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Chapter 2 

Literature Review 

 

 This review of literature focuses on the previous studies that are closely related 

to the topic of thesis. This review includes the literature on the study of Mandarin 

vowels, the phonologically-conditioned mid and low vowels in Mandarin, the acoustic 

theory and its application on the study of vowels, and acoustic studies on Mandarin 

vowels. Following the review of literature, the research question of this thesis would 

be presented. 

 

2.1 Literature on the study of Mandarin vowels 

 This review of the literature on the study of Mandarin vowels includes the 

studies of Mandarin vowel from different perspectives and with diverse 

methodologies. Namely, research from the phonological perspective, phonetic and 

psycholinguistic perspective, and the perspective of language change would be 

presented in this section. The acoustic literature on Mandarin vowels, which is 

directly related to this thesis, would be reviewed in an independent section in Section 

2.3. 

 

2.1.1 Phonological research 

Concerning Mandarin vowels, there is an abundant literature of phonological 

studies. To begin with, Chao (1968), in his research on the grammar of spoken 

Chinese, included a section that introduces the phonology of Mandarin. In the 
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introduction, he follows the tradition of Chinese phonology in discussing the vowel 

together with the syllable finals. The concept of syllable final, in the definition of 

traditional Chinese phonology, refers to the syllable minus the initial consonant. In 

other words, syllable final is the combination of the segments in the syllable except 

for the syllable initial consonant. Based on this definition, syllable final in Mandarin 

includes the prenuclear glide, the main vowel, and the coda nasal or the postnuclear 

glide. For example, the syllable final would include [waj] in the syllable [kwaj], in the 

syllable [wan], the final equals to the whole syllable, and in a syllable that only 

contains the vowel [a], the vowel is the syllable final. Similarly, Norman (1988), in 

his introductory book to the Chinese language and its history, also discussed the 

vowels according to the types of syllable final. 

Besides, lots of theoretical discussions from the phonological perspective have 

dedicated to the study of Mandarin vowel inventory (Cheng (1973), Lin (1989, 2007), 

Y. Wu (1994), Duanmu (2000)). Cheng (1973), in his book on the phonology of 

Mandarin Chinese2, devoted a whole chapter on the discussion of Mandarin vowel. 

He also followed the tradition of Chinese phonology to explore the vowel in 

Mandarin from the viewpoint of the syllable final alongside with his own observation 

on the phonetic feature of Mandarin surface vowel phones. Y. Wu (1994) and Duanmu 

(2000) also discuss the Mandarin vowel system based on the syllable final. 

Lin (1989), in her dissertation on the segmental process in Chinese phonology, 

presented the theoretical discussion on vowels with the autosegmental approach. 

Similar to the study of Chao (1968) and other previous studies mentioned above, 

                                                 
2 In the literature of studies on Mandarin, the term Mandarin Chinese, Standard Chinese, or simply 
Chinese were used to refer to the Mandarin used as the lingua franca in Taiwan and Mainland China. 
Also, some studies also called it Guoyu (the national language), Putonghua (the common language), or 
Huayu (the language of the Chinese People). For the uniformity in discussion, this study would use 
Mandarin to replace the original terms used in the studies when possible ambiguity in referring would 
be encountered. 
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segments in the syllable final also play an important role in her discussion. Lin (2007), 

in her introductory book to the sounds of Chinese, summarized her previous research 

on Mandarin vowels to present a complete Mandarin vowel system. She stated that 

there are three surface high vowel phones [i], [y], and [u] besides the two apical 

vowels [ɿ] and [ʅ] and Mandarin glides [j], [ɥ], [w] are [i], [y], and [u] underlyingly. In 

addition, Mandarin has four surface mid vowel phones [e], [ə], [o], [ɤ]. Among them 

the two tense vowels [e] and [o] in syllable final position are phonetically closer to the 

lax vowels [ɛ] and [ɔ] respectively. As for the low vowel, there are two different 

surface phonetic variants [a] and [ɑ] of Mandarin low vowel. Table 2.1 below 

summarized Mandarin surface vowel phones (Lin, 2007). 

 

Table 2.1 Mandarin surface vowel phones (Lin, 2007) 
Classification Basic surface phones Other surface variants 
High vowels [i], [y], [u], [ɿ], [ʅ] [j], [ɥ], [w] from three high vowels 

Mid vowels [e], [ə], [o], [ɤ] [ɛ] (variant of [e]), [ɔ] (variant of [o]) 
Low vowels [a], [ɑ]  
 

A detailed comparison of the transcription of the vowel system in the studies of 

Cheng (1973), Lin (1989, 2007), Y. Wu (1994), Duanmu (2000) will be made in the 

section 2.2 below. From this review of literature on Mandarin vowels so far, it could 

be found that syllable finals are closely related to the vowel in Mandarin.  

 Further, there are some theoretical discussions that went further deep in 

exploring the underlying mechanism of Mandarin vowels, like the vocalic 

underspecification (Lin, 1992), the mechanism that underlies the surface vowels (Lin, 

1996), the underspecifications and the description of vowels (Wiese, 1997), the 

distribution of vowels from the diachronic point of view (Li, 1999), and the 



 8 

assimilation in mid vowels (Lin, 2002). These study all pointed out the importance of 

phonological environment on the study of Mandarin vowels. 

 

2.1.2 Phonetic and psycholinguistic research 

As for the phonetic study on Mandarin vowels, Dow (1972) offered a thorough 

survey on the Mandarin vowel inventory from a purely descriptive phonetic approach. 

Each vowel was described articulatorily with the relative height and backness in the 

vowel space together with other phonetic features such as roundness and vowel length. 

These descriptions were reflected in detail on the transcription of sounds in the study. 

There are also several psycholinguistic studies that are related to the study of 

Mandarin vowels. Among the phonological studies already mentioned, there are 

several different hypotheses concerning the surface and underlying form of Mandarin 

vowels. As a response, some psycholinguistic studies (Wan, 1999; Wan & Jaeger, 

2003) investigated some of these hypotheses about Mandarin vowel system made in 

phonological studies. Based on an examination on the corpus of errors speech, Wan 

(1999) evaluated claims about every aspects of phonological system Mandarin, 

including consonants, syllable structures, tones, phonological theories, and vowels. 

Concerning vowels, she reported that vocalic features have different degrees of 

violation, a result that was in accordance with Lin’s (1989) underspecification model, 

and the vowel system proposed in Lin (1989) was also supported. 

In a follow-up investigation into the vowel system of Mandarin, Wan and Jaeger 

(2003) utilized the distributional evidence, the phonetic evidence, and the 

psycholinguistic evidence of speech errors to uncover the relationship between the 

phonemic inventory and the surface phones of Mandarin vowels. In the study, besides 

the use of speech error data to support the psychological reality of the claim, the 
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possible co-occurrence of Mandarin vowels with all syllable onsets and syllable codas 

were surveyed as the distributional evidence. A complete table of possible 

co-occurrence of Mandarin surface vowels with all onsets and codas were 

summarized in the study, as reproduced in Table 2.23 in the following page. The 

acoustic method of spectrogram analysis was also used for clarifying some 

controversies such as the phonetic distinction between the apical vowel in [tsɨ] and 

[tʂɨ]. At the end of the study, a new set of underlying vowel system of /i/, /y/. /u/, /ə/, 

/a/ and several context-dependent rules that help to derive surface forms were 

proposed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
3 Some minor modifications were made in the table to correct typos in the original table. 
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Table 2.2 Possible co-occurrence of Mandarin vowels with all onsets and codas (Wan & Jaeger, 2003) 
 i ɨ y u e ɛ  ə ɔ o ɤ a ɑ 
Single i  y u      ɤ a  
_(C/G) in 

iŋ 
 yn    ən  oŋ 

ow 
 an 

aj 
ɑŋ 
ɑw 

p, pʰ pi 
pin 
piŋ 

  pu  
 
pej 

  
pən 

  
poŋ
pow

 pa 
pan 
paj 

 
pɑŋ 
pɑw 

t, tʰ ti 
tin 
tiŋ 

  tu  
 
tej 

  
tən 

  
toŋ 
tow

tɤ ta 
tan 
taj 

 
tɑŋ 
tɑw 

k, kʰ    ku  
 
kej 

  
kən 

  
koŋ
kow

kɤ ka 
kan 
kaj 

 
kɑŋ 
kɑw 

f    fu  
 
fej 

  
fən 

  
foŋ 
fow

 fa 
fan 
 

 
fɑŋ 
 

s, ts, 
tsʰ 

 sɨ  su  
 
tsej 

  
sən 

  
soŋ 
sow

sɤ sa 
san 
saj 

 
sɑŋ 
sɑw 

ʂ, tʂ, 
tʂʰ 

 ʂɨ  ʂu  
 
ʂej 

  
ʂən 

  
ʂoŋ
ʂow

ʂɤ ʂa 
ʂan 
ʂaj 

 
ʂɑŋ 
ʂɑw 

ɕ, tɕ, 
tɕʰ 

ɕi 
ɕin 
ɕiŋ 

 ɕy 
ɕyn 

         

x    xu  
 
xej 

  
xən 

  
oŋ 
ow 

xɤ xa 
xan 
xaj 

 
xɑŋ 
xɑw 

m mi 
min 
miŋ 

  mu  
 
mej

  
mən

  
oŋ 
ow 

  ma 
man 
maj 

 
mɑŋ 
mɑw 

n ni 
nin 
niŋ 

 ny nu  
 
nej 

  
nən 

  
oŋ 
ow 

nɤ na 
nan 
 

 
nɑŋ 
nɑw 

l li 
lin 
liŋ 

 ly lu  
 
lej 

    
oŋ 
ow 

lɤ la 
lan 
laj 

 
lɑŋ 
lɑw 

(C)j_      jɛ 
jɛn 

  oŋ 
ow 

 ja 
 

jɑŋ 
jɑw 

_(C)ɥ_      ɥɛ 
ɥɛ 

      

(C)w_     wej   
wən

wɔ  
woŋ
 

 wa 
wan 
waj 

wɑŋ 
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2.1.3 Research on language change 

There are a few studies discussed the sound change in Taiwan Mandarin. Kubler 

(1985) first devoted a whole book in studying the development of Mandarin in Taiwan. 

He investigated the language change in Taiwan Mandarin from the aspects of 

phonology, syntax, and lexicon. He focused on the influence from other languages on 

Taiwan Mandarin, especially the influence from the Taiwanese Southern Min, which 

is the mother tongue of a majority of people in Taiwan and from other sources 

involving Southern Mandarin, classical Chinese, Japanese, and the western languages. 

Other scholars such as Lin (2007) defined two types of Mandarin spoken in Taiwan 

that receive different degrees of influence from the local languages as Taiwan 

Mandarin and Taiwan accented Mandarin, which has already been mentioned in the 

introduction. Besides, she summarized several characteristics of Taiwan Mandarin, 

including the loss of r-suffixation and some noticeable sound changes in Taiwan 

Mandarin vowels, like the change from [əŋ] to [oŋ]. Chen (1999) and Duanmu (2000) 

also have some comments on the difference between Beijing Mandarin and Taiwan 

Mandarin. 

Also, there are some studies inquire the sound change in Taiwan Mandarin 

vowels from the acoustic perspective. Y. Chang (1998) investigated the formant 

frequencies of six monophthongs that can occur in isolation such as [i], [u], [y], [ɑ], 

[ə], and [ɚ] and the two apical vowels [ɿ] and [ʅ] in Taiwan Mandarin speakers with 

different language background such as Taiwanese Southern Min, Hakka, and 

Mandarin. 
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2.2 The phonologically-conditioned mid and low vowels in Mandarin 

2.2.1 The different transcriptions in Mandarin mid and low vowels  
 

Table 2.3 below summarized the different claims made about Mandarin mid and 

low vowels by Cheng (1973), Lin (1989), Wu (1994), Duanmu (2000), and Wan and 

Jaeger (2003). In the following table, the left column shows the name of the study; the 

column in center presents the mid and low vowel phoneme; the right column presents 

the transcriptions of the surface form. 

 
Table 2.3 Summary of the claims about Mandarin mid and low vowels 
Cheng (1973) /ɤ/  

/ɑ/  
[e][ə][o][ɤ] 
[a][ɑ][ɛ] 

Lin (1989, 2007) /ə/  
/a/  

[e/ɛ][ə][o/ɔ][ɤ] 
[a][ɑ][ɛ] 

Wu (1994) /ə/  
/a/  

[e][ə][o][ɒ][ɤ] 
[a][ɑ][æ] 

Duanmu (2000) /ə/  
/a/  

[e][ə][o][ɤ][E] 
[a][ɑ][æ][ɐ][A] 

Wan & Jaeger 
(2003) 

/ə/  
/a/  

[e][ɛ][ə][ɔ][o][ɤ] 
[a][ɑ] 

 
From the summary in Table 2.3, the disagreement on the description of mid and 

low vowel phones in Mandarin is evident. Although it might be simply a reflection of 

the linguistic data that were observed in the studies by different researchers, the large 

varieties in transcription in some degree mirror the disagreements on the vowel 

quality of mid and low vowels among studies. Especially, the observation that a sound 

represents by the same symbol can be categorized into phonemes with different height 

such as [ɛ] shows the lack of consensus about the border line in vowel height between 

Mandarin mid and low vowels among the claims of these researchers. 
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 Also, with further investigations into the disagreements about Mandarin mid and 

low vowels, it could be found that the disagreements mainly lay in the transcription of 

the low vowel /a/ and the mid vowels when preceded by a prevocalic glide. The 

different transcriptions were listed in Table 2.4 below.  

 

Table 2.4 Disagreements on the transcription of the low vowel [a] and the main 
vowels when preceded by a glide 

Finals 
 

Works 

阿 a 
‘ah!’ 

夜 ye 
‘night’ 

越 yue 
‘to 

cross’ 

厭 yan
‘to 

detest’ 

院 yuan 
‘yard’ 

臥 wo 
‘to lie’ 

Cheng (1973) ɑ e e ɛ a o 
Lin (1989, 2007) a e e ɛ a/ɛ o 

Wu (1994) a ɛ ɛ æ ɛ ɒ 

Duanmu (2000) A E ɐ æ ɐ o 

Wan & Jaeger 
(2003) a ɛ ɛ ɛ ɛ ɔ 

 

The underlying low vowel /a/ in a syllable that made up of a single vowel was 

transcribed into three different symbols: a low front vowel [a] in Lin (1989), Wu 

(1994), and Wan & Jaeger (2003), a low back vowel [ɑ] in Cheng (1973), and a low 

central vowel [A] in Duanmu (2000). This shows that the backness of Mandarin low 

vowel in a syllable that contains only a single vowel is still in question. 

Besides, mid and low vowels, when preceded by glides, also have a variety of 

transcriptions. For example, the front vowels with contrast in height [e], [ɛ], [æ], [a], 

and [E], a symbol that denotes a vowel higher than [ɛ] but lower than [e] in Duanmu 

(2000), were used to refer to the vowels when preceded by the glide [j] or [ɥ]. 

Similarly, the back vowels with contrast in height [o], [ɔ], [ɒ] were used to represent 

the vowel when preceded by the glide [w]. From the above observations, it could be 
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generalizes that the height of vowels preceded by glides is still disputable in the 

literature. 

Finally, the phonemes of Mandarin mid and low vowels in these different studies 

mentioned above all are claimed to derive a vast variety of allophones. Adding the 

importance of syllable finals in the discussion of Mandarin vowel, this indicates that 

the vowel quality of Mandarin mid and low vowels are largely influenced or, in 

another term, conditioned by the phonological environment where they occurred. 

To sum up, in this section, the transcription of mid and low vowels by Cheng 

(1973), Lin (1989), Wu (1994), Duanmu (2000) and Wan and Jaeger (2003) were 

compared. The first generalization would be that they do not consensus over both the 

vowel quality of mid and low vowels and the boundary between mid and low vowels. 

The second generalization would be that the backness of Mandarin low vowel in a 

syllable that contains only a single vowel is still unsettled. The third generalization 

would be that the height of vowels preceded by glides is yet to be investigated. The 

final generalization would be that Mandarin mid and low vowels are conditioned by 

the phonological environment. These five generalizations from the previous literature 

provide motivations to investigate Mandarin mid and low vowels. 

 

2.2.2 The distinction between close-mid and open-mid vowel in mid vowels 

 In the examination of the transcription in Table 2.1, it could be found that there 

are distinctions between the two front vowels [e] and [ɛ] and between the two back 

vowels [o] and [ɔ]. In the literature, the common distinction between members in the 

pair is in the tenseness of the vowel, or in the speech gesture of advanced tongue root, 

or in the vowel height of close-mid and open-mid. 
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The tenseness in vowel distinguishes between tense and lax vowels. Rogers 

(2000) described English tense vowel as longer, a little higher, and a little more to the 

periphery of the vowel space than its lax correspondent. In the IPA chart (the 

International Phonetic Association, 1999), the difference in the pair [e] and [ɛ] or in 

the pair [o] and [ɔ] was indicated by the height of the vowel; [e] and [o] were in the 

close-mid height whereas [ɛ] and [ɔ] were in the open-mid height. In addition, the 

[e]-[ɛ] and [o]-[ɔ] distinction in English was described as the difference in the 

tenseness or in the advanced tongue root in Katamba (1989). However, according to 

the acoustic study of Ladefoged and Maddieson (1996), advanced tongue root does 

not have absolute correspondence to tenseness universally in the world’s languages. 

Therefore, only the vowel height aspect was considered. In other words, this study 

would only investigate in the close-mid and open-mid distinction in the contrast pairs. 

 

2.2.3 The front-back distinction in low vowels 

 In addition to the close-mid and open-mid distinction in Mandarin mid vowels, 

there is also the front-back distinction in low vowels. In Table 2.3 in section 2.2.1, the 

low vowel phoneme could derive at least two surface vowels [a] and [ɑ]. The different 

transcription in the two low surface vowel phones implies that there is difference in 

the vowel quality of the vowels. This difference as the feature implied by the phonetic 

labeling is in the backness of the vowel. 

 

 

 

 

 



 16

Table 2.5 Finals that contain the low vowel phones in Mandarin (Transcriptions 
follow that in Wan and Jaeger, 2003) 

post-nuclear 
 

pre-nuclear 
[j] [n] Ø [w] [ŋ] 

[w] [waj] [wan] [wa]  [wɑŋ] 
[j]   [ja] [jɑw] [jɑŋ] 
Ø [aj] [an] [a] [ɑw] [ɑŋ] 

 
 Table 2.5 presents the finals that contain the low vowel phones in Mandarin in 

Wan and Jaeger’s (2003) transcription. The distribution of [a] and [ɑ] in the table 

clearly showed that Mandarin low vowels are conditioned by the post-nuclear element. 

However, although there are some phonological discussions on the phenomenon, little 

acoustic study devoted to this issue. Hence, this thesis would investigate into the 

distinction that exists between phones that are labeled as [a] and [ɑ]. 

 

2.3 The acoustic theory and its application on the study of vowels 

2.3.1 Acoustic theory on vowel quality 

The book of Kent & Read (1992) offered a detailed introduction to the acoustic 

theory of the study of speech. It includes the physical principles of speech sounds, the 

techniques in the acoustic analysis of speech, and the acoustic characteristics of 

speech sounds. According to Kent & Read (1992), the basic principle of acoustic 

analysis of speech is based on the tube resonance model of speech production. 

Summarized in a few words, the tube resonance model simulates the human 

articulatory apparatus to a round tube. This model utilizes physical attribute of sound 

that the narrowness in different position of the tube would cause different frequency 

of the sound resonance. Following the same physical principle, the constriction in the 

different position in the oral cavity would also produce similar different frequency of 

the sound resonance. Based on the principle, the formants and frequencies of speech 
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sounds are found to correspond to the constriction in the oral cavity, which is the one 

of determinant of features of different speech sounds. Therefore, the analysis of the 

frequency of speech sounds serves as a good way to observe speech sounds. 

Ladefoged, in a series of introductory book in phonetics (1962, 1971, 2001, 

2006), summarized the findings of previous work on acoustic phonetics. The detailed 

acoustic characteristic of speech sounds, including the consonants and the vowels and 

other prosodic elements of speech, were introduced and discussed. Rogers’ (2000) and 

Catford’s (2001) book in phonetics also did similar work in summarizing the acoustic 

theory of speech. Among the acoustic theory, the acoustic characteristics of vowel 

quality are the most relevant to the present study. The relationship between the vowel 

quality and the formant frequencies were summarized in Figure 2.1 below 

 

 
Figure 2.1 The relationship between the vowel quality 

and the formant frequencies (Frequency 
values are from Catford (2001)) 

 

 Figure 2.1 demonstrates the relationship between the vowel quality and the 

formant frequencies. The vowels with contrast in the vowel quality [i], [u], and [a] are 

added to help the understanding of the figure. Firstly, the value of the first formant 
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(F1) is presented in the vertical axis in the right of the figure. The value of F1 

decreases from the top to the bottom. The position of the two vowels that contrast in 

height [a] and [u] shows the relationship between vowel height and F1. The high 

vowel [u] is in the top of the figure while the low vowel [a] is in the bottom of the 

figure. This shows that high vowel has lower F1 while low vowel has higher F1. 

Secondly, the value of the second formant (F2) is presented in the horizontal axis in 

the top of the figure. The value of F2 decreases from the left to the right. The front 

vowel [i] is in the left of the figure while the low vowel [u] is in the right of the figure. 

This shows that front vowel has higher F1 while back vowel has lower F1. 

Cross-linguistically, the validity of these correspondences between formant 

frequencies and the vowel quality has been attested in Mandarin (Liu, Tseng, & Tsao, 

1999). Liu, Tseng, & Tsao (1999) examined the speech acoustic characteristics of 

phonetic contrasts in Taiwan Mandarin, including vowel height, vowel backness, 

aspiration of stop, afficate vs. fricative, stop vs. nasal, and articulation place of stops., 

In the examination of the acoustic values of the single vowels [i], [a], and [u], the 

correlation between vowel quality and frequencies of the first two formants was 

attested. 

There are also some works about how to study speech sound with the acoustic 

method. To begin with, in the most frequently cited study in the acoustic study of 

vowels, Peterson and Barney (1952) discussed the control methods used in a study of 

the vowel. Ladefoged (2003) introduced the methods of phonetic fieldwork, which of 

course includes the acoustic method of study the speech sounds. Besides, Fon (2004) 

also explained how to do phonetics in the acoustic approach for beginners and Wan 

(2004) demonstrated how to make use of the acoustic method in the study of vowels. 
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2.3.2 Application on the study of vowels 

The acoustic method of measuring the first two formants as the vowel quality has 

been widely applied to the study of languages worldwide. Ladefoged and Maddieson 

(1996) employed the acoustic method extensively in the sound of the world’s 

languages. There are some surveys of the complete set of surface vowel in the world’s 

language, including French (Calloipe, 1989), German (Heid, Wesenick, & Draxler, 

1995), Taiwanese Southern Min (Hsieh, 2006) and of course Mandarin (Howie, 1976) 

among others. 

The acoustic method is also a good tool in investigating language variation, 

especially the variation in vowel. Because the vowels are not distinct as consonants 

are, the concrete method of acoustic analysis provides an objective solution to record 

and analyze the variants of vowels. Thomas (2001), with the help of acoustic analysis 

techniques, provides a detailed depiction of the vowel qualities with the vowel spaces 

of different dialectal varieties of English. Y. Chang (1998) also described the variants 

of Mandarin vowels spoken by people with different language backgrounds in Taiwan 

with the acoustic analysis. 

 
2.4 Acoustic studies on Mandarin vowels 

2.4.1 Studies on Taiwan Mandarin 

In addition to the theoretical discussions and psycholinguistic studies, a few 

acoustic studies attempted to inspect the vowel qualities in Mandarin. As for the 

acoustic studies on Taiwan Mandarin, Howie’s (1976) study is the most thorough 

acoustic survey on Mandarin vowels and tones in the literature. He designed words 

with different syllable types and different combinations of consonants and vowels 

with different tones to investigate the vowel quality of Mandarin vowels. His subject 

was a male native speaker of Mandarin come from Taiwan. The first three frequencies 
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of the vowels in the testing words were measured in the study. He reported that there 

were distinct among Mandarin allophones whether in monophthongs, diphthongs or 

triphthongs; he also found that syllables with tonal distinctions are also different in 

vowel. In general, syllables involving high tones have higher vowel quality. In 

addition to the acoustic method, perception tests with the synthesized materials were 

used to test the difference between the production and the perception of Mandarin 

vowels. He reported there is little difference between the production and the 

perception of Mandarin vowels. 

Also, Y. Chang (1998), with the purpose to compare the vowel produced by 

speakers with different language background in Taiwan, investigated the formant 

frequencies of six monophthongs that can occur in isolation such as [i], [u], [y], [ɑ], 

[ə], and [ɚ] and the two apical vowels [ɿ] and [ʅ] in Taiwan Mandarin. Her subjects 

included sixteen male speakers with different language background such as Taiwanese 

Southern Min, Hakka, and Mandarin. She found that Taiwan Mandarin vowels are 

affected by the vowel system of the speaker’s own native language. In the comparison 

between Taiwan Mandarin and Beijing Mandarin, she also found that the vowels are 

more distinct in Beijing Mandarin than in Taiwan Mandarin. Moreover, she also 

investigated the controversial Mandarin apical vowels, which will be reviewed in 

detail in Section 2.4.2. 

Furthermore, S. Chang (2002) measured the formant frequencies of five 

monophthongs [i], [u], [y], [a], and [ɤ] produced by normal and hearing impaired 

students in order to compare their performance in vowel and tone production. C. Wu 

(2009) studied the Mandarin vowels produced in context in terms of the articulatory 

position of the tongue, the jaw, and the lips and the formant frequencies. She found 
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that there are discrepancies in the height of tongue body position and the 

corresponding vowel height in formant frequencies. 

As for the acoustic studies on Beijing Mandarin, Bao (1984) recorded the 

formant frequencies (F1 to F3) of nine monophthongs. Tsao and Yang (1984) studied 

the formant transition patterns of diphthongs produced by Beijing Mandarin speakers. 

Lin and Wang (1992) reported the formant frequencies of eight monophthongs in 

Putonghua (the official standard of Mandarin spoken in mainland China). Finally, Lee 

and Zee (2003) reported the sound system, including the consonants, vowels, and 

tones, of Standard Chinese in Beijing (Beijing Mandarin). Some conditionings in the 

vowel quality were also described. 

 

2.4.2 Acoustic studies on Mandarin apical vowels4 

The Mandarin apical vowels, which only occur after the alveolar or post-alveolar 

consonants in an open syllable, are always a debating issue in the literature of 

Mandarin vowels. The surface forms of apical vowels have been discussed in the 

phonological studies of Cheng (1973), Lin (1989), and Wu (1994); they claim that the 

apical vowels display difference in vowel quality when preceded by post-alveolar and 

dental sibilants. While other researchers transcribed the two as alveolar [ɿ] and 

post-alveolar [ʅ], Wu (1994) transcribed the retroflex one as [ɯ] and the apical one as 

                                                 
4 The term “apical vowels” in this thesis follows Cheng (1973) in referring to the vowels that occur 
only after the apical consonants in an open syllable. However, Ladefoged and Maddeison (1996) 
reported that the post-alveolar fricative that precedes the so-called Mandarin apical vowels is not apical 
but laminal. In Tse’s (1988, 1997) and Y. Chang’s (1998) study, they used the term ‘empty vowels’, 
which possibly implied the emptiness of the vowel in the underlying representation. In order to avoid 
any implication on the underlying representation of the vowel, this study uses the term a safer but not 
totally correct term “apical vowels” to refer to the vowels that occur only after the alveolar and 
post-alveolar consonants in an open syllable. Examples of alveolar apical vowels are si [sɨ] ‘four’, zi 

[tsɨ] ‘self’, and ci [tshɨ] ‘times’; examples of post-alveolar apical vowels are shi [ʂhɨ] ‘affairs’, zhi [tʂɨ] 
‘ambition’, and chi [tʂhɨ] ‘red’ in Wan and Jaeger’s (2003) transcription. 
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[ɨ]. It seems that the vowel qualities of Mandarin apical vowels are not totally without 

question in the literature of phonology. 

The vowel qualities of apical vowels have also been measured acoustically in Tse 

(1997) and Y. Chang (1998). Tse (1997) performed acoustic analysis and perceptual 

tests on Mandarin apical vowels. He concluded that Mandarin apical vowel can derive 

two vowel qualities with significant difference in the frequencies of F2 and this 

difference seemed to be the result of the coarticulatory effect with the preceding 

consonants. He also found syllables that contain the apical vowel have clear CV 

structure. Likewise, Y. Chang (1998) also found two vowel qualities with difference 

in backness and these difference are different from the vowel qualities reported in the 

study on Beijing Mandarin; besides, she also compared the formant frequencies of 

Mandarin apical vowel with Japanese [ɯ] and Korean [ɨ] and concluded that these 

vowels have unique vowel qualities and are indeed apical vowels, which involve the 

use of tip of the tongue. However, Wan and Jaeger (2003), in a preliminary inspection 

on the vowel quality of Mandarin apical vowels, found only one vowel quality of 

apical vowel when preceded by sibilants of different place of articualtion in the 

spectrogram produced by a 21-year-old male Mandarin speaker. 

 

2.5 Research questions 

Under study, issues regarding the acoustic study on vowel quality, the 

conditioning in the vowel, and the sound change in Taiwan Mandarin will be 

investigated. Questions to be addressed involve the following:  

1. What are the precise phonetic forms in Taiwan Mandarin vowels? Can the 

distinctions or contrasts implied by the different transcription in the literature be 

attested in the acoustic data of this study? If they can be attested, is there any 
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difference between the observed distinction and the distinction implied by the 

transcriptions? 

2. What type of phonological environments conditions the Mandarin vowels, 

especially the mid and low vowels?  

3. Is there any observable change in vowel quality in Taiwan Mandarin vowels? If yes, 

then in what vowels can they be observed? 

4. What are the vowel qualities of Taiwan Mandarin vowels revealed in the formant 

frequencies? 

Some hypotheses to the research questions were made on the basis of previous 

findings and observations. To begin with, the distinctions in transcriptions were 

generally believed to be also attested in our acoustic data since the distinctions were 

based on the phonetic observations made in previous studies. Next, following the 

literature of Mandarin phonology, the possible phonological environments that 

condition the Mandarin vowels might be segments in the syllable final, which 

includes prenuclear glides, postnuclear glides and coda nasals. Thirdly, there might be 

some observable change in vowel quality in Taiwan Mandarin because there were 

already some changes in vowel quality found in the literature such as the apical 

vowels (Wan and Jaeger, 2003) and other changes in vowel qualities (Lin, 2007). 

Finally, the vowel qualities of Taiwan Mandarin vowels would be measured and 

recorded in concrete acoustic formant frequency values. 

This thesis attempts to answer these research questions through the acoustic 

analysis method presented in Chapter Three. The findings and discussions, which 

would provide some insights for these research questions, will be presented in detail 

in Chapter Four. 
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