
‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

35 

 

 

Chapter 4 

Findings and Discussions 

 

4.1 Overview of the data 

 This section presents an overview of the data collected in this study. As the 

methodology has mentioned, there are two forms of recording such as in the citation 

form and in sentence and there are also testing words with initial consonants11 

(abbreviated as IC) and words without IC. Examples of forms of testing data are 

presented in Table 4.1 below. Two forms multiplied by two kinds of syllable are a 

total of four groups of testing words. 

 

Table 4.1 Example of different forms of testing data 
syllable

form 
Without IC With IC 

In citation form i51 li51 

In sentence wɔ21 ʂwɔ55 i51 wɔ21 ʂwɔ55 li51 

 

However, the acoustic data of the four groups shows some random discrepancies in 

the distribution in the vowel space as Figure 4.1 has shown.  

 

                                                 
11 The term initial consonant (IC) in this study refers to the consonantal segment that precedes the 
vowel in a syllable. Since glides such as [j] and [w] are [-consonantal] according to the feature 
geometry in Katamba (1989), the glides were excluded from the referents of the term in this study. A 
similar term is syllable onset, which also refers to the segments in the syllable-initial position. However, 
the term syllable onset might possibly include syllable-initial glides. Whether Mandarin syllable-initial 
glides are in the syllable onset or not is a phonological issue about the status of pre-nuclear glides in the 
syllable structure of Mandarin, which is not the focus of this study. Therefore, the more precise term 
initial consonant (IC) was used in this study. 
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Figure 4.1 Examples of [i], [u], and [a] in the acoustic data of the four 

groups 
 

In Figure 4.1, [i], [u], and [a] are examples of the syllables without IC; [li], [lu], and 

[la] are examples of the syllables with IC. The letter C followed the sound represents 

that the vowel is produced in the citation form, whereas the letter S followed the 

sound represents that the vowel is produced in sentence. The random distribution of 

the relative position of vowels of different groups shows that both the existence of IC 

and the form of production have inconsistent influence on the vowel quality. For 

example, the initial consonant [l] has influence on the vowel in testing items with 

different vowels. In comparison to the syllables without IC, it made the vowel move 

back in the high front and the low vowels, while it made the vowel move front in the 

high back vowels. Similarly, testing items in sentence forms have influence in certain 

syllables but not in other syllables. An example would be that testing items in 

sentence forms have higher vowel qualities in testing items with low vowel such as [a] 

and [la] but there seemed to be no obvious pattern in testing items with high vowels. 
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These inconsistent influences resulted from the environments in sentence form and 

the initial consonants might be interfering factors in the analysis of vowel quality. 

Since this study follows the previous study in focusing on the segment’s conditioning 

on the vowel in the syllable final, the group of testing words that receives least 

influence from the environment except for the segments in the syllable final is 

selected as the data for analysis. Syllable without IC reduces the possible influence 

from the initial consonants, and the citation form reduces the influence from other in 

the same sentence. For that reason, only the results from the testing words without 

initial consonants in citation form would be used in this thesis. 

The formant frequency data from the testing items without initial consonants in 

citation form was presented in Table 4.212 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
12 For the detailed formant frequency data of each token of the six subjects in our study, please see 
Appendix F. 
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Table 4.2 Mean F1 and F2 values of surface phones of Taiwan Mandarin in all 
the testing items (Transcription follows that of Wan and Jaeger (2003)) 

F1 F2 Vowels Testing 
words Mean SD token mean SD token 

[i] 易 1 256 (23) [18] 2429 (94 ) [18] 
[in] 印 2 335 (46) [17] 2379 (157) [17] 
[iŋ] 硬 3 333 (43) [18] 2331 (176) [18] 
[y] 預 4 259 (24) [18] 1971 (102) [18] 

[yn] 韻 5 282 (37) [18] 1921 (164) [18] 
[u] 務 6 304 (31) [18] 650 (29) [18] 
[sɨ] 四 32 300 (33) [18] 1661 (131) [18] 

[tsɨ] 自 33 298 (27) [18] 1674 (134) [18] 

[tshɨ] 次 34 332 (25) [18] 1709 (110) [18] 

[ʂɨ] 事 35 300 (32) [18] 1706 (101) [18] 

[tʂɨ] 志 36 301 (26) [18] 1695 (95) [18] 

[tʂhɨ] 赤 37 331 (16) [17] 1709 (89) [17] 

[ʐɨ] 日 38 284 (27) [18] 1731 (95) [18] 
[wej] 畏 7 558 (64) [18] 1407 (110) [18] 
[jɛ] 夜 8 446 (92) [18] 1917 (140) [18] 

[jɛn] 厭 9 491 (49) [17] 1939 (147) [17] 

[ɥɛ] 越 10 430 (48) [18] 1796 (98) [18] 

[ɥɛn] 院 11 475 (51) [17] 1782 (106) [17] 
[ən] 恩 12 550 (57) [17] 1404 (141) [17] 

[wən] 問 13 493 (52) [18] 1328 (163) [18] 
[ə˞] 二 39 542 (75) [18] 1298 (95) [18] 

[ɤ] 餓 19 517 (61) [18] 1237 (62) [18] 

[wɔ] 臥 14 441 (63) [18] 792 (61) [18] 
[ow] 漚 15 576 (56) [16] 995 (44) [16] 

[woŋ] 甕 16 495 (57) [18] 826 (62) [18] 
[jow] 又 17 553 (62) [18] 1143 (86) [18] 
[joŋ] 用 18 514 (70) [18] 984 (65) [18] 
[a] 阿 20 798 (79) [18] 1274 (61) [18] 

[an] 岸 21 788 (81) [18] 1414 (94) [18] 
[aj] 愛 22 799 (60) [18] 1368 (79) [18] 
[ja] 訝 23 822 (104) [17] 1445 (80) [17] 
[wa] 襪 24 699 (152) [18] 1108 (79) [18] 
[wan] 萬 25 721 (87) [18] 1263 (123) [18] 
[waj] 外 26 768 (131) [18] 1301 (127) [18] 
[ɑŋ] 盎 27 767 (65) [18] 1220 (76) [18] 

[ɑw] 傲 28 748 (53) [18] 1212 (87) [18] 

[jɑŋ] 樣 29 772 (68) [18] 1457 (60) [18] 

[jɑw] 藥 30 734 (136) [18] 1322 (100) [18] 

[wɑŋ] 忘 31 659 (114) [18] 1045 (98) [18] 
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In Table 4.2, starting from the leftmost column, the first column shows the 

transcription of the syllable. Basically, the transcription in this study, if not specified, 

follows that of Wan and Jaeger (2003). The next column shows the testing words in 

Chinese characters; the number following the testing words refer to the serial code for 

the testing words for the ease of reference and labeling. The following columns shows 

the mean value, the standard deviation (abbreviated as SD), and number of tokens13 

of F1 and F2 respectively. To prevent possible misidentification of the numerals, the 

standard deviations were put in parenthesis ( ); and the number of tokens were put in 

brackets [ ]. 

The following is a vowel space that shows the vowel quality in all testing words 

of the study. 

 

 

                                                 
13 Ideally, there are 18 tokens for each testing items since there are six subjects and three tokens for 
each subject. However, some of the testing items were mispronounced or hard to analyze by the 
acoustic instrument because of some technical problems. As a result, some testing items have number 
of tokens that misses one or two tokens. 
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Figure 4.2 The vowel quality in all the testing words in Taiwan Mandarin 

in the vowel space (The vowels are represented by the serial 
codes of testing words in the vowel space) 

 

The vowel space of our Taiwan Mandarin data in Figure 4.2 resembled the 

trapezoid in standard vowel chart (the International Phonetic Association, 1999) 

in Figure 4.3 below. In addition, the single vowels [i], [u], [a] in Figure 4.2 

corresponds to the reasonable values of vowels (Catford, 2001) already 

demonstrated in Figure 2.1 in Section 2.3. Therefore, the reliability of the acoustic 

data used in the present study is assured. 
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Figure 4.3 The standard vowel chart (the International 

Phonetic Association, 1999). 
 

4.2 High vowels 

This section presents the acoustic features of high vowels in Taiwan Mandarin. 

There are three single high vowels [i], [y], and [u] in Mandarin. They can form 

syllables by themselves, for example [i] ‘easy’, [y] ‘beforehand’, [u] ‘affairs’. In 

addition to these vowels, there are some disagreements over the acoustic 

characteristics of apical vowels based on the traditional analysis of [ts ɿ] and [tʂʅ]. 

As a consequence, high vowels in Taiwan Mandarin are divided into two main 

groups in this study for the ease of discussion. One group includes the single high 

vowels [i], [y], and [u]; the other group contains the so-called apical vowels. Both 

groups of high vowel in Taiwan Mandarin will be discussed in detail with acoustic 

data in this study. 
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4.2.1 The single high vowels 

4.2.1.1 Spectrogram analysis of [i], [y], and [u] 

In Taiwan Mandarin, the single high vowels [i], [y], and [u] can form syllables 

by themselves. The spectrograms of the three vowels produced in isolation are shown 

in Figure 4.4 below. 

 

 
Figure 4.4 Spectrograms of [i], [y], and [u]14 

 

The spectrograms in Figure 4.4 present the formants of the three single high 

vowels produced by the same male speaker in citation form. The small dots showed 

the position of the formants in the spectrogram. The first formants (F1) of the three 

vowels are all in the darker regions in the low frequency area. In the acoustic theory 

of vowels (Ladefoged, 1971; Kent & Read, 1992), Low F1 is the acoustic feature of 

high vowels. Differing from the uniformity in F1, the second formants (F2) of the 

front vowel [i], [y] and the back vowel [u] are in distinct frequency area. The F2 of 

the front vowels [i] and [y] are at the high frequency area with the F2 of [y] being 

slightly lower than that of [i]. In contrast, the F2 of the back vowel [u] appears in the 

low frequency area and relatively close to its F1. This difference in the frequency of 

                                                 
14 To ensure the reliability of the comparison of formant structures in the spectrograms, spectrograms 
put in the same figure were taken from testing items produced by the same subject. 
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the second formant of [i], [y], and [u] reflects their acoustic distinction in the 

front-back dimension. Being front vowels, [i] and [y] have high F2, while the back 

vowel [u] has low F2. These acoustic features of the three single high vowels in 

Taiwan Mandarin represented in the spectrograms confirms to the acoustic theory and 

echoes the findings in Liu, Tseng, & Tsao’s study on the acoustic characteristic of 

Mandarin vowel contrast (1999). 

 

4.2.1.2 Cross-linguistic comparison of [i], [y], and [u] 

Table 4.3 compares the F1 and F2 value of the three vowels [i], [y], and [u] when 

produced in isolation as a independent syllable across Taiwan Mandarin data, 

including data in this study, in Taiwan Mandarin (Chang, 1998), in French (Calloipe, 

1989), in German (Heid, Wesenick, & Draxler, 1995), and finally in Catford’s (2001) 

reasonable value of vowels. 

Table 4.3 The F1 and F2 value of the three high monophthongs [i], 
[y], and [u] when produced in isolation 

Language Vowels F1 (Hz) F2 (Hz) 
[i] 256 2429 
[y] 259 1971 Taiwan Mandarin 
[u] 304 650 

[i] 256 2034 
[y] 262 1924 Taiwan Mandarin 

(Chang, 1998) 
[u] 327 690 

[i] 300 2050 
[y] 300 1800 French 

(Calloipe, 1989) 
[u] 350 850 

[i] 324 2071 
[y] 341 1590 

German 
(Heid, Wesenick, 
& Draxler, 1995) [u] 328 946 

[i] 240 2400 
[y] 235 2100 Reasonable value 

(Catford, 2001) 
[u] 250 595 
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Since these three vowels are all high vowels, the F1 value are very small within 

the range of 200 to 350 Hz across all languages compared. Among the three vowels, 

the front vowel [i] generally has the lowest F1 value and the back vowel [u] has the 

highest with the value of [y] in between. However, the difference in F1 between [u] 

and the other two front vowels [i] and [y] are not very obvious. 

 Unlike the situation in F1, the difference in F2 between [u] and the other two 

front vowels are very apparent. The F2 value of the back vowel [u] is within the range 

of 600 to 1000 Hz among the languages compared in this section. In contrast, the F2 

of [i] and [y] are at least above 1500 Hz cross-linguistically. For illustration, the F2 of 

[y] are between 1500 and 2100 Hz and that of [i] are even higher within the range 

from 2000 to 2400 Hz. Figure 4.2 below presents the F1 and F2 values of the three 

high vowels across languages compared in bar graphs. 
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Figure 4.5 Cross-linguistic comparison of F1 and F2 values of the high 
vowels [i], [y], and [u] (data taken from Table 4.2) 

 

In Figure 4.5, the bar represents the formants of the high vowels. It could be observed 

that the F1 are relatively low across all languages. This reveals the acoustic 

characteristics of low F1 in high vowels. As for the F2 in the three vowels, the F2 of 

[u] are obviously lower than the F2 of [i] and [y]. This shows that the F2 of the front 

vowel [y] is a little lower than that of [i] and both are much higher than the F2 value 

of back vowel [u]. In short, the results of this comparison highlight the contrast in 

their F2 value between the back vowel [u] and the front vowels [i] and [y] 

cross-linguistically.  

 

4.2.1.3 Conditioning effect of coda nasals in high vowel phones 

Besides being able to form a syllable by themselves, [i] and [y] can also form a 

syllable together with a coda nasal. The vowel phones of the phoneme /i/ either can 

exist in isolation or can be followed by the nasals [n] and [ŋ]. The vowel phones of [y] 
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can form a syllable together with a [n] in the coda position. The nasals in the coda 

position could influence the formant frequencies of the vowels. Table 4.2 presented 

the mean F1 and F2 values of the surface phones of the high vowels [i], [y], and [u]. 

 

Table 4.4 F1 and F2 values of high vowel phones of the testing words 
F1 F2 

Vowels 
Testing 
words mean SD token mean SD token 

[i] 易 1 256 (23) [18] 2429 (94) [18] 
[in] 印 2 335 (46) [17] 2379 (157) [17] 
[iŋ] 硬 3 333 (43) [18] 2331 (176) [18] 
[y] 預 4 259 (24) [18] 1971 (102) [18] 
[yn] 韻 5 282 (37) [18] 1921 (164) [18] 
[u]15 務 6 304 (31) [18] 650 (29) [18] 

 
In Table 4.4, the mean F2 of the syllables [i], [in], and [iŋ] had little difference in 

the mean F2 value with all values within the range of 2300~2400 Hz, while the vowel 

in syllables with coda nasals [in] and [iŋ] have higher F1 value compared to the single 

vowel [i]. The statistic analysis that compares the means with [i] and [i] followed by 

nasals showed that the different was highly significant in F1 (One-way ANOVA, F (1, 

51) =32.370, P=0.000<.001), while in contrast, there is no statistical difference in the 

F2 (One-way ANOVA, F (1, 51) =1.949, P=0.169 >.05). 

It seemed that the coda nasals in the syllable increase the F1 value of the high 

vowel. Also, the rising of F1 value could be found in the syllable [yn] as compared to 

[y]. Therefore, it is observed that coda nasals raised the F1 value of high vowels. In 

other words, from the view point of position in the vowel space, coda nasals lowered 

the vowel height of high vowels in TM16. 

                                                 
15 The combination of [u] and a following nasal *[un] is illegal in Taiwan Mandarin and Mandarin in 
general. 
16 Besides the nasal’s influence on the vowel quality, there are other acoustic characteristics that also 
reveal the nasal’s influence on neighboring vowel. For example, nasalized vowel has wider bandwidth 
in lower formants (Ladefoged, 2001). Thank Prof. Ogasawara from the Department of English, 
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4.2.1.4 Summary 

To sum up, the results of the present study about the high vowels [i], [y], and [u] 

were generally in accordance to the patterns about the description of high vowels in 

the previous research. The spectrogram analysis showed that the results of this study 

fit into the acoustic theory about vowel description. Besides, in the cross-linguistic 

comparison, the result of the present study showed the same pattern in F1 and F2 

values of the three single high vowels as the results of previous studies in Taiwan 

Mandarin (Chang, 1998), French (Calloipe, 1989), German (Heid, Wesenick, & 

Draxler, 1995), and the reasonable value of vowels (Catford, 2001). This is a 

reflection of the fact that there is basically no controversy about the single high 

vowels in Taiwan Mandarin. 

In addition to the findings that echoed the observations in previous literature, the 

F1 value of the surface forms of [i] and [y] revealed the conditioning of coda nasal 

over the vowel height of single high front vowels in TM. 

 

4.2.2 Apical vowels 

Compared with the single high vowels, Mandarin apical vowels are more 

controversial probably because the apical vowels are more marked and not commonly 

found in the word’s language. Controversies over the apical vowels include three 

main issues. The first is whether the apical vowels are real vowels or syllabic 

consonants (Tse, 1997; Wiese, 1997; Duanmu, 2000). The second is whether the 

vowels are “apical” or not, a topic related to the examination of tongue position 

(Ladefoged and Maddieson, 1996; Tse, 1997; Chang, 1998). The last one is the vowel 

                                                                                                                                            
National Taiwan Normal University for pointing this out. However, this study would only focus on the 
acoustic phenomena that are related to vowel quality because of the limit on the scope of this study. 
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quality of apical vowels (Tse, 1997; Chang, 1998), etc. However, since the present 

study is an acoustic study based on the formant frequency data, only the last issue 

about the vowel quality of apical vowels is discussed in this study. 

 There are several different terms or symbols that refer to the apical vowels in 

Mandarin in the literature. The present study would adopt Ladefoged and 

Maddieson’s (1996) term to refer to the two groups. According to Ladefoged and 

Maddieson (1996), the sibilants that precede the apical vowels in Mandarin can be 

divided into alveolar and post-alveolar groups. The alveolar group in their study refers 

to the non-retroflex sounds and the post-alveolar group refers to the retroflex sounds 

in Chinese phonetics. As for the transcription of the apical vowels, in the literature on 

Mandarin apical vowels, the apical vowels that are preceded by alveolar sibilants [s], 

[ts], and [tsh] are labeled [ɿ]. The apical vowel that are preceded by alveolar sibilants 

[ʂ], [tʂ], [tʂh] and [ʐ] is labeled [ʅ]. In this study, when the data from other studies are 

mentioned, the transcription in the original study would be kept, while in the 

discussion of comparison among the five studies, the terms alveolar group and 

post-alveolar group were used to represent [ɿ] and [ʅ] respectively for the ease of 

discussion. The phonetic transcription of the testing words for this study was made 

according to that of Wan and Jaeger (2003), who used the symbol of the high central 

vowel [ɨ] to refer to the apical vowel in both alveolar and post-alveolar group. The 

results of this study would use alveolar group and post-alveolar group to refer to the 

vowels following the alveolar and post-alveolar sibilants respectively rather than the 

phonetic symbols [ɨ], [ɿ], and [ʅ] to avoid any presumption about their vowel qualities. 
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4.2.2.1 Spectrogram analysis 
 

 
Figure 4.6 A sample of spectrogram of [sɨ] and [ʂɨ] by a male speaker of Taiwan 

Mandarin 
 

 In this section, the spectrograms of [sɨ] and [ʂɨ] in Figure 4.6 were used to 

illustrate the acoustic similarity between vowels in syllables that begin with an 

alveolar sibilant and vowels in syllable that begins with a post-alveolar sibilant. The 

left column of Figure 4.6 showed the spectrogram of the syllable [sɨ] and the right 

column showed the spectrogram of the syllable [ʂɨ]. 

Before comparing the formants of apical vowels shown in spectrogram, the 

acoustic difference in the prevocalic sibilants were compared since the phonetic 

front-back distinction between [ɿ] and [ʅ] was claimed to be resulted from the 

influence of preceding alveolar and post-alveolar sibilants (Tse, 1997). The major 

acoustic characteristic of sibilants is the random energy distributed over a wide range 

of frequencies (Ladefoged, 2006). The high frequency noises in the left-handed part 

of each spectrograms represented the syllable-initial sibilants [s] and [ʂ]. According to 

the acoustic investigation of Ladefoged and Maddieson (1996), the alveolar sibilant [s] 

has the strongest noises around 4000Hz and the post-alveolar sibilant [ʂ], on the other 

hand, has the strongest noises at the area just a little above 2000Hz. When the two 
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sibilants were compared, the highest energy area of the alveolar sibilant [s] in the 

spectrogram would be higher than that of the post-alveolar sibilant [ʂ]. In the 

spectrograms of syllables that begin with [s] and [ʂ], such acoustic difference between 

the two sibilants was also observed. It is obvious that the strong random noises in [ʂ] 

occupied the lower frequency area that started from about 2000Hz, while the random 

noises in [s] appeared in higher frequency area higher than 5000Hz. To sum up this 

comparison of the sibilants that precedes apical vowels, the distribution of random 

noises in the spectrogram showed that the acoustic difference between the two 

sibilants [s] and [ʂ] are quite obvious. 

Unlike the obvious differences in the initial sibilants, the distribution of the first 

and second formant in the following vowels did not show much difference in their 

spectrogram. To begin with, the first formants of the two syllables were located at the 

low frequency area below 350 Hz, which is an acoustic symbol for high vowels, as 

mentioned in previous section about the single high vowels in Taiwan Mandarin. In 

addition, the second formants of both syllables were similar in distribution. The two 

F2 were level and both at the frequency area around 1650 Hz. Both F1 and F2 for the 

two syllables appeared at about the same frequency. To sum up, based on the 

distributions of F1 and F2, it could be observed that there is little difference in the 

spectrograms of the apical vowels in syllables that were preceded by alveolar and 

post-alveolar sibilants. 

 

4.2.2.2 Formant frequencies of apical vowels 

 The results of spectrogram analysis implied a similar pattern of the distribution 

of the first two formants between the alveolar and the post-alveolar group. In this 
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section, the values of formant frequencies of these two groups of apical vowels were 

examined in detail to confirm the observation gained from spectrogram analysis. 

In Table 4.5, the Mean F1 and F2 of all possible syllables that contain apical 

vowels in Taiwan Mandarin were presented. The table included syllables with all 

seven possible onsets that can form a syllable together with an apical vowel. Among 

the seven onsets, the three onset [s], [ts], and [tsh] belongs to the alveolar group and 

the other four [ʂ], [tʂ], [tʂh], and [ʐ] belongs to the post-alveolar group. Syllables in 

the alveolar group were put in the white blocks while syllables in the post-alveolar 

groups were put in the black blocks 

 

Table 4.5 Mean F1 and F2 of all possible syllables that contain apical vowels in 
Taiwan Mandarin 

F1 (Hz) F2 (Hz) Transcription Testing 
words mean SD token mean SD token 

[sɨ] 四 32 300 (33) [18] 1661 (131) [18] 
[tsɨ] 自 33 298 (27) [18] 1674 (134) [18] 
[tshɨ] 次 34 332 (25) [18] 1709 (110) [18] 
[ʂɨ] 事 35 300 (32) [18] 1706 (101) [18] 
[tʂɨ] 志 36 301 (26) [17] 1695 (95) [17] 
[tʂhɨ] 赤 37 331 (16) [18] 1709 (89) [18] 
[ʐɨ] 日 38 284 (27) [18] 1731 (95) [18] 

 

The ANOVA result for the difference in the means of F1 in the alveolar and 

post-alveolar group was not significant (One-way ANOVA, F(1, 123)= 0.417, 

P=0.520>.05). This shows that the means of F1 of the two groups are similar. The 

ANOVA result for the difference in the means of F2 in the two group was still not 

significant (One-way ANOVA, F(1, 123)= 1.822, P=0.180>.05). In short, the statistic 

results of our Taiwan Mandarin data did not show difference in either F1 or F2. 

Sibilants that precede Mandarin apical vowels could be divided into three same 

manner pairs based on their manner of articulation: fricative [s]-[ʂ] pair, unaspirated 
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affricate [ts]-[tʂ] pair, aspirated affricate [tsh]-[tʂh] pair. The following discussion 

further looked into the statistical difference between members in the same manner 

pairs. The result of ANOVA was listed in Table 4.6. 

 

Table 4.6 the ANOVA results of difference within the same manner pair 
Same manner 

pairs Formant Degree of 
freedom (df) F value Significant 

value (P value) 
F1 (1, 34) 0.000 0.992 [sɨ]×[ʂɨ] F2 (1, 34) 1.160 0.289 
F1 (1, 33) 0.155 0.697 [tsɨ]×[tʂɨ] F2 (1, 33) 0.218 0.644 
F1 (1, 34) 0.001 0.976 [tshɨ]×[tʂhɨ] F2 (1, 34) 0.000 0.984 

 

The ANOVA results in Table 4.6 showed that there was no statistical significance in 

all of the same manner pair in both F1 and F2 with the significant all far higher than 

the significant level of 0.05. This result indicated that there is generally no alveolar 

and post-alveolar distinction in the apical vowels in our Taiwan Mandarin data. 

In order to further explore the difference in the vowel quality between the two 

groups, the relative position of the seven syllables were located in the F1-F2 plot as in 

Figure 4.7. The F1 and F2 values for each syllable are based on the values presented 

in Table 4.5. The members in the same manner pairs were linked with dotted line to 

make the comparison clearer. 
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Figure 4.7 Distribution of the apical vowels in F1-F2 plot (data from Table 4.5) 

 

In Figure 4.7, the distribution of the members of the alveolar and the 

post-alveolar groups did not have clear boundary either in F1 or in F2. For example, 

in the high-low dimension, the alveolar [tshɨ] was higher than the post-alveolar [tʂhɨ] 

but was also lower than the post-alveolar [ʂɨ]. In addition, in the front-back 

dimension, the aspirated alveolar affricate [tsh ɨ ] was between the aspirated 

post-alveolar affricate [tʂhɨ] and the unaspirated post-alveolar affricate [tʂɨ]. 

However, if the comparison was made only between the same-manner pairs, the 

front-back contrast between the two groups appears. The members of the same 

manner pair, which is linked by dotted line in Figure 4.7, contrasts with each other 

especially in the front-back dimension. The vowels following [ʂ], [tʂ], and [tʂh] are in 

the front of the vowels following [s], [ts], and [tsh] respectively. This result echoes to 

Tse’s finding (1997) that the mean F2 values in the apical vowels that follows [ʂ], [tʂ], 



 54

and [tʂh] are higher than the apical vowels that follows [s], [ts], and [tsh]. Thus, it is 

found that in our Taiwan Mandarin data, the contrast between the alveolar and 

post-alveolar group exists only relatively in the same manner pairs and does not have 

absolute boundary from the results of formant plot analysis. This observation showed 

a trace of the contrast between the alveolar and post-alveolar group that existed in 

previous form of Taiwan Mandarin found in Tse’s study (1997). 

In conclusion, since there was no statistical evidence for the contrast, this study 

concluded that there was no distinction between the alveolar and post-alveolar group 

in our Taiwan Mandarin data. The only trace for the front-back contrast could only be 

observed in the same manner pairs shown in the relative position in the formant plot 

while there is no absolute and clear-cut boundary in the front-back dimension between 

the two groups of apical vowels. 

 

4.2.2.3 Comparison with previous studies 

 In this section, the average values for F1 and F2 in previous studies on the apical 

vowels in Taiwan Mandarin (Chang, 1998; Tse, 1988; Howie, 1976) and Beijing 

Mandarin (Bao, 1984) were compared with the results of this study.  
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Table 4.7 Mean values of the F1 and F2 of apical vowels in the previous studies 
on Mandarin 

Related works Sound 
group 

Mean F1 
(Hz) 

Difference 
in F1 

Mean F2 
(Hz) 

Difference 
in F2 

alveolar 309 1681 Present study 
(2009) [TM] post-alveolar 303 

6 
1701 

20 

[ɿ] 331 1562 Chang (1998) 
[TM] [ʅ] 352 

21 
1652 

90 

[ɿ] 351 1660 Tse (1988) 
[TM] [ʅ] 345 

6 
1827 

167 

[ɿ] 340 1320 Howie (1976) 
[TM] [ʅ] 460 

120 
1800 

480 

[ɿ] 371 1360 Bao (1984) 
[BM] [ʅ] 372 

1 
1797 

437 

 

Table 4.7 compares the mean values of the F1 and F2 of several studies on 

Mandarin apical vowels. The top four studies were based on the acoustic analysis of 

Taiwan Mandarin data, while Bao’s study (1984) at the bottom of the table was based 

on Beijing Mandarin data. The motivation for the inclusion of Beijing Mandarin data 

in the table was to provide a basis for comparison since Beijing Mandarin is 

considered the most representative form of Mandarin. 

The third column form the left in Table 4.7 shows the mean F1 in the two groups 

of Mandarin apical vowels. The mean F1 in the alveolar group ranged from 309Hz to 

371Hz among the data from the five studies. The mean F1 in post-alveolar group also 

had a similar minimum value at 303Hz but the maximum value is especially high at 

460Hz. It could be found that there are bigger differences in the post-alveolar group 

than in the alveolar group. If the F1 values of alveolar and post-alveolar group were 

compared within individual studies, it could be observed that F1 in the post-alveolar 

group are relative higher if there is any big difference. From the statistical point of 
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view, the mean difference between the F1 in alveolar and post-alveolar group among 

previous studies on apical vowels, which did not include the present study, was not 

significant. (One-way ANOVA, F(1, 6)= 1.485, P=0.269>.05).  

The column in the center of Table 4.7 presents the difference of F1 in each study. 

In studies except for that of Howie (1976), the small difference less than 25Hz in F1 

between the alveolar and post-alveolar group in the four studies shows that there is no 

strong distinction in F1 between the alveolar and post-alveolar groups. In short, the 

difference in F1 between the alveolar and post-alveolar group across the studies are 

not observed. 

 After the comparison of the F1 in the studies on Mandarin apical vowels, the 

discussion moves on to the comparison of F2. The second column from the right lists 

the mean F2 value from the five studies on Mandarin apical vowels. Among previous 

studies on apical vowels, the difference between the alveolar and post-alveolar group 

was significant (One-way ANOVA, F(1, 6)= 10.565, P=0.017<.05). This result is not 

unexpected since the F2 values in the post-alveolar group are obviously higher if the 

two groups were compared on a within-study basis. 

 The right-most column of the table, which presents the difference of F2, shows 

that there is generally a decrease of F2 in studies on Taiwan Mandarin across several 

decades17. The decrease of the difference between the F2 of the alveolar group and the 

post-alveolar group starts from 480Hz in the results of Howie (1976) to 167Hz in Tse 

(1988), to 90Hz in Chang (1998), and finally to 20Hz in the present study whose data 

were collected in 2009. This decrease in the difference in F2 indicates that the 

front-back distinction of the two groups of apical vowel was blurring and finally 

                                                 
17 Although the different choice of subjects such as their sex, age, and language background in the 
studies might have influence on the frequency, the pattern of decreasing in difference in F2 with the 
time shows the same tendency without any exception across the literature of acoustic studies on 
Mandarin apical vowels. This might indicate a real tendency rather than just a coincidence. 
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disappeared. If the Beijing Mandarin data of Bao (1984) were also take into 

discussion, it could be found that Taiwan Mandarin apical vowel were originally 

similar to the Beijing Mandarin in having great difference in F2. However, the F2 

difference between the alveolar and post-alveolar group continues to shrink and the 

difference between the two groups becomes very small. This result might signify the 

phonetic neutralization process over the past thirty years in the two groups of Taiwan 

Mandarin apical vowels as Wan and Jaeger (2003) already mentioned. 

 

4.2.2.4 Summary 

To summarize, the contrast between the alveolar and the post-alveolar group was 

not statistically significant, though the relative front-back contrast between same 

manner pairs indicated a trace of the distinction in Taiwan Mandarin. This 

phenomenon was contributed by the phonetic neutralization in Taiwan Mandarin 

apical vowels. First, the spectrogram analysis of the present data, despite the acoustic 

difference in the onset sibilants, shows a similar distribution of the first two formants 

between the groups. Second, the results of ANOVA of the formant frequency values 

between the groups and the distribution in the formant plot suggest similarity in both 

F1 and F2. The contrast between groups of apical vowels was not observed while the 

observation that the contrast existed relatively in the distribution of the vowel quality 

in the same manner pair was suggested. Finally, the comparison among the studies on 

the apical vowels in recent thirty years showed a gradual decrease in the difference in 

the F2 value and accordingly suggested the phonetic neutralization process in Taiwan 

Mandarin. 
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4.3 low vowels 

 There are twelve possible syllables that contain Mandarin low vowels. According 

to the report in Mandarin phonology (Cheng (1973), Lin (1989), Wu (1994), Duanmu 

(2000), and Wan and Jaeger (2003), among others), Mandarin low vowel has two 

surface phones that contrast to each other in the front-back dimension. The main 

cause of the front-back contrast is said to be the influence of the coda nasal or 

post-nuclear glide in the syllable rime. Since the syllable structure in Mandarin is a 

matter of phonology, this study would not go deep into the discussion of syllable 

structure. This study would focus on the verification of the phonetic front-back 

distinction in Mandarin low vowels and the role that segments in the environments 

play in the conditioning of the vowel quality in Mandarin low vowels. 

 

4.3.1. The distinction among the phones of low vowels 

 Table 4.8 shows the mean F1 and F2 of all twelve surface low vowel phones in 

Mandarin. The first seven syllables are said to belong to the front group18, which 

traditionally transcribed as [a], and the others that are put in shaded blocks belong to 

the back group, which traditionally transcribed as [ɑ]. The grouping of [a] and [ɑ] 

vowel phones and the transcriptions were based on the categorization and 

transcriptions of surface low vowels in Wan and Jaeger (2003). 

 

 

 

                                                 
18 The front-back distinction between [a] and [ɑ]. Actually, the F2 values of Mandarin low vowels 
reported in this study distribute in the middle between the front [a] (F2=1610) and the back [ɑ] 
(F2=940Hz) of Catford’s reasonable values of vowel (2001). Further inspection would found that many 
low phones are relatively close to the front [a]. This result is in agreement with Prof. I-Ping Wan’s 
observation that Taiwan Mandarin low vowels are generally close to the front (personal 
communication). 
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Table 4.8 Mean F1 and F2 of all possible syllables that contain low vowels in 
Taiwan Mandarin 

F1 (Hz) F2 (Hz) Transcription Testing 
words mean SD token mean SD token

[a] 阿 20 798 (79) [18] 1274 (61) [18] 
[an] 岸 21 788 (81) [18] 1414 (94) [18] 
[aj] 愛 22 799 (60) [18] 1368 (79) [18] 
[ja] 訝 23 822 (104) [17] 1445 (80) [17] 
[wa] 襪 24 699 (152) [18] 1108 (79) [18] 
[wan] 萬 25 721 (87) [18] 1263 (123) [18] 
[waj] 外 26 768 (131) [18] 1301 (127) [18] 
[ɑŋ] 盎 27 767 (65) [18] 1220 (76) [18] 
[ɑw] 傲 28 748 (53) [18] 1212 (87) [18] 
[jɑŋ] 樣 29 772 (68) [18] 1457 (60) [18] 
[jɑw] 藥 30 734 (136) [18] 1322 (100) [18] 
[wɑŋ] 忘 31 659 (114) [18] 1045 (98) [18] 

 

 At a preliminary inspection on the values of formant frequencies, it seemed that 

the two groups do not obviously contrast to each other since there were no clear 

boundaries between the two groups either in the first formant or in the second formant. 

The mean F1 for the phones in the front group ranged from 699Hz to 822Hz and that 

for the back group ranged from 659Hz to 772Hz. The F1 values that belong to the two 

different groups overlapped in the frequency from 699Hz to 772Hz. Similarly, the 

mean F2 for the phones in front group were between 1108Hz and 1445Hz and that for 

the back groups were between 1045Hz and 1457Hz. The F2 values also overlapped 

from 1108Hz to 1445Hz. The overlap suggests that there is no clear boundary 

between the syllables in the two groups. The result in F2, especially, indicates that the 

front-back distinction between the two groups, if there is any, is not presented in an 

absolute manner, which has a clear boundary.  
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Figure 4.8 Distribution of the surface forms of Mandarin low vowels in the 

formant plot (data from Table 4.5) 
 

In addition, the interlaced distribution of the low vowel phones of the two groups 

in Figure 4.8 highlighted the observation in the mean F1 and F2 values that the 

front-back distinction was not obvious. The round dots in the figure represent the 

syllables of the front group and the triangles represent the syllables of the back group. 

It seemed that the syllables of the two groups were intermixed in the formant plot 

both vertically and horizontally. The mixed distribution in the vertical dimension 

would not be discussed in detail in the present study because it has little connection to 

the front-back distinction in Mandarin low vowels. Obvious examples of the mixed 

distribution in the horizontal dimension would be the syllables [jɑŋ] and [wa]. The 

syllable [jɑŋ], which is said to belong to the back [ɑ] group, was located in the 

front-most position in the formant plot. Similarly, the syllable [wa] serves as an 

example of a front group that was located in the back position. The syllable [wa], 
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which is said to belong to the front [a] group, was located in the back of many phones 

of the back [ɑ] group and its position is quite back compared with most low vowel 

phones in the formant plot. This result is a strong counterexample for the traditional 

front-back grouping, which bases mainly on the influence of regressive assimilation. 

 However, contrary to the observation that phones of [a] and [ɑ] are mixed in 

backness based on the distribution of the syllables in the formant plot discussed above, 

there were statistically significant differences in the average values of phones between 

the front [a] group and back [ɑ] group. The statistic results from one-way ANOVA 

indicated significant differences for both F1 (One-way ANOVA, F (1, 213) =4.286, 

P=0.04<.05) and F2 (One-way ANOVA, F (1, 213) =6.607, P=0.011<.05) when the 

means of F1 and F2 values in the two low vowel phone groups were compared. 

 In order to investigate the discrepancy between the distribution results and the 

statistical results, the Mandarin low vowel phones were discussed in detail. The 

discussion would categorize the surface low phones according to the neighboring 

segments that possibly responsible for the front-back distinction. The possible syllable 

types of Mandarin low vowels are V, VN, VG, GV, GVN and GVG. As a consequence, 

there are three types of segment in the syllables that could possibly influence the 

vowel and eventually lead to the change in vowel quality. The change in vowel quality 

consequently resulted in the front-back distinction in low vowels. These three types of 

segment are coda nasals, post-nuclear glides, and pre-nuclear glides. These three types 

would be discussed in detail in the following section. 

 

4.3.1.1 Contrasts between coda nasals: [-n] and [-ŋ] 

 The first type of segments that probably cause the front-back distinction is the 

coda nasals. There are three nasals [m], [n], and [ŋ] in the sound inventory of 
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Mandarin. However, because of the phonotactic constraint, only the dental nasal [n] 

and velar nasal [ŋ] could appear in the syllable coda position in Mandarin. 

There are two types of syllables that can have both [n] and [ŋ] in the syllable 

coda position. The first type is the VN syllable, which includes the syllables [an] and 

[ɑŋ]. According to the results presented in Table 4.8, the mean F1 and F2 values for 

[an] are 788Hz and 1414Hz while the mean F1 and F2 for [ɑŋ] are 767 Hz and 

1220Hz respectively. The result of one-way ANOVA showed that the difference in the 

mean F1 between the two syllables was not significant (One-way ANOVA, F (1, 34) 

=0.424, P=0.519>.05) while the difference was highly significant in F2 (One-way 

ANOVA, F (1, 34) =38.389, P=0.000<.001). This result indicated that the coda nasals 

[n] and [ŋ] did have different influences on the F2 of the low vowel, which 

accordingly affected the backness of the preceding vowel. If the formant frequencies 

were compared, it could be found that Mandarin low vowel is relatively front when 

followed by [n] and relatively back when followed by [ŋ]. 

 

 
Figure 4.9 An example of spectrograms of [a], [an], and [ɑŋ] by a male speaker 

of Taiwan Mandarin 
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 The spectrogram in Figure 4.9 presents the spectrograms of the syllables [a], [an], 

and [ɑŋ] for comparing the influences from the coda nasal. The spectrogram in the left 

was an example of the syllable [a], which was presented here for comparison. The F1 

and F2 for [a] were about 800Hz and 1300Hz respectively. The spectrogram in the 

center was an example of [an]. In the spectrogram, the area without any shades in the 

final of the syllable indicated the abrupt closure of the nasal. There seemed to be no 

obvious movement in the first formant of the vowel as in the single vowel [a]. Unlike 

the situation in the first formant, the second formant raised to about 1500Hz near the 

end of the vowel. The spectrogram in the right was an example of [ɑŋ]. Like the first 

formant in [an], the first formant in [ɑŋ] did not show obvious movement. Differing 

from the rise of the second formant in [an], the F2 in [ɑŋ], on the contrary, fell 

towards 1000Hz at the end of the vowel. The three spectrograms in Figure 4.5 clearly 

illustrated that the coda nasal did have different kinds of influence on the vowel 

quality, mainly through the movement in the second formant. The dental nasal [n] 

raised the F2 of the vowel, which signified the fronting of the vowel, while the coda 

nasal [ŋ] lowered the F2 of the vowel, which made the vowel move back in the 

formant plot. 

 The other syllable type that allows the combination of a low vowel phone and a 

nasal [n] or [ŋ] in the coda position is the GVN syllable. The discussion now tries to 

compare the influence of the coda nasals on Mandarin low vowels in the GVN 

syllable in order to further support our results in the VN syllable. There are two 

surface realizations of GVN syllable: [wan] and [wɑŋ]. The statistical results of the 

GVN syllables were similar to that of the VN syllables. The comparison of the 

difference between [wan] and [wɑŋ] in F1 was still not significant (One-way ANOVA, 
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F (1, 34) =2.020, P=0.164>.05) and the difference between [wan] and [wɑŋ] in F2, 

similar to the result in the VN syllable, was highly significant (One-way ANOVA, F 

(1, 34) =20.169, P=0.000<.001). In addition, the higher mean F2 value for the dental 

nasal [n] (1263Hz for [n] and 1045Hz for [ŋ]) in GVN syllables suggested the [a] that 

precedes [n] was in the front of the [a] that precedes [ŋ] in the formant plot, which 

was in accordance with the result in the VN syllable. 

 To summarize, the coda nasals [n] and [ŋ] had influence on the F2 of the 

preceding low vowel while there was no obvious change in the F1. The dental nasal [n] 

raised the F2 and made the preceding [a] move front in the formant plot; the velar 

nasal [ŋ], on the contrary, lowered the F2 and made the preceding [a] move back. 

 

4.3.1.2 Contrast between post-nuclear glides: [j] and [w] 

The second type of segment that possibly involves in the front-back distinction 

of Mandarin low vowels is the post-nuclear glides [j] and [w]. The surface forms of 

such VG syllable are the diphthongs [aj] and [ɑw] in Taiwan Mandarin. The 

statistical results for the difference in the formant frequencies of the two syllables [aj] 

and [ɑw] again showed that there was significant difference between the mean F2 of 

the syllables (One-way ANOVA, F (1, 34) =18.418, P=0.000<.001). In addition, the 

difference in the F1 of the two syllables just reached the significant level (One-way 

ANOVA, F (1, 34) =4.232, P=0.047<.05). 
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Figure 4.10 An example of spectrograms of [a], [aj], and [ɑw] by a male speaker of 
Taiwan Mandarin 

 

 The examples of spectrograms of [a], [aj], and [ɑw] were presented in Figure 

4.10. The left spectrogram of [a] was presented here again as the sample for 

comparison. The spectrogram in the center was that of the syllable [aj] and the 

spectrogram in the right was that of the syllable [ɑw]. The light shades that started 

approximately from the middle of the syllable [aj] and [ɑw] symbolized the presence 

of a glide. The glides also had vowel-like formant frequencies. The front glide [j] had 

a high second formant that reached above 2000Hz while the back glide [w] had a low 

second formant that was just about 1000Hz. The spectrograms clearly reflected this 

difference. On the one hand, the F2 in [aj] rose sharply from about 1500Hz at the 

middle of the syllable to 2000Hz at the end of the syllable. On the other hand, the F2 

in [ɑw] dropped from about 1250Hz to about 1000Hz at the end of the syllable. The 

rising and dropping of F2 clearly influenced the vowel quality of the low vowel [a]. 

The result of the influence is that the F2 value in the vowel was about 1350Hz in the 

syllable [aj] and about 1200Hz in [ɑw]. 

 To sum up, the vowel quality in the syllable that ends with post-nuclear [j] and 

[w] were significantly different. The high F2 in the post-nuclear glide [j] caused the 
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rise of F2 in the low vowel [a] just like the coda nasal [n] did; the low F2 in the 

post-nuclear glide [w] also caused the drop of F2 in [a] just like the coda nasal [ŋ] did. 

Besides, the difference in mean F1 values for [aj] and [ɑw] was also statistically 

significant. 

 

4.3.1.3 Contrast between pre-nuclear glides: [j] and [w] 

The third type of segments that might be involved in the front-back distinction is 

the pre-nuclear glide. The possible pre-nuclear glides that could precede Mandarin 

low vowels are [j] and [w]. The syllable type that allows [j] and [w] to contrast in the 

pre-nuclear position are GV and GVN. The exemplars of GV syllable are the syllable 

[ja] and [wa]. The difference in both mean F1 and mean F2 for [ja] and [wa] were 

statistically significant for both F1 and F2 and the result in F2 was highly significant. 

(One-way ANOVA, F (1, 33) =6.799, P=0.014<.05 for F1; One-way ANOVA, F (1, 

33) =103.658, P=0.000<.001 for F2)  

 

 
Figure 4.11 An example of spectrograms of [a], [ja], and [wa] by a male speaker of 

Taiwan Mandarin 
 

Figure 4.11 shows the examples of spectrogram of the single low vowel [a] and 

the GV syllable [ja] and [wa]. Compared with the example of the single vowel [a] in 
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the left, the movement of the first two formants of [ja] in the middle and [wa] in the 

right were very drastic. The F1 of the syllable [ja] rose from about 250Hz of the glide 

[j] to about 800Hz at the end of the vowel and its F2 dropped from above 2000Hz to a 

little below 1500Hz. The first two formants in [ja], which were distant at the 

beginning of the syllable, moved closer till near the end of the syllable. Differently, 

both the F1 and F2 of [wa] rose during the whole syllable. The different direction of 

the F2 movement indicated the different influence from the preceding glides and the 

difference in the F2 of the low vowel in the spectrogram showed a front-back 

distinction. 

In addition, when the mean formant values for the two syllables were compared, 

it could be found that the both the F1 and F2 values of the vowel in [ja] (F1=822Hz. 

F2=1445Hz) were higher than the vowel in [wa] (F1=699, F2=1108). From the 

viewpoint of the position in the formant plot, the vowel in [ja] was comparatively 

lower and front in the formant plot than that in [wa]. 

 The results of the GVN syllable were similar to that of the GV syllable. The 

statistical results of [jɑŋ] and [wɑŋ] again showed significant difference between the 

formant frequencies of the two syllables. (One-way ANOVA, F (1, 34) =8.153, 

P=0.007<.05 for F1; One-way ANOVA, F (1, 34) =111.732, P=0.000<.001 for F2) 

Besides, The first two formants of the low vowel in the syllable [jɑŋ] (F1=772, 

F2=1457) were both higher than that in the syllable [wɑŋ] (F1=659, F2=1045). The 

results from GVN syllables reinforced the observations gain from the GV syllables. 

In short, the results presented in this section showed that glides in pre-nuclear 

position had influence on the vowel quality of Mandarin just as they did in 

post-nuclear position. Also, adding the observation from syllables with post-nuclear 

and pre-nuclear glides, the glide [j] could make the low vowel move front and the 
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glide [w], in contrast, could make the vowel move back no matter they were in the 

post-nuclear or pre-nuclear position. 

 

4.3.2 Progressive and regressive assimilation on vowel backness 

In the results in previous sections, the neighboring segments’ influence on the 

vowel backness was commonly observed. The results were summarized in Table 4.9 

below. 

 

Table 4.9 Summary of neighboring segments’ conditioning on 
the vowel backness 
 front back 

coda nasal 
(VN, GVN) [n] [ŋ] 

post-nuclear glides 
(VG) [j] [w] 

pre-nuclear glides 
(GV, GVN) [j] [w] 

 

In general, the coda nasal [n] and the glide [j], either in post-nuclear or in 

pre-nuclear position, raised the F2 of the low vowel and made the vowel move front 

in the formant plot. On the contrary, the coda nasal [ŋ] and the glide [w], either in 

post-nuclear or in pre-nuclear position, lowered the F2 of the low vowel and made the 

vowel move back in the formant plot. Such kind of influence on the vowel quality 

could be viewed as a kind of phonetic co-articulation or assimilation. The 

co-articulation of the vowel and the front glide [j], which is the front vowel /i/ 

underlyingly, would naturally make its vowel quality front and the co-articulation of 

the vowel and the back glide [w], which is the low vowel /u/ underlyingly, would 

move the vowel back. Similarly, the dental nasal [n], which has its major constriction 

in the front of the oral cavity, would move the vowel backness front while the velar 
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nasal [ŋ], which has its major constriction in the back of the oral cavity, would move 

the vowel backness back. 

Now that the influence of the neighboring segments’ conditioning on the vowel 

backness was uncovered, the next step would be to inspect the degree of influence 

among the segments. A way to investigate the degree of influence would be to 

compare the distribution of the syllables that contains the segments in the formant 

plot. 

 

 

Figure 4.12 Distribution of the surface forms of Mandarin low vowels in the 
front-back scale (data from Table 4.8) 

 

 Since the difference in height was not relevant to the front-back distinction, 

Figure 4.12 simplified the formant plot in Figure 4.8 to present only the distribution in 

the front-back dimension. The left of the figure represented the front of the formant 

plot and the right represents the back; syllables with the transcriptions above the line 

were syllables that are said to belong to the front group while syllables with the 

transcriptions below the line were syllables that are said to belong to the back group. 

The single low vowel phone [a], which is not conditioned by any neighboring 

segments, was highlighted with a circle. 

To begin with, the GVN syllables [jɑŋ] and [wan], which has contrasting 

segments in both prenuclear and postnuclear position, provided good material for 
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inspecting the degrees of influence from the pre-nuclear and post-nuclear segments. 

The syllable [jɑŋ] is composed of the low vowel and the segments [j] in pre-nuclear 

position [ŋ] in post-nuclear position. The segments [j] and [ŋ], as observed in previous 

sections, contrasted with each other in their influence on the backness of the vowel. 

Namely, the front glide [j] made the vowel move front while the velar nasal [ŋ] made 

the vowel move back. If their degree of influence were the same, then the vowel in the 

syllable would stay in the same backness, neither move front nor move back. 

However, the position of the vowel in the syllable [jɑŋ] was the front-most among the 

syllables with low vowel phones as shown in Figure 4.8. It suggested that the segment 

[j] had greater influence on the vowel than [ŋ] did. The situation is similar in the 

syllable /wan/. The back glide [w] and the dental nasal [n] caused the vowel move 

back and front respectively. The position of the vowel in the syllable [wan] was near 

and in the back of the unconditioned single vowel [a], which shows an equal or 

greater influence from the segment [w] than from [n]. 

The results in the backness of the GVN syllable [jɑŋ] and [wan] implied two 

possibilities for explaining the different degree of influence from the neighboring 

segments. One possibility is that the prenuclear segment had equal or stronger 

influence than the postnuclear ones; that is, the progressive assimilation is stronger or 

at least equal than the regressive assimilation could be drawn. The other is simply 

because the glides had stronger influence on the vowel than the nasals in spite of the 

directionality of assimilation. Based on the GVN syllable data, if the latter possibility 

is accepted, then the former would not necessarily be true. However, if the former is 

proven, then the two possibilities could both be true. Therefore, this study would use 

more data to look into the directionality of assimilation. 
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The example of GV and VG syllables served as excellent materials to further 

investigate the degree of influence from pre-nuclear and post-nuclear segments. The 

vowel in the syllable [ja] and [aj] was influenced by the same glide. But one is 

influenced by pre-nuclear glide and the other by post-nuclear glide. Thus, the 

comparison of the backness of the vowels in the two syllables would reveal some 

facts about the degree of influence from pre-nuclear and post-nuclear segments. 

Figure 4.12 shows that the vowel backness in the syllable [ja] was in front of that in 

[aj] and that in [wa] was at the back of [ɑw]. These examples showed that the 

pre-nuclear glides, either [j] or [w], have greater influence on the backness of the 

vowel quality than their post-nuclear counterparts. Since there is no other factor 

involved, except for the position of the glide, this result provided strong positive 

evidence for the possibility that progressive assimilation is stronger than the 

regressive assimilation in the backness of Mandarin low vowels. In addition, the 

results in the GVG syllable that the vowel backness of the syllable [jɑw] was in front 

of that of [waj] also favored progressive assimilation over the regressive assimilation. 

 

4.3.3 The front-back distinction in low vowels 

 After the discussion of the progressive and regressive assimilation, the 

discussion of this study proceeds to the discussion of the front-back distinction in low 

vowels. Although the distribution of the surface phones of [a] in the formant plot in 

Figure 4.12 seemed chaotic in distinguishing the members of the front and the back 

group, the front-back distinction was observed in the discussion in section 4.3.1. 

Firstly, instead of having a clear boundary between members of the front and back 

group, the vowel quality in low vowel phones contrasted only in pairs. Examples of 

syllables with front-back distinction are the VN and GVN syllables that contrast in 
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coda nasal such as the [an]-[ɑŋ] pair and the [wan]-[wɑŋ] pair; the VG syllables, like 

the [aj]-[ɑw] pair; the GV and GVN syllables that contrast in prenuclear glide such as 

the [ja]-[wa] pair and the [jɑŋ]-[wɑŋ] pair, and finally the GVG [jɑw]-[waj] pair. 

Secondly, the differences in F2 of the contrasting pair, which represents the backness 

of the vowel, were found significant statistically except for the [jɑw]-[waj] pair with the 

help of one-way ANOVA in Section 4.3.1. Table 4.10 summarized the results of 

difference in F2 between contrasting syllables. 

Table 4.10 the ANOVA results of difference in F2 between contrasting syllables 
Same syllable 

type pairs Formant Degree of 
freedom (df) F value Significant 

value (P value) 
[an] × [ɑŋ] F2 (1, 34) 38.389 0.000* 

[wan] × [wɑŋ] F2 (1, 34) 20.169 0.000* 
[aj] × [ɑw] F2 (1, 34) 18.418 0.000* 
[ja] × [wɑ] F2 (1, 33) 103.658 0.000* 

[jɑŋ] × [wɑŋ] F2 (1, 34) 111.732 0.000* 
[jɑw] × [waj] F2 (1, 34) 0.191 0.665 

 

The high F value (more than 1) and the P value that equals to 0.000 indicate 

highly significant differences in the mean F2 between the listed contrasting pairs. The 

statistic results provided strong evidence for the distinction in vowel backness within 

contrasting pairs. 

Finally, the contrasting pairs could be found across all the six subjects of this 

study as in Table 4.11 below. 

 
Table 4.11 Mean F2 of contrasting syllables in all subjects of this study (in Hz) 
 Subject 1 Subject 2 Subject 3 Subject 4 Subject 5 Subject 6 

[an]-[ɑŋ] 1529 1318 1483 1288 1484 1197 1258 1167 1333 1145 1401 1167 

[wan]-[wɑŋ] 1476 1122 1333 1227 1295 979 1145 956 1220 971 1107 1016 

[ja]-[wɑ] 1521 1318 1371 1137 1355 1333 1250 1212 1371 1175 1340 1099 

[jɑŋ]-[wɑŋ] 1506 1197 1499 1137 1521 1167 1288 964 1401 1047 1457 1137 

[jɑw]-[waj] 1544 1122 1506 1227 1461 979 1371 956 1393 971 1468 1016 
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 Table 4.11 presented the mean F2 of contrasting syllables in the six subjects of 

this study. The left column for each subject presented the mean F2 value of the front 

syllable in the contrasting pair and the right column for each subject presented the 

mean F2 value of the back syllable in the pair. The five rows showed the five different 

pairs of syllables that contrasted in the front-back dimension. The result in Table 4.7 

demonstrated that the mean F2 values in the left column for each subject were higher 

than that in the right column unanimously. The result again strongly confirmed the 

existence of pairs that contrasted in the front-back dimension in Mandarin low 

vowels. 

From the discussion in this section, it could be found that the front-back 

distinction among low vowel phones did not present in an absolute way, which has 

clear boundary between the members of different group. Instead, the contrast existed 

in pairs with contrasting elements. This finding resolved the conflict between the 

intermixed distribution of members of different backness group in the formant plot 

found in the present study and the traditional [a]-[ɑ] distinction in the transcriptions 

based on previous studies on Chinese phonology (Cheng (1973), Lin (1989), Wu 

(1994), Duanmu (2000), and Wan and Jaeger (2003), among others). According to the 

results, it was probably that the [a]-[ɑ ] distinction in traditional transcriptions 

successfully captures the contrast in front-back pairs but it ignores its implication on 

the absolute vowel quality. 

 

4.3.4 Summary 

To sum up, section 4.2 examined the low vowel phones in Taiwan Mandarin, the 

degrees of influence from different directionality of assimilation, and the front-back 
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contrast. First, the intermixed distribution of the low vowel phones in formant plot 

showed that there was no clear-cut boundary between the front and back group 

defined in the literature. However, the results in spectrogram analysis and statistical 

analysis of the formant frequencies suggested that there were significant differences 

between the low vowel phones in contrasting pairs. 

Next, the influences of conditioning of the neighboring segments were examined. 

It is found that the segments [j] and [n] could make the vowel in the syllable move 

front and the segments [w] and [ŋ] could make the vowel move back. It is also found 

that progressive assimilation had greater influence on the vowel backness than the 

regressive assimilation. 

 Finally, the front-back contrast was discussed. It was concluded that the 

front-back contrast existed relatively in pairs instead absolutely in groups. The 

comment that the [a]-[ɑ] distinction in traditional transcription reflects the contrast in 

pairs but not the absolute vowel quality were made. 

 

4.4 Mid vowels 

According to the research of Wan and Jaeger (2003) on Mandarin vowel 

inventory, there are six surface phones of Taiwan Mandarin mid vowel. These surface 

phones includes the front close-mid unrounded [e], front open-mid unrounded [ɛ], 

central mid schwa [ə], back close-mid unrounded [ɤ], back close-mid rounded [o], 

and back open-mid rounded [ɔ] . They distributed over a wide range of area in the 

vowel space as Figure 4.13 below shows. 
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Figure 4.13 Taiwan Mandarin surface forms in the vowel space 

(based on Wan and Jaeger’s (2003) research) 
 

In the standard vowel space (the International Phonetic Association, 1999) in 

Figure 4.13, the vowel phones are in perfect contrast with each other in backness and 

height. First, the backness of the surface phones is clearly categorized in the three 

groups: front, central, and back. In addition, the contrast in height could be observed 

from the vowel pairs [e]-[ɛ] and [o]-[ɔ], in which one vowel phone is classified as 

close-mid and the other open-mid. Nevertheless, it should be noted that some 

transcriptions such as that of Lin (1989) did not distinguish the open-mid [ɛ] and [ɔ] 

from the close-mid [e] and [o]. 

 Differing from the phonological analysis on Mandarin vowels mentioned above, 

the acoustic result of the present study in Figure 4.14 below presents some contrary 

results in the relative position of certain vowel phones. The result was especially 

obvious in the open-mid and close-mid contrast. 
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Figure 4.14 Mean values for all possible finals of Taiwan Mandarin 

mid vowel phones in the formant plot 
 

In the formant plot in Figure 4.14, it could be found that the contrast in height 

between the close-mid and open-mid phones was reversed and that the contrast in 

backness was violated for several vowel phones. On the one hand, the relative 

position of the open-mid and close-mid phones was exchanged in their height in both 

the front pair [e] and [ɛ] and the back pair [o]-[ɔ]. The TM close-mid vowel [e] were 

unexpectedly lower and backer than the TM open-mid vowel [ɛ] in the Taiwan 

Mandarin data. Similarly, the close-mid vowel [o] were unexpectedly lower than the 

open-mid vowel [ɔ] in the Taiwan Mandarin data. On the other hand, the contrast in 

the front-back dimension was generally observed but with violations in some 

individual phones. The mid vowel phones in Taiwan Mandarin distributed from the 

front to the central area and finally to the back as in the phonological analysis, but 

some violations were also observed. For instance, in the formant plot, the front vowel 
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[e] and the back vowel [ɤ] were close to the phones of the central vowel schwa [ə]. 

Therefore, further investigation into the Taiwan Mandarin mid vowel phones was 

needed. The following sections provided further analysis on TM mid vowel phones by 

discussing the formant values, spectrograms, and their relative position in the formant 

plot. 

 The following discussion about TM mid vowel phones would be divided into 

three sections according to the vowel phone’s backness. There would be three groups 

of vowel phones: front, central, and back. But the grouping of the phones is a little bit 

different from the traditional categorization of vowel backness as in Figure 4.13 since 

some violations to the categorization were found in the acoustic result of this study. 

This study would move the discussion of the front [e] and the back [ɤ] to the section 

on central vowel phones. 

As a result, the issues to be discussed in this section would be organized as what 

follows. The section of mid front vowel discussed the contrast between the close-mid 

front vowel [e] and the open-mid front vowel [ɛ] and the conditioning in the [ɛ] 

phones. The section of mid central vowel compared and contrasted the schwa [ə], its 

rhotacized counterpart [ə˞], the close-mid front vowel [e], and the close-mid 

unrounded [ɤ]. The section of mid back vowel discussed the contrast between the 

close-mid rounded [o] and the open-mid rounded [ɔ], the sound change in TM mid 

back vowels, and the correlation between vowel backness and vowel roundness. 

Finally, the implication of the acoustic results in this study on the phonological 

analysis of TM mid vowel phones would be discussed. 

 Since there would be a few comparisons between the acoustic results in this 

study and the phonological analysis, the transcriptions in this section would followed 
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that of Wan and Jaeger (2003) regardless of the actual vowel quality found for the 

ease of comparison. 

 

4.4.1 Mid front vowels 

According to the literature on Mandarin mid vowels already mentioned in 

section 2.2.2, there are two mid front vowel phones in Mandarin, namely [e] and [ɛ]. 

The vowel in syllable that ends with a high front glide [j] was usually transcribed as [e] 

and the vowel in open syllables or syllables that end with a nasal coda were usually 

transcribed as [ɛ]. Their distributions were summarized in Table 4.12 below. 

 

Table 4.12 Finals that contain the mid front vowel phones in Mandarin 
post-nuclear 

 
pre-nuclear 

[j] [n] Ø 

[w] [wej]   
[j]  [jɛn] [jɛ] 
[ɥ]  [ɥɛn] [ɥɛ] 

 

The grey block in the table indicates nonexistent syllable in Mandarin. Although the 

distinction between [e] and [ɛ] was generally made in phonological analysis, there 

was little literature that focused on the acoustic feature of such distinction. Therefore, 

one issue in this section is trying to see if there is such distinction between [e] and [ɛ] 

and in what way they are distinct. The other issue that would be discussed in this 

section is the conditioning in the syllables with the vowel [ɛ]. Since the four syllables 

that involves [ɛ] contrasted with each other in the pre-nuclear elements and the 

presence of the coda nasal as Table 4.12 have shown, they also served as good 

materials in understanding the conditioning in the syllables with the vowel [ɛ]. 
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4.4.1.1 Distinction between [e] and [ɛ] 

 The distinction between [e] and [ ɛ ], according to the IPA vowel chart 

(International Phonetic Association, 1999), are characterized in their difference in 

vowel height and backness, especially in height. Given that the vowel height and 

backness were reflected in the first two formants (Ladefoged, 2006), this section 

firstly examines the results of the first two formants of the vowel phones to review the 

distinction between [e] and [ɛ]. 

 
Table 4.13 Mean F1 and F2 of all possible finals that contain mid front vowel 

phones in Taiwan Mandarin 
F1 (Hz) F2 (Hz) Transcription Testing 

words Mean SD token mean SD token
[wej]19 畏 7 558 (64) [18] 1407 (110) [18] 

[jɛ] 夜 8 446 (92) [18] 1917 (140) [18] 
[jɛn] 厭 9 491 (49) [17] 1939 (147) [17] 
[ɥɛ] 越 10 430 (48) [18] 1796 (98) [18] 
[ɥɛn] 院 11 475 (51) [17] 1782 (106) [17] 

 

Table 4.13 presents the mean F1 and F2 values of the five mid front vowel 

phones in Taiwan Mandarin. The syllable [wej] was put in grey block in the table to 

highlight its distinction from syllables with [ɛ]. If the formant values for syllables of 

[e] and [ɛ] were compared, it could be easily found that the mean F1 and F2 in 

                                                 
19 The lack of other testing items that contain the surface vowel [e] is an intrinsic imitation in 
Mandarin since the Mandarin surface phone [e] only exists in syllables such as [wej], [ej] and [Cej] 
(where the C represents initial consonants). There is no frequently used written characters for [ej] in 
Mandarin (the only character for the syllable [ej] is 欸, which is a character representing colloquial 
onomatopoeia rather than commonly used formal written characters). Besides, syllables of [Cej] were 
expelled from the testing items because they are syllables with initial consonants. However, the lack of 
other testing items for [e] might possibly decrease the persuasiveness of the claim about the unexpected 
vowel height of Taiwan Mandarin [e] found in this study. (Thanks go to Prof. Yuchau Hisao and Prof. 
I-Ping Wan for pointing this out) Therefore, additional measurements of the vowel quality of [e] in 
syllables such as [pej51], [tej21], and [kej21] produced by a male speaker were done. The results 
showed a similarly high F1 in the syllables as the [e] in the syllable [wej51] (557Hz for the F1 in 
[pej51]; 557Hz for the F1 in [tej21]; 478Hz for the [kej21]). The results of additional measurements 
supported the claim that Taiwan Mandarin [e] has unexpectedly high F1 and indicates that the vowel 
quality of [e] are lower than expected in Taiwan Mandarin. 
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syllables of the two different vowel phones were quite distinct. The mean F1 for the 

phone [e] was about 550Hz while that for syllables of the phone [ɛ] were in the range 

between 430Hz and 500Hz. Similarly, the mean F2 for the phone [e] was about 

1400Hz while the mean F2 or syllables of the phone [ɛ] were all above 1750Hz. The 

result of ANOVA also showed highly significant difference between the two groups in 

the mean F1 and F2 formant frequencies (One-way ANOVA, F (1, 86) =20.278, 

P=0.000<.001 for F1; One-way ANOVA, F (1, 86) =69.681, P=0.000<.001 for F2).  

 

 
Figure 4.15 An example of spectrograms of [wej], [jɛ], [jɛn], [ɥɛ], and [ɥɛn] by a 

male speaker of Taiwan Mandarin 
 

 Besides, the obvious difference in the first two formants could also be observed 

in the spectrograms. Figure 4.15 presents the spectrograms of syllables that contain 

Taiwan Mandarin mid front vowels. The upper four spectrograms showed syllables of 

the phone [ɛ], while the one in the bottom showed the syllable of the phone [e]. The 

gliding movement were obvious in the syllable that contains [ɛ]. The beginning part 

of the gliding movement referred to the formants of the glide and the latter part was 

the formants for the vowel [ɛ]. Syllables with coda nasals would have light formant 

structures following the vowel. For the ease of identifying the formants of the vowel 
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in the gliding movement, the first two formants for the vowel [e] in the syllable [wej] 

were marked by short white bars in the spectrogram. 

The difference between [e] and [ɛ] could be observed easily in the formant 

structure in the spectrogram. On the one hand, the difference in the first formant could 

be found by comparing the first formant with the line indicating 500Hz. The F1 in the 

syllables with [ɛ] were around or below 500Hz but the first formant of [e] in the 

syllable [wej] was clearly above the line that indicates 500Hz in the spectrogram. On 

the other hand, the line indicating 1500Hz in the spectrogram served as a convenient 

standard for distinguishing [e] from [ɛ]. The second formant of [ɛ] was clearly above 

1500Hz while that of [e] was under 1500Hz. 

 Now that the results of formant values and spectrogram analysis suggested that 

the distinction between [e] and [ɛ] were obvious. The discussion moves on to 

investigate in what way they are distinct. Firstly, their position in the formant plot was 

examined. 

 

 

Figure 4.16 The position of [e] and [ɛ] in the formant plot 
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 The formant plot shows that the phones that were transcribed as [ɛ] grouped 

together in the formant plot while the phone that were transcribed as [e] stay alone 

from them. This result indicated that the transcription in the phonological analysis 

were basically correct in categorizing the environmental variants and again reflected 

the validity of the [e]-[ɛ] distinction. However, the relative position of the two 

contrasting phones, as already mentioned in the discussion about Figure 4.10, differed 

from the description of the two vowels in the phonological analysis. In the 

phonological analysis, the vowel [e] should be higher and a little front than the vowel 

[ɛ]. The acoustic result of this study, however, showed a completely reverse situation. 

The phone [e] was obviously lower and backer than the phones of [ɛ]. 

 The cross-linguistic comparison in Table 4.14 suggests that the reverse of 

relative position was caused by the change of vowel quality in the phone [e] in TM. 

The change was apparent in both the F1 and F2 values. 

 

Table 4.14 The F1 and F2 value of the three vowels [e] and [ɛ] when 
produced in isolation 

Related work Sound group F1 (Hz) F2 (Hz) 
[e] 558 1407 Taiwan Mandarin 

present study [ɛ] 461 1858 

[e] 350 1950 French 
(Calloipe, 1989) [ɛ] 450 1700 

[e] 383 2076 German 
(Heid, Wesenick, 
& Draxler, 1995) [ɛ] 486 1784 

[e] 390 2300 Reasonable value 
(Catford, 2001) [ɛ] 610 1900 

Reasonable value 
(Catford, 2001) [e] 390 2300 
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In the acoustic studies on the vowel quality of [e] and [ɛ] in French (Calloipe, 1989), 

German (Heid, Wesenick, & Draxler, 1995), and the Reasonable value (Catford, 2001) 

the mean F1 of the vowel [e] were lower than that of [ɛ] and the mean F2 were higher 

than that of [ɛ]. Conversely, in the result of the present study, the mean F1 were 

higher and the F2 were lower in [e] than in [ɛ]. In the comparison of the mean F1 and 

F2 values of [e] and [ɛ] across the languages presented in Table 4.14, it could be 

found that the formant values of [ɛ] in the present study were basically similar to that 

in other languages while the formant values of [e] in the present study differed greatly 

from that in other languages. The F1 value of [ɛ] in the present study 461Hz was in 

the range of the values in other languages (from 450Hz to 610Hz); the F2 value of [ɛ] 

in the present study 1858Hz was roughly included in the range of the values in other 

languages (from 1700Hz to 1900Hz). In contrast, the F1 value of [e] in the present 

study 558Hz was not only out of the range of the values in other languages about 

350Hz to 400Hz but also far higher than that. Likewise, the F2 value of [e] in the 

present study 1407Hz was far lower than the range of the values in other languages, 

which were high above 1900Hz. The results showed that the vowel quality of [ɛ] in 

the present study was generally in accordance with that in other languages while the 

vowel quality of [e] in the present study differed from that of other languages in a 

great extent. In other words, based on the presumption that the vowels were correctly 

described and transcribed in the literature of Mandarin phonology, the cause for the 

reverse in the relative position of [e] and [ɛ] lay in the lowering and backward 

movement of the vowel quality of [e]. The motivation of the lowering and backward 

movement of [e] is probably related to the language transfer from Taiwanese Southern 
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Min (Fon, personal communication20) since five out of the six informants have the 

language background of Taiwanese Southern Min. Hence, Table 4.15 were provided 

to compare the mean F1 and F2 of the mid vowel phones in Taiwan Mandarin and that 

of Taiwanese Southern Min in Hsieh (2006). 

 

Table 4.15 Comparison of the mean F1 and F2 between mid vowel phones in 
Taiwan Mandarin and in Taiwanese Southern Min 

 Taiwanese Southern Min21 
(Hsieh, 2006) 

Taiwan Mandarin 

Vowels F1 F2 F1 F2 
e 463 1999 558_ 1407_ 
ɛ  461* 1858* 
ə 475 1248 528* 1343* 
o 534 877 535* 987* 
ɔ  441_ 792_ 

 

In the table, vowels with the same transcription were compared. The grey block 

indicates the absent of that vowel in the vowel system. Values followed by the asterisk 

“*” indicates that the values were collected from phones in more than one types of 

syllable. From this acoustic comparison, it could be found that the mean F1 and F2 of 

[ɛ] in our Taiwan Mandarin data resembles that of Taiwanese Southern Min [e] and 

the mean F1 and F2 of the vowel [o] in Taiwan Mandarin was similar to that of [o] in 

Taiwanese Southern Min. Yet, there was no direct acoustic evidence found in the 

comparison that suggested the influence of Taiwanese Southern Min on Taiwan 

Mandarin. Furthermore, because this issue would need a lot more research on the 

theory of language transfer and the sound system of Taiwanese Southern Min and 

                                                 
20 Thanks Prof. Janice Fon from the Graduate Institute of Linguistics at National Taiwan University for 
offering her precious comments on the lowering and backward movement of [e] in Taiwan Mandarin. 
21 The acoustic values of Taiwanese Southern Min presented in the table only include the data from 
male subjects in (Hsieh, 2006) to reduce the possible influence from the different sex of the subjects. 



 85

there is little previous literature on this phenomenon, the present study would leave 

this issue for further sociolinguistic research. 

 

4.4.1.2 Environmental conditioning on the vowel [ɛ] 

 This section discusses the conditioning of the vowel quality of [ ɛ ] in 

environments with different pre-nuclear and post-nuclear segments. As Table 4.11 

have shown, there are two pre-nuclear segments [j] and [ɥ] and also two possibilities 

of presence or absence of the coda nasal [n] for the post-nuclear position in the 

possible finals for the vowel phone [ɛ]. 

 

 
Figure 4.17 The frequencies of the first two formants for the surface forms 

of [ɛ] in Taiwan Mandarin (Data from Table 4.9) 
 

Figure 4.17 presents the formant frequencies for all possible finals for the vowel 

phone [ɛ]. A careful inspection on the frequencies of the first two formants in the 

figure showed the pattern that although all the values were around 500Hz, the F1 is 

higher in syllables with the dental nasal [n] in the post-nuclear position than those 

without [n]. In addition, it could also be observed that syllables that begin with the 



 86

same pre-nuclear glide have similar mean F2 values and mean F2 of the syllables that 

begin with the same pre-nuclear glide were still similar despite of the presence of the 

post-nuclear final. For example, the syllables [jɛ] and [jɛn], which begin with the 

same pre-nuclear segment [j], both had their F2 around 1900Hz while the syllables [ɥ

ɛ] and [ɥɛn], which begin with the same pre-nuclear segment [ɥ], had their F2 near 

1800Hz. But the difference in mean F2 between syllables with different pre-nuclear 

glides like [jɛ] and [ɥɛ] or [jɛn] and [ɥɛn] were much greater than that between 

syllables with the same glide but differ in the presence of a nasal in the post-nuclear 

position such as [jɛ] and [jɛn] or [ɥɛ] and [ɥɛn]. 

For the results in F1, it could found that the presence of the post-nuclear nasal [n] 

raised the F1 of the preceding vowel and thus lowered the vowel’s position in the 

vowel space as the surface phones of [ɛ] in Figure 4.10 have shown. Similarly, for the 

results in F2, the glide [j] could cause the mid vowel phone in the syllable to have 

higher F2 than [ɥ] could in the pre-nuclear position. This result is doubtless the 

influence from the coarticulation of the backness in the pre-nuclear glide on the vowel 

quality. The segments [j] and [ɥ] are glides the counterpart of the high front vowels [i] 

and [y]. The difference in the backness of [j] and [ɥ] could be found in the discussion 

of the backness of single high vowels [i] and [y] in section 4.1.1. That is, the vowel 

quality of [i] and [y] was found no significant difference in height but had significant 

difference in backness. The difference in the vocalic counterpart offered an 

explanation for the glides’ conditioning on the vowel quality. 

In short, it is reasonable to conclude that the presence of the post-nuclear nasal [n] 

conditioned the height of the vowel quality. Following the same reasoning, the 

backness of the pre-nuclear glide [j] and [ɥ] conditioned the backness of the vowel 
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quality. In general, the results reported in this section about the conditioning of mid 

front vowels were in harmony with the results about the conditioning of high front 

vowels in section 4.2.1.3. 

 
4.4.2 Mid central vowels 

 In Taiwan, many scholars claim that the basic phonetic variants for mid vowels 

would be the schwa /ə/. In contrast, in Beijing, the basic phonetic variants for mid 

vowels was /ɤ/. One of the goals under this study is to examine how precisely the 

phonetic representation would be transcribed, and what is the relationship among all 

these vowel qualities in the vowel space. 

 

Table 4.16 Mean F1 and F2 of all possible Taiwan Mandarin syllables that contain 
mid central vowel phones and other mid vowel phones that are similar 
in frequency values 

F1 (Hz) F2 (Hz) Transcription Testing 
words Mean SD token mean SD token

[ən] 恩 550 (57) [17] 1404 (141) [17] 
[wən] 問 493 (52) [18] 1328 (163) [18] 
[ə˞] 二 542 (75) [18] 1298 (95) [18] 

[wej] 畏 558 (64) [18] 1407 (110) [18] 
[ɤ] 餓 517 (61) [18] 1237 (62) [18] 

 

The white blocks in Table 4.16 shows the mean F1 and F2 of all possible Taiwan 

Mandarin syllables that contain mid central vowel phones and the grey blocks shows 

other vowel phones that have similar formant values and are close to the phones of /ə/ 

in the formant plot in Figure 4.14, which are the vowel [e] in the syllable [wej] and 

the individual vowel [ɤ]. 

Because some of the mean formant values for the vowels are so close that it is 

hard to compare the vowel quality in the vowels, the statistic method of one-way 

ANOVA were performed to test the statistical differences between the values. With 
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the goal to investigate the contrast between phones that are labeled with different 

phonetic symbols, the discussion examines the difference in mean formant values 

between vowel phones with different phonetic symbol. To begin with, the mean F1 

and F2 of [e] and [ə] were compared. One-way ANOVA shows no significant 

difference either in the mean F1 or in the F2 (One-way ANOVA, F (1, 69)= 2.214, 

P=0.141>.05 in F1; One-way ANOVA, F (1, 69)= 1.889, P=0.174>.05 in F2). This 

result showed that the vowel quality in the syllable [wej] was quite similar to the 

schwa in Taiwan Mandarin. 

In addition, the mean formant values of /ə/ and /ɤ/ were compared statistically. 

The result of one-way ANOVA also showed no significance in the mean F1 value of 

[ə] and [ɤ] (One-way ANOVA, F(1, 69)= 0.324, P=0.571>.05). However, the mean F2 

value of [ə] and [ɤ] were significant (One-way ANOVA, F(1, 69)=7.317, 

P=0.009<.05). These results suggested that the vowel quality of [ɤ] differed from that 

of the schwa in backness, which confirmed the results about the vowel quality of the 

vowel [ɤ] in the post hoc analysis. Given the smaller value of F2 in [ɤ] than phones of 

the schwa, the [ɤ] were relatively back in the vowel space. 

It is found that there is generally no significant differences between the F1 in the 

mid central vowel and adjacent mid vowel phones. However, the vowel [ɤ] differed 

from the mean values of the phones of schwa in backness.  

The individual examination on the mean difference between each vowel phones 

found similar results. The post hoc analysis with the Bonferroni method of one-way 

ANOVA, which compares the means of each individual phones, was presented below 

in Table 4.17 below. 
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Table 4.17 The Bonferroni post hoc analysis of one-way ANOVA for mid central 
vowel phones and similar mid vowel phones in Taiwan Mandarin 

 [ən] [wən] [ə˞] [wej] [ɤ] 
[ən]  0.181 1.000 1.000 1.000 

[wən] 1.000 0.429 1.000 1.000 
[ə˞] 0.490 1.000 1.000 1.000 

[wej] 1.000 1.000 0.391  0.856 
[ɤ] 0.022* 0.823 1.000 0.015* 

 

The white intersect of the columns and rows of two different syllables in the 

table presents the significance value between their mean F1 and the grey one 

presented the significance value between their mean F2. Besides, the numbers 

followed by an asterisk “*” indicates that the significance P-value have reached the 

significant level of 0.05. In Table 4.17 only two sets of syllables had statistically 

significant differences between their mean formant values. Namely, the differences 

are between the F2 of [ən] and [ɤ] and the F2 of [wej] and [ɤ]. This result showed that 

the mid vowel phones that are in the central group or close to it did not have 

difference in height (F1) and there were no differences in the backness of the vowel in 

the syllables except for the syllable [ɤ]. The syllable [ɤ] differed from the vowel in 

[wej] and [ən] in backness although there was no significant differences between its 

F2 and that of the other two phones [wən] and [ə˞]. 

 To sum up, it is found that the vowel quality of Taiwan Mandarin [e] were 

similar to that of schwa in our data. In contrast, the vowel quality of [ɤ], although 

seemed close to the phones of schwa in the formant plot, was statistically different 

from that of the schwa in backness. 
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4.4.3 Mid back vowels 

Like in the mid front vowels, it is also said that there is the contrast between 

close-mid and open-mid vowel phones among Mandarin mid back vowel phones. 

Since the change in type of contrast between the mid front phones [e] and [ə] were 

found in our Taiwan Mandarin data in section 4.4.1.1, it is interesting to investigate 

the [o] and [ɔ] distinction in the mid back vowels as well. 

 

Table 4.18 Mean F1 and F2 of all possible syllables that contain mid back vowel 
phones vowels in Taiwan Mandarin 

F1 (Hz) F2 (Hz) Transcription Testing 
words mean SD token mean SD token 

[wɔ] 臥 441 (63) [18] 792 (61) [18] 
[ow] 漚 576 (56) [16] 995 (44) [16] 

[woŋ]22 甕 495 (57) [18] 826 (62) [18] 
[jow] 又 553 (62) [18] 1143 (86) [18] 
[joŋ]23 用 514 (70) [18] 984 (65) [18] 
 

In the comparison of formant frequency values in Table 4.18, it could be found 

that the F1 and F2 of [ɔ] were both smaller than that of the phones of [o]. Given the 

statistical evidence above, this observation showed that Taiwan Mandarin [ɔ] was 

higher and closer to the back than the phones of [o] in Taiwan Mandarin in the vowel 

space. This finding again contradicted to the height of open-mid and close-mid 

vowels described in the standard IPA chart (Figure 4.13), a phenomenon that has 

already been observed in the [e]-[ɛ] distinction in Taiwan Mandarin. 

                                                 
22 The syllable [woŋ] in Taiwan Mandarin was pronounced [wəŋ] by Beijing Mandarin speaker. This 
sound change is reported as one of the characteristics of Taiwan Mandarin (Lin, 2007). The 
pronunciation of our subjects are judged as [woŋ] according to the observations on the formant 
frequencies and the auditory judgment of the researcher. Besides, another variant of [wəŋ] in Taiwan 
Mandarin [oŋ] was observed only in one of the six subject of this study. Hence, this study would use 
[woŋ] rather than [wəŋ] or [oŋ] to label the syllable. 
23 The pre-nuclear glide in the syllable [joŋ] was originally described as [ɥ] in most of the literature. 
However, it commonly observed that the pre-nuclear glide is pronounced as [j] by most Taiwan 
Mandarin. Thank Prof. Janice Fon again for pointing this out on the oral defense of the proposal of this 
thesis. 
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The discussion proceeds with the statistical analysis. The statistical results 

showed that the difference between phones that were labeled [o] and phones of [ɔ] 

were highly significant in both the mean F1 and F2 (One-way ANOVA, F(1, 86)= 

31.095, P=0.000<0.001 for F1; One-way ANOVA, F(1, 86)= 19.540, P=0.000<0.001 

for F2). This result showed that the contrast between [ɔ] and [o] were found quite 

strong in Taiwan Mandarin. 

Furthermore, when the mid back vowel phones were compared individually as 

Table 4.19 below showed, three groups differed with each other in backness were 

found besides the result that the vowel quality in [wɔ] was relatively different from 

the phones of [o]. 

 
Table 4.19 The Bonferroni post hoc analysis of one-way ANOVA for mid back 

vowel phones in Taiwan Mandarin 
 [wɔ] [ow] [woŋ] [jow] [joŋ] 

[wɔ]  0.000* 0.319 0.000* 0.042*
[ow] 0.000* 0.044* 1.000 0.312 
[woŋ] 1.000 0.000* 0.231 1.000 
[jow] 0.000* 0.000* 0.000*  1.000 
[joŋ] 0.000* 1.000 0.000* 0.000* 

 

 One finding in the Bonferroni post hoc analysis in Table 4.19 was that the mean 

F1 and mean F2 of the vowel in the syllable [wɔ] were different from that of the 

surface phones of [o] except for [woŋ]. The difference between [ɔ] and many [o] 

phones was highly significant in both mean F1 and F2 with the significance value 

being zero. The only exception was the vowel in the syllable [woŋ], there was no 

significant difference between [ɔ] and [o] in both F1 (P=0.319>0.05) and F2 

(P=1.000>0.05). This result again showed that the vowel quality in the syllable [wɔ] 
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was statistically different from that in other [o] phones. In addition, among the [o] 

phones, the vowel quality in the syllable [woŋ] is similar to [ɔ]. 

The other finding was that the variety in the mid back vowel phones was quite 

great. Among the significant values presented in Table 4.19, there were only two pairs 

of syllable that were not significantly different in both F1 and F2. One of the two 

pairs includes [joŋ] and [ow] and the other [wɔ] and [woŋ]. Consequently, three 

groups within the mid back phones could be divided according to their difference in 

backness as in Figure 4.18 below.  

 

 

Figure 4.18 Three sub-groups within the mid back vowel phones 
 

The two vertical lines in the figure highlighted the grouping within mid back phones 

in Taiwan Mandarin. It could be observed that the vowel in [woŋ] was actually similar 

to that in [wɔ] acoustically. This might also result from the conditioning of the 

prenuclear glide because both of the syllables [woŋ] and [wɔ] begin with the same 

prenuclear segment [w]24. This result suggested that the mid back vowels distributed 

                                                 
24 Thanks go to Prof. Ogasawara for commenting on this generalization. 
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over a wider range in the vowel space than other mid vowel phones, especially in the 

front-back dimension. 

In short, the [o]-[ɔ] distinction was attested in our Taiwan Mandarin data. 

However, the reverse of relative height in the open-mid and close-mid were also 

found. In addition, it is found that the mid back vowels had a greater range of 

distribution. 

 

4.4.4 Comments on the findings in the mid vowel phones 

Two comments could be made based on the findings in the mid vowel phones. 

One is on the transcription of Taiwan Mandarin vowels. In the discussion on Taiwan 

Mandarin mid vowels in section 4.4, it could be found that the results confirmed 

roughly to the backness implied by the transcription of the vowel, suggesting that the 

transcription in the literature roughly reflect the vowel quality in the front back 

dimension. 

 

 
Figure 4.19 Distribution of the surface forms of Mandarin mid vowels 

in the front-back scale 
 

Figure 4.19 highlights the relative position of the mid vowel phones in the 

front-back dimension. The bold vertical lines were arbitrary boundaries that tried to 
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categorize the phones into the front, central, and back groups. The figure 

demonstrated that the transcription generally captures the distribution of the mid 

vowel phones. The only exception was the front vowel [e]. Besides, it is worthy of 

noting that, although the distance between the central vowel phones and the back 

vowel phones was statistically significant, the difference was comparatively small 

when compared to the distance between the central vowel phones and the front vowel 

phones. 

The other comment is on the /e/-/ɛ/ and /ɔ/-/o/ contrast in Taiwan Mandarin. The 

statistical results suggested that the two vowel pairs did have contrast in vowel quality. 

The comparison of formant values and the position in the vowel space, however, 

showed the reverse in the relative vowel height in the two vowel pairs as the 

comparison in Figure 4.20 showed. 

 

 
Figure 4.20 The comparison between the two contrast pairs in Taiwan Mandarin (left) 

and in the IPA vowel chart (right). 
 

In Figure 4.20, the positions of the phones in the contrast pairs in the plot formant 

(left) and in the IPA chart (right) were compared. The reverse happened not only in 

the height but also the backness. In addition, the reverse happened in both [e]-[ɛ] 
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distinction and [ɔ]-[o] distinction, which implied a common tendency for the language 

change in Taiwan Mandarin. This phenomenon would be an interesting topic for 

further sociolinguistic research when the sound change in Taiwan Mandarin is 

investigated in depth. 

 To wrap up, it could be said that the transcription in the literature reflect mainly 

the backness of the vowel quality. Also, the [e]-[ɛ] and [ɔ]-[o] distinction were 

attested in the Taiwan Mandarin data. But the relative position of the two phones in 

the vowel space was unexpectedly in reverse. This finding offered a possible issue for 

the study on the sound change in Taiwan Mandarin in the future study. 
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