
Chapter 2
The Phonetic Realizations
of the Mandarin Phoneme Inventory:
The Canonical and the Variants

Janice Fon

Abstract This chapter provides an overview on the phonetic realizations of
theMandarin phoneme inventory. There are two major sections. The first is a general
description of the phoneme inventory, which includes five vowels and 19 conso-
nants, along with four lexical tones. In addition to acoustic properties of individual
phonemes, major allophonic rules are also discussed. The second section covers
some variations on consonants, vowels, and tones in three major Mandarin varieties
of Taiwan, Singapore, and China. Some variations are fairly region-specific, while
others are more commonly found across various dialects. The former includes the
retroflexed vowel suffix in theMainland variety, the qualitative difference in realizing
the neutral tone between the Taiwan and the Mainland variety, and the so-called fifth
tone in Singapore Mandarin. The latter includes the deretroflexion and hypercorrec-
tion of sibilants, both of which can be found in Taiwan and Singapore Mandarin,
and the syllable-final nasal mergers, which can be found in all three major dialects.
Interestingly, these cross-dialectal variations also show large within-region variabil-
ities. Both the canonical and the variant realizations of the phonological system are
discussed in light of child language acquisition.

Mandarin is by far the most widely spoken language in the world. As of 2013, it
boasts an estimated L1 population close to 900 million (Lewis, Simons, & Fennig,
2016), accounting for more than 12% of the total world population at the time (cf.
Population Reference Bureau, 2013). It is the sole official language of Taiwan and
China, and is one of the four official languages in Singapore. This chapter contains
two main sections. The first is devoted to an overview of the phonetic realizations
of Mandarin phonology, and the second focuses on some variations in the three
major Mandarin variants of Taiwan, Singapore, and China. All three main aspects of
phonology, i.e., vowels, consonants, and tones, are discussed.
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Fig. 2.1 Three different proposals for the Mandarin vowel system

2.1 The Phoneme Inventory

2.1.1 Vowels

Depending on the theoretical frameworks, Mandarin is said to have a system ranging
from four to six single vowels. The four-vowel system is based on feature geometry
and was proposed by Wu (1994) (Fig. 2.1a), while the six-vowel system is based on
phonemic evidence and was proposed by C.-C. Cheng (1973) (Fig. 2.1c). Most other
scholars argued for a five-vowel system, with an inventory of three high vowels, one
mid-vowel, and one low vowel (Chao, 1968; R. L. Cheng, 1966; Duanmu, 2007;
Y.-H. Lin, 1989; Wan & Jaeger, 2003), as shown in Fig. 2.1b. As all three proposals
include largely overlapping sets of vowels, this chapter follows the perspective of
the majority and reviews only the five-vowel system in detail.

The three high vowels in Mandarin could be nicely demonstrated by a minimal
triplet, as shown in (1).1 These three phonemes behave in a rather similar fashion
and become a homorganic glide when they precede a non-high vowel, as shown in
(2). [i] and [u] can also be the second part of a diphthong and act as an off-glide, as
shown in (3).

1Hanyu Pinyin is adopted for Mandarin romanization throughout this chapter.
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Fig. 2.2 Waveforms and spectrograms of the three high vowels, yí /i/ ‘aunt’, yú /y/ ‘fish’, and wú
/u/ ‘nil’. The first three formants are labeled accordingly

Figure 2.2 shows the waveforms and spectrograms of the three high vowels, yí
/i/ ‘aunt’, yú /y/ ‘fish’, and wú /u/ ‘nil’, produced by a female speaker. Notice that
the acoustic cues correspond nicely with the articulatory descriptions of the vowels.
All three vowels are high, and therefore their F1s are unanimously low. /i/ and /y/
are both front vowels, while /u/ is a back vowel, and therefore the former two have
higher F2s than the latter. /y/ and /u/ are both rounded vowels and therefore have
relatively low F3s (and F2s), as compared to the unrounded /i/.

The high vowel /i/ is worth further mention. Besides being realized as a high
front vowel and a glide, it also has a third allophone [ɨ] that occurs after dental and
retroflex sibilants [ts tsh s tʂh ʂh ʐ] (see below) (C.-C. Cheng, 1973). (4) contains a
near-minimal triplet of [i] and [ɨ],2 and their waveforms and the spectrograms are
shown in Fig. 2.3. Compared to their counterpart [i] in tì [ti] ‘ground’, the F2s in
zì [tsɨ] ‘Chinese character’ and zhì [tʂɨ] ‘mole (face)’ are much lower, indicating
backing of the tongue position.

2The phone has been problematic in Mandarin phonology and has invited much discussion and
debate. Classical views usually argued for two phones instead of one. For example, Norman (1988)
proposed two apical vowels of [ɿ] and [ʅ], Lee-Kim (2014) argued for two syllabic approximates
of [ô ̪] and [ɻ], and Duanmu (2007) suggested two syllabic fricatives of [z ̩] and [ʐ̩̩̩]. The former ones
of each pair are designated to occur after dental sibilants, while the latter ones are designated to
occur after retroflexes. However, since the formants in Fig. 2.3 show little frication, implying that
it is at least not always realized as a syllabic fricative, and since the major difference between the
two renditions of the phone (zì [tsɨ] ‘Chinese character’ vs. zhì [tʂɨ] ‘mole (face)’) mainly lies in
F3, not F2, implying that there is little change in tongue backness, this chapter adopts a unifying
symbol [ɨ] instead, following C.-C. Cheng (1973), and views the phonetic variation as a product of
coarticulation. There is a slight departure from C.-C. Cheng’s (1973) original proposal, however,
as this chapter argues for a nonphonemic status instead (see Fig. 2.1).
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Fig. 2.3 Waveforms and spectrograms comparing the two allophonic variants of /i/ in tì [ti]
‘ground’, zì [tsɨ] ‘Chinese character’, and zhì [tʂɨ] ‘mole (face)’. The first three formants are labeled
in white

Mandarin only has one mid-vowel, but its frontness and rounding show envi-
ronmentally dependent allophonic changes while its height stays the same. Most
previous works agree that there are at least four variants, [�], [e], [o], and [7] (C.-C.
Cheng, 1973; R. L. Cheng, 1966; Y.-H. Lin, 1989). [�] occurs in CVN syllables and
is considered the default (R. L. Cheng, 1966; Y.-H. Lin, 1989; Wan & Jaeger, 2003;
Wu, 1994). [e] occurs in CjV and C4V syllables, while [o] occurs in CwV syllables.
Finally, [7] occurs in CV syllables. (5) shows a set of examples.

Figure 2.4 shows the waveforms and spectrograms of the four allophonic variants
of the mid-vowel /�/ in lèng [l�ŋ] ‘absent-minded’, liè [lje] ‘to crack’, luò [lwo]’

Fig. 2.4 Waveforms and spectrograms of the four allophonic variants of the mid-vowel /�/ in lèng
[l�ŋ] ‘absent-minded’, liè [lje] ‘to crack’, luò [lwo] ‘to fall’, and lè [l7] ‘happy’. The first two
formants of the main vowels are labeled in black or white accordingly
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to fall’, and lè [l7] ‘happy’. Notice that both [e] and [7] are mid-high vowels and
therefore have similar F1s. [e] has a higher F2 than [7] because it is a front vowel.
[o] and [7] have similar F1s and F2s because they are both mid-high back vowels,
but the former has a slightly lower F2 due to rounding. Compared with [e] and [o],
[�] has a higher F1, showing that it is relatively low in height, and its F2 value is
intermediate between that of [e] and [o], showing that it is in the central position.

Similarly, Mandarin also only has one low vowel, and its frontness and height are
context-dependent and show allophonic changes. However, its unrounded quality
stays the same. Most studies agree that there are at least three allophonic variants,
[a], [A], and [E] (C.-C. Cheng, 1973; R. L. Cheng, 1966; Y.-H. Lin, 1989; Wu, 1994).
[a] is default and occurs in open and C(w)Vn syllables (R. L. Cheng, 1966; Y.-H.
Lin, 1989; Wan & Jaeger, 2003). [A] occurs in CVu and C(G)Vŋ, and [E] occurs in
CjVn and C4Vn syllables. (6) is a set of examples.

1.sg: first person singular pronoun4

Figure 2.5 shows the waveforms and spectrograms of the three allophonic variants
of the low vowel /a/ in án [an] ‘1.sg’, áng [Aŋ] ‘to raise high’, and ián [jEn] ‘salt’.
Notice that both [a] and [E] are front vowels and therefore have higher F2s than the
back vowel [A]. [E] also has a lower F1 than [a] and [A], indicating its higher vowel
height.

There is an additional retroflex vowel /ɚ/ in Mandarin, which can only occur by
itself in a bare V syllable (Duanmu, 2007). (7) shows a minimal pair of /ɚ/ versus
/�/. Figure 2.6 shows a spectrographic comparison between the two vowels. Notice
that because of the rhotic quality of the vowel /ɚ/, the third formant is drastically
lowered as compared to that of the mid-vowel /�/.

Fig. 2.5 Waveforms and spectrograms showing the three allophonic variants of the low vowel /a/,
án [an] ‘1.sg’, áng [Aŋ] ‘to raise high’, and ián [jEn] ‘salt’. The first two formants of the main
vowels are labeled in black or white accordingly
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Fig. 2.6 Waveforms and spectrograms of the retroflex vowel ér /ɚ/ ‘son’ and the mid-vowel é /�/
‘goose’. The first three formants of the main vowels are labeled accordingly

Table 2.1 Mandarin consonant chart

Labial Dental Retroflex Velar

Stop p ph t th k kh

Affricate ts tsh tʂ tʂh

Fricative f s ʂ ʐ x

Nasal m n ŋ

Lateral l

2.1.2 Consonants

Mandarin has 19 consonants, including 6 stops, 4 affricates, 5 fricatives, 3 nasals,
and 1 lateral (Chao, 1968; R. L. Cheng, 1966; Duanmu, 2007) (Table 2.1).3 The
stops occupy three places of articulation, labial, dental, and velar, and have both the
aspirated and the unaspirated series. (8) shows a minimal sextuple. The waveforms
and the spectrograms of the sextuple are shown in Fig. 2.7.

3Some researchers contended that Mandarin consonant inventory also includes an additional set
of three alveolo-palatal sibilants /tɕ tɕh ɕ/ [e.g., Luo (1993)]. However, since these three are in
complementary distributionwith the velar series /k kh x/, the dental series /ts tsh s/, and the retroflexes
/tʂ tʂh ʂ/, this chapter views them as allophones of other phonemes and discusses them in a later
section.
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Fig. 2.7 Waveforms and spectrograms of the six stops, bǔ /pu/ ‘to mend’, pǔ /phu/ ‘sheet music’, dǔ
/tu/ ‘to gamble’, tǔ /thu/ ‘soil’, gǔ /ku/ ‘ancient’, and kǔ /khu/ ‘bitter’. The downward arrows above
the spectrograms indicate the stop bursts, and the horizontal line segments beneath the spectrograms
indicate the aspiration noise of aspirated stops

There are two sets of affricates in Mandarin, the dental and the retroflex. Like
their stop counterparts, both the aspirated and the unaspirated series are included. (9)
shows a minimal quadruple. The waveforms and the spectrograms of the quadruple
are shown in Fig. 2.8. Notice that the lowest major energy concentration for the
frication portion of the affricates is lower for the retroflexes than that for the dentals.

Fricatives are the largest set of inventory in Mandarin. In total, there are three
sibilants and two nonsibilants. Of the three sibilants, there is one voiceless dental /s/,
one voiceless retroflex /ʂ/, and one voiced retroflex /ʐ/. (10) shows a minimal triplet.
The waveforms and the spectrograms of the triplet are shown in Fig. 2.9. Like the
affricates, the retroflexes have lower major energy concentration than the dental.
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Fig. 2.8 Waveforms and spectrograms of the four affricates, zàn /tsan/ ‘to praise’, càn /tshan/
‘bright’, zhàn /tʂan/ ‘to stand’, and chàn /tʂhan/ ‘to shiver’. The rightward arrows indicate the
lowest major energy concentration for the noise burst of the affricates. The first three formants of
the main vowels are labeled in white accordingly

Fig. 2.9 Waveforms and spectrograms of the three Mandarin sibilant fricatives, sǎn /san/
‘umbrella’, ǎn /ʂan/ ‘to flash’, and rǎn /ʐan/ ‘to dye’. The rightward arrows indicate the lowest
major energy concentration for the fricative noise. The first three formants of the main vowels are
labeled in white accordingly

The two nonsibilant fricatives are labial /f/ and velar /x/. (11) shows a minimal
pair. The waveforms and the spectrograms of the pair are shown in Fig. 2.10.

Mandarin has three nasals, /m n ŋ/, and one liquid /l/. /m n l/ can occur in the
onset position, as indicated in (12). The waveforms and the spectrograms of the
triplet are shown in Fig. 2.11. /n ŋ/ can occur in the coda position, as shown in (13).
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Fig. 2.10 Waveforms and spectrograms of the two nonsibilant fricatives, fú /fu/ ‘blessing’ and hú
/xu/ ‘lake’. The up–down arrows indicate the range of frequency noise for the two fricatives

Fig. 2.11 Waveforms and spectrograms of the three onset sonorants, mí /mi/ ‘mystery’, ní /ni/
‘mud’, and lí /li/ ‘pear’. The horizontal line segments beneath the spectrograms indicate the sonorant
sections

As illustrated in Fig. 2.12, the two nasals differ not only in nasal formants, but also in
the F2 and F3 offsets of the preceding vowels. /n/ has both a falling F2 and a falling
F3, while /ŋ/ has a rising F2 and a falling F3.

There is also a special set of alveolo-palatal sibilants [tɕ tɕh ɕ], which are in
complementary distribution with the velars /k kh x/, the dentals /ts tsh s/, and the
retroflexes /tʂ tʂh ʂ/. The alveolo-palatal set only occurs before /i y/, while the other
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Fig. 2.12 Waveforms and spectrograms of the two nasal codas, pín /phin/ ‘poverty’ and píng
/phiŋ/ ‘level’. The first three formants of the main vowels are labeled in white. The F2 and F3
offset tracings of the main vowels are also shown in white. The horizontal line segments beneath
the spectrograms indicate the nasal sections

three only occur elsewhere, as shown in (14). Diachronically, the alveolo-palatal set
stems from two historical sources, the velars and the dentals. Synchronically, some
scholars have identified it with the velar set [e.g., Chao (1968), R. L. Cheng (1966)],
while others have identified it with the dental set [e.g., Hartman (1944)]. In reality,
the evidence could go either way (Duanmu, 2007; Y.-H. Lin, 1989). Figure 2.13
shows the waveforms and the spectrograms of an alveolo-palatal triplet.

Fig. 2.13 Waveforms and spectrograms of the three alveolo-palatals, jǔ [tɕy] ‘to lift’, qǔ [tɕhy]
‘to take’, and xǔ [ɕy] ‘to promise’. The downward arrows above the spectrograms indicate the stop
bursts, and the horizontal line segments beneath the spectrograms indicate frication noise



2 The Phonetic Realizations of the Mandarin Phoneme … 21

2.1.3 Tones

There are four citation tones inMandarin, traditionally characterized as Tone 1, Tone
2, Tone 3, and Tone 4. Tone 1 is a high-level tone, Tone 2 is a rising tone, Tone 3
is a dipping (i.e., falling–rising) tone, and Tone 4 is a falling tone (Chao, 1968).
(15) shows an example of a minimal quartet, using a fairly common transcription
convention of suffixing the tonal number to the IPA transcription of the syllable
(Duanmu, 2007). Figure 2.14 shows an example of the F0 tracks of the four tones.
Although tones are realized by continuous pitch contours, different sections of the
contours seem to have differentweightings for different tones. Lee&Wiener (Chap. 3
of this volume) and Tsai & Liu (Chap. 10 of this volume) give a good overview of

Fig. 2.14 F0 tracks of the four tones in Mandarin on the syllable ying /iŋ/
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how these contours are perceived by novice (infants and nontone language users)
and expert listeners (Mandarin adults).

When a word contains two consecutive Tone 3s, the first Tone 3 undergoes a
change and transforms into a Tone 2, making it homophonous with a Tone 2 +
Tone 3 sequence. This is known as the Tone 3 sandhi rule. For example, mǎ-liǎn
/ma3-lian3/ ‘oblong face (lit. “horse face”)’ becomes homophonous with má-liǎn
/ma2-lian3/ ‘pockmarked face’ because the former undergoes the Tone 3 sandhi rule
(16). Although the rule is classically posed as obligatory (Chao, 1968), the actual
realization is far more complex and variable, as it has been shown that the rule
interacts intricately with both linguistic factors like word frequency (Yuan & Chen,
2014) and nonlinguistic factors like speech rate (H.-B. Lin, 1982).

Not all syllables bear the four tones mentioned above. Only stressed syllables
do. For unstressed syllables, they have the neutral tone (i.e., Tone 0) instead. (17)
shows an example of a minimal pair. By destressing the second syllable, the meaning
changes from ‘wife and son’ to ‘wife’ only. Traditionally, neutral tones are considered
to be a tonal category that does not have an intrinsic tonal value of its own, and its
tonal realization is largely dependent on the preceding tone (Chao, 1968). However,
Chen and Xu (2006) claimed that the neural tone owns a mid-level tonal target, but
is qualitatively different from non-neutral tones in that the articulatory strength for
reaching the target is relatively weak and inefficient, and thus the speed at which such
a target is approached is relatively slow. As a consequence, neutral tones are more
susceptible to coarticulatory forces of surrounding tones. In either case, neutral tones
are realized to be of shorter duration and weaker amplitude, as shown in Fig. 2.15.

Fig. 2.15 Waveforms and F0 contours for the minimal pair of qı̄-zı̌ [tɕhi1-tsɨ3] ‘wife and son’ and
qı̄-zi [tɕhi1-tsɨ0] ‘wife’
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2.1.4 Syllable Structure

Mandarin syllables have a maximal form of CGVX plus tone (Duanmu, 2007).
Except for the nucleus vowel slot, all the others are optional. VX constitutes the
rime, and the X slot can either be fulfilled by an off-glide of a diphthong or a nasal.
The status of G is more controversial. Traditionally, it is analyzed as part of the
final, which includes a medial slot reserved for G, and the rime (R. L. Cheng, 1966)
(Fig. 2.16a). However, more recently, Duanmu (2007) claimed that G should be
grouped together with C to form the onset, as it adds a secondary articulation to C
when both are present (Fig. 2.16b). Figure 2.17 shows a spectrographic comparison
between Mandarin suì [sweI] ‘to shatter’ and English sway [sweI]. Notice that the
major energy concentration for [s] in suì is much lower than that for [s] in sway as a
result of more lip protrusion in the former. In addition, there is a clearer (and longer)
voice portion of [w] in sway than that in suì. These crosslinguistic differences imply
that Mandarin glides are qualitatively different from English glides when they are
positioned in consonant clusters and might be more adequately characterized as a
secondary articulation to the leading consonant rather than as an independent phone
instead.

As there are 18 consonants possible for the onset C slot (i.e., all consonants except
for /ŋ/, see Table 2.1), 3 glides possible for the G slot, 5 vowels possible for the V slot
(excluding the retroflex vowel /ɚ/, see Fig. 2.1b), and 4 sounds (/i, u, n, ŋ/) possible
for the coda X slot, and everything except for the V slot is optional, there could
theoretically be 19 (C slot) × 4 (G slot) × 5 (V slot) × 5 (X slot) = 1900 syllables

Fig. 2.16 Two different views of the Mandarin syllable structure. Please see text for explanation
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Fig. 2.17 Waveforms and spectrograms for Mandarin suì [sweI] ‘to shatter’ (left) and English
sway [sweI]. The rightward arrows indicate the lowest major energy concentration for the fricative
noise of [s]. The horizontal line segments beneath the spectrogram indicate the section for the glide
[w]. Please see text for explanation

possible in Mandarin, disregarding tones. However, in reality, there are only about a
few more than 400 syllables existing in the inventory (Duanmu, 2007). Even when
tones are included, the number only goes up to about 1300, which is far fewer than
the number of monosyllables in English. Although this inevitably results in a large
number of homophonous monosyllabic morphemes, homophony is not a prevalent
issue in daily communication, as monosyllabic words only constitute about 27%
of the lexicon, and the majority (≈ 70%) is in fact bisyllabic (He & Li, 1987). If
contextual information is further taken into consideration, miscommunication due
to homophony is virtually nonexistent.

In summary, Mandarin is much like many of the East Asian languages, with a
moderate segment inventory size and a relatively simple syllable makeup, both of
which seem to superficially imply a smooth and easy acquisition process. However,
the language is phonologically marked in several aspects. First, it is a tone language
that contains both register and contour tones, along with complicated tone sandhi
realization rules (Duanmu, 2007; H.-B. Lin, 1982; Yuan & Chen, 2014). As most of
the more well-studied Indo-European languages are non-tonal (Maddieson, 2013),
Mandarin could provide us with a better understanding of the role of tone and how
it interacts with other syllabic components in the process of acquisition. Secondly,
being a tone language, Mandarin shows special constraints on its implementation of
prosody, as the acoustic correlates of prosody and tone overlap to a large extent (Peng
et al., 2005). How the interaction of the two affects the acquisition process compared
to other non-tonal languages is an interesting issue both in theory and in application.
Finally, although there is nothing phenomenal regarding the consonant inventory size
of Mandarin, it contains a special set of retroflex sibilants (i.e., /tʂ tʂh ʂ ʐ/) that is
relatively rare among languages of the world. According to the UCLA Phonological
Segment Inventory Database (Maddieson, 1984), out of the 451 languages investi-
gated, only 30 of them incorporate at least one retroflex sibilant in their inventory,
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accounting for about 7%. If one only considers languages that have at least as many
as four retroflex sibilants like Mandarin, the number goes down drastically to only
6, which is a mere 1%. Thus, studying Mandarin could also provide new insights on
how crosslinguistically common and uncommon sounds are acquired in the first few
beginning years.

2.2 Variations in Phoneme Realization

AsMandarin iswidely spoken by a vast population of speakers, variation in its phono-
logical implementation is understandably inevitable. Since variation likely adds
further complications to the already formidable task for young beginning speakers,
description of such a phonological systemwould be incomplete if variation in phono-
logical implementation is lacking. As Singapore has gained its independence from
Malaysia in 1965, and Taiwan has been politically separated from China for nearly
70 years, it is not surprising that many of the noted variations inMandarin phonology
are found among the three standardMandarin varieties. However,more recent studies
also focus on some within-variety variations in Taiwan due to differential degrees of
language contact with Southern Min, a local substrate with which about 70% of the
Taiwan population show at least some familiarity (Huang, 1993). In this section, all
three types of variations of vowels, consonants, and tones are delineated.

2.2.1 Vowels

One aspect of vowels that shows drastic dialectal variations is the retroflexed vowels
in the Mainland variety. The retroflex vowel /ɚ/ can occur as a suffix signaling
diminutiveness or achieving certain stylistic purposes. It assumes the coda position
and oftentimes completely replaces the original coda of the host syllable, if any
(Duanmu, 2007). (18) shows an example of aminimal pair.While the non-retroflexed
zhè can mean both ‘this’ and ‘here’, the retroflexed zhèr is used only to indicate
‘here’. When a syllable is retroflexed, the vowel assumes a rhotic quality and its
F3 is substantially lowered, as shown in Fig. 2.18. Although retroflexed vowels are
quite common in theMainland variety, it is virtually nonexistent in Singapore (Chew,
2002) and Taiwan. In our Taiwan Mandarin spontaneous speech corpus (Fon, 2004),
which currently includes more than 50 h of transcribed monologues, there is not
a single instance of retroflexed vowels found.4 In other words, one can probably
safely say this is a vocalic trait that is exclusive to the Mainland variety.

4The speakers in the Taiwan Mandarin corpus included both young (ages 20–35) and old speakers
(ages 50–65) who spent all or most of their childhood and teenage years in the designated sampling
locations.
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Fig. 2.18 Waveforms and spectrograms for zhè /tʂ�/ ‘this; here’ and zhèr ‘here’ /tʂ�ɚ/. The first
three formants are labeled accordingly

2.2.2 Consonants

Dialectal variations are even more prevalent in consonants. In this section, two types
of consonant variations are discussed. One is the realization of dental and retroflex
sibilants, and the other concerns the syllable-final nasal mergers.

2.2.2.1 Dental and Retroflex Sibilants

Sibilant realization is extremely variable in Taiwan (Chuang, 2009; Chuang, Chiang,
& Fon, 2012; Chuang, Wang, & Fon, 2015) and Singapore Mandarin (Ng, 1985) due
to frequent contact with local language substrates. Two main processes have been
documented. One is to realize the retroflex sibilants as dentals, appropriately termed
the deretroflexion rule, and the other is the reverse of the deretroflexion rule, realizing
the dental sibilants as retroflexes. Since the latter is deemed as away speakers employ
to counteract the prevalence of deretroflexion, it is usually termed the hypercorrection
rule and is more commonly observed in formal styles (Chuang, 2009; Chung, 2006;
Ng, 1985). As shown in (19), the two sets of rules between voiceless dentals and
voiceless retroflexes are fairly straightforward, as they are the exact opposite of each
other. However, realization for the voiced retroflex /ʐ/ is more variable. As it lacks
a phonological dental counterpart (cf. Table 2.1), previous studies showed that its
most common deretroflexed realization is [l] and [z] is only the secondmost common
(Chan, 1984; Chuang et al., 2015).
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Gender and genre are effective factors in determining the application of the rules
(Chuang et al., 2012; Ng, 1985). Deretroflexion is more likely found among males
than females, in spontaneous than read speech, and in connected speech than word
lists. The trend is observed in both Taiwan and Singapore Mandarin (Fig. 2.19). On
the other hand, more dialectal variation was found for hypercorrection. Although
Singapore Mandarin still shows both a gender and a genre effect, as male speakers
are more likely to apply hypercorrection than females, and spontaneous speech
being the least likely to facilitate the application of this rule, similar trends are
not observed in Taiwan Mandarin, as its hypercorrection rates are unanimously low
(Fig. 2.19). In fact, both rules are far more prevalent in Singapore Mandarin than
Taiwan Mandarin. Deretroflexion in Singapore Mandarin is nearly complete in male
spontaneous speech, and its hypercorrection is almost 60% in male tongue twisters.
In contrast, deretroflexion in TaiwanMandarin is at best less than 40% formale spon-
taneous speech, and all hypercorrection rates regardless of gender and genre hover
around 5% only. This might have been due to differential attitudes towards the rules
in the two variants. Ng (1985) claimed that Singapore Mandarin speakers generally
deem retroflex realization as undesirable, as they often associate it with foreigner
speech and snobbishness. Most Singaporean speakers find it more natural with a
variety that reveals local identity. On the other hand,most speakers fromTaiwan asso-
ciate deretroflexion as a stigma for being nonstandard (Chan, 1984; Chuang et al.,
2012; Kubler, 1985a, 1985b) and would thus avoid doing so, at least consciously,
when situation arises. Since hypercorrection is meant to counteract deretroflexion,
it is possible that Singaporeans find it more necessary to do so in a formal context
than Taiwan speakers as the former shows a much higher deretroflexion rate than the
latter.

At least for the Mandarin variety in Taiwan, sibilant realization is also affected by
prominence (Chuang, 2009; Chuang & Fon, 2010). As shown in Fig. 2.20, sibilants
in more prominent positions are realized with a larger degree of dentalization. This
is true for sibilants of both dental and retroflex place, and also for both original
and derived sibilants (i.e., those that underwent deretroflexion/hypercorrection). This
implies that retroflex sibilants at a prosodically prominent position canbe acoustically
similar to dental sibilants at a prosodicallyweaker position, and perceptual ambiguity
might potentially arisewhen one is devoid of context. The figure also shows that there
is a gender difference in the maintenance of the two sibilant places. Female speakers
in general maintain a more distinct phoneme space for the dental and retroflex series,
respectively. Similar levels of distinction hold for both original and derived sibilants.
On the other hand, male speakers not only show less distinction between original
dentals and retroflexes, and between derived dentals and retroflexes, and their derived
sibilants are also not as close to the intended targets as their female counterparts.
This indicates that although male Taiwan Mandarin speakers may not have as much
overt mixing between retroflex and dental sibilants at the phonemic level as their
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Fig. 2.19 Realization rates of deretroflexion /ʂ/ → [s] and hypercorrection /s/ → [ʂ] in a Taiwan
(Chuang et al., 2012) and b Singapore Mandarin (Ng, 1985). TT: tongue twisters; MP: minimal
pairs; WL: word lists; CS: connected speech; and SP: spontaneous speech

Singaporean counterparts (cf. Figure 2.19), their phonetic realization of the sibilants
indeed shows that the two series are becoming more like each other.
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Fig. 2.20 Effect of prominence on the realization of voiceless sibilants. Being negatively correlated
with the degree of retroflexion, the center of gravity (COG) was taken from the middle 10 ms of the
fricative spectrum for all six voiceless sibilants /tʂ tʂh ʂ ts tsh s/ using a spontaneous speech corpus
(Chuang, 2009; Chuang & Fon, 2010). Prominence was defined using the stress tier in the pan-
Mandarin-ToBI system (Peng et al., 2005). S2 is the default level, S3 shows extra prominence, and
S1 indicates unstressed positions. Retroflex: retroflex sibilants that are underlyingly retroflex, /tʂ tʂh
ʂ/ → [tʂ tʂh ʂ]; dental: dental sibilants that are underlyingly dental, /ts tsh s/ → [ts tsh s]; retroflexed
dental: dental sibilants that underwent hypercorrection, /ts tsh s/→ [tʂ tʂh ʂ]; deretroflexed retroflex:
retroflex sibilants that underwent deretroflexion, /tʂ tʂh ʂ/ → [ts tsh s]. There were no unstressed
male tokens with the retroflexed dental in the data collected

2.2.2.2 Syllable-Final Nasal Mergers

The two Mandarin coda nasals /n/ and /ŋ/ are allowed to occur after all five vowels.
However, they are found to be merging with each other after /i/ and /�/ (C.-Y. Chen,
1991; Fon, Hung, Huang, & Hsu, 2011; Yang, 2010). As shown in (20), merging for
the former is bidirectional, and /in/ → [iŋ] and /iŋ/ → [in] are both observed, while
merging for the latter is unidirectional, and only /�ŋ/ → [�n] is found.
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The three nasal mergers are not equally favored in the three major Mandarin
varieties. As indicated in Fig. 2.21a, Singapore Mandarin predominantly uses /in/
→ [iŋ] and /�ŋ/ → [�n], and few /iŋ/ → [in] were found (C.-Y. Chen, 1991). On the
other hand, Mainland Mandarin mainly adopts /in/ → [iŋ] and /iŋ/ → [in], while
/�ŋ/ → [�n] was rarely observed (Yang, 2010). Studies did not agree on how nasal
mergers work in Taiwan Mandarin. C.-Y. Chen (1991) claimed that it uses /in/ →
[iŋ] and /�ŋ/ → [�n], but no /iŋ/ → [in], while Yang (2010) argued that it uses /�ŋ/
→ [�n] and /iŋ/ → [in], but no /in/ → [iŋ] instead. Although this controversy seems

Fig. 2.21 Nasal mergers found in a Taiwan, Singapore, and China (C.-Y. Chen, 1991; Yang, 2010),
and in b northern and southern Taiwan (Fon et al., 2011)
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Fig. 2.22 Effect of context on the application of nasal mergers in Taiwan Mandarin. Solid bars
represent target syllables in sentence-final positions, and dashed bars represent syllables in isolation
(Fon et al., 2011)

intriguing, Fon et al. (2011) showed that this discrepancy is likely due to dialectal
variations within the variety. As indicated in Fig. 2.21b, northern Taiwan speakers
predominantly use /in/ → [iŋ] and /�ŋ/ → [�n], much like what was found in C.-Y.
Chen (1991), while southern Taiwan speakers could potentially use all three, which
at least partially corroborated with Yang’s (2010) findings.

Like the realization of voiceless sibilants, the application of nasal mergers can
be context-dependent, at least in Taiwan Mandarin (Fon et al., 2011). As shown in
Fig. 2.22, although context exerts little effect for /in/ → [iŋ] among northerners and
southern females, the effect is more robust for southern males, and the latter group
tends to apply the merger more in a sentential context. On the other hand, /�ŋ/ →
[�n] showed an opposite trend, and the context effect is more robust for northerners
and southern females than southern males. As Taiwan Mandarin speakers generally
regarded /in/ → [iŋ] as a form that is more prestigious than /�ŋ/ → [�n] and /iŋ/
→ [in], this implies that the application of nasal mergers is likely not only context-
dependent, but also prestige- and therefore speaker-group-dependent, at least for the
Mandarin variety in Taiwan.

2.2.3 Tones

Dialectal variations are also found in the realization of tones. This section focuses
on two aspects of tonal variations, the realization of neutral tones, and that of the
‘fifth tone’ in Singapore Mandarin.
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2.2.3.1 Realization of Neutral Tones

As mentioned above, Chao (1968) claimed that the actual pitch height of a neutral
tone is largely dependent on the tonal value of the preceding syllable. It is realized the
highest in pitch when it is preceded by a Tone 3, and the lowest when it is preceded
by a Tone 4. Neutral tones following Tone 1 and Tone 2 are realized with mid-
pitch. According to Chao (1968), neutral tones are more susceptible to coarticulatory
forces due to lack of intrinsic tonal values and thus readily adopt the tonal values
of their neighboring tones. However, Chao’s (1968) account might not be viable
in some varieties of Mandarin, as neutral tone realization seems to show dialect-
dependent variations (Fig. 2.23). Although much variance is indeed found across
different tonal contexts in the Mainland variety, neutral tones in Taiwan Mandarin
are realized rather unanimously as mid-falling, with little effect from the preceding
syllable being observed. This implies that the neutral tone in Taiwan Mandarin is
qualitatively different from its Mainland counterpart, and may own an unswerving
intrinsic tonal value of a mid-fall instead. Even if Chen and Xu’s (2006) account
for neutral tones is adopted, a defining difference for the neutral tones between the
two dialects still exists. As mentioned earlier, Chen and Xu (2006) claimed that
the fundamental difference between a neutral and a regular tone does not lie in the
existence of an intrinsic tonal value, but rather, in the articulatory strength with which
one exerts in reaching the tonal target. This may be an accurate description of neutral
tones in Mainland Mandarin, but the consistent mid-fall realization of neutral tones
in the Taiwan variety shows that there is no fundamental difference in the realization
strength between a neutral and a regular tone in the dialect. In other words, the
neutral tone in Taiwan Mandarin might have been more rightly termed as a ‘fifth’
tone instead, as it shares all of the characteristics of a regular tone except for being
intrinsically short. On the other hand, the neutral tone in the Mainland variety still
maintains a qualitative distinction from its regular tones and thus still fulfills the
current categorization of being ‘neutral’.

Fig. 2.23 Realization of neutral tones after a minimal quartet ting-zhe in Taiwan and Mainland
Mandarin. Tone 1: tı̄ng-zhe /tiŋ1-tʂ�0/ ‘listen asp (listening)’; Tone 2: tíng-zhe /tiŋ2-tʂ�0/ ‘rest asp
(resting)’; Tone 3: tı̌ng-zhe /tiŋ3-tʂ�0/ ‘support asp (supporting)’; Tone 4: tìng-zhe /tiŋ4-tʂ�0/ ‘to
allow (one to act arbitrarily) asp (allowing)’ (asp: aspect marker.)
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Fig. 2.24 Realization of the ‘fifth tone’ in Singapore Mandarin with regard to its tonal category in
Modern Mandarin and its original entering tone endings (i.e., -p, -t, -k) in Middle Chinese. Data
from C.-Y. Chen (1983)

2.2.3.2 ‘Fifth Tone’ in Singapore Mandarin

Singapore speakers also tend to have an additional ‘fifth tone’ in their Mandarin, but
the source of this fifth tone is completely different from the one that is suggested above
for Taiwan Mandarin. According to C.-Y. Chen (1983), the fifth tone in Singapore
Mandarin is characterized by a falling contour, resembling Mandarin Tone 4, but is
often accompanied by a final glottal stop. When the final stop is present, the tone
is short and intense; otherwise, the tone is barely distinguishable from a regular
Mandarin Tone 4. The fifth tone only occurs in words that have etymologically an
entering tone in Middle Chinese.5 Since the majority of Singaporean Chinese speak
at least one southern Chinese language natively and acquire Mandarin only after
they enter the school system, C.-Y. Chen (1983) argues that the fifth tone might have
stemmed from a negative transfer from the southern Chinese languages in Singapore,
which still preserve entering tones in their phonology. Figure 2.24 shows that the
actual realization of the fifth tone is very much dependent on the tonal category and
etymology. Tone 1 shows the highest realization rate of over 80%, followed by Tone
2. For Tone 3 syllables, only those that had a -p ending in Middle Chinese show a
high realization rate of the fifth tone. For syllables that previously ended in -t or -k
in Middle Chinese, the realization rate is fairly low.

The variations mentioned above are by no means exhaustive. Rather, they are
meant to merely serve as an illustration of the wide variety of Mandarin that
Mandarin-speaking children might encounter during their acquisition process. Some

5An entering tone is a tone that occurs on syllables ending with /p t k P/.
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of the variations discussed are regionally distinct, as in the cases of the retroflex vowel
suffix in the Mainland variety, the different ways of realizing neutral tones between
Taiwan and Mainland Mandarin, and the fifth tone in Singapore Mandarin. From
an acquisition point of view, this might not be as problematic, as long as Mandarin-
learning children fromdifferent regions are considered and studied separately, and the
data procured are analyzed within respective regional contexts. However, for varia-
tions that occurwithin a variety, such as the realization of voiceless sibilants inTaiwan
and Singapore Mandarin, and the syllable final nasal mergers in Taiwan Mandarin,
the situation might be much more complex. In order to master the system, children
not only have to acquire the variable phonological rules, but also the appropriate
occasions for applying them. Take the deretroflexion rule for example, for children
acquiring Mandarin in Taiwan and Singapore, in addition to becoming proficient in
producing the /tʂ tʂh ʂ ʐ/ set, they also need to be familiar with the differential effect
of various genres in order to determine whether the deretroflexed set should be used
instead. For children acquiring Taiwan Mandarin, they need to carry this one step
further and take note of the prosodic structure in which the voiceless sibilants occur
so as to accurately determine the amount of deretroflexion to be applied in a native
fashion. This is no doubt a fairly daunting task, and when placed in the context of first
language acquisition, it raises several important issues. Although previous studies
have shown that retroflexes are acquired relatively early inMainlandMandarin (Li &
Munson, 2016; Zhu &Dodd, 2000),6 the complication of involving deretroflexion in
the realization of the retroflex set in Taiwan and Singapore might substantially deter
its acquisition process for Mandarin-learning children in these two locations. For
these young learners of the language, they not only need to master the articulation
of the retroflex set, as their counterparts in China do, but are also required to become
proficient in applying the deretroflexion rule in contexts deemed to be adequate by
adult natives in respective sites in order to be considered successful in acquiring the
full usage of the retroflex set. How retroflexes are acquired in Taiwan and Singapore
in specific and how variations across different varieties affect the acquisition process
in general are relevant and significant to the Mandarin acquisition process and are
thus worth further investigation.

Acquisition is a dynamic process that reflects not only the mentality of the learner
(i.e., the child), but also the unique linguistic and social combination of the learned
(i.e., the language). This is especially true in the case of Mandarin, as its wide
geographical span and diverse speaker background inevitably entail large variability
of both sides, which interact intricately with each other, fermenting into distinctive
regional tangs. This chapter thus provides not only a broad introduction to various
aspects of Mandarin phonology, but also includes both the commonalities and differ-
ences across the three major varieties of Mandarin (i.e., Taiwan, Singapore, and
China). Even though this might have created a picture that is fuzzier than ideal, it is

6Zhu and Dodd (2000) reported that 75% of the children between ages 2;1 and 2;6 could produce/tʂ
tʂh ʂ/accurately at least once, and 75% of the children reach this criterion between ages 3;1 and 3;6
for/ʐ/. Li & Munson (2016) reported about 75% accuracy for/ʂ/ at around 3;6.
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closer to reality, and thus one hopes that it could set a more realistic perspective for
understanding the results in the later chapters.
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