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ABSTRACT 

A novel method is presented for automatic assessment of 
the English pronunciation quality of Chinese speakers to be 
used as a part of a Computer-Assisted Language Learning 
(CALL) system. In the research, the DAPRA TIMIT 
Acoustic-Phonetic Continuous Speech Corpus is used for 
training models for speech recognition and pronunciation 
scoring. And a database of nonnative read speech of 60 
Chinese people speaking in English is recorded. Scores 
given by 4 expert human listeners are used as the references 
to evaluate the different machine scores and to provide 
targets to train the algorithms. We use intensity, 
fundamental frequency and the 13 Mel frequency cepstral 
coefficients (MFCC) to build models for scoring 
pronunciation of English words. Compared with previous 
scoring methods, the new HMM-based algorithm not only 
gives more comprehensive scores but also feeds back 
suprasegmental information on whether a student’s 
pronunciation is properly stressed. 

1. INTRODUCTION 

An important factor of an effective language instruction is 
the instructor’s feedback on the evaluation of the 
pronunciation quality, or detection and correlation of 
specific mistakes that a student makes. Such feedback is 
also a very important component in a Computer Assisted 
Language Learning (CALL) system. Speech recognition 
technology is the key allowing such feedback. The recent 
evolution of speech recognition technology has allowed us 
to provide such feedback, such as an assessment of the 
quality of pronunciation or pointing out specific problems 
or mistakes. [6][10] Nowadays, there are already some 
successful such speech learning systems, as TMWebgrader  
(1998, SRI). [1][2] 

In most of the CALL systems, the Hidden Markov Models 
(HMM) are used to obtain spectral match and duration 
scores, and to evaluate the effectiveness of the scores. 
However, the score obtained by the HMM does not always 
correspond with the quality of the pronunciation very well. 
Studies show that pronunciation scores singly based on the 
HMM log-likelihood model or the log-posterior probability 
model mainly mismatch between the phonetic quality of a 
stressed vowel and its unstressed counterpart. [3] However, 
stress is phonemic in English. And the wrong use of stress 
will lead to difficulty in understanding during communica- 
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even misunderstanding. The Chinese people often 
ly stress words and phrases when they speak English. 
e other hand, the native English speakers can easily 
words and phrases correctly and notice the nonnative 
er’s wrong stress. So we can use the native corpus to 
he models used in a CALL system. Then the CALL 
 can give the feedback about the characteristics of 

 of words or phrases to the student. 

aper is part of an effort aimed at developing such 
 system to help native Chinese students to learn 
h quickly; we address the task of grading the 
nciation quality of speech when a Chinese student 
s English. Some extra parameters are introduced into 
stem. These parameters combined with the HMM 
eters can obtain a more effective score while 
ting the pronunciation of a Chinese student. 

2. SYSTEM OVERVIEW 

ystem mainly includes four modules: (1) acoustic 
ing; (2) pronunciation alignment; (3) automatic 

nciation scoring; (4) problem feedback. The commu- 
on between users and the system is mainly through 
, assisted by some text and video displays.  

f all, the student reads the text given by the system. 
the system draws out the character of his speech and 
an evaluation for it. Finally, the evaluation result and 
andard speech are sent to the student. Some typical 

ill be reported by the system and the correct way of 
uncing is presented.  Figure 1 illustrates the basic 
ure of the system and the processing of the speech. 
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ure 1 The system structure and the processing of 
speech 



3. THE DATABASE 

The DARPA TIMIT Acoustic-Phonetic Continuous Speech 
Corpus is used in this system. TIMIT contains a total of 
6300 sentences, 10 sentences spoken by each of 630 
speakers from 8 major dialect regions of the United States. 
[4] So the corpus can be seen as an integrate pattern of 
American English. It is used to train models for speech 
recognition and pronunciation scoring.  

A database of nonnative read speech was transcribed and 
scored by expert human raters according to the pronuncia- 
tion quality at different levels. The entire database consists 
of speech recorded from 60 Chinese students reading in 
English in quiet offices. Half of those are males and the 
others are females. At the beginning of the database 26 
letters are included, followed by 320 words. The database 
includes all vowels including stressed and unstressed ones. 
And we also try to include all the combinations of vowels.  

A panel of four experts are evaluating the overall pronunci- 
ation of each word in four aspects. All the experts were 
English teachers who have years of English teaching 
experience.  

First of all, the experts give the evaluation of the whole 
word. They rate the overall pronunciation of each word 
using a scale of 1 to 4 ranging from bad to good quality.  

 
Score MOS 

4 Good Can be understood fluently 
3 Fair Can be understood  
2 Poor Somewhat intelligible 
1 Bad Unintelligible 

MOS: Mean Opinion Score 

Table 1 Pronunciation Quality 

Secondly, the human experts give the evaluation of the 
stress. They indicate whether the stress is right. If the 
pronunciation is wrong, they will indicate the types of the 
mistakes.  

The third aspect is the evaluation of a single phoneme. The 
evaluation is given based upon the same criterion as used 
while evaluating the whole word.  

Finally the human experts give the phonetic symbols 
according to the pronunciation of each word. 

4. AUTOMATIC SCORING 

The DARPA TIMIT Acoustic-Phonetic Continuous Speech 
Corpus is used to produce the model of each phoneme. 
With the models and the text of the students’ speech, we 
generate the phonetic time alignments of the students’ 
speech by the viterbi algorithm. The algorithm used for 
automatic pronunciation scoring is based on the Hidden 
Markov Models. [5] There are several probability-based 
methods to judge the students’ pronunciation levels through 
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lignments. [6] In this paper we use the HMM 
elihood criterion [3] to obtain the desired scores. 

og-Likelihood Scores   

ach phone segment i (of d frames: 0 0[ , ]t t d+ ), the 
elihood score named l can be derived by formula (1), 
ich ( | )t ip y q  is the probability of the observation 
 ty  generated by the phonetic model iq : 

0

0

11 log ( | )
t d

t i
t t

l p y q
d

+ −

=
= ∑                   (1) 

og-likelihood score can be directly taken as it is 
uted during the viterbi forward pass. It means that we 
have the control of which state (if more than one) of 
odel under consideration has been used for the 
tation for the time t. Therefore we computed 

| )iq  as: 

 
1

( | ) max ( )
i

j

n
x

t i tij
p y q b y

=
=                         (2) 

j

x
ib  stands for the density probability function (here a 

re of gaussians) associated to the jth state of the 
l iq  (which totalizes in  states). The symbol x 
ents the number of coefficients used to compute 

j

x
ib  

e observation ty . In this paper we derived the scores, 

19l , in the condition 19x = . The preceding thirteen 
cients are the first order MFCCs. The following six 
cients are correlated with pitch and energy. These six 
cients include: pitch, first order differential of pitch, 
d order differential of pitch, energy, first order 
ntial of energy, second order differential of energy.  

tress And Accent 

t may refer to prominence given to a syllable, usually 
 use of pitch. For example, in the word 'potato' the 
e syllable is the most prominent; if you say the word 
 own you will probably produce a fall in pitch on the 
e syllable, making that syllable accented. In this sense, 
t is distinguished from the more general term stress, 
 is more often used to refer to all sorts of prominence 
ding prominence resulting from increased loudness, 
 or sound quality), or to refer to the effort made by the 
er in producing a stressed syllable. [7] 

 is a large topic. It is necessary to consider what 
teristics stressed syllables have. One of them is the 

prominence, in which the stressed syllable stands out 
ts context (for example, being higher if its unstressed 
bours are low in pitch, or lower if those neighbours 
gh ; ofen a pitch glide such as a fall or rise is used to 
reater pitch prominence); another is that stressed 

les tend to be longer - this is very noticeable in 
h, less so in some other alnguages; also, stressed 



syllables tend to be louder than unstressed, though 
experiments have shown that differences in loudness alone 
are not very noticeable to most listeners. [7] 

Only pitch and loudness prominences are considered here. 
Length prominence will be considered in future work. 
Some other CALL systems have the segment duration 
scores. Kim et al. reports the bad performance of the 
duration score to rate the quality of specific phones. [10] 
Further more, the Chinese students are not native English 
speakers. The length of their pronunciation should be 
allowed to be larger than the native’s. 

Figure 2 and Figure 3 give the pitches (A) and the ones out 
of a median filter (B) of increase (n) /'inkri:s/ and increase 
(v) /in'kri:s/ and their energy (C). The x-label represents the 
sequence number of the frames.  
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Figure 2 increase (n) /'inkri:s/ 
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Figure 3  increase (v) /in'kri:s/ 

In most conditions, the stressed and unstressed vowels have 
different pitch and energy. Table 2 shows the average pitch 
and normalized energy values of the stressed and 
unstressed vowels /i/ and /i:/. 

i 

i: 

Table 
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Vowel Pitch Normalized energy 
Stressed 271.2 -0.51 

Unstressed 228.6 -0.87 
Stressed 250.0 -0.61 

Unstressed 210.5 -0.88 
2 The average pitch and normalized energy values of 

the stressed and unstressed vowels i and i: 

 are four degrees of prominence in English: (1) 
ry stress, marked by the last major pitch change in a 
 (2) secondary stress, marked by a non-final pitch 
e in a word; (3) a minor prominence produced by the 
rence of a full vowel but containing no pitch change; 
non-prominent syllable containing no pitch change 
e of the vowels /i, u, /. [8] 

sion of the degrees of prominence in English will 
o difficulty in understanding during communication, 
misunderstanding. The Chinese students often make 
kinds of mistakes about stress when they speak 
h.  

 Wrongly land the site of stress when there is only 
one stress in a word 

. Exchanges the sites of the primary stress and the 
secondary stress when there are two or more than 
two stresses in a word 

i. Can not distinguish the primary stress from the 
secondary stress when there are two or more than 
two stresses in a word 

. Stress a syllable when it should not be stressed 

 database, the human experts give the evaluations of 
ess. They indicate whether the stress is right. When 
onunciation is wrong, they indicate the types of the 
es.  

itch And Engergy 

oefficients about the pitch can be obtained in the 
ing way.  

 Firstly, remove the DC offset of the speech data, 
and then filter the speech with a low pass filter 
whose upper frequency is 800Hz. 

. The error signals after Linear Predictive Coding 
(LPC) filter are used to compute the 
autocorrelation function. 

i. Based upon recognizing the vowels, we use the 
dynamic algorithms to search the pitch from 
autocorrelation function. 

. Smooth the pitch with a median filter. 

. Compute the first order differentials of pitch, 
second order differentials of pitch. 



The autocorrelation can be calculated by the following 
formula. 

1

0
( ) ( ) ( )

N l

w w w
n

R l s n s n l
− −

=

= +∑  (3) 

Here ( )ws n  is the speech signal forced by a window. [9] 

The coefficients about energy can be obtained in the 
following way.  

i. Search from the start frame to the end frame of the 
input speech data, find out the maximum energy  

ii. With the maximum energy, normalize the energy 
of each frame of the phoneme where the stress is 
located. 

iii. To compensate the effect of the duration of the 
phoneme, calculate the mean energy of the 
phoneme. 

vi. Calculate the first order differential of energy, 
second order differential of energy. 

5. CONCLUSIONS 

Experiments show that the stressed syllables differ 
obviously from the counterpart unstressed ones on 
fundamental frequency and intensity, introducing 
parameters about stress to the CALL system may give a 
more comprehensive score. 

In the future word, the authors of this paper will continue 
this research to a further stage. We expect our future work 
as follows: 

i. Study the methods of the segment duration 
scoring and develop them for the stressed syllables 
which tend to be longer than the unstressed 
counterparts. 

ii. Determine which way is more effective in 
compute-aided language instruction. There are 
two ways to use the characteristics of stress, one is 
to score the pronunciation quality combining 
stress coefficients with other coefficients such as 
MFCC, another is to simply indicate the 
correctness of the stress and report the kinds of 
mistakes if there are some. 

iii. Find the appropriate error rules in English 
especially on stress by the native Chinese 
students. 
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