Processing, IEEE Transactions on, vol. 18, no. 5, pp. 1030-1040, 2010.) 

 



Accent Reduction for Synthesized Speech: Reference-based or 

rule-based method is performed on synthesized speech to extend the 

ability of text-to-speech (TTS) systems, e.g., using TTS system to 

generate foreign languages. 
 

(M. Huckvale, and K. Yanagisawa, ñSpoken language conversion with accent morphing,ò in Proc. ISCA 

Speech Synthesis Workshop, Bonn, Germany, 2007, pp. 64-70.) 

(K. Yanagisawa, and M. Huckvale, ñAccent morphing as a technique to improve the intelligibility of 

foreign-accented speech,ò in International Congress of Phonetics Sciences, Saarbrücken, Germany, 

2007.) 
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Á Accent Reduction Scheme: 

 Modify the learnerôs speech according to the teacherôs speech to 

obtain accent-free feedback with the learnerôs speaker identity: 
 

 



Á Prosodic Feature Modification: 

 1. Forced alignment̔ to obtain corresponding speech pairs at 

phoneme level. 

  

 

 

 

 

 

 2. Obtain the excitation of each phoneme segment. 

 3. Pitch and duration calculation. 

 4. Pitch-synchronous overlapping and adding (PSOLA) 

method: to reconstruct each segment of the learnerôs utterance 

according to the teacherôs pitch profile and duration. 
 

 

Feature 

Extraction

Viterbi 

Decoding

Transcription
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Feature Vector

Input Speech
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Speech



Á Pitch-synchronous overlapping and adding (PSOLA)[1][2] : 

Decompose speech into pitch-synchronous frames for analysis 

and synthesis. 

 
  

 

[1] E. Moulines, and F. Charpentier, ñPitch-synchronous waveform processing techniques for text-to-speech synthesis using diphones,ò Speech 

Communication, vol. 9, no. 5-6, pp. 453-467, 1990. 

[2] E. Moulines, and J. Laroche, ñNon-parametric techniques for pitch-scale and time-scale modification of speech,ò Speech Communication, vol. 

16, no. 2, pp. 175-205, 1995. 



Á Selective Pitch Modification : The pitch contour of a phoneme 

of the student will be modified if its shape is different from that 

of the teacherôs phoneme. 

 

 

 

 

 

Á Pitch Modification Factor: The pitch contour is substituted by 

the teacherôs pitch contour whereas mean pitch value is preserved 
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Á Segmental Feature 

Modification: The 

vocal tract filters 

(spectral envelope) of 

the learner in each 

phoneme segment is 

modified according to 

the envelope of the 

teacherôs segment. 

  

 

 

 
 

 



ÁRestoration of the learnerôs speaker identity: After the  

transformation of segmental feature, the learnerôs formant 

frequencies may also change due to the spectrum modification.  

 Vocal Tract Length Normalization (VTLN) [1] is used to 

normalize the formant frequency of the modified speech to that 

of the learner. 

  

 

 

 
 
 

[1] D. Sundermann, H. Ney, and H. Hoge, ñVTLN-based cross-language voice conversion,ò in IEEE Workshop on Automatic 

Speech Recognition and Understanding, 2003, pp. 676-681. 



Á Spectral Interpolation:  The substitution of spectral envelope of 

the learnerôs speech by that of the teacherôs speech may create 

discontinuity at phoneme boundaries. Thus, spectral envelope 

interpolation should be used to smooth the boundaries and to 

reduce the distortions. 

 

 

 
  

 



  

 

 

 
 

 

Reconstructed Spectrum 

,ÅÁÒÎÅÒȭÓ  Spectrum Flattened Spectrum (Excitation) 

4ÅÁÃÈÅÒȭÓ  Spectral Envelope 

Á Segmental Modification: 
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Database Boston University Radio News 

Corpus (BURNC) 

Transcriptions 20 unique sentences selected from 

BURNC 

Studentsô Utterances Total 200 studentsô sentences including 

Chinese,  Indians, Vietnamese and  

Singaporeans.  

Teachersô Utterances Speaker M1B and F2B in BURNC with 

from BURNC. 

Á Evaluation on Converted Speech: 200 utterances from non-

native students are recorded to test the accent reduction method. 

 

Á Database and Subjective Evaluation: 

  
 

 

 



Á Samples of Accent Reduced Utterances (male) : 

 Transcription: What's going to make the difference this time 

around?  

 

 1. The Learnerôs Speech  

 

  2. The Teacherôs Speech 

 

 3. Prosodic Features Modified 

 

 4. Segmental Features Modified 

 

 5. Both Features Modified 

 
 



Á Samples of Accent Reduced Utterances (male) : 

 Transcription: This last young mother-to-be is luckier than 

many. 

 

 1. The Learnerôs Speech  

 

  2. The Teacherôs Speech 

 

 3. Prosodic Features Modified 

 

 4. Segmental Features Modified 

 

 5. Both Features Modified 

 
 



Á Evaluation of Converted Speech: objective measurements are 
performed to test the ñaccentednessò as well as the acoustic 
quality of converted speech. 
 

Á 1. Accentedness: speech recognition software HTK is used to 
obtain the posterior score of an utterance: 
 

 
 
 accent score is calculated for each sentence. 
 
 where       is the observation,      is the HMM model,          is the 

sentence probability score representing the accentedness of the 
input speech.  
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(Y. Song, W. Liang, and R. Liu, ñLattice-based GOP in automatic pronunciation evaluation,ò in International Conference on 

Computer and Automation Engineering (ICCAE), Singapore, 2010, pp. 598-602) 



Á 2. Acoustic Quality: ITU standard P.563 is used to evaluate the 

acoustic quality of modified speech. The range of mean opinion 

score (MOS) is from 1 to 5 (worst to best). The general diagram 

[1] is shown as follows: 

 

 
 

[1] L. Malfait, J. Berger, and M. Kastner, ñP. 563-the ITU-T standard for single-ended speech quality assessment,ò IEEE Trans. Audio, Speech, 

Lang. Process, vol. 14, no. 6, pp. 1924ï1934, 2006 



Á Accentedness Scores of 200 Utterances for Each Kind 

Stimuli : 

 

 

 

 

 

 

 

 

    

   Accentedness: Student >Segmental Modification>Prosodic Modification  

                     >Combined Modification>Teacher 

      



Á Acoustic Quality MOS: 

 

 

 

 

 

 

 

 

 

  

 MOS: Student>Prosodic Modification>Segmental Modification 

       >Combined Modification 
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