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Abstract 
This paper aims to present an analysis of English pronunciation 
variations using the TIMIT corpus of American English. The 
manually annotated data are analyzed by comparing the 
pronunciation variants to their canonical pronunciations which 
are defined by using the CMU Pronunciation Dictionary. 
Vowels and consonants are separately analyzed with respect to 
substitution, deletion and insertion. The results show that: i) 
vowels are more subject to substitution than deletion, whereas 
consonants are more subject to deletion than substitution; and ii) 
vocalic substitutions are related to the raising and the reduction 
of vowels, whereas consonantal substitutions are related to 
changes in voice, place of articulation and manner of 
articulation. Given that the ultimate goal of pronunciation 
training in the area of second language acquisition is to help 
students achieve a reasonably "intelligible" pronunciation 
rather than an "accent-less" pronunciation, the results of this 
study will contribute to the determination of "comprehensible" 
pronunciation of English. Furthermore, they will also 
contribute to the study of English phonetics and phonology as 
well as to the development of pronunciation modeling of 
English speech recognizers. 
Index Terms: pronunciation variation, TIMIT corpus, 
canonical pronunciation, substitution, deletion 

1. Introduction 
English is a language that many people choose to learn as their 
second language with the desire to speak it proficiently. Recent 
improvements in spoken language technology have enabled the 
development of educational applications for language learning 
[1], especially in pronunciation training and assessment 
[2][3][4].  In the area of pronunciation proficiency, it has been 
generally agreed that the ultimate goal should be to achieve a 
reasonably "intelligible" pronunciation rather than an "accent-
less" pronunciation [5][6] in second language acquisition. 
When the goal of pronunciation training in an English learning 
system is to teach "intelligible" or "comprehensible" 
pronunciation, not only should canonical pronunciations be 
reflected in the system but a certain range of pronunciation 
variations should be reflected as well.  

Pronunciation patterns are extremely diverse in 
spontaneous speech [7], but even in read speech, the results of 
manual transcription of the TIMIT corpus of American English 
show highly divergent variations [8]. It is reported that, in a 
phonemic level transcription, there are at least 10 different 
pronunciations per high-frequency word and over 5 different 
pronunciations even for lower-frequency words in read speech 
[7]. However, previous research on pronunciation variations in 
English have focused primarily on the pronunciation variations 
at the word level [7][8] and also on pronunciation modeling for 
speech recognizers [9].  

This paper aims to analyze English pronunciation 
variations at the phonemic level using the American English 
read speech corpus, TIMIT. Although the TIMIT corpus has 
been originally transcribed at the phonetic level, this study 
focuses on phonemic variations, which is essential in 
pronunciation error detection as well as in corrective feedback. 
Pronunciation variations are due to various causes, such as 
different dialects and styles, phonological and prosodic 
contextual influences, and misreading. However, examining 
their causes is beyond the scope of this paper and will need to 
be addressed in future research.  

The remaining part of the paper is organized as follows. 
Section 2 presents the corpus. The vocalic variations will be 
analyzed in Section 3, and the consonantal variations in Section 
4, which will be followed by the discussion and conclusions in 
Section 5. 

2. Corpus 
The TIMIT corpus of American English consists of 6,300 read 
sentences, 10 sentences each from 630 speakers, which total 
about 5,100 word types and 54,391 word tokens. In this paper, 
the 54,391 words which are manually transcribed are analyzed 
by comparing the variations to their? canonical pronunciations. 
The   canonical pronunciation of a word here corresponds to the 
first entry of each word in the CMU pronunciation dictionary 
[10]. In order to analyze the corpus at the phonemic level, the 
TIMITbet, which is designed for a narrow transcription, is 
converted into CMU 39 phonemes using a set of collapsing 
rules which are similar to those proposed in [8]. Table 1 
presents the phoneme set of the CMU dictionary and their 
frequencies in the TIMIT corpus. A total of 71,399 vowels and 
134,866 consonants are under investigation. 

Table 1. Phonemes and their frequencies in the TIMIT 
corpus (71,399 vowels and 134,866 consonants)  

aa 5,028 eh 4,332 l 9,669 t 13,835 
ae 7,649 er 5,233 m 5,656 th 830 
ah 16,416 ey 2,908 n 12,235 uh 753 
ao 4,782 f 3,133 ng 1,640 uw 4,435 
aw 1,037 g 3,301 ow 2,977 v 2,808 
ay 3,423 hh 2,973 oy 1,055 w 4,412 
b 3,481 ih 10,554 p 4,058 y 2,858 
ch 1,083 iy 10,050 r 11,881 z 5,599 
d 8,647 jh 1,321 s 10,222 zh 160 
dh 4,378 k 8,544 sh 2,909 
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Table 2. Variations of vowels in the TIMIT corpus: The realization rate (%) in canonical form of each phoneme is presented 
in the shaded cells, and the numbers which are referred to in the text are presented in bold. The first column corresponds to 

the canonical pronunciations of vowels, and the first row corresponds to their realizations in the corpus. 

aa ae ah ao aw ay eh er ey ih iy ow oy uh uw DEL 
aa 72.47 0.16 6.84 12.1 0.06 0.06 0.08 0.16 1.73 0.16 0.36 0.02 5.23 
ae 0.51 68.8 1.39 0.04 0.07 13.1 0.09 0.35 11.3 0.18 0.01 4.13 
ah 0.16 0.53 41.3 0.03 0.01 0.05 1.95 2.59 1.14 30.9 2.16 0.12 0.38 0.32 17.54 
ao 5.42 0.82 68.4 0.06 0.65 0.08 0.23 0.06 0.54 17.92 
aw 7.04 0.58 0.68 89.5 0.1 0.19 0.1 0.1 0.19 1.45 
ay 3.33 0.18 0.53 0.03 94.07 0.15 0.03 0.88 0.06 0.03 0.7 
eh 0.37 1.62 0.02 0.02 84.8 0.37 0.25 6.9 0.46 0.05 0.05 4.94 
er 0.06 2.43 0.02 0.04 89.6 1.68 0.29 0.13 0.86 
ey 0.1 0.21 0.1 1.17 96.4 1.24 0.52 0.07 0.14 
ih 0.01 0.05 3.87 0.01 0.02 0.59 0.67 0.03 84.4 5.5 0.03 0.05 0.2 0.03 4.48 
iy 0.01 0.28 0.05 0.04 0.44 0.36 11.9 86 0.02 0.15 0.56 
ow 0.07 2.49 0.34 0.2 0.64 94.1 0.97 0.2 0.5 
oy 0.09 0.38 7.01 0.09 4.17 87.3 0.38 
uh 1.06 0.53 0.13 1.2 3.85 0.13 66 1.2 25.76 
uw 0.02 6.16 0.41 0.11 0.5 20.4 0.63 0.09 0.81 69.6 0.97 
INS 0.53 14.4 4.35 0.95 1.17 1.06 15.7 1.7 0.42 0.53 0.74 

 

3. Vocalic Variations 
The phonemic variations are represented using the confusion 
matrix of the canonical pronunciation of each phoneme and its 
variations. Table 2 shows the realization of variants of each 
vowel with its realization rate of canonical form. The average 
realization rate of canonical form is 79.52% in vowels. In Table 
2, /ah/, /aa/, /ae/, /ao/, /uh/, and /uw/ show a relatively lower 
rate of realization in canonical form than the average. /ah/ 
shows the lowest rate of canonical form (41.3%) and is realized 
as /ih/ by 30.9%.  /aa/ is realized as /ao/ by 12.1%, and 13.1% 
of /ae/ as /eh/ (raising). /uw/ is changed into /ih/ by 20.4% 
(fronting).  

Furthermore, diphthongs (aw, ay ey, ow, oy) are shown to 
have a higher rate of realization in canonical form than simple 
vowels, while tense vowels (iy, ey, uw) show more stability 
than lax vowels (ih, eh, uh). 

Figure 1 is derived from Table 2 to show the substitution 
and deletion rate of each vowel. The average substitution rate is 
13.84% and the average deletion rate is 5.70%. Of the 6 vowels 
mentioned above that show a low rate of realization in 
canonical form, three vowels, /aa/, /ae/ and /uw/, tend to 
undergo substitution rather than deletion, while /ao/ and /uh/ 
tend to undergo deletion rather than substitution. And /ah/, 
which shows the lowest rate of realization in canonical form, is 
subject to both substitution and deletion. 

 

 
Figure 1: Substitution rate and deletion rate of each 

vowel 

/ah/ and /ih/ correspond to two schwa realizations in the 
CMU phoneme set, and most vowels tend to be pronounced as 
one of these with a relatively higher rate. When we look at the 
columns of /ah/ and /ih/ in Table 2, /aa/, /ae/, /eh/, /er/, /ih/, 
/ow/, /uh/, and /uw/ are realized as /ah/. On the other hand, /ae/, 
/iy/and /uw/ show higher rates of changing into /ih/ (11.3%, 
11.9% and 20.4%, respectively), then /aa/, /eh/, /ey/ and /uh/ 
follow. However, /ah/ and /ih/ show different behaviors. The 
canonical form of /ah/ has a divergent realization with a 
realization rate of canonical pronunciation of 41.3%, while /ih/ 
is realized in its canonical form by 84.4%.  

Table 3 summarizes the pronunciation variations of vowels 
found in the TIMIT corpus. The realization of low vowels, /aa/ 
and /ae/, as well as the medium high vowels, /ao/ and /eh/, are 
categorized as raising here, while the realization of vowels such 
as /ah/ and /ih/ are categorized as reductions. Other than the 
raising and the reduction, the vowels /ah/ and /ao/ show higher 
rates of deletion and insertion.  

Table 3. Summary of vocalic variations 

name of 
variation 

canonical 
pronunciation variant variation 

rate (%) 

raising aa ao 12.1 
ae eh 13.1 

reduction 

aa, uw, ih, 
ow, er, eh,  

ae, uh 
ah 6.84 ~ 1.06  

ah, uw, iy,  
ae, eh, uh,  
aa, er, ey  

ih 30.9 ~1.24 

deletion 
ah 

- 
17.54 

ao 17.92 
uh 25.76 

insertion - 
ah 14.4 
ao 4.35 
ih 15.7 
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Table 4. Variations of consonants in the TIMIT corpus: The realization rate (%) in canonical form of each phoneme is 
presented in the shaded cells, and the numbers which are referred to in the text are presented in bold. The first column 

corresponds to the canonical pronunciations of consonants, and the first row corresponds to their realizations in the corpus. 

b ch d dh f g hh jh k l m n ng p r s sh t th v w y z zh DEL 
b 87.91 0.06 0.03 0.06 0.06 0.66 10.74 
ch 94 0.09 3.51 0.28 1.85 
d 0.01 0.02 65.16 0.07 0.02 3.49 0.06 0.16 0.05 0.2 0.12 0.01 0.06 0.43 0.02 0.01 0.01 0.07 0.09 25.67 

dh 0.57 88.21 0.21 0.11 0.11 5.32 0.09 5.32 
f 98.34 0.03 0.03 0.19 1.4 
g 0.03 83.37 0.24 0.06 0.03 14.15 

hh 90.58 0.03 0.03 0.03 9.32 
jh 0.83 0.08 94.1 0.08 0.08 0.08 0.15 2.42 1.89 
k 75.7 0.02 0.02 23.63 
l 0.02 97.77 0.01 0.01 0.02 1.58 

m 0.04 0.04 99.4 0.07 0.04 0.04 0.37 
n 0.18 96.32 2.12 0.01 0.01 1.04 
ng 0.06 7.38 91.71 0.49 
p 0.07 0.15 86.99 0.02 12.59 
r 0.03 0.01 0.01 0.01 0.04 0.03 0.01 72.85 0.1 0.03 0.01 0.01 0.01 6.02 
s 0.01 0.01 92.83 0.66 0.01 0.02 1.95 4.42 

sh 0.1 0.17 99.35 0.38 
t 0.25 19.55 0.01 0.01 0.01 0.01 0.02 0.05 0.01 0.01 0.01 0.02 0.08 41.6 0.01 0.01 0.01 0.01 34.93 

th 0.12 1.81 0.12 0.12 0.12 0.24 0.72 94.22 2.41 
v 0.04 1.6 0.07 94.94 0.04 2.67 
w 0.05 0.05 97.82 0.02 1.77 
y 0.8 0.03 1.33 0.31 0.03 79.64 0.66 16.55 
z 0.05 0.04 0.05 0.02 11.14 0.14 0.05 0.02 86.23 0.98 1.16 

zh 0.63 15 3.13 1.25 76.88 2.5 
INS 0.11 1.7 0.11 1.7 12.83 0.11 0.53 0.42 0.42 2.23 0.11 14.74 3.39 0.53 9.86 0.53 3.29 5.51 0.21 0.11 

4. Consonantal Variations 
Table 4 shows the variations of consonants and the realization 
rate of canonical form of each consonant. The average 
realization rate of canonical form is 86.91% in consonants. 
Consonants show a higher rate of canonical realization than 
vowels. In Table 4, /t, d, r, k, g, zh/ and /y/ show on average a 
lower rate than in comparison to the rest.  

In sum, five types of substitutions are observed in 
consonants. First, voicing affects /t/, which is realized as /d/ by 
19.6%. /s/ and /th/ also undergo voicing to a minor degree. On 
the other hand, devoicing affects /z/ (11.14%), /dh/ (5.32%) 
/zh/ (3.13%) and /v/ (1.6%). The nasals /ng/ and /n/ are affected 
by place changes, and realized as /n/ and /ng/ by 7.38% and 
2.12%. The palato-aveolar fricative /zh/ is confused with the 
alveolar fricative /z/ by 1.25%. The affricate /ch/ is confused 
with the fricative /sh/ by 3.51%, and the affricate /jh/ is 
confused with the fricative  /zh/ by 2.42%. The changes in 
place of articulation and manner of articulation are observed in 
/d/ (3.49%) and /y/ (1.33%), which become both /jh/. Besides 
these five types of variations, other consonantal substitutions 
do not seem significant. 

Figure 4 is derived from Table 4 to show the substitution 
and deletion rates of each consonant. The average substitution 
rate is 13.84% and the average deletion rate is 5.70%. 

 
 
 
 
 
 
 
 
 

 

 
Figure 2: Substitution rate and deletion rate of each 
consonant 

As far as the consonants are concerned, they are more 
likely to be deleted than to be confused with other phonemes. 
The average deletion rate of consonants is 7.62%, which is 
higher than that of vowels, 5.70%. The stops drop more 
frequently than other phonemes except /hh/ and /y/, and 
alveolar stops are most vulnerable, followed by velar, labial 
and glottal sounds, which can be summarized as follows: 
alveolar (t > d) > velar/palatal (k > y > g) > labial (p > b) > 
glottal (hh). Voiceless stops drop more frequently than voiced 
stops when they occupy the same place of articulation. 

The pronunciation variations of consonants found in the 
TIMIT corpus is summarized in Table 5. All substitutions 
observed in consonants are related to the changes in voice, 
place of articulation and manner of articulation. And the 
deletion and insertion affect different phonemes except /t/ and 
/y/. 

In addition, /t/ and /d/ show the most variability as shown 
in Table 5. Note also that there are alternations between vowel 
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and consonant, which do not belong in both Tables 2 and 4. /er/ 
is realized as /r/ by 4.87%, and /r/ is realized as /er/ by 19.1%. 

 

Table 5. Summary of consonantal variations 

 
canonical 

pronunciation variant variation rate 

voicing 
s z 1.95 
t d 19.55 

th dh 1.81 

devoicing 

dh th 5.32 
v f 1.6 
z s 11.14 

zh sh 3.13 

place 
change 

n ng 2.12 
ng n 7.38 
zh z 1.25 

manner 
change 

ch sh 3.51 
jh zh 2.42 

place & 
manner 
change 

d jh 3.49 

y jh 1.33 

deletion t, d, k,  
y, g, p, b - 34.93 ~ 10.74 

insertion - r, hh, t, 
y, s, w   14.74 ~ 3.29 

5. Discussion and Conclusions 
This paper presents an analysis of English pronunciation 
variations using the TIMIT corpus of American English at the 
phonemic level. The manually annotated data are analyzed by 
comparing the variants to their canonical pronunciations 
defined by the CMU Pronunciation Dictionary. The analysis is 
performed on vowels and consonants separately with respect to 
substitution, deletion and insertion.  

The results show that vowels tend to undergo substitution 
rather than deletion, whereas consonants are subject to deletion 
rather than substitution. The substitutions in vowels are mainly 
related to the raising and reduction of the vowel into two 
English schwas. Note that the raising is denoted as a type 
vowel reduction in [8] without any further evidence, and the 
vocalic substitutions in English results from one variation of 
reduction. However, as mentioned in this study, each vowel 
subject to the raising and reduction show different behavior, so 
that further research is required to prove that raising is a type of 
vowel reduction. On the other hand, consonantal substitutions 
are related to feature changes in voice, place of articulation and 
manner of articulation. And the consonants which undergo 
substitution may be characterized as having the place of 
articulation between dental and palato-alveolar region. Labial 
and velar consonant rarely undergo substitution.  

Based on the results of the analysis on vowels and 
consonants, it is possible to presume that English vowels 
vulnerable to the substitution are low, central or back vowels in 
contrast to high and medium-high front vowels. For consonants, 
the most vulnerable and unstable consonants which are subject 
to substitution are the alveolar stops, /t/ and /d/. And the most 
frequently inserted consonants are /r, hh, t, y, s, w/. Further 
research relating to this phenomenon, especially as to the 
context in which such insertions are made should be conducted.  

In conclusion, given that the ultimate goal of pronunciation 
training in the area of second language acquisition is to help 
students achieve a reasonable "intelligible" pronunciation rather 

than an "accent-less" pronunciation, the results of this study 
will contribute to the determination of "comprehensible" 
pronunciation of English. Furthermore, they will also 
contribute to the study of English phonetics and phonology as 
well as to the development of pronunciation modeling of 
English speech recognizers. 

In future work, the results of the current study will be 
examined to determine whether or not they belong to the 
"comprehensible" variations, so that those determined to belong 
to such variation may be deployed in the development of an 
English pronunciation learning or assessment system. 
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