





2.3 Acoustic analysis of the Southwestern Mandarin data
2.3.1 Null contexts

This sub-section describes the acoustic characteristics of the vowels in isolation in
Southwestern Mandarin in order to establish a basis for comparison with contexts in which the
quality of the surface vowel may be influenced by an adjacent consonant. Figure 2.13 shows the
normalized F1 and F2 values of four of the vowel phonemes of Southwestern Mandarin,
including the high front unrounded vowel, the high front rounded vowel, the high back rounded
vowel, and the mid vowel. The low vowel is excluded from this plot because it is rarely found in
zero onset contexts in lexical items. For a description of the surface quality of the low vowel, see
section 2.3.2.

The high vowels and the mid vowel were measured in zero onset contexts. In these data,
the “zero onset” surfaced as an epenthetic glottal stop with the mid vowel and as a homorganic
glide with the high vowels. With /i/, the homorganic glide is [j]; with /y/, it is [y], and with /u/ it
is either [w], or more commonly, the labiodental glide [v].
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Figure 2.13: Normalized F1XF2 plot of speakers’ formant values for four vowel phonemes in
isolation.
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Figure 2.13, as expected, shows two clusters with a low F1 and a high F2. These clusters
correspond to the high front unrounded /i/ and the high front rounded /y/. In the plot, these two
vowels appear to differ in F2 values; a paired samples t-test comparing the F2 values of /i/ and
Iyl in isolation confirmed that the F2 of /y/ is significantly lower than the F2 of /i/ [t(5)= 8.87;
Ni(i)=5.2; Ni(y)= 2.7; p=.0003]. This lower F2 is the expected result for a high front rounded
vowel. As | mentioned in section 2.2, rounded vowels tend to have a lower F2 than their
unrounded counterparts (Lindblom and Sundberg 1971).

The clusters for the high back vowel and the mid vowel are unexpectedly close together
in Figure 2.13. Both vowel clusters appear in the region of the plot that corresponds
approximately to a mid back rounded vowel. Statistical tests confirm what is visually apparent.
There is no significant difference in the F1 of the mid vowel versus /u/ in isolation. There is,
however, a difference in F2; the F2 of /u/ is significantly higher than the F2 of the mid vowel in
isolation [t(5)= 2.84; p=.036]. The closeness of the two vowel clusters seems to present a
problem. If the mid vowel and the high back vowel are separate phonemes in Southwestern
Mandarin as they are in Standard and Northern Mandarin, one might expect less overlap. It is
important to remember, however, that the two clusters in Figure 2.13 do not represent vowels
occurring in minimal pairs. Even though both vowels are shown in the “zero onset” context, they
surface with different epenthetic onsets. The high back vowel in the zero onset context is found
with an epenthetic [v] onset, and the mid vowel is found with an epenthetic [?] onset. This
difference in surface onset means that the “zero onset” measurements are not entirely helpful in
establishing a phonemic contrast or determining the underlying forms of the vowel phonemes.

Impressionistically, | would transcribe the “zero onset” syllables for the high back vowel
and mid vowel as [vu] and [?0], respectively. Do the formant values in Figure 2.13 confirm these
transcriptions? In the formant charts of U.S. English in Ladefoged and Disner (2012; p. 44-45),
the F1 of [u] is higher than the F1 of [u] and equal to or slightly lower than the F1 of [0]. The F2
of [v] is higher than both [u] and [0]. In other words, the results in Figure 2.13 are in line with
the formant values for [u] and [o] in Ladefoged and Disner (2012), suggesting that [vu] and [?0]
are likely appropriate transcriptions, and that the high back vowel in the zero onset context is
likely slightly less rounded than the mid vowel.

In summary, /i/ and /y/ seem to have approximately the same surface form in Northern

and Southwestern Mandarin, but the high back and mid vowels differ in Southwestern Mandarin
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compared to Northern Mandarin. In Southwestern Mandarin, the surface form of the mid vowel
in isolation is the less marked [o] rather than the back unrounded [x] found in Northern
Mandarin. The high back vowel in Southwestern Mandarin surfaces as [uv], rather than [u], but
this difference could be related to the difference in epenthetic onset. In Northern Mandarin, the
epenthetic onset with /u/ is [w], but in Southwestern Mandarin, it is labiodental [v]. In terms of
consonant-vowel harmony, the combination of [v] and [v] in Southwestern Mandarin is not
unexpected; both vocoids are less rounded than [w] and [u]. One might wonder whether the
vowel is becoming less round in harmony with [v] or vice versa. A comparison of /u/ with other

onsets might shed some light on this question.

2.3.2 The effect of onsets
This section describes the acoustic characteristics of the vowels in CV and C®V syllables.

I have grouped the onsets based on place of articulation and compare the effects of the onset
groups on the F1 and F2 of each of the vowels. Simple onsets in Southwestern Mandarin can be
divided into five groups based on place of articulation: labial [w, p, p®, ], alveolar [t, th, ts, tsh, s,
n, z], (pre)palatal [j, ¢, te, te" ], velar [k, k", x], and lateral [1].2° Note that Southwestern Mandarin
does not have the retroflex consonants found in Northern Mandarin. Complex onsets, which
always take the form C®, are grouped based on their secondary articulation: palatal [t/, mi, etc.]

or labial [g", §", etc.].

2.3.2.1 Low vowels

In Southwestern Mandarin, the low vowel appears with both simple and complex onsets
from all five of the onset groups described above. Figure 2.14 shows the normalized F1XF2
values of the low vowel with the five onset groups. VValues for the mid vowel and /i/ in isolation

are also included to provide context.

191 group labiodentals with the labials in most plots, but | show them as a separate group when their effect on the
vowel differs from that of the labials.
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Figure 2.14: Normalized F1XF2 plot of speakers’ formant values for the low vowel with different
onset groups.

Figure 2.14 shows a single dense cluster for the low vowel, suggesting that onsets have little or
no effect on the quality of the vowel. However, as with the low vowel in the Northern dialects, a
one-way repeated measures ANOVA with F2 as the dependent variable and onset as the
independent variable (six levels) reveals a significant effect of onset on the low vowel [F(5,25)=
7.61; p<.0002]. Pairwise comparisons show that the difference lies in the palatal and alveolar
onsets. The F2 of the low vowel with palatal onsets differs significantly from the F2 with labial
[t(5)=8.17; p<.0004] and lateral onsets [t(5)=2.95; p<.03]. The F2 of the low vowel with alveolar
onsets differs significantly from the F2 with labial onsets [t(5)=6.89; p<.001]. There are no
significant differences between any of the other pairs. The close-up of the low vowel cluster in
Figure 2.15 shows that there are more palatal items near the front of the cluster and more labial

items near the back of the cluster.
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Figure 2.15: Normalized F1XF2 plot of speakers’ formant values for the low vowel with different
onset groups.

However, once again, there is considerable overlap between contexts, and the compactness of the
cluster in the vowel space (see Figure 2.14) suggests that the statistically significant differences
indicate a minor coarticulatory adjustment rather than a phonological alternation.?® Based on the
location of the low vowel cluster in relation to mid [0], the low vowel with all onsets might best
be transcribed as back, unrounded [a].

2.3.2.2 The mid vowel
The mid vowel is found with both simple and complex onsets from all five of the onset
groups described above. Figure 2.16 shows the normalized F1XF2 values of the mid vowel with

the five onset groups. The values of /i/ in isolation are included to provide context.

20 See section 2.2.2.1 for a more detailed discussion of a similar low vowel pattern in Northern Mandarin.
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Figure 2.16: Normalized F1XF2 plot of speakers’ formant values for the mid vowel with
different onset groups.

Figure 2.16 shows two separate clusters for the mid vowel in open syllables: a cluster near the
front of the F2 space that includes the mid vowel with palatal and alveolar onsets, and a cluster
near the back of the F2 space that includes the mid vowel with velar, labial, and lateral onsets. A
one-way repeated measures ANOVA with F2 as the dependent variable and onset as the
independent variable (seven levels) showed a significant effect of onset [F(6,30)= 409;
p<.0001]. As expected, pairwise comparisons confirm that the F2 of the mid vowel with alveolar
and palatal onsets is significantly higher than the F2 of the mid vowel with all other onsets. In
the plot, the mid vowel with alveolar onsets seems to cluster together with the mid vowel with
palatal onsets. A paired samples t-test confirms that there is no significant difference between the
F2 of the mid vowel with the alveolar and palatal onsets. Similarly there are no significant
differences in the F2 of the mid vowel with labial, velar, or lateral onsets.

In other words, statistical tests confirm what is readily apparent in the plot: there are two
surface forms of the mid vowel in open syllables, one form with palatal and alveolar onsets and
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another form with velar, labial, and lateral onsets. Based on the location of the palatal/alveolar
cluster in relation to /i/, the vowel would best be transcribed as [€] in these contexts. There is no
effect on the vowel with velar, labial, and lateral onsets, so in these contexts, the vowel would be
transcribed as [0]. In terms of consonant-vowel harmony, we could say that the front alveolar
and palatal onsets cause a fronting of the mid vowel, while the labial and velar onsets have no
effect. The lack of alternation with the (alveolar) lateral onset is unexpected. This issue will be
explored in greater detail in the following chapter.

The plot in Figure 2.16 shows a set of mid vowels with the velar onset that do not
alternate. This lack of alternation is not surprising; since velars are back consonants, there is no
reason to expect fronting with velar onsets. There is, however, a set of lexical items that show
fronting of the mid vowel with the velar onset. Figure 2.17 shows a set of items in which the mid

vowel with velar onsets patterns with the mid vowel with alveolar onsets.
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Figure 2.17: Normalized F1XF2 plot of speakers’ formant values for the mid vowel with velar
onsets.
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In Figure 2.17, the atypical velar items are found at the front of the F2 space, in the same cluster
as the items with alveolar onsets. What causes this atypical behavior? An examination of the
syllables in which there is fronting of the mid vowel with a velar onset reveals that all of these
syllables are the first syllable in a two syllable word in which the onset of the second syllable is
alveolar. For example, lexical items include kesou [khe.sou] “cough,” ketou [khe.thou] “bow,” and
hetao?! [xe.thao] “walnut.” In these items, the vowel seems to be in harmony with the following
onset, rather than with the onset of its own syllable. The opposite effect does not seem to occur
in items with a preceding “front” onset and a following “back” onset, for example: deguo
[de.g%ei] “Germany,” yewo [je.wo] “armpit,” and jiehun?? [tele.x"on] “marry.” The appearance
of these atypical items in the data was accidental and unexpected. With only three such items, it
IS not appropriate to claim a pattern, but I include a discussion of the items here as a suggestion

for future research.

2.3.2.3 The high vowels
As in Northern Mandarin, the high vowels in Southwestern Mandarin have a more limited
distribution with onsets than the mid and low vowels. Table 2.4 shows the distribution of the

high vowels with the onsets.

Table 2.8. The distribution of the high vowels
with onsets in SWM

lil Iyl u/
labial obstruents yes no yes
labial glides no no yes
labiodental no no yes
palatal yes yes no
alveolar yes yes?® yes
velar no no yes
lateral yes yes yes

21 kesou "%k, ketou fi% =k, and hetao £ #k. Unless otherwise indicated, lexical items written in italics are in the
pinyin Romanization system.

22 deguo £ [F, yewo fiE &, jiehun &5 4%

2 Iyl is found only with alveolar /n/ as onset, never with /t/ or /d/.
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The back vowel /u/ does not appear with any palatal onsets. The front vowel /i/ does not appear
with velar consonants or with labial glides. The front rounded vowel is limited to palatal onsets
and /n/. Figure 2.18 shows the high front unrounded vowel /i/ with 4 different onset groups:
labial obstruents, palatal obstruents and glides (including epenthetic [j] in zero-onset contexts),
alveolar, and lateral. Figure 2.18 also shows the high back rounded vowel /u/ with five different

onset groups: labial, labiodental (including epenthetic [v]), alveolar, velar, and lateral.
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Figure 2.18: Normalized F1XF2 plot of speakers’ formant values for the high vowels with
different onset groups.

Figure 2.18 shows only two prominent clusters, one for the high front vowel and one for the high
back vowel. A closer look at the high front cluster shows that there are more palatal items near
the back of the cluster. A one-way repeated measures ANOVA with the F2 of the high front
vowel as the dependent variable and onset as the independent variable (four levels) revealed a
significant effect of onset [F(3,15)=6.52; p<.005]. As expected, pairwise comparisons confirm
that the onset effect lies in the palatal onset. The F2 of /i/ with the palatal onset is significantly
lower than the F2 with all of the other onsets. There are no significant F2 differences when

comparing the vowel with any of the other onset pairs. Even though the F2 of /i/ with the palatal
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onset is significantly different from the F2 with other onsets, the difference likely would not be
reflected in a change of phonological features. However, a slight retraction of the high front
vowel with palatal onsets is not an unexpected coarticulatory adjustment because location of the
vocal tract constriction in palatals is farther back than the location of constriction in /i/.

Within the high back cluster, there seems to be a sizable number of labiodental items near
the bottom of the cluster. Since height corresponds to F1, | performed a one-way repeated
measures ANOVA with the F1 of /u/ as the dependent variable and onset as the independent
variable (five levels). The analysis revealed a significant effect of onset on F1 [F(4,20)= 19.2;
p<.0001]. As expected, pairwise comparisons show that the onset effect lies in the labiodental
onset. The F1 of /u/ with the labiodental onset is significantly higher than the F1 of /u/ with all
other onsets, but there are no significant F1 differences when comparing the vowel with any of
the other onset pairs.

Does this statistical difference in the F1 of /u/ with the labiodental onset translate into a
meaningful linguistic difference? First, while there is some overlap between the labiodental
items and the other items, /u/ with labiodental onsets does seem to form its own cluster in Figure
2.18. Second, in section 2.3.1, | pointed out that the F1 and F2 values of /u/ with the labiodental
glide are in line with measurements of English [v] in Ladefoged and Disner (2012). So, /u/ with
labiodental onsets forms its own cluster and can be transcribed with the IPA symbol [v]. The
final question is whether there is any phonological motivation for /u/ to surface as [v] with
labiodental onsets. In section 2.3.1, | mentioned the possibility that /u/ surfaces as the less
rounded [u] because [v] is also less rounded. If this is the case, however, we might expect to see
a pattern of the vowel preceded by onsets with more lip rounding (/w/, /b/, /p/) differing from the
vowel preceded by onsets with little or no lip rounding (labiodentals, alveolars, laterals, and
velars), but the plot in Figure 2.18 and the results of the statistical analysis do not reveal such a
pattern. Another possible explanation is ease of articulation. Even though alveolar, lateral, and
velar consonants are unrounded, they can be pronounced with secondary rounding in anticipation
of a following rounded vowel. Labiodentals, however, involve the lips as a primary articulator,
so there may be less anticipatory rounding preceding a rounded vowel. In Mandarin, this lack of
anticipatory rounding in the consonant may carry over into the vowel, resulting in a slightly less
rounded vowel. This hypothesis could only be confirmed with a visual examination of the

participants while they pronounce these items.
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2.3.2.4 Mid back versus high back

In Figure 2.14, there is unexpected overlap between the mid back vowel and high back
vowel in zero onset contexts. | pointed out, however, that these syllables consisting of vowels in
the zero onset context are not minimal pairs on the surface, since the mid back vowel appears
with epenthetic [?] as onset, and the high back vowel appears with [v] as onset. Figure 2.19 is a

plot of the mid and high back vowels with a greater variety of onsets.
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Figure 2.19: Normalized F1XF2 plot of speakers’ formant values for the high back and mid
vowels with labial, labiodental, and velar onsets.

In Figure 2.19, there is some separation in the height of the mid and high vowels, but there is still
considerable overlap. Given the degree of overlap, is it appropriate to consider /o/ and /u/
separate phonemes? How do the surface forms of these vowels compare when they are found in
minimal pairs? We have already established that with alveolar onsets, there is a definite
difference in the surface vowel; /u/ remains back and rounded with alveolar onsets, while /o/ is

fully fronted and unrounded with alveolar onsets (see Figures 2.16 and 2.18). However, as Figure

55



2.19 shows, there are also minimal pairs in which both vowels are back and rounded, including
syllables with velar onsets, labial onsets, and non-epenthetic labiodental onsets. Figures 2.20-
2.22 show the minimal pairs with the velar onset (/go/-gu/, /ko/-/ku/), the labiodental onset (/fo/-
fu/), and the labial onset (/mo/-/mu/, /bo/-/bu/, /po/-/pul).
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Figure 2.20: Normalized F1XF2 plot of speakers’ formant values for the high back and mid
vowels with velar onsets.

In Figure 2.20, there is some overlap between the mid and high clusters, but there seems to be a
difference in F1. A paired samples t-test comparing the F1 of the mid vowel versus /u/ with velar

onsets shows a significant difference [t(5)= 8.79; p=.0003].
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Figure 2.21: Normalized F1XF2 plot of speakers’ formant values for the high back and mid
vowels with labiodental onsets.

Figure 2.21 compares /fo/ and /fu/. In this plot, the difference between the two clusters appears to
be in F2 rather than F1. However, paired sample t-tests comparing the F1 and F2 of the vowel in
[fol versus /fu/ reveal no significant differences in either F1 or F2. The only combination of a
labiodental onset with a mid vowel in an open syllable in Mandarin is in the word fo “Buddha,”
which was phonologically adapted from the Sanskrit in the third century C.E. (Garzone &
Catenaccio 2009). For this reason, a possible surface merging of /fo/ and /fu/ would be unlikely

to cause perceptual confusion.
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Figure 2.22: Normalized F1XF2 plot of speakers’ formant values for the high back and mid
vowels with labial onsets.

In Figure 2.22, which shows the two vowels with labial onsets, there is some overlap, but there
seems to be a difference in F1. A paired samples t-test confirms that the F1 of the mid vowel
with labial onsets is significantly higher than the F1 of the high back vowel with labial onsets
[t(5)=8.19; p=.0004]. There was no significant difference in F2.

With the exception of Figure 2.21 of labiodental onsets, the above figures showing
minimal pair contrasts and the accompanying statistical analysis demonstrate significant
differences in the mid vowel and high back vowel in minimal pairs. These results strongly

suggest that is appropriate to analyze these vowels as separate phonemes.

2.3.2.5 Onset alternation

In the Southwestern data, there is an alternation of [x] and [f]. Specifically, underlying /x/
surfaces as [f] with the high back rounded vowel. In section 2.3.2.3, Figure 2.18 and the
accompanying statistical tests showed that there is a slight difference in the quality of /u/ with
labiodental onsets compared to other onsets. Does this difference also appear when a labiodental

onset is derived from a velar onset? Figure 2.23 compares the F1 and F2 of /u/ with the derived
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labiodental onset to /u/ with an underlying labiodental onset and non-alternating velar onset. The
epenthetic labiodental onset [v], which patterns with underlying labiodental onsets is also

included in the plot.

F2 (normalized)

0.6 0.8 -1 -1.2 1.4 -1.6 -1.8 2
-1.5
o -1.3
o
50
O
.‘E‘ ol - 1.1
O | X [fo]
o
| O El (] —_
n o o o o= o 09 9 [vo]
[ ] =
- 2 o él] T]E‘ 5 LE'D g W /xu/-->[fo]
= xm 0 0-4 07 5
X WO ./ o O [ku]
B AR £
X . o
% -0.5
X X o
K X
X 0.3
X
]
.
0.1

Figure 2.23: Normalized F1XF2 plot of speakers’ formant values for the high back vowel with
derived and underlying labiodental onsets.

In Figure 2.23, the vowel in the derived labiodental items seem to be more front than in the non-
alternating velar items. Statistical tests confirm this apparent difference. The F2 of /xu/-[fu] is
significantly higher than the F2 of [ku] [t(5)= 5.7; p=.0023]. In addition, the F2 of /xu/-[fu] does
not differ significantly from the F2 of /fu/-[fu]. These results suggest that, in terms of frontness,
the derived labiodentals pattern with the underlying labiodentals rather than with the non-
alternating velars. In other words, the quality of the vowel is affected by the surface onset rather
than the underlying onset. In the following section, | will describe a case in which the opposite
occurs; that is, the quality of the vowel agrees with the underlying onset rather than the surface

onset.
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2.3.2.6 Complex consonant reduction

In Mandarin, the vowels /u/ and /i/ can combine with a consonant in the onset to produce
a complex consonant in the onset. Examples include [k"], [¢'], [t], [ts"], etc. In the Southwestern
Mandarin data, the secondary constriction of the complex consonant is sometimes lost when the
onset precedes a mid vowel in an open syllable. Specifically, in these data, if the secondary
constriction of the onset was palatal, the complex consonant was reduced (through loss of the
palatal constriction) in 18 utterances out of 84 total /Ci/ utterances. If the secondary constriction
of the onset was labial, the complex consonant was reduced 100% of the time (78 utterances). In
section, 2.3.2.2, | showed that the quality of the mid vowel is influenced by the secondary
constriction of a complex onset. In these cases where the secondary constriction of a complex
consonant is lost, does the mid vowel pattern with the secondary constriction or with the simple
consonant in the surface onset? For example, if underlying /tu/ surfaces as [t] (rather than [t"],
does the mid vowel appear on the surface as back and rounded to agree with the adjacent /u/ in
the underlying onset or does it appear as front and unrounded to agree with the adjacent [t] in the
surface onset? Figure 2.23 shows the mid vowel with reduced and non-reduced onsets. Since
there are no non-reduced /Cu/ segments, the reduced consonants are compared to simple labial

onsets.
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Figure 2.24: Normalized F1XF2 plot of speakers’ formant values for the mid vowel with reduced
and non-reduced onset clusters.

In Figure 2.24, the cluster near the front of the F2 space includes both reduced and non-reduced
items with the underlying /Ci/ onset. The cluster near the back of the F2 space includes both
simple labial onsets and reduced /Cu/ onsets. This clustering pattern means that with the reduced
complex consonants, the quality of the mid vowel agrees with the vowel that is adjacent in the
underlying onset, rather than with the consonant that is adjacent in the reduced consonant. For
example, /tuo/ surfaces as [to], rather than *[te], and /m'o/ surfaces as [me], not *[mo]. This
phenomenon will not be analyzed in detail in the analysis section, but phonologically, it could be
described as an ordered effect, with the nucleus alternation occurring before the deletion of the

non-nucleic vowel, or, alternatively, as a non-ordered coalescence of the two vowels.

61



2.3.3 The effect of codas

This section describes the acoustic characteristics of the vowels in closed syllables.
Specifically, I compare the effect of the two nasal codas /n/ and /n/ on the low, mid, and high

vowels. | also measure the rate of nasal absorption in the data and examine the extent to which it
plays a role in the vowel alternations.

2.3.3.1 The low vowel

In Southwestern Mandarin, the low vowel is found with both the alveolar coda /n/ and the

velar coda /n/. Figure 2.24 shows the low vowel with both codas compared to the low vowel in
open syllables.
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Figure 2.25: Normalized F1XF2 plot of speakers’ formant values for the low vowel in closed and
open syllables.
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Figure 2.26: Normalized F1XF2 plot of speakers’ formant values for the low vowel in closed
syllables compared to the mid vowel with alveolar onsets.

In section 2.3.2.2, | concluded that the mid vowel with alveolar onsets is fully fronted and is best
transcribed as [e]. The position of the low vowel with the alveolar coda in relation to [e] (taking
the shape of the vowel space into consideration) suggests that it, too, is fully fronted. Based on
Figure 2.26, the low vowel with the alveolar coda would best be transcribed as [&n].?*

In Northern Mandarin, the quality of the low vowel with the alveolar coda varied
depending on the onset (see Figure 2.8). The low vowel was fully fronted and raised between a
palatal onset and alveolar coda [C'&n], but it was only partially fronted between non-palatal
onsets and the alveolar coda [Céan]. Figure 2.27 shows the Southwestern Mandarin data for the

low vowel in these two contexts.

24 Despite being more raised than [a], [&] is still considered to be a low vowel. Some Chinese phonologists,
including Norman (1988), transcribe the fronted low vowel as [¢] to reflect the raising.
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Figure 2.29: Normalized F1XF2 plot of speakers’ formant values for the high vowels in closed

and open syllables.

As with the mid vowel, the clusters for the high vowels in closed syllables are considerably

lower than the vowels in open syllables. A paired samples t-test confirms that the F1 of /i/ in

closed syllables is significantly higher than the F1 of /i/ in open syllables [t(5)= 5.26; p=.003].

Similarly, a paired samples t-test confirmed that the F1 of /u/ in closed syllables is significantly
higher than the F1 of /u/ in open syllables® [t(181)= 14.7; p<.001]. As with other vowels, these
differences in F1 are likely due to the effect of nasalization. In addition, there is also a significant

difference in F2. The F2 of /u/ in closed syllables is significantly higher than the F2 of /u/ in

open syllables [t(5)= 9.04; p=.0003]. These differences bring to mind the effect of labiodental

onsets shown in Figure 2.18. Figure 2.30 compares the F1 and F2 of /un/ to /fu/ and /vul.

% Excluding the labiodental context.
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Figure 2.30: Normalized F1XF2 plot of speakers’ formant values for the high back vowel in
closed and open syllables.

Figure 2.30 shows that the clusters for /u/ with the velar coda and /u/ with labiodental onsets
overlap, and statistical tests confirm that there are no significant differences in F1 or F2 when
comparing the two contexts. While the reasons for the change in quality are likely different (less
rounding versus nasalization), the overlapping clusters in Figure 2.30 suggest that if the vowel
with the labiodental onset is [v], then the best transcription for the surface form of /ug/ is [Og)].
To summarize, the nasal codas nasalize all vowels, which has predictable effects on the
F1 of the vowels: the F1 of the low vowel is lowered, and the F1 of the mid and high vowels is
raised (Stevens 1998). In terms of the effect of place of articulation on the vowel, the low vowel
is fully fronted (and raised) to [&] with the alveolar coda and unaffected by the velar coda. The
mid vowel with the (surface) alveolar coda is partially fronted to [3]. The high vowels do not

seem to be affected by the place of articulation of the coda.

69



2.4 Summary of effects

The following tables compare the effects of onset and codas on the vowels in Northern
Mandarin and Southwestern Mandarin.

Table 2.9. Summary of effects on the mid vowel

Northern Southwestern
no onset [?¥] [?0]
labial onsets rounding of the vowel to [0] no effect

alveolar onsets

no effect

full fronting of the vowel to [e]

palatal onsets

full fronting of the vowel to [e]

full fronting of the vowel to [e]

retroflex onsets

no effect

n/a

velar onsets

no effect

no effect

velar coda

nasalization causes a slight lowering

nasalization causes a slight lowering

alveolar coda

partial fronting to [3]; slight
lowering

partial fronting to [3]; slight lowering

Table 2.10. Summary of effects of the low vowel

Northern Southwestern
no onset [?a] [?q]
labial onsets no effect no effect
alveolar onsets | no effect slight fronting
palatal onsets | slight fronting slight fronting
retroflex onsets | no effect n/a
velar onsets no effect no effect

velar coda

nasalization causes a slight raising

nasalization causes a slight raising

alveolar coda

slight fronting, slight raising

full fronting to [&]

palatal onset +
alveolar coda

full fronting to [&]

full fronting to [&]

Table 2.11. Summary of effects on the high front vowel /i/

Northern Southwestern
no onset [ji] [ii]
labial onsets no effect no effect
alveolar onsets | no effect no effect
palatal onsets | no effect slight fronting

retroflex onsets

illicit combination

illicit combination

velar onsets

illicit combination

illicit combination

velar coda

nasalization causes a slight
lowering; epenthesis/
diphthongization sometimes occurs

[i3n]

nasalization causes a slight lowering;
epenthesis/ diphthongization
sometimes occurs [jan]

alveolar coda

nasalization causes lowering

nasalization causes lowering
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Table 2.12. Summary of effects on the high back vowel /u/

Northern Southwestern
no onset [wu] [vo]
labial onsets no effect no effect
alveolar onsets | no effect no effect
palatal onsets | illicit combination illicit combination
retroflex onsets | no effect n/a
velar onsets no effect no effect

velar coda

nasalization causes a slight lowering

nasalization causes a slight lowering

alveolar coda

epenthesis/ diphthongization [wan]

epenthesis/ diphthongization [wan]

The following chapter provides a more detailed summary of the results, including actual lexical

items to illustrate all of the vowels and contexts.
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CHAPTER 3

SUMMARY OF RESULTS

3.1 Introduction

This chapter summarizes the results of the study, combining the results of the acoustic
measurements with impressionistic transcriptions to make generalizations about the vowel-
consonant interactions. It also provides actual lexical items from the recordings as examples to
illustrate the interaction patterns. Generalizations about vowel-consonant interactions are
phrased in terms of linear rules, but this phrasing is not intended to make any claims about
whether the alternations are phonological or phonetic.

3.2 Northern Mandarin
3.2.1 Phoneme inventory

Table 3.1 is the consonant inventory of Standard Mandarin shown in the literature review.

Table 3.1. The consonant inventory of Standard Mandarin

labial | alveolar | retroflex | palatal | velar
stop p ph |t th k kb
fricative f S s G X
affricate ts ts"  [ts st te teh
nasal m n n
approximant I 1

Based on impressionistic transcriptions of the consonants in these data, | found no differences
between the consonant inventory of the variety of Northern Mandarin spoken by my participants
and the consonant inventory of Standard Mandarin. In my data, all of the above consonants
except [] were found in the onset position. The glides [j], [w], and [y] plus epenthetic [?] were
also found in onset position. In addition to simple single-consonant onsets, onsets that contained
a complex consonant consisting of a consonant plus a secondary vocalic constriction also

occurred in great numbers. Table 3.2 shows all of the complex consonants found in the data.

72



Table 3.2. Complex consonants in Northern Mandarin

labial dental retroflex pre-palatal | velar
labialized 0t s sV W | s, (Y, s KWh kW, xW
palatalized p bl m [ th g B n ¢, te", te!
labio-palatalized cl, teh

Additional complex consonants found in dictionaries of Standard Mandarin that did not appear in
my data include [I'], [n"], [1*], [te"], [1¥], and [n"].2® Shaded boxes indicate combinations that did
not appear in the data and are not found in dictionaries of Standard Mandarin.

The nasals [g] and [n], and to a lesser degree [1], were found in the coda position. (1)

shows examples of each consonant in the coda position.?’

(1) a. [Ikn] “cold” %
b. [san] “three” =
c. [ny.hay] “girl” %)L

In addition, [m] was occasionally found in the coda position in cases of nasal place assimilation
(62 utterances, 9 unique lexical items over all participants). (2) shows all of the lexical items in
which [m] appears in the coda position. See section 3.2.5 for a more detailed discussion of nasal

place assimilation in the data.

2% See Chapter 2 for a discussion of items that are missing from the data.
27 All examples in this chapter are from my data, unless otherwise indicated.
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(2) a. [wu.gl&m.phu]
b. [kam.pi]
c. [s"am.pao.thai]
d. [phim.phdn.tetou]
e. [x6m.pao]
f. [min.eim.ph&n]
g. [ttm.phao]
h. [tsam.p"sn]

i. [F2m.ph3n]

Figure 3.1 shows the underlying and surface vowel inventories of Northern Mandarin.

These charts are based on the F1XF2 plots in the previous chapter and on impressionistic

transcriptions.

“musical score”
“fountain pen”
“twin”

“ping pong”
“red envelope”
“postcard”
“lightbulb”
“tent”

“wash basin”

T
TZE
RYi s
TeeER
EARD)
A=
AR(E!
ik 2

153

NiTIN

S3

1y

NI

Figure 3.1: Underlying (left) and surface (right) vowel inventories of Northern

Mandarin.

The chart of underlying vowels in Figure 3.1 is based on the assumption that the underlying
forms of the vowels are identical to the forms of the vowels in isolation. (3) gives examples from

the data of four of the vowels in isolation. /a/ is excluded because it does not appear in the zero-

onset context in these data.
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3) a. [ji] “one” —

b. [yl “fish” i
c. [wu] “five” 1i
d. [?¥.tsi] “moth” L

The high front vowels show no meaningful alternation in my data. They appear in approximately
the same form regardless of context. In the zero-onset context, these vowels are found with
epenthetic homorganic glides in the onset position: [j] precedes [i] and [y] precedes [y]. The high
back rounded vowel appears as [u] in the vast majority of contexts, including the zero-onset,
zero-coda context. In the zero-onset context, epenthetic [w] always fills the onset slot. The mid
vowel has the greatest number of surface forms, and for this reason, its underlying form has been
debated in the literature. I will assume that its zero-onset form is its underlying form. In the zero-
onset context, the mid vowel is preceded by epenthetic [?], and its quality, determined by
formant measurements, is back and unrounded, suggesting /x/ as the most appropriate underlying
form. The low vowel appears in isolation only in expletives, so there are no examples of zero-
onset /a/ in these data. However, measurements of the low vowel in open-syllable contexts
revealed that it is central and unrounded regardless of onset. For this reason, | have chosen

central /a/ as the underlying form of the low vowel.

3.2.2 CV interaction: the effect of onsets

In Northern Mandarin, onsets do not have any effect on the surface forms of the high

vowels. (4)-(6) show /i/, /u/, and /y/ with onsets of different places of articulation.

(4) a. [tei] “chicken” )
b. [sao.di] “sweep” Empi
c. [li.mi] “centimeter” JE K
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(5) a.[mu.g“a] “papaya” AR

b. [tshu] “vinegar” i

c. [khu] “cry” BAS

d. [tsu] “pig” ¥

e. [lu] “deer” Jii8
(6) a. [kon.tey] “tool” TH

b. [ly.sx] “green” okt

c. [ny] “female” %

(4)-(6) show that in open syllables, /i/ is always [i], /u/ is always [u], and /y/ is always [y].
However, as | pointed out in section 2.2.3 of the previous chapter, the distribution of the high
vowels with onsets is limited (see Chapter 2, Table 2.1). /i/ is never found with retroflex or velar
onsets; /u/ is never found with palatal onsets; and /y/ is never found with labial, retroflex, or
velar onsets. In other words, the three vowels only contrast in alveolar and lateral contexts. In
other contexts, they are in complementary distribution. Even though the high vowels do not show
alternation triggered by the place of articulation of the onset, their limited distribution with the
onsets suggests that a requirement for agreement between onset and nucleus may play a role in
the inventory of allowable syllables in Northern Mandarin.

Onsets do have an effect on the surface form of the mid vowel. (7) shows the mid vowel

with onsets of different places of articulation.

(7) a.[j&n.s¥] “color” B £t
b. [ky¥.tsi] “dove” NS
c. [ts™] “car” %
d. [I¥.sdn] “Leshan” (city) NI
e. [¢le.tsi] “shoe” e
f. [po] “splash” k
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With alveolar (a), velar (b), retroflex (c), and lateral (d) onsets, the quality of the mid vowel is
the same as the underlying form. With labial onsets (e), the mid vowel remains back but is
rounded. This is true with all labial onsets, including /p/, /b/, Im/, /w/, and /f/, plus the labialized
onsets (see (2)). With palatal (and palatalized) onsets, the mid vowel is fully fronted to [e].
Onsets do not have a meaningful effect on the surface form of the low vowel. (8) shows

the low vowel with onsets of different places of articulation.

(8) a.[ma] “horse” 5
b. [t"a] “pagoda” %
C. [¢in.jon.kra]  “credit card” (EIERS
d. [tsha] “tea” S
e. [la] “spicy” Bh
f. [ja.tsi] “duck” ity

The low vowel is found with onsets of all places of articulation, including labial, alveolar, velar,
retroflex, lateral, and palatal (plus labialized and palatalized) consonants, but with all onsets, the

surface quality of the vowel is the same: low and central [a].

3.2.3 VC interaction: the effect of codas

While there are three possible codas in Northern Mandarin /n/, /y/, and //, only the nasal
codas are found extensively in my data. Some, including Duanmu (2000), argue that the
distribution of high vowels with nasal codas is limited. Only the harmonic combinations /in/ and
/uy/ are included, while the non-harmonic /in/ and /un/ are excluded from the inventory of
possible syllables. Others, including Norman (1988) and Lin (2007), assume all four possible
combinations in the underlying inventory with surface alternations. In my data, | found the
following surface forms for syllables that Norman (1988) and Lin (2007) would claim to be

underlyingly /in/ (a-b) and /in/ (c-€).

7



(9) a. [su.lin] “forest” LRI

b. [gan.tehi] “piano” G
c. [j&n.tein] “eye” AR i
d. [wu.td'ao.¢i3n] “five-pointed star” i ff A&
e. [ye.pi] “mooncake” H bt

For the underlying form /in/, 1 found two possible surface forms in my data. [ig], as in (a), was
the most common surface form, but [i] with nasal absorption, as in (b), also occurred. Since /i/
and /n/ are both “front” segments, no alternation is expected or occurs. The underlying form /in/
could be considered non-harmonic, since /i/ is a front vowel and /1)/ is a “back” consonant. For
this underlying form, there were three possible surface forms in my data. The non-alternating
surface form [in], as in (C), was the most common. In some cases, an intermediate vowel with a
quality approximating [o] occurred between the high vowel and the back consonant in what may
be epenthesis or diphthongization. An example of this alternation is in (d), where /gin/ surfaces
as [¢'3n]. Finally, a non-alternating form with nasal absorption also occurred, as in (9¢), where
/pin/ surfaces as [pi]. The fact that [in] is the most common surface form suggests that the
underlying form is not likely to be /jxn/ or /jan/ as Cheng (1976) and Duanmu (2000),
respectively, claim.

(10) shows the surface forms for syllables that Norman (1988) and Lin (2007) would
claim to be /un/ (a) and /ug/ (b-c).

(10) a. [mao.ts"an] “aim” Fi v
b. [s"ei.t'dy] “bucket” KA
c. [ta.ts"3] “onion” KA

The underlying form /un/ can be considered non-harmonic because /u/ is a back vowel while /n/
is a front consonant. The surface form [tin] does not occur in my data. All syllables that have an
underlying /un/ rhyme have the surface rhyme [w3n], as in (a), where /tsun/ surfaces as [ts"3an]. |
am assuming that epenthesis of [a] occurs to resolve the non-harmonic VC combination. As

expected, the harmonic rhyme /un/ does not show an effect. In my data /ur/ surfaces as [0n]
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without nasal absorption, as in (b), or as [G] with nasal absorption, as in (c). The lowering of the
vowel from /u/ to [u] is an effect of nasalization. Some phonologists transcribe the vowel as [0]
in this context, and this is reflected in pinyin Romanization, but acoustic measurements (see
Figure 2.9 in Chapter 2) suggest that [v] is @ more accurate transcription choice.

The mid vowel is found with both the velar and alveolar codas. (11) shows the surface

forms of the mid vowel with /n/ (a-b) and /n/ (c-d) as coda.

(11) a. [m3n] “door” ']
b. [mi%n.f3] “flour” i)
c. [Ksp] “hole” bt
d. [ts"0.m¥] “dream” {25

The underlying form /x¥n/ could be considered non-harmonic because /n/ is a front consonant,
while /x/ is a back vowel. When /x/ is combined with a front palatal onset, there is fronting of the
vowel to [e] (see 7e). With a front alveolar onset, there is no alternation (see 7a). With an
alveolar coda, however, there is alternation, but it is not full fronting as occurs with the palatal
onset; /x/ is partially fronted to the central vowel [a]. The majority of /¥n/ items in my data
appeared as [3n] on the surface, as in (11a). The second possibility was [3], with both partial
fronting of the vowel and absorption of the nasal, as in (11b).

The underlying rhyme /xn/ is harmonic; both /1/ and /x¥/ are considered back segments. As
expected, the vowel did not alternate in this rhyme. In my data, /xn/ surfaced as [¥1], without
nasal absorption, as in (11c), or as [¥], with nasal absorption, as in (11d). The acoustic
measurements show a slight lowering of the vowel as an effect of nasalization. This might
explain why some phonologists, including Norman (1988), transcribe underlying /xn/ as [An].
Even though I transcribed /un/ as [0n] to reflect the lowering from nasalization, | do not feel that
the lowering in /xn/ is extensive enough to justify choosing a different segment in the
transcription (compare the lowering of /up/ in Figure 2.10 to /xn/ in Figure 2.6 in Chapter 2).

The low vowel is also found with both alveolar and velar codas. (12) shows examples of

the surface forms of the low vowel with /n/ (a-d) and /1/ (e-g) as coda.
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(12) a. [t"u.théin] “spit” iR

b. [ts"y.tsd] “bus stop” el
c. [j%&n.tein] “eye” AR i
d. [wei.s¥n.tel®] “restroom” ERESY
e. [g%o.wdn] “king” E+
f. [tsh.bd] “wing” B
g. [m&n.jan] “sheep” e

The underlying rhyme /an/ appeared as [an], [&], [&n], or [&] in my data. The surface front vowel
[&] occurred when the rhyme /an/ was combined with a palatal or palatalized onset, as in (c-d).
The central surface vowel (i.e. underlying vowel) [a] occurred when the rhyme /an/ was
combined with any other (non-palatal) onset, as in (a-b). Acoustically, the quality of [a] in the
rhyme /an/ was slightly more front than in open syllables, but not enough to justify a change in
segment. The quality of [&] in /Clan/ is considerably more front and slightly raised compared to
/al in open syllables. Nasal absorption sometimes occurred with both palatal (d) and non-palatal
(b) onsets.

The underlying rhyme /an/ appeared as [an] or [d] in my data. Acoustically, the quality of
the low vowel was more back with the velar coda compared to the vowel with the alveolar coda.
This retraction of the low vowel is likely due to the influence of the adjacent /y/, which is a back
consonant. Nasal absorption sometimes occurred in the rhyme /an/, as in (f). Unlike the alveolar
rhyme /an/, the quality of the vowel in the velar coda /an/ was not affected by the presence of a
palatal onset; for example, in (g), /jay/ surfaces as [jan], with the same back vowel found with

non-palatal onsets, as in (f).

3.2.4 Summary of vowel-consonant interactions

The following points summarize all vowel changes and syllable inventory restrictions that may

be influenced by a requirement that vowels and consonants agree in backness and/or rounding.
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1. Onsets
a. The distribution of the high vowels /i/, /y/, and /u/ with onsets is limited. The front
vowels /i/ and /y/ do not occur with velar or retroflex onsets. The back vowel /u/ does
not appear with palatal onsets. Only alveolar onsets are found with all three high
vowels.
b. The mid vowel /x/ is fronted [e] with palatal onsets and rounded [o] with labial
onsets. Otherwise, with retroflex, alveolar, and velar onsets it is [x].

c. The low vowel /a/ appears as central [a] with all onsets.

2. Codas

a. All vowels are nasalized with nasal codas. Nasalization causes a slight lowering of
high and mid vowels, and a slight raising of low vowels.

b. The high front vowel /i/ is unaffected by the front alveolar coda. With the velar coda,
epenthesis of [a] may optionally separate the “front” /i/ from the “back” /n/, so that
the rhyme surfaces as [j3g]. Otherwise, /i/ surfaces as [1] with both codas.

c. The backness of the high vowel /u/ is unaffected by the back velar coda, but the
nasalization-induced lowering is great enough that a transcription of [On] is
appropriate. When the back /u/ is combined with the front alveolar coda, epenthesis
always occurs, so that the rhyme surfaces as [wan].

d. The back mid vowel /x/ is partially fronted to [3] with the front alveolar coda. With
the back velar coda, it surfaces as [¥].

e. The low vowel is central [d] with the alveolar coda and back [d] with the velar coda.
When the low vowel occurs between a palatal or palatalized onset and the alveolar
coda it is fully fronted and raised to [&].
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Table 3.3. Summary of vowel-consonant interactions
in open syllables

onset lil ful sl lal
zero-onset (1] [wu] [x] | [?4]
labial [pu]l | [po] | [pa]
palatal [¢i] [cle] | [¢'a]
alveolar [ti] [tu] [t¥] [ta]
velar, retroflex [ku] [k¥] | [ka]

Table 3.4. Summary of vowel-consonant interactions in closed syllables

alveolar coda velar coda
lil lu/ Il lal lil lu/ Il lal
palatal onsets | [¢in] [ej@n] | [¢in] or [¢}an] [eldn]
otheronsets | [lin] | [t“3n] | [pan] | [tdn] | [pin] or [P'3n] | [ton] | [t¥y] | [pdn]

The tables above provide a summary of vowel-consonant interactions in Northern Mandarin.
Items in bold represent syllables in which the vowel differs from the proposed underlying form.

Shaded cells indicate unattested combinations.

3.2.5 Nasal place assimilation

Nasal place assimilation occurred extensively in the Northern Mandarin data. Over all
participants, there were a total of 136 utterances in which nasal place assimilation took place, out
of a total of 202 utterances that had the underlying environment for nasal place assimilation (a
nasal coda with a non-homorganic consonant in the following onset). In terms of lexical items,
there were 45 lexical items with the environment for nasal place assimilation, and 26 of these
were pronounced with nasal place assimilation by at least one participant. Table 3.5 shows the
21 lexical items that were pronounced by 3 or more participants. Items that were pronounced by

only 1 or 2 participants are excluded.
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Table 3.5. Nasal place assimilation in lexical items uttered by 3 or more participants
(2 repetitions).

assimilated | unassimilated | absorbed | total | UR place | SR place
/khai.ein.k"y/ 12 0 0 12 alveolar | velar
/phin.phan. tePou/ | 12 0 0 12 | velar labial
/s"an).pao.thai/ 10 0 0 10 velar labial
/huy.pao/ 10 0 0 10 velar labial
/min.gin.phan/ 10 0 2 12 | velar labial
/gan.pi/ 10 2 0 12 velar labial
Itsan.phyn/ 10 2 0 12 velar labial
/kh¥n.ku.thou/ 6 2 0 8 alveolar | velar
/sun.li/ 6 2 0 8 velar alveolar
/tyy.pao/ 6 4 0 10 velar labial
Idlan.tsi/ 4 4 0 8 velar alveolar
/jin.xan.k"a/ 4 2 1 8 alveolar | velar
/liy.tai/ 4 6 0 10 velar alveolar
[jig.tsi/ 4 8 0 12 velar alveolar
[fan).tsi/ 4 8 0 12 velar alveolar
Itin.tsi/ 2 6 0 8 velar alveolar
Iksy.ti/ 2 8 0 10 velar alveolar
Iran).ts"o/ 2 10 0 12 velar alveolar
/kbun.thao/ 2 10 0 12 | velar alveolar
Itehin.wa/ 0 12 0 12 velar (labial)
/p¥n.tai/ 0 12 0 12 velar (alveolar)

In Table 3.5, items are listed in order of most often assimilated to least often assimilated. The
numbers in the columns are the number of utterances in which nasal place assimilation did or did
not occur. The third column gives the number of utterances in which the place of articulation of
the nasal cannot be determined because it was absorbed. Table 3.5 shows that a velar nasal
assimilated to a following labial consonant the vast majority of the time, but a velar nasal
assimilated to a following alveolar consonant much less often. In these data, there were only
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three items spoken by three or more participants in which an alveolar nasal was followed by a
velar consonant. One of these items, /kai.cin.k"¥/, was pronounced with nasal place assimilation
in 12/12 utterances, but with only two other items with this environment, it is not clear what the
tendency might be for an alveolar nasal followed by a velar consonant.

In the previous sections, | showed that /¥/, /u/, and /a/ have different surface forms,
depending on the following nasal coda. (13) shows that in cases of nasal place assimilation, the

surface form of the vowel is determined by the underlying coda, and not by the derived coda.

(13) a. /kh¥n.ku.thou/ [kh3n.ku.thou] *[k"¥py.ku.thou]
b. /sun.li/ [son.li] *[s"an.li]
c. /fan.tsi/ [fan.tsi] *[féan.tsi]

In (a), the mid vowel is central [3] in harmony with the underlying alveolar nasal. In (b), /u/
appears in its non-alternating nasal form [G]; epenthesis does not separate the back /u/ from the
alveolar surface coda. Finally, in (c), acoustic measurements show that the low vowel is back in
[fan.tsi], even though it is followed by a “front” nasal on the surface.

In terms of linear rules, we could say that nasal place assimilation takes place after the

vowel alternations. Table 3.6 shows the underlying, intermediate, and surface forms of the two

ordering possibilities for /sun.li/ “give a gift” (Z4L).

Table 3.6. Derivation of /sur.li/ with nasal
place assimilation (NPA) ordered before and
after vowel alternation (VA)

UR /sun.li/ UR /sun.li/

NPA | sun.li VA sop.li

VA s™an.li NPA | son.li

SR *[s"an.li] | SR [son.li]

As Table 3.6 shows, the derivation in which the vowel alternation is ordered before nasal place
assimilation produces the correct surface form.

In the first half of this chapter, | have summarized the results of the acoustic analysis of
the Mandarin data by providing actual lexical items to illustrate the vowel alternation patterns. In

the remainder of the chapter, | will do the same for the Southwestern Mandarin data.
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3.3 Southwestern Mandarin

3.3.1 Phoneme inventory

The table below shows the consonant inventory of Southwestern Mandarin.

Table 3.7. The consonant inventory of Southwestern Mandarin

labial | alveolar | retroflex | palatal | velar
stop p pr |t t k kb
fricative f S z G X
affricate ts tsh te teh
nasal m n n
approximant I 1

The most noticeable difference between Northern Mandarin and Southwestern Mandarin is the
absence of the retroflex consonants. Lexical items that contain retroflex obstruents in Northern
Mandarin are pronounced with alveolar obstruents in Southwestern Mandarin. The retroflex
approximant [y] is found rarely in the coda in Southwestern Mandarin, but items with the
retroflex approximant [] in the onset position in Northern Mandarin are pronounced with [z] in
Southwestern Mandarin. All of the consonants in Table 3.7 except [1] appear as underlying
onsets in Southwestern Mandarin. In addition, the glides [j], [w], [v], and [y], plus [?] and [n], act
as epenthetic onsets in onsetless syllables. In addition to simple single-consonant onsets,
complex consonants consisting of a consonant plus one of the three glides also occurred in great
numbers in the onset position. Table 3.8 shows all of the complex consonants found in the

Southwestern data.

Table 3.8. Complex consonants in Southwestern Mandarin

labial dental pre-palatal | velar
labialized 0t tsW s, W KWh kW, xW
palatalized ph blomi [ th P o, te", t!
labio-palatalized el, te'h, ted
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Additional complex onsets found in dictionaries of Standard Mandarin that did not appear in my
data include [I"], [n"], [1Y], [nY]. Shaded boxes indicate combinations that did not appear in the
data and are not found in dictionaries of Standard Mandarin.

The nasals [g] and [n], and to a lesser degree [1], were found in the coda position in

Southwestern Mandarin. (14) shows an example of each consonant in the coda position.

(14) a. [¢/on] “bear” AE
b. [ph3n] “basin” 7
c. [p"a0.k3] “spoon” L

In addition, [m] and [m] were occasionally found in the coda position in cases of nasal place
assimilation. (15) shows all of the lexical items in which [m] or [m] appears in the coda position.
See section 3.3.5 for a more detailed discussion of nasal place assimilation in the Southwestern
data.

(15) a. [kam.pi] “fountain pen” W2E
b. [tsdm.p"on] “tent” ik %
C. [s¥am.pao.thai] “twin” pAdialis
d. [teim.pi] “gold coin” %&m
e. [tdm.pdy] “lightbulb” SR
f. [min.eim.p/&] “postcard” S
g. [xom.pao] “red envelope” af
h. [s&m.pu] “stroll” HE
i, [t“"am.fo] “window” W
j. [mi&m.f3n] “flour” ik

A comparison with the Northern Mandarin items in (2) will reveal that surface coda [m] appears

in many of the same lexical items.
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Figure 3.2 shows the underlying and surface vowel inventories of Southwestern
Mandarin. These charts are based on the F1XF2 plots in the previous chapter and on

impressionistic transcriptions.

AW =\

Figure 3.2: Underlying (left) and surface (right) vowel inventories of Southwestern Mandarin.

The position of the underlying vowels /i/, ly/, and /o/ in Figure 3.2 is based on the assumption
that the underlying forms of the vowels are the forms of the vowels in isolation. (16) gives
examples from the data of those three vowels in isolation. The motivation for the underlying

forms of /u/ and /a/ is discussed later.

(16) a. [ji] “one” —
b. [uy] “fish” f
c. [20] “goose” L

As in Northern Mandarin, in Southwestern Mandarin, the high front vowels show no meaningful
alternation in my data. They appear in approximately the same form regardless of context. In the
zero-onset context, these vowels are found with epenthetic homorganic glides in the onset
position: [j] precedes [i] and [y] precedes [y]. In the zero-onset context, the mid vowel is
preceded by epenthetic [?], and its quality, determined by formant measurements, is back and
rounded, suggesting /o/ as the most appropriate underlying form. Note that this underlying form

differs from the underlying form of the mid vowel in Northern Mandarin where it appears as [x]
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in the zero-onset context. The low vowel appears in isolation only in expletives, so there are no
examples of zero-onset /a/ in these data. However, measurements of the low vowel in open-
syllable contexts revealed that it is back and unrounded regardless of onset. For this reason, |
have chosen back /a/ as the underlying form of the low vowel.

The motivation for the underlying form of the high back vowel is more complex. (17)
shows the surface forms of the high back vowel in open syllables with onsets of different places

of articulation.

(17) a. [phao.pu] “run” Hi
b. [tsu] “pig” ¥
c. [mo.ku] “mushroom” JE
d. [Iu] “deer” Ji
e. [lao.fu] “tiger” ZIR
f. [vo] “five” Wil

(F) shows the “zero-onset” context. In Southwestern Mandarin, the labiodental glide [v] fills the
onset position when the high back vowel occurs without an underlying onset. Following
epenthetic [v], the high back vowel appears as [v], based on acoustic measurements (see Figure
2.18 and accompanying text). If we chose the underlying form based entirely on the zero-onset
context, we could say that the underlying form of the high back vowel is /u/. An examination of
the vowel with other contexts, as in (17), however, reveals that [v] is the less attested form of the
vowel. The high back vowel appears as [v] only with labiodental onsets, whether underlying (e)
or epenthetic (f). Elsewhere, the high back vowel is [u], as in (a-d). Based on these data, | have

chosen the “elsewhere” form of the vowel [u] as the underlying form.

3.3.2 CV interaction: the effect of onsets
In the previous section, | showed the effect of onset on the high back vowel; /u/ surfaces

as [u] with labiodental onsets (17e-f); otherwise, it surfaces as [u]. In Southwestern Mandarin,
onsets do not have any effect on the surface forms of the high front vowels. (18)-(19) show /i/

and /y/ with onsets of different places of articulation.
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(18) a. [ta.mi] “rice” KK

b. [k3n.ti] “plow” FHb
c. [li.tsi] “plum” &1
d. [KYo.teni] “flag” Espj
(19) a. [tsha.tey] “tea set” aHE
b. [ly] “green” Zx
c. [ny] “female” 7

(18)-(19) show that in open syllables, /i/ is always [i], and /y/ is always [y]. However, as |
pointed out in section 2.3.2.3 of the previous chapter, the distribution of the high vowels with
onsets is limited (see Table 2.4). /i/ is never found with velar or labiodental onsets; /u/ is never
found with palatal onsets; and /y/ is never found with labial, labiodental, or velar onsets. In other
words, the three vowels only contrast in alveolar and lateral contexts. In other contexts, they are
in complementary distribution. As with Northern Mandarin, the limited distribution of the high
vowels with the onsets suggests that a requirement for agreement between onset and nucleus may
also play a role in the inventory of allowable syllables in Southwestern Mandarin.

In Southwestern Mandarin, onsets have an extensive effect on the surface form of the mid

vowel. (20) shows the mid vowel with onsets of different places of articulation.

(20) a. [pho] “splash” w
b. [fo] “Buddha” h
c. [tshdn.ko] “sing” MEFR
d. [1&.5€] “plue” PR
e. [tshe] “car” %
f. [lo.s&] “Leshan” (city) NI
0. [ele.tsi] “shoe” BT
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In Southwestern Mandarin, the mid vowel is underlyingly back rounded /o/. With labial and
labiodental onsets, no change is expected, and (a-b) show that the mid vowel surfaces as [0] with
labial and labiodental onsets. Velar consonants are back and unrounded, so if any change
occurred, it might be an un-rounding of the vowel. However, (c) shows that with velar onsets, the
mid vowel also surfaces as back rounded [0]. With the “front” alveolar onset in (d), the mid
vowel is fully fronted to [e]. | mentioned in section 3.3.1 that lexical items which contain
retroflex obstruents in Northern Mandarin are pronounced with alveolar obstruents in
Southwestern Mandarin. (e) shows one example. The word for “car” is pronounced with a
retroflex onset in Northern Mandarin. In Southwestern Mandarin, “car” is pronounced with an
alveolar onset, and the mid vowel following this onset is also fully fronted to [e]. (f) shows the
mid vowel with a lateral onset. Since [l] is an alveolar lateral, one might expect that the mid
vowel would surface as [e] as it does with other alveolar consonants. However, (f) shows that the
mid vowel following the alveolar lateral is [0]. Finally, the mid vowel following palatal onsets is
also fully fronted to [e], as in (g).

The quality of the mid vowel with laterals seems to suggest that laterals may be velarized
in Southwestern Mandarin. A detailed analysis of laterals in the two dialects was beyond the
scope of this dissertation, but a preliminary examination suggests that laterals in both dialects are
likely to be “light” (not velarized). Figures 3.3-3.4 show spectrograms of laterals from a speaker

of each dialect.

G T

.',r“mw U

-.'rm, :”H'n

Figure 3.3: Spectrogram of [lou] from a female speaker of Northern Mandarin.
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Figure 3.4: Spectrogram of [lo] from a female speaker of
Southwestern Mandarin.

According to Ladefoged and Johnson (2011: 203), velarized laterals have a second formant that
is close to the first formant, similar to a back unrounded vowel. In both Figure 3.3 and 3.4,
however, the 2" formant of the initial lateral is farther away from the first formant, more in the
range of what might be expected for a central vowel. Based on these preliminary results, the
surface form of the Southwestern mid vowel with the lateral onset is unexpected.

As | mentioned earlier, onsets do not have an effect on the surface form of the low vowel

in Southwestern Mandarin. (21) shows the low vowel with onsets of different places of

articulation.
(21) a. [tin.pha] “rake” ETAHE
b. [thou.fa] “hair” LKk
c. [tsha] “wipe” £
d. [Xa.teV&] “yawn” E R
e. [la] “spicy” B
f. [ja.s"a] “toothbrush” il

The low vowel is found with onsets of all places of articulation, including labial, labiodental,
alveolar, velar, lateral, and palatal (plus labialized and palatalized) consonants, but with all
onsets, the surface quality of the vowel is the same: low and back [a].
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3.3.3 VC interaction: the effect of codas
While there are three possible codas in Southwestern Mandarin, /n/, /n/, and /1/, only the nasal

codas are found extensively in my data. In Southwestern Mandarin both nasal codas appear with

il, lul, lol, and /a/. (22) shows the surface forms for /in/ (a-b) and /in/ (c-d).

(22) a. [¢in] “heart” iR
b. [su.Ii] “forest” LRI
¢. [ye.pin] “mooncake” H
d. [the.tei] “special police” R

The underlying rhyme /in/ had two possible surface forms in the Southwestern data, one with full
nasal closure, as in (a), and one in which the nasal was absorbed, as in (b). Regardless of whether
or not the nasal was absorbed, the vowel in /in/ was always [i]. Similarly, the underlying rhyme
/iny/ appeared with either an unabsorbed (c) or absorbed (d) nasal, and the vowel was always [i].
In other words, the place of articulation of the nasal did not have an effect on the surface quality

of /i/.
(23) shows the surface forms for /un/ (a) and /un/ (b-c).

(23) a. [K"3n.tson] “insect” Bl
b. [151] “dragon” e
c. [s&.t5] “cave” LA

In my data, the underlying rhyme /un/ always surfaced as [*3n]. However, over all participants,
there were only five utterances (three lexical items) that contained the rhyme /un/, not enough to
definitively claim a rule or pattern. The rhyme /un/ had two possible pronunciations: [01]
without nasal absorption, as in (b), was more common, but [G], with nasal absorption, as in (c),
also occurred. As in Northern Mandarin, the lowering of the vowel to [u] is an effect of
nasalization (see Figure 2.29 and accompanying text in the previous chapter).

In Southwestern Mandarin, the mid vowel is found with both alveolar and velar codas.
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(24) shows the mid vowel with the alveolar coda and onsets of different places of articulation.

(24) a. [phan] “basin” 7
b. [mj&.f3] “flour” i)
c. [ta.ts3n] “inject” 1%t
d. [k"3n] “gnaw” I
e. [n&.z3] “man” CUN

In the data there were two possible surface forms for the rhyme /on/: [3n], as in (a, ¢, d), and [3]
as in (b, e). Regardless of whether or not the nasal was absorbed, the mid vowel with the “front”
alveolar nasal was partially fronted to central [3]. (24) also shows that the place of articulation of
the onset had no effect on either the place of articulation of the nasal or on the quality of the
vowel in a closed syllable. The mid vowel followed by the alveolar nasal is [3], regardless of
onset.

In Southwestern Mandarin, the distribution of the velar coda is much more limited than in
Northern Mandarin. In Southwestern Mandarin, the velar coda only occurs with the mid vowel if
the onset is labial ([p], [p"], [m], [f]). When the onset is alveolar, velar, or lateral, only the
alveolar coda appears with the mid vowel. There are many lexical items that appear with the mid
vowel and velar coda in Northern Mandarin, but with the mid vowel and alveolar coda in
Southwestern Mandarin. (25) shows the Southwestern surface forms for lexical items that appear

with a velar coda in Northern Mandarin.
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SWM NM

(25) a. [ts0.mén] [ts"0.m¥n] “dream” (&
b. [fén.tein] [f¥1.tein] “scenery” 5
c. [tsn.p®d] [tsdn.pt¥n] “tent” ik %
d. [thai.t3n] [thai.t¥n] “desk lamp” =4
e. [z3n] [¥n] “throw” ik
f. [fon.ts3n] [f¥.ts¥n] “kite” N E
g. [13n] [I§n] “cold” %
h. [k"3n] [k"¥p] “pit” bt
i, [k3n.ti] [k#p.ti] “plow” B

(25a-b) show that with labial onsets, /n/ appears as [n] in both Southwestern and Northern
Mandarin, and the surface vowel is the same as the underlying vowel ([0] in SWM; [x] in NM).
However, as (d-i) show, when the onset is alveolar, lateral, or velar, /n/ still surfaces as [n] in
Northern Mandarin, but it surfaces as [n] in Southwestern Mandarin. In addition, when /n/
surfaces as [n] in Southwestern Mandarin, the vowel is partially fronted to [3], as it is with other
alveolar codas (see (24)).

The language in the previous paragraph implies that /1)/ is the underlying coda in the
Southwestern surface forms in (25d-i), but I am not necessarily claiming that this is the case.
While vowel-consonant interaction of some sort may be involved, it is possible that the limited
distribution of [n] on the surface in Southwestern Mandarin may come from a limited underlying
distribution, rather than from sound alternation. It is also possible that the distribution of [n] in
Southwestern Mandarin is not related to vowel-consonant interaction at all. If one argued that
this distribution is a restriction on possible underlying syllables or a rule/constraint working on
surface forms, it is not clear what the phonological motivation would be for the Southwestern
surface forms in (25). If [n] were excluded from syllables with “front” onsets, such as alveolar
and palatal onsets, it could be argued that the place of articulation of the onset is influencing the
coda, which is then influencing the quality of the vowel. However, [1] is also excluded from

syllables with “back” onsets, such as the velar in (25h) and from syllables with onsets that
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behave like “back” consonants in Southwestern Mandarin such as the lateral in (25g).28 See the
following chapter for further discussion of Southwestern Mandarin codas.

The low vowel in Southwestern Mandarin appears with both alveolar and velar codas.
(26) shows the surface forms of the low vowel with the alveolar coda.

(26) a. [tei.t&] “egg” PR
b. [ph.tsi] “plate” T
c. [x&] “sweat” T
d. [tehz] “money” B
e. [j@n.lei] “tear” {538
f. [m&@n.thou] “steamed bun” 8k

In the Southwestern data, the most common surface form for the underlying rhyme /an/ was [&],
as in (a-d). In this surface form, the low vowel /a/ is fully fronted and raised to [&]. In addition,
the nasal coda is absorbed. The surface form [&n], as in (e-f), without nasal absorption, was less
common but also occurred. (26) also shows that the place of articulation of the onset has no
effect on the surface form of /an/.

(27) shows the surface forms of the low vowel with the velar coda.

(27) a. [tsan] “dirty” JIE
b. [¢ldn] “elephant” %
c. [phdn] “fat” Jh
d. [Kdn.tetin] “piano” GLESS
e. [si.thd] “cafeteria” Tt
f. [miz.ja] “sheep” giES

(27) shows that there is a full distribution of the velar coda with the low vowel. Unlike with the

mid vowel, the velar coda can follow the low vowel regardless of the place of articulation of the

28 Recall from the previous section that the mid vowel is back with a lateral onset (see 20f).
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onset. In the data, the most common surface form for the low vowel with the velar coda was
[an], as in (a-d). The underlyingly back /a/ does not alternate with the velar coda. Nasal

absorption did not occur in the majority of /ar/ utterances, but it did occur in some cases, as in

(e-1).

3.3.4 Onset alternations

Onset alternations are outside the scope of vowel-consonant interaction, and for that
reason will not be explored in depth in this dissertation. However, in the interest of providing a
more complete description of Southwestern Mandarin phonology, this section provides a brief
summary of some of the more prevalent onset alternations that | observed in my data.

As | mentioned earlier, both Northern Mandarin and Southwestern Mandarin have
labialized and palatalized complex onsets on the surface. Underlyingly, these onsets consist of a
consonant plus a non-nuclear vowel. In Southwestern Mandarin, preceding a mid vowel, a
simple onset often appears on the surface when a complex onset is expected. In other words, the
non-nuclear vowel that would normally form a secondary articulation on the onset consonant is

lost. (28) shows examples of these reduced complex onsets in the Southwestern data.

(28) a. /eio.tsi/ [ee.tsi] “shoe” ey
b. /tei"o/ [tere] “chop” ]
c. /tsho.suo/ [tshe.S0] “toilet” i e
d. /tsuo.mon/  [tso.mdn] “dream” es

In (a-b), the non-nuclear /i/ does not appear as palatalization on [¢]. In (c-d), the non-nuclear /u/
does not appear as labialization on the alveolar onsets. Note that the quality of the vowel remains
in agreement with the underlying non-nuclear vowel, rather than fronting to [e]. In terms of
linear rules, these data indicate that the interaction between the non-nuclear vowel in the onset
and the nucleus (vowel alternation) occurs before the loss of the non-nuclear vowel (onset

simplification)?®. Table 3.9 shows a derivation of /tsto.suo/ “toilet” with both rule orders.

29 | am assuming here that the nucleus assimilates to the non-nuclear vowel in the onset. An alternative is to assume
that vowel coalescence occurs. A coalescence analysis would eliminate the need for rule ordering.
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Table 3.9. Derivation of /ts"o.s"o/ with onset
simplification (OS) ordered before and

after vowel alternation (VA)

UR /tsho.s"o/ UR /tsho.s"o/

oS tsho.so VA tshe.sVo
VA tshe.se ON) tshe.so
SR *[tshe.se] SR [tsPe.so]

Table 3.9 shows that when the vowel alternations occur before the onset simplification, the
correct surface form is produced.

In the Southwestern data, complex onset simplification occurred 100% of the time when
non-nuclear /u/ was followed by the mid vowel (78 utterances, 12 lexical items). In onsets
containing non-nuclear /i/, simplification occurred in 16 out of 85 utterances with onsets
containing non-nuclear /i/ and a mid vowel. In terms of lexical items, three out of five lexical
items with an onset containing non-nuclear /i/ and a mid vowel showed onset simplification in at
least one participant. In the remainder of the 85 utterances, the complex /Ci/ onset surfaced as
[C].

In addition to onset simplification, alternation between [x] and [f] also occurred. In the
Southwestern data, /x/ surfaced as [f] before /u/, but it surfaced as [x] elsewhere. (29) shows the

surface forms of /x/ with three different vowels.%°

(29) a. /xu.tio/ [fu.tie] “butterfly” it
b. /x0.thao/ [x0.t"a0] “walnut” ik
C. /xa.teMan/ [xa.teh&] “yawn” &R

In (a), /x/ is followed by /u/, and it surfaces as [f]. In (b-c), /x/ surfaces as [x] with both mid and

low vowels.

3.3.5 Nasal place assimilation

Nasal place assimilation occurred in the Southwestern data, but it was much less extensive than

30 Underlying /x/ does not occur with the high front vowels. See section 2.2.
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in the Northern data. Nasal place assimilation occurred in only 23 utterances (11 lexical items)
over all speakers. (30) shows the six lexical items that were pronounced with nasal place

assimilation by three or more speakers.

(30) a. /toy.prao/ [tdm.phao]  “lightbulb” SR
b. /kan.pi/ [kam.pi] “fountain pen” MNE
c. /liy.tai/ [1in.tai] “tig” Ay
d. /jin.tsi/ [jin.tsi] “shadow” T
e. /khon.ku.trou/ [kh3n.ku.tou] “gnaw a bone” =k
f. Itein.pi/ [tein.pi] “gold coins” 4&m

In (a-b), the velar coda in the first syllable surfaces as labial [m] in agreement with a following
labial onset. In (c-d), the velar coda in the first syllable surfaces as alveolar [n] in agreement with
a following alveolar onset. In (e), the alveolar coda in the first syllable surfaces as alveolar [g] in
agreement with a following velar onset. The surface form in (f) is somewhat unexpected. We
might expect the alveolar coda in the first syllable to surface as [m] in agreement with the
following labial onset, but it surfaces as [n] instead. This change of /n/ to [n] preceding a labial
onset occurs with two other lexical items: /in.fu/ “musical note” and /te"in.won/ “kiss.” In all

three items, the vowel in the first syllable is /i/.3!

3.3.6 Summary of vowel-consonant interactions

The following points summarize all vowel alternations and syllable inventory restrictions in
Southwestern Mandarin that may be influenced by a requirement that vowels and consonants

agree in backness and/or rounding.

1. Onsets
a. The distribution of the high vowels /i/, /y/, and /u/ with onsets is limited. The front

vowels /i/ and /y/ do not occur with velar or labiodental onsets. The back vowel /u/

31 The underlying form of the coda in these lexical items is assumed based on the pronunciation of these morphemes
in other lexical items that contain the same morpheme.
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does not appear with palatal onsets. Only alveolar onsets are found with all three high
vowels.

b. The back vowel /u/ is lowered and fronted to [v] with labiodental onsets.

c. The mid vowel /o/ is fronted [e] with palatal and alveolar onsets. Otherwise, with
velar, labial, and lateral onsets, it is [0].

d. The low vowel /a/ is back [a] with all onsets.

e. Labialized onsets are always reduced before the mid vowel, but the mid vowel agrees
with the underlying labial onset, rather than the reduced surface onset.

Codas

a. All vowels are nasalized with nasal codas. Nasalization causes a slight lowering of
high and mid vowels, and a slight raising of low vowels.

b. The high vowel /i/ surfaces as [i] regardless of coda.

c. The backness of the high vowel /u/ is unaffected by the “back” velar coda, but the
nasalization-induced lowering is great enough that a transcription of [On] is
appropriate. When the back /u/ is combined with the “front” alveolar coda, epenthesis
occurs, so that the rhyme surfaces as [wan].

d. The back mid vowel /o/ is un-rounded and partially fronted to [3] with the “front”
alveolar coda /n/. The distribution of the velar coda with the mid vowel is limited and
depends on onset. With labial onsets, /or/ surfaces as [0n]. With alveolar, lateral, and
velar onsets, /on/ surfaces as [3n].

e. The low back vowel /a/ is raised and fronted to [&] with the “front” alveolar coda. It
is unaffected by the velar coda.

f.  When the nasal coda is absorbed, the vowel agrees with the underlying coda, rather

than with the surface onset.
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Table 3.10. Summary of vowel-consonant interactions
in open syllables in SWM

onset lil lu/ lo/ la/

zero-onset il [vu] [?0] [?q]
labial [pu] | [po] | [pq]
labiodental [fo] [fo] [fa]
palatal [ei] [¢le] | [¢a]
alveolar [ti] [tu] [te] [ta]
velar [ku] [ko] [ka]

Table 3.11. Summary of vowel-consonant interactions in closed syllables in SWM

alveolar coda velar coda
lil Iul lo/ I/ lil Iul lo/ I/
labial onsets [pin] [pon]
palatal onsets | [cin] [i%] [¢in] [¢ldn]
alveolar onsets [t¥3n]%2 | [pan] | [t&] [tin] [ton] [t3n] | [pdn]
lateral onsets [lin] | [I"3n] [12] [1in] [15n] [15n] [lan]
velar onsets [k¥3n] | [k3n] | [x2] [kdn] | [k3n] | [kan]

The tables above provide a summary of vowel-consonant interactions in Southwestern Mandarin.
Items in bold represent syllables in which the vowel differs from the proposed underlying form.

Shaded boxes represent unattested combinations.

32 [I%3n] and [t*3n] are not found in the Southwestern data, but are the likely surface forms based on similar items.
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CHAPTER 4

ANALYSES OF VOWEL-CONSONANT INTERACTION

4.1 Introduction

In the literature on Mandarin vowels, some of these vowel-consonant interactions have
been analyzed as allophonic variation of the vowels due to assimilation to adjacent consonants.
In this chapter, | explore both phonological explanations along these lines, as well as possible
phonetic explanations for the data. For the purposes of this dissertation, | will define a
phonological change in a segment as a change that is triggered by a change in an identifiable and
relevant feature. In this chapter, | will explore whether or not the interactions can be generalized
using abstract features and existing phonological frameworks. Using analyses in the literature
(namely those found in Cheng 1973 and Duanmu 2000) as a starting point, I will outline an
analysis of the interactions in both a rule-based framework and in Optimality Theory (OT) and
discuss the extent to which a phonological analysis is the best way to not only describe and
account for the data but also to explain the patterns in the data. | will also explore the possibility
that some or all of the changes may be phonetic in nature. For the purposes of this dissertation, |
will define a phonetic change as a more gradient change in acoustic characteristics (in this case,
the relevant acoustic characteristic is generally F2) that does not seem to be able to be

characterized as a change in the specification of a phonological feature.

4.2 An analysis of onset-nucleus interaction as phonological assimilation
4.2.1 A rule-based analysis

The first phonological analysis of vowel-consonant interaction in Mandarin was Cheng
(1973). In his analysis, Cheng argues that the interactions between vowels and consonants in
Mandarin can be analyzed as phonological assimilation in which the backness of the nucleus
assimilates to the backness of an adjacent segment. In phonological theory, when one segment
agrees with another segment, this is referred to as assimilation. Specifically, when assimilation
occurs, it is one or more specific phonological features that change their specifications in order to
match the specification of the same feature in another segment. In a rule-based framework,

progressive assimilation can be formalized with the following rule.
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(1) Assimilation in a rule-based framework
lafeature] — [Bfeature] / [Bfeature]

If the vowel-consonant interactions in Mandarin reflect a phonological process of assimilation,
then one or more features in the vowel must be assimilating to one or more features in the
adjacent consonant. As an example, | will explore onset-nucleus interactions with a focus on the
alternations of the mid vowel that are triggered by the place of articulation of the onset. In
Northern Mandarin, the mid vowel /¥/ is fronted to [e] when it follows a palatal segment,
including not only the simple palatal glide [j], but also palatalized consonants, such as [t], [¢'],
and [p'"]. Therefore, if this process is assimilation, there must be at least one feature that differs
in [x] versus [j], but is the same in [e] versus [j]. Following Cheng (1973), | will begin this
analysis with the binary features system first proposed in Chomsky and Halle (1968). The table

below shows the binary features for [x] versus [e].

Table 4.1. Binary features
of [¥] and [e]
back | high | low

o1 [+ |- |-

CEEE P

The table above shows that [back] is the only feature that differs when comparing [¥] and [e], so
this must be the feature that changes. Both palatal and palatalized consonants are [-back],

allowing for the simple rule in (2).

(2) Assimilation of [back]
[+back] — [—back]/[—back]

At first glance, this rule seems to describe and explain the process simply and accurately, but a
closer look will show that it is inadequate.
First, only palatal and palatalized consonants trigger fronting. The environment [-back] in

the rule includes not only palatal and palatalized consonants, but also labial, alveolar, and
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retroflex consonants. In Northern Mandarin, these consonants do not trigger fronting, so the rule

must be further altered, as in (3).

(3) Assimilation of [back], triggered by vocoids

[+back] — [—back]/ [—cons]

—back

In (3), I have added the feature [-cons] to eliminate labial, alveolar, and retroflex consonants.
The rule in (3) eliminates the [-back] obstruents such as [t] and [p], which do not trigger
assimilation, but it also mistakenly eliminates the palatalized consonants such as [t'] and [p'],
which do trigger assimilation. The palatalized consonants will be eliminated if we assume that
they are underlyingly palatalized consonants, and thus are [-cons].This problem can be solved,
however, if we assume that the surface syllable [Cle] is underlyingly /Cix/ (see section 1.2.2 on
syllable structure in Chapter 1). Assuming that rules in serial rule-based phonology apply to
underlying forms, then the rule in (4) would correctly change underlying /ix/ and /tix/ to the
intermediate forms [ie] and [tie], which after the application of the syllable structure rules, would
result in the correct surface forms [je] and [tle].

In Southwestern Mandarin, fronting of the mid vowel with [-back] onsets occurs not only
with palatal and palatalized onsets, but also with [-back] obstruent onsets such as [t]. It would
seem that a rule-based approach allows for a simple and straightforward representation of the
dialectal difference. The Southwestern dialect would follow the simple rule in (2), while the
Northern dialect would require the addition of a single feature [-cons] to the environment of the
rule. However, in the Southwestern dialect the [-back] alveolar obstruents trigger fronting, but
the labial onsets, which are also [-back], do not. Since [p] differs from [j] and [t] in the feature
[labial], in order to accurately represent the assimilation process in Southwestern Mandarin, the

feature [-labial] must be added to the environment of the rule, as in (5).

(4) Assimilation of back, triggered by non-labials

—back ]

[+back] - [—back]/ [_labml
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This rule would correctly predict fronting for items such as /to/-[te], but would not predict
fronting with underlying /p/ as the onset. While the rule in (4) accurately describes the
Southwestern data, the addition of the feature [-labial] takes away some of the explanatory power
of the rule. The relevant and identifiable feature that triggers the alternation is [back]. The
addition of the feature [-labial] is completely arbitrary. Why should only non-labial onsets trigger
assimilation?®?

In addition, in both dialects, only the mid vowel is affected by an adjacent onset; onset-
nucleus interaction does not occur with high or low vowels.3* Therefore, for the Northern dialect,

the rule in (3) must specify mid vowels, as in (5).

(5) Assimilation of [back], limited to mid vowels

—high —cons
—low | - [—back]/ [—back]
+syll

The rule in (5) limits onset-nucleus assimilation to the mid vowel by specifying [-high, -low] in
the input. The Southwestern rule in (4) would have to be similarly altered.

Rule (5) accurately describes the process, but does the rule have any explanatory value?
Assimilation is widely attested in the world’s languages; it makes sense that one segment would
become more similar to an adjacent segment. The fact that the two segments must already be
similar (both /x/ and /i/ are [-cons]) is also not unexpected; in general, vowels are more likely to
assimilate to vowels and consonants are more likely to assimilate to consonants. The input
portion of the rule is problematic, however. While it is descriptively true that [-high, -low]
vowels in Mandarin assimilate to an adjacent onset, the description does not explain why that is
the case. Why is it only mid vowels that assimilate to onsets and not also high and low vowels?

A rule-based analysis cannot answer that question.

33 An additional problem with this already problematic rule is that it would predict that the nucleus in /pio/-[ple] in
Northern Mandarin would not front.

34 More accurately, high vowels and low vowels do not show alternation due to onset-nucleus interaction. Later in

this chapter, 1 will argue that even though no change occurs in the vowel, onset-nucleus interaction does still affect
surface forms of high and low vowels.
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4.2.2 Assimilation in Optimality Theory

More recent analyses of what has come to be referred to as “Mandarin VVowel
Assimilation” use constraints and constraint rankings under Optimality Theory to account for
what are described as allophonic alternations in the vowels (Lin 1997; Duanmu 2000; Lin 2002;
Lin 2015).%5 Optimality Theory (Prince and Smolensky 2004) was created to describe
phonological processes in a way that also allows for an understanding of the regularities of “the
functioning of the grammar” (p. 1). That is, it was intended to both describe and explain
phonological processes. In Optimality Theory (OT), markedness constraints conflict with
faithfulness constraints. Markedness constraints are “conditions on the well-formedness of the
output” (p. 5). In simplistic terms, we could say that markedness constraints require that an item
be pronounceable, or even easily pronounceable, by speakers of a particular language.
Faithfulness constraints require “exact preservation of the input” (p. 5). In other words, there is a
conflict between a tendency to change things in order to make them easier to pronounce and a
tendency to avoid change.

In OT, the ranking of constraints determines whether change occurs or is avoided. (6)

shows two constraint ranking schematics.

(6) Markedness and faithfulness
a. markedness >> faithfulness

b. faithfulness >> markedness

In (a), markedness is ranked higher than faithfulness. This ranking means that changing to meet a
particular well-formedness requirement is preferred over avoiding change. In (b), faithfulness is
ranked higher than markedness. This ranking means that avoiding change is preferred over
meeting a particular well-formedness requirement.

As | mentioned earlier, one well-formedness constraint that is common in a great number

of languages is the requirement for adjacent segments to agree in one or more features. In OT,

% These OT analyses, like the earlier linear rule-based analysis of Cheng (1973), make use of binary features. For
this reason, | will begin my own OT analysis with the use binary features, but I will ultimately question the
usefulness of these features and propose the adoption of a different set of features.
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this constraint can be formalized as AGREE([feature]. The conflicting faithfulness constraint

would then be IDENT[feature]. These constraints are formally defined in (7).

(7) AGREE[feature] and IDENT[feature]
a. AGREE([feature]: adjacent segments must agree in the value of a particular feature.
b. IDENT[feature]: an input segment and its output correspondent must bear the same

specification for a given feature.

AGREE([feature] can be understood as a well-formedness constraint that may result in the
process of assimilation. IDENT[feature] can be understood as a faithfulness constraint that tries
to prevent the process of assimilation (or any other process that changes a particular feature).

If the onset-nucleus interaction in Northern Mandarin is analyzed under OT, we could

begin with the following constraint ranking.

(8) Ranking of AGREE[back] and IDENT[back]
AGREE[back] >> IDENT[back]

This constraint ranking says that it is more important for segments to agree in backness than it is
for segments to avoid changing their backness. The tableau below shows the interaction of these
constraints in producing the surface form [je] from the underlying form /jx/.

Table 4.2. Fronting of /x/ in [je] with the constraint
ranking in (8)

Ijx/ AGREE[back] | IDENT[back]
a. [i¥] *1
b. < [je] *
c. & [up] *

In the tableau above, the constraint ranking produces two optimal outputs. [jx], the fully faithful
form, is eliminated because [j] and [x] do not agree in backness. [je], the actual surface form, is

chosen because it satisfies AGREE[back], even though it violates IDENT[back]. Unfortunately,
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this constraint ranking also chooses [ux],3¢ in which the backness of the glide changes to agree
with the vowel.

Since [je] is the only attested output, either the constraints or constraint rankings must be
adjusted. In this case, the opposite constraint ranking would incorrectly choose the fully faithful
candidate, so the constraints themselves must be adjusted. The choice of whether to make
AGREE[back] refer only to mid vowels or to create separate IDENT[back] constraints is where
the potential explanatory power of OT can come in. Do vowels versus consonants (or mid
vowels versus other vowels or nuclei versus onsets) have a greater tendency to assimilate to
adjacent segments cross-linguistically? Or, do different types of segments show a greater degree
of faithfulness? Making either constraint more specific would be descriptively adequate and
produce the correct surface form, but if OT is to have explanatory power in addition to
descriptive power, a cross-linguistic comparison of assimilation in different types of segments or
of the degree of faithfulness in different types of segments must inform the choice.

First, should AGREE[back] be limited only to mid vowels? If the inventory of constraints
is universal, the addition of an AGREE[back] constraint specific to mid vowels would imply that
there must be some cross-linguistic tendency for mid vowels to assimilate more readily than
other vowels or consonants. It is not obvious that this would be a desirable generalization.

Regardless of whether such a cross-linguistic tendency exists, an AGREE[back]
constraint specific to mid vowels would also fail to capture other agreement tendencies in
Mandarin. In Table 2.1 of Chapter 2, | show that the distribution of the high vowels with the
onsets is limited. For example, /i/ is never found with velar onsets, and /u/ is never found with
palatal onsets. These limitations also seem to be motivated by a requirement that adjacent
segments agree in backness: /i/, which is [-back], cannot appear with [+back] velar onsets, and
/ul, which is [+back], cannot appear with [-back] palatal onsets. If a phonological analysis is to
have any explanatory value, | would argue that the constraint that is driving all of these
limitations on surface forms must be consistent. While an unwieldy constraint such as AGREE-
mid vowel[back] would solve the problem in Table 4.2, it would fail to capture the full scope of

the CV agreement tendencies in Mandarin.

% [w] is a high back unrounded glide.
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4.2.3 Differential faithfulness constraints

If the markedness constraint cannot be altered, then perhaps the faithfulness constraints
can be. One cross-linguistic tendency that might inform a choice of analysis is positional
faithfulness (Beckman 1998), which refers to the tendency for segments in certain positions to
resist phonological processes (such as assimilation) more strongly than segments in other
positions. In the case of Mandarin, we might say that onsets are more faithful than nuclei. In the
specific case of /ix/-> [je] in Northern Mandarin, proposing differential faithfulness constraints
based on position would work. (9) defines the more specific faithfulness constraints.

(9) Positional faithfulness constraints
a. IDENT-O[back]- A segment in the onset and its input correspondent must
have identical specifications for the feature [back].
b. IDENT-N[back]- A segment in the nucleus and its input correspondent must

have identical specifications for the feature [back].
If IDENT-O[back] is ranked higher than IDENT-N[back], then in syllables like /jx/, in which the
[back] feature of the onset and nucleus do not agree, the nucleus will change rather than the

onset, as the tableau below shows.

Table 4.3. Fronting of /x/ in /ix/ with positional faithfulness constraints

lix/ AGREE[back] | IDENT-O[back] | IDENT-N[back]
a. [i¥] *1
b. < [je] *
C. [u¥] *1

In the tableau above the undesirable candidate [uyx] is eliminated by the higher-ranked IDENT-
O[back] constraint.

Unfortunately, these constraints and rankings produce the incorrect surface form for /ja/,
as the tableau below shows.
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Table 4.4. Lack of fronting of /a/ in /ia/ with positional faithfulness constraints

lia/ AGREE[back] | IDENT-O[back] | IDENT-N[back]
a. OJja] *1
b. & [je] *
C. [wa] *1

In Northern Mandarin, /a/ is a low central vowel, but in terms of classic binary features
(Chomsky and Halle 1968), it is [+back]. Thus, /j/ and /a/ disagree in terms of the feature [back].
Based on the constraint rankings above, the candidate in which /a/ is fronted to agree with /j/
should be chosen, but the actual surface form is [ja], in which no change occurs.

If positional faithfulness does not work, perhaps a different type of differential
faithfulness will account for the data. Cross-linguistically, there is a greater tendency for nasals
to undergo place assimilation than obstruents. If we generalize from this fact, we can hypothesize
that more sonorous segments assimilate more readily (i.e. their place features are less faithful)
than less sonorous segments. Since vowels are more sonorous than consonants, if there is a non-
agreeing CV combination, then the vowel is more likely to change. On the surface, this

generalization seems to fit the Mandarin data, as the tableau below shows.

Table 4.5. Fronting of /x/ in /ix/ with sonority-based differential faithfulness
constraints

lix/ AGREE[back] | IDENT-C[back] | IDENT-V[back]
a. [i¥] *1
b. = [je] *
C. [u¥] *1

In the tableau above, | have eliminated the positional faithfulness constraints in favor of
differential faithfulness constraints based on sonority. That is, the less sonorous consonants are
more faithful than the more sonorous vowels. The fact that IDENT-C[back] is higher ranked
means that the feature [back] in consonants is more resistant to change than the feature [back] in
vowels. In the example of /ix/, shown above, the higher-ranked IDENT-C[back] constraint

eliminates the candidate in which the consonant assimilates to the vowel.
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One advantage to this analysis is that it can potentially account for the fact that high
vowels do not assimilate to onsets in Southwestern Mandarin. Recall that mid vowels in
Southwestern Mandarin assimilate to both glide and obstruent onsets. For example, /to/ surfaces
as [te]. This assimilation does not occur with high vowels. For example, /pi/ surfaces as [pi] and
/tu/ surfaces as [tu]. Since high vowels are less sonorous than mid vowels, differentially ranked
faithfulness constraints based on the sonority scale would allow for assimilation of mid vowels
but not high vowels. (10) shows the sonority scale and the corresponding faithfulness constraints
ranked in relation to AGREE[back].

(10) Differential faithfulness constraints based on the sonority scale
a. low vowels > mid vowels> high vowels> glides> sonorants> obstruents
b. IDENT-obs[back] > IDENT-gl[back]> IDENT-hi[back]> AGREE[back]
c. AGREE[back] > IDENT-mid[back] > IDENT-low[back]

(a) shows an abbreviated sonority scale. Crucially, mid vowels are more sonorous than high
vowels, and the consonants (including glides) are all less sonorous than vowels. The ranking of
the faithfulness constraints for obstruents, glides, and high vowels in relation to AGREE[back] in
(b) means that these segments will not assimilate to adjacent segments. However, the ranking of
IDENT-mid[back] and IDENT-low[back] below AGREE[back] in (c) means that these segments
will assimilate.

The use of differential faithfulness constraints based on the sonority scale accounts for
the mid and high vowel data, and just as importantly, it captures some important generalizations

about the Mandarin data:

(11) Generalizations captured by sonority-based differential faithfulness
a. CV pairs that agree in backness are more well-formed than those that do not.
b. It is better for a vowel to assimilate to a consonant, than vice versa.

c. Less sonorous vowels (high vowels) do not alternate.

Unfortunately, the low vowel data in Table 4.4 continue to pose a problem. If the differential

faithfulness constraints are ranked based on the sonority scale, then the faithfulness of low
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vowels, which are even more sonorous than mid vowels, must be ranked below AGREE[back] as
in (10c). This ranking means that the [+back] low vowel should assimilate to a [-back] onset, as

the tableau below illustrates.

Table 4.6. Surface forms of /ia/ with sonority-based differential faithfulness
constraints

lia/ IDENT-gl[back] | AGREE[back] | IDENT-low[back]
a. ®[ja] *1
b. & [jee] *
c. [wa] *1

In tableau above, the constraint ranking incorrectly chooses [j&], in which /a/ assimilates to the
onset, as the winner. While the use of differential faithfulness constraints based on sonority
captures the generalizations in (11), it does not account for the fact that low vowels do not
undergo phonologically significant changes in response to onsets in either dialect of Mandarin.
In this sub-section, I have shown that differential faithfulness constraints based on
sonority can account for the fact that in non-agreeing onset-nucleus pairs, the vowel changes its
quality to agree with the consonant. One advantage of this analysis is that it correctly excludes
high vowels from the alternations. The disadvantage is that it incorrectly includes low vowels.
This analysis can be rescued by simply re-ranking the faithfulness constraints to reflect the data.
In these data, mid vowels assimilate to an adjacent consonant. Low and high vowels do not
alternate, and consonants never assimilate to vowels. The constraint ranking in (12) would

produce the correct surface forms.

(12) Re-ranking of the faithfulness constraints to reflect the data
ID-cons[back]> ID-hi[back]> ID-low[back]> AGREE[back]> ID-mid[back]

In (12) the faithfulness constraints are ranked based on the data. This ranking produces the
correct surface form, but the explanatory power of the analysis is lost. It cannot explain why the
high and low vowels are more faithful than the mid vowels. Such an OT analysis is simply a
translation of the rule-based analysis in the previous section. Both analyses account for the data,

but neither analysis has any explanatory power.
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4.2 .4 Dialectal differences and OT

An OT analysis of these data also must represent the dialectal differences. In OT,

constraints are universal, and differences in languages and dialects are reflected by different
rankings of the universal constraints. Therefore, the differences in Northern Mandarin versus
Southwestern Mandarin must be reflected in different constraint rankings. The two dialects
behave differently in the case of onset-nucleus interaction. The table below provides data to

represent the relevant generalizations.

Table 4.7. Surface forms of the mid vowel with
different onsets in Southwestern Mandarin
(SWM) and Northern Mandarin (NM)

SWM NM
ljol-[je] lil-[je]
tol-[te] Josl-[t]

In Northern Mandarin, the surface form of the mid vowel agrees in backness with only palatal
and palatalized onsets. In Southwestern Mandarin, the surface form of the mid vowel agrees with
palatal and palatalized onsets and also with alveolar obstruent onsets.

The constraint AGREE[back] requires adjacent segments to agree in backness. The
ranking of AGREE[back] in relation to the sonority-based faithfulness constraints in (10) means
that the more sonorous segment will alternate to agree with the less sonorous segment. The
tableau below shows that the ranking in (10) chooses the correct surface form for the underlying

syllable /to/ in Southwestern Mandarin.

Table 4.8. Surface forms of /to/ in Southwestern Mandarin

Ito/ IDENT-ons[back] | AGREE[back] | IDENT-mid[back]
a. [to] *1
b. < [te] *
c. [ko] *1
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However, as the data in Table 4.7 show, alternations of vowels in Northern Mandarin are not
triggered by obstruents. As a result, the ranking in (10) incorrectly predicts vowel alternation in

/tx/ in Northern Mandarin.

Table 4.9. Surface forms of /tx/ in Northern Mandarin

It/ IDENT-ons[back] | AGREE[back] | IDENT-mid[back]
a. Oty] *1
b. & [te] *
c. [ki] *1

In the tableau above, the correct surface form [tx] is incorrectly eliminated because it violates
AGREE[back].

If constraints are universal, then the problem in the tableau above must be fixed with a re-
ranking of constraints. However, if AGREE[back] is ranked below IDENT[back](mid) in
Northern Mandarin, the wrong surface form will be predicted for /ix/.

The relevant difference between the two dialects is that in Northern Mandarin, only
vocalic onsets trigger vowel alternations, while in Southwestern Mandarin, both vocalic
segments and obstruents trigger vowel alternations. As | explained in section 1.1.2 of Chapter 1,
surface glides in Mandarin are generally analyzed as being underlyingly vowels, so that the
underlying forms of [GV] and [C®V] are /VV/ and /CVV/, respectively. If this is the case, then
we can generalize that in Northern Mandarin there is VV agreement, but not CV agreement; in
Southwestern Mandarin, there is both VV and CV agreement. This generalization can be

formalized with the following markedness constraints.

(13) AGREE-CV[back] and AGREE-VV[back]
a. AGREE-CV[back]: A [+cons] onset and an adjacent vowel agree in backness.
b. AGREE-VV[back]: Adjacent [-cons] segments agree in backness.

These constraints not only formalize the generalization laid out in the previous paragraph, but
they also can be used to reflect cross-linguistic tendencies. Cross-linguistically, there is a greater

tendency for adjacent vowels (or adjacent consonants) to agree than there is for consonant-vowel
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pairs to agree.” The existence of specific AGREE constraints allows us to represent these
language differences with different rankings of the specific constraints.

If the single AGREE[back] constraint is replaced with the specific AGREE constraints in
(13), then the dialectal difference can be accounted for with the constraint rankings in (14).

(14) Separate rankings for the two dialects using binary features
a. NM: AGREE-VV[back]>>IDENT-mid[back]>>AGREE-CV[back]

b. SWM: AGREE-VV/[back], AGREE-CV/[back]>>IDENT-mid[back]

The tableaux below show that these constraint rankings produce the correct surface forms for
NM /tx/ and SWM /to/.

Table 4.10. The surface forms of /tx/ in NM with the constraint rankings in (14)

sl AGREE-VV[back] | IDENT-mid[back] | AGREE-CV[back]
a. & [tX] *
b [te] x| *

Table 4.11. The surface forms of /to/ in SWM with the constraint rankings in (14)

Ito/ AGREE-VV][back] | AGREE-CV[back] | IDENT-mid[back]
a. [to] *1
b. = [te] *

In 4.10, ranking of AGREE-CV/[back] below IDENT-mid[back] correctly eliminates the NM
candidate in which /x/ assimilates to /t/. In 4.11, the ranking of AGREE-CV/[back] above
IDENT-mid[back] correctly chooses the SWM candidate in which /o/ is fronted to agree with /t/.
In the last two sections, | have shown that an OT analysis can describe and account for
the several aspects of the data. First, an AGREE[back] markedness constraint and differentially-

37 That is, there is a greater tendency for adjacent vowels (or adjacent consonants) to assimilate in their primary
place features. In some language, such as certain Slavic languages, CV agreement is more common, but it is
agreement through acquisition of secondary place features rather than spreading of primary place features. That type
of CV agreement is not dealt with in this dissertation.
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ranked faithfulness constraints can account for the fact that mid vowels (but not high or low
vowels) assimilate in backness to onsets, and onsets do not assimilate to vowels. In addition,
dialectal differences can be represented by positing separate AGREE-CV[back] and AGREE-
VV[back] constraints. Specifically, an analysis that makes use of these constraints, ranked
differently for the two dialects, can account for the fact that obstruents trigger assimilation in
Southwestern Mandarin but only vocalic onsets trigger assimilation in Northern Mandarin.
However, one issue that was raised in the rule-based analysis (see the discussion of rule (6)) still
remains in the OT analysis. | will address that issue in the following section.

4.2.5 Phonological features: [back] vs. [coronal]

A final issue with the analysis of onset-nucleus interaction in Mandarin is the surface
form of the mid vowel with labial obstruent onsets such as /p/. In Northern Mandarin, underlying
Ipx/ surfaces as [po], and in Southwestern Mandarin underlying /po/ surfaces as [po]. Both of
these surface forms pose a problem for the analysis above.

First, if classic binary features (Chomsky and Halle 1968) are assumed, then the
constraint rankings in (14) produce the wrong surface form for /po/ in Southwestern Mandarin,

as the tableau below shows.

Table 4.12. The surface form of /po/ in SWM, assuming classic binary features

/po/ AGREE[back](VV) | AGREE[back](CV) | IDENT[back](mid)
a. ®[po] *1
b. & [pe] *

According to Chomsky and Halle (1968), [p] is [-back], and [0] is [+back] (p. 307). Based on
these features, the ranking above results in a surface form in which [0] becomes [-back] to agree
with the [-back] feature of [p]. In the first section, in which | provided a linear rule-based
analysis, | solved this problem by adding the feature [-labial] to the environment of rule (4), thus
eliminating labials, but for reasons laid out in that section, this solution is not particularly

desirable.
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Clements (1991) proposes a different feature system in which vowel backness and
roundness share more features with consonant place. (15) shows the relevant vowel and

consonant features under Clements’ system. 38

(15) Unified features for consonants and vowels (Clements 1991)
a. [coronal]: front vowels, coronal consonants
b. [dorsal]: back vowels, velar consonants

c. [labial]:  round vowels, labial consonants

Under Clements’ features, alveolar consonants, palatal consonants, and front vowels are

all [coronal], so this must be the feature that is targeted by AGREE.

(16) AGREE[coronal]
AGREE[coronal]: adjacent segments must agree in the feature [coronal]

Similar to AGREE[back], AGREE[coronal] has specific CV and V'V versions that are ranked in
relation to IDENT[coronal]. Since [p] is [labial] and not [coronal], the constraint
AGREE[coronal] would not be violated in /po/, and that syllable would surface as [po] in
Southwestern Mandarin.

If Clements’ features are assumed as a replacement for the binary features introduced

earlier in this chapter, the following constraints and rankings would distinguish the two dialects.

(17) Separate rankings for the two dialects using Clements (1991) features
a. NM:  AGREE-VV/[coronal]>>IDENT-mid[cor]>>AGREE-CV/[cor]
b. SWM: AGREE-VV]coronal], AGREE-CV[cor]>>IDENT-mid[cor]

Similar to the AGREE[back] constraint, the high-ranked AGREE[coronal] constraint would

trigger fronting in Southwestern Mandarin when the vowel follows a [coronal] segment such as

38 Clements proposes these features as a way of accounting for consonant-vowel interactions phonologically, but
they are also motivated by articulatory studies. The radiographic analysis of constriction location in vowels in Wood
(1971) found that the constriction for front vowels is located at the hard palate.
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/il or t/, as Table 4.13 shows. Crucially, however, the use of AGREE [coronal] (assuming

Clements’ features), would not trigger fronting with /p/, as Table 4.14 shows.

Table 4.13. Fronting of /o/ in /jo/ in Southwestern Mandarin, using AGREE[coronal]

Ito/ AGREE-VV]cor] AGREE-CV|cor] IDENT-mid[cor]
a. [to] *1
b. = [te] *

Table 4.14. Lack of fronting in /po/ in Southwestern Mandarin, using AGREE[coronal]

/po/ AGREE-VV]cor] AGREE-CV/[cor] | IDENT-mid[cor]
a. = [po]
b. [pe] *1

In 4.14, the relevant markedness constraint is AGREE[coronal] (rather than AGREE[back].
Because [p] is not [coronal], no change in vowel is triggered.

In the introduction, | argued that a phonological process is one that is consistently
triggered by an identifiable phonological feature. The use of the Clements features allows for a
clearer representation of which feature is triggering the alternations of the vowel. In a rule-based
analysis, arbitrary features such as [-labial] were required to account for all of the data, but the
use of the Clements feature [coronal] allows for a much simpler representation of the data.

With the features in (15), we might also predict CV interaction triggered by other
features, such as labial. While a complete analysis of rounding assimilation is beyond the scope
of this dissertation, | would like to briefly demonstrate that the use of the Clements features in
(15) could also account other vowel-consonant interactions in Mandarin.

In Northern Mandarin, the mid vowel in underlying /px/ becomes rounded, presumably in
agreement with the labial onset. In /px/-[po], the relevant feature is not [coronal] because neither
[p] nor [x] is coronal. The feature that changes is [labial]; [p] and [0] are both labial, while [x] is
not (see (15) above). In order to account for this syllable in Northern Mandarin, an additional
constraint AGREE[labial] is required.

(18) AGREE[labial]
AGREE[labial]: Adjacent segments agree in the feature [labial]
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Since constraints in OT are universal, when introducing any constraint, we must ask whether or
not that constraint represents a cross-linguistic tendency. If AGREE([labial] is highly ranked in
any given language, then either a vowel would become rounded to agree with an adjacent labial
(as in NM) or a consonant would become labial (or labialized) to agree with an adjacent round
vowel. Both phenomena are attested in multiple languages (Kenstowicz (1994: 462) cites several
examples).

Underlying /x/ in Northern Mandarin becomes rounded to agree with adjacent /p/, but
underlying /o/ in Southwestern Mandarin does not lose its rounding to agree with adjacent /k/, so
AGREE[labial] must be ranked higher in Northern Mandarin than in Southern Mandarin. (19)

shows the relevant rankings.

(19) Ranking of AGREE([labial] in the two dialects
a. NM:  AGREE[labial]>>IDENT-obs[labial]>>IDENT-mid[labial]
b. SWM: IDENT-obs[labial]>>IDENT-mid[labial]>>AGREE[labial]

In Northern Mandarin, AGREE([labial] is ranked higher than IDENT-mid[labial]. As with
IDENT][cor], differential faithfulness constraints are required to prevent the consonant from
assimilating to the vowel instead of vice versa. The ranking in (a) means that /x/ would become
rounded when it is adjacent to /p/. In Southwestern Mandarin, IDENT-mid[labial] is ranked
higher than AGREE[labial]. This ranking means that /o/ will not become unrounded when it is
adjacent to a non-labial consonant such as /k/. The tableaux below show that the ranking in (19)
produces the correct surface forms for /px/ in Northern Mandarin and /ko/ in Southwestern

Mandarin.

Table 4.15. The surface form of /px/ in NM with the ranking in (19)

Ipx/ AGREE([labial] IDENT-obs[labial] | IDENT-mid[labial]
a. [px] *1
b. = [po] *
c. [ki] *1
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Table 4.16. The surface form of /ko/ in SWM with the ranking in (19)

/ko/ IDENT-obs[labial] | IDENT-mid[labial] | AGREE[labial]
a. = [ko] *
b. [ky] *|
c. [po] *1

In 4.15, the highly ranked AGREE[labial] in Northern Mandarin chooses the candidate in which
the rounding of the vowel changes to agree with the adjacent consonant. In 4.16, the low ranking
of AGREE[labial] in Southwestern Mandarin chooses the candidate in which the rounding of the

vowel does not change to agree with the adjacent consonant.

4.2.6 Summary of onset-nucleus interactions

The points below summarize the analysis of CV interaction in both dialects of Mandarin.

e A higher ranking of AGREE[coronal] in relation to the relevant IDENT constraints
results in assimilation. This constraint is reasonable as a universal constraint because
assimilation of place features is common cross-linguistically.

e AGREE[coronal], assuming the features in Clements (1991), is preferred over
AGREE[back], assuming classic binary features, because all coronal segments (including
palatals and alveolars) trigger fronting in at least one of the dialects, but not all [-back]
segments trigger fronting. For example, [p], which is [-back] but not [coronal], does not
trigger fronting of an adjacent vowel.

e Different rankings of specific AGREE constraints AGREE[CV] and AGREE[VV] in
relation to relevant faithfulness constraints can account for the fact that obstruent onsets
trigger fronting of Southwestern Mandarin vowels, but only vocalic onsets trigger
fronting of Northern Mandarin vowels. The specific AGREE[CV] and AGREE[VV]
constraints can be justified as reasonable universal constraints because assimilation in
languages is generally not symmetric. For example, a language that has CC assimilation
does not necessarily have CV or VV assimilation.

e The use of ranked differential faithfulness constraints based on the sonority scale (where

more sonorant segments are less faithful than less sonorant segments) can account for the
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fact that in both dialects, the vowel assimilates to the consonant and not vice versa. It can
also account for the fact that high vowels do not alternate in either dialect. However,
differential faithfulness constraints based on the sonority scale cannot account for the fact
that CV interaction does not result in a phonologically significant change in the low
vowel. In order to account for the low vowel data, faithfulness constraints must be ranked
based on the data rather than on an underlying phonological principle. While this allows
for an accurate description of the data, some of the explanatory power of the analysis will
be lost.

e A higher ranking of AGREE([labial] in relation to IDENT][labial] results in assimilation of
rounding. This constraint is reasonable as a universal constraint because assimilation of
rounding is common cross-linguistically: onsets can be labialized when followed by a
round vowel, and vowels can be rounded when preceded by a labial onset.

e In Northern Mandarin, AGREE[labial] is ranked higher than IDENT[labial], resulting in
rounding of /x/ when it follows /p/. In Southwestern Mandarin, AGREE[labial] is ranked
lower than IDENT([labial], which means that /o/ is not unrounded when it follows a non-
labial onset, such as /k/.

e In Northern Mandarin, IDENT[labial] also must be divided into differential faithfulness
constraints based on the sonority scale to account for the fact that the vowel assimilates in

rounding to the consonant and not vice versa.

4.3 A unified analysis of onset-vowel interactions in mid and high vowels
4.3.1 OT analysis

In the previous section, | provided an analysis that accounts for alternations in the mid

vowel triggered by a requirement that the onset and mid vowel agree in the feature [coronal].
Through the use of differential faithfulness constraints based on sonority, high vowels were
excluded from the alternations. The reason for this exclusion is that the mid vowels show clear
allophonic variation, while the restrictions on the high vowels seem to be restrictions on the
inventory of underlying forms, rather than allophonic variation. This distinction is based on the
assumption that sounds that are in complementary distribution must be allophones of the same
phoneme. For example, | assumed, following traditional generative phonology, that because

there are no minimal pairs in which [e], [a], [¥], and [0] appear, these sounds must be allophones
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of a single mid vowel phoneme. On the other hand, even though the distribution of the high
vowels is extremely limited, those three vowels are considered separate phonemes because they

contrast following [n] and [1], as the following table shows.

Table 4.17. Allowable onset-vowel combinations for the high and mid vowels in
Northern Mandarin

Il lil Iyl Iul
labial glide [wo] X X [wul]
labial obstruent [po] [pi] X [pu]
palatal glide [je] [i] [yl X
palatal obstruent X [ei] [ey] X
alveolar sonorant [n¥] [ni] [ny] [nu]
alveolar obstruent [t¥] [ti] X [tu]
retroflex [s¥] X X [su]
velar [kx] X X [ku]

Table 4.17 shows that certain combinations of onset + high vowel are not allowable on
the surface. For example, [i] never appears following a labial glide, retroflex, or velar consonant.
[u] never appears following a palatal consonant. The limitations can also be stated as limitations
on the consonants, in particular palatal consonants: palatals appear only with front vowels. Chao
(1968), among others, analyzed the palatal obstruents as allophones of the velar series, claiming
that velar /k/, /k"/, /x/ become palatal [te], [te"], [¢] preceding front vowels, but this analysis is
often rejected for being overly abstract.

An advantage to an OT analysis is that constraints in OT are restrictions on surface
forms. It is not necessary or desirable to propose abstract underlying forms that never appear on
the surface. Any input is theoretically possible, and the constraint rankings either allow or do not
allow that input to surface as the output. Under traditional generative grammar and the
distributionalist approach to phonemicization, the behavior of the mid vowels can be analyzed as
allophonic variation, while the behavior of the high vowels must be analyzed as restrictions on
underlying forms to avoid excessive abstractness. Under OT, the distribution of high vowels with
onsets and the distribution of mid vowels with onsets should be accounted for with the same set

of constraints.
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The constraints and rankings in the previous section eliminate undesirable onset-mid
vowel combinations such as *[jx]. A complete analysis should also eliminate undesirable onset-
high vowel combinations such as *[ki] and *[eu]. In the analysis of *[jx] in the previous section,
the OT rankings not only disallow *[jx] but also choose the correct repair strategy, in this case,
fronting of [¥] to [e]. In order to propose an OT analysis of *[ki], we must not only know that it
is ungrammatical, but we also must know what repair strategies would be used if *[ki] is the
input.

The repair strategies for Southwestern Mandarin are not known, but secret language data
and loanwords provide us with some data for illicit onset-high vowel combinations in Northern
Mandarin. For example, Chao (1968) describes a secret language that breaks a single syllable
into two syllables: the onset of the original syllable plus [ei], and [K] plus the rhyme of the
original syllable. For example, [la] would become [lei.ka]. In this secret language, if the rhyme is
[i], [K] becomes [te]. For example, [mi] becomes [mei.tei]. In addition, in English-to-Mandarin
loanwords that combine a velar onset with a high front vowel, the velar is changed to a palatal, as

the loanwords in (20) show.

(20) English-to-Mandarin loanwords

a. [tei.kM] “geek”
b. [ei.phi] “hippie”
c. [pi.tei.ni] “bikini”

In (a), the *[ki] is changed to [tei]. In (b), the English syllable [hi] may be analyzed as [xi] and
then changed to [ei]. In (c), the velar stop preceding [i] is once again changed to the palatal [te].
These data immediately pose a problem for the analysis in the previous section. First, in
Northern Mandarin, mid vowels are only fronted following [j] and [C!], but not following other
coronals such as [t]. In the previous section, | accounted for these data with separate rankings of
AGREE[coronal](CV) and AGREE[coronal](VV). In the high vowel data, however, the
interacting pairs of segments are obstruent-vowel pairs, which poses a definite problem for the
low ranking of AGREE[coronal](CV) in Northern Mandarin. In addition, in the mid vowel data,
vowels change to agree with consonants, but consonants never change to agree with vowels. |

accounted for this fact using differential faithfulness constraints based on sonority, where more

122



sonorous segments, such as vowels, are more faithful than less sonorous segments, such as
consonants. With sonority-based faithfulness constraints, in illicit CV pairs, the vowel would
always change to agree with the consonant and not vice-versa. In the data in (20), however, the
consonant changes to agree with the vowel.

What do the mid and high vowel data have in common? (21) shows two input-output

pairs with their relevant place features.

(21) Input-output pairs and their relevant place features
a. ljx/ - [je] [cor][dors]—>[cor][cor]
b. /Ki/ - [tei] [dors][cor]—>[cor][cor]

Looking only at these two items, it appears that the non-coronal segment always assimilates to
the coronal segment. For the mid vowel data, this means that the non-coronal mid vowel
assimilates to the coronal onset. For the high vowel data, the non-coronal onset assimilates to the
coronal vowel. However, (22) shows that this generalization does not hold true for all onset-
vowel pairs in Northern Mandarin, as | already pointed out for the mid vowel in the previous

section.

(22) More input-output pairs and their relevant place features
a. /tu/ - [tu] [cor][dors]—>[cor][dors]
b. /ts/- [tx] [cor][dors]—>[cor][dors]

In (22), the alveolars do not trigger fronting of mid or high vowels, despite being [coronal].
Based on these data, we can generalize that palatal consonants and palatal (i.e. front) vowels
trigger fronting of an adjacent segment. In terms of features, palatal consonants and alveolar
consonants are both [coronal] and are differentiated using the feature [+/- anterior]. An analysis
using this feature is undesirable, however, because the feature [anterior] does not apply to
vowels.

In this section I have shown that while an OT analysis as laid out earlier in the chapter
accounts for mid vowel alternations, a unified OT analysis of mid vowel alternations and

limitations on high vowel surface forms does not work as well. Specifically, differential
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faithfulness constraints based on sonority cannot account for the fact that in non-agreeing onset +
high vowel syllables, the onset is more likely to agree with the vowel than vice versa. When mid
vowel and high vowel data are compared, the common factor driving the interactions seems to be
the palatal articulator, but the use of the feature [coronal] incorrectly predicts interactions

between alveolar coronals and vowels. In the following section, I will consider an alternative to a

phonological analysis driven by the [coronal] feature.

4.3.2 The Degree of Articulatory Constraint (DAC) model: a coarticulation account

Recasens et al. (1997) uses the degree of articulatory constraint model (DAC) to predict
the amount of coarticulation in consonant-vowel pairs. This model was created to account for
coarticulation patterns, but the authors also suggest that it “may prove useful in predicting the
frequency of occurrence of some assimilatory processes” (p. 544). In the DAC model, segments
are assigned DAC scores based on the degree of involvement of the relevant articulator. In the
case of vowel-consonant interaction of the type Recasens et al. studies, the relevant articulator is
what the authors refer to as the “tongue-dorsum.” According to articulatory studies, alveopalatals
and palatals are maximally constrained because they “are articulated with active tongue-dorsum
raising toward the palatal zone where they cause large amounts of contact” (p. 545). Labials such
as /p/ are minimally constrained because the tongue body is not required in the articulation of /p/.
The model assigns intermediate DAC values to alveolar consonants because the dorsum is only
indirectly involved in the articulation of these consonants. Vowels are similarly ranked based on
the location and degree of vocal tract constriction (Wood 1979). Front vowels, such as /i/, have a
narrow constriction in the palatal region, and similar to palatal consonants, are the most
constrained. The authors also tentatively suggest that /o/, with its neutral tongue position, is
minimally constrained, and /a/ might be considered intermediate. The authors do not provide
DAC rankings for back vowels, but based on the information about location and degree of
constriction provided in Wood (1979), we could assume that back vowels may also be
intermediate. The following chart summarizes the DAC rankings of relevant classes of segment

from most constrained to least constrained.
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Table 4.18. Degree of articulatory constraint at the dorsum in relevant classes
of segments

most palatals alveolars labials least

constrained | alveopalatals | back vowels | central vowels | constrained

front vowels | dorsals

In the model, degree of articulatory constraint predicts whether a given segment will
influence or be influenced by adjacent segments. Theoretically, a more constrained segment will
always influence and never be influenced. A less constrained segment is more prone to be
influenced. In the Northern Mandarin data, palatal segments (either consonants or vowels)
trigger fronting in adjacent segments while other [coronal] segments, such as alveolar
consonants, do not. Under a feature-spreading model, these data are difficult to explain because
both palatals and alveolars are coronal. However, the data could potentially be explained under
the DAC model. In Mandarin, the palatal consonants and front vowels have the greatest degree
of articulatory constraint, so they always influence an adjacent segment. In a syllable such as
[tx], however, [t] and [x] both have an intermediate degree of constraint, so there is no more
constrained segment to trigger change.

If we assume that the most constrained segments (i.e. the palatals and front vowels)
always trigger co-articulation in less constrained adjacent segments, does the DAC make the
correct predictions for all of the Northern Mandarin data? (23) shows various combinations of

palatals and less constrained segments in Northern Mandarin.

(23) Application of the DAC in items containing palatals

a. lix/-[je] palatal /i/ triggers fronting of the mid vowel
b. /ki/-[tei] palatal /i/ triggers fronting of the velar consonant
c. /ty/- [tx] the segments have equal degrees of constraint—no change

d. /ja/-[ja]*® palatal [j] triggers slight fronting of the low vowel

e. /ti/- *[tei], [ti] palatal [i] does not trigger fronting of the alveolar consonant

39 Recall from Chapter 2 that [a] is slightly fronted with palatal onsets.
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(23) shows that the DAC makes the correct predictions for both mid and high vowel alternations.
Similar to a phonological analysis with the Clements features, the changes in (a-c) are neatly
represented by a single characteristic, in this case, degree of articulatory constraint. Rather than
being triggered by the [coronal] feature, the alternations are triggered by the presence of a
narrow constriction in the tongue-dorsum (i.e. a palatal constriction). An added advantage of a
DAC analysis is that it easily accounts for the fact that sometimes the vowel assimilates to the
consonant, and other times the consonant assimilates to the vowel. Under an OT analysis, an
account of this fact would require the addition of many unwieldy and questionable constraints.

The DAC analysis handles the low vowel data only slightly better than the OT analysis.
In (d), the highly constrained palatal /j/ does trigger (slight) fronting of the low vowel, and since
DAC is a co-articulation theory, slight fronting still “counts,” but the theory cannot explain why
there is only partial fronting with low vowels but full fronting with mid vowels. More
troublesome is (e), in which the DAC analysis makes the wrong prediction for /ti/-[ti]. The high
vowel /i/ is highly constrained and should trigger a greater degree of constriction (i.e.
palatalization) of /t/, but it does not.*°

To summarize, the DAC-based analysis can account for all of the mid vowel data
explained using the more traditional Clements (1991) features. In addition, it can provide a more
unified analysis of mid and high vowel data by accounting for the fact that the mid vowel
assimilates to a non-agreeing onset, but the non-agreeing onset assimilates to the high vowel.
However, unexplained syllables, such as [ti] in Northern Mandarin, remain.

If it turns out that the DAC or a similar coarticulation model best accounts for and
explains the data, does this mean that the onset-vowel interactions should be analyzed as
coarticulation (a phonetic process) rather than assimilation (a phonological process)? In the
introduction to this chapter, | defined a phonological process as a change that is triggered by an
identifiable and predictable feature. The segment changes in the data are reliably triggered by an
identifiable characteristic (palatal place of articulation or a high degree of articulatory constraint

at the dorsum), but this characteristic cannot be represented by any existing feature system. Does

40 Duanmu (2000) claims that there is “G spreading” in Northern Mandarin, a process in which “a high vowel in the
nucleus [spreads] to the onset.” According to the transcriptions in Duanmu (2000), the underlying syllable /ti/ is
pronounced [ti] on the surface (pp. 67, 270, 274).
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this mean that the alternations should be labeled phonetic or that new features should be

proposed?

4.4 Onset-nucleus interactions: phonetic or phonological?

In the introduction to this chapter, | defined a phonological process as a change that is
consistently triggered by an identifiable and relevant feature (or features). In the previous
section, | came to the conclusion that the CV interactions in the mid and high vowel data are not
both consistently triggered by an identifiable phonological feature. Specifically, the mid vowel
interactions seem to be triggered by agreement of the feature [coronal], but an analysis using the
feature [coronal] does not work for both mid and high vowels.

However, despite the fact that the alternations (and limitations) in the data are not
triggered by identifiable and consistent phonological features, the effects on the vowel are still
greater in magnitude, as we might expect for a phonological alternation, and not at all gradient
and smaller in magnitude, as we might expect for coarticulation. For example, coarticulation
studies such as Stevens and House (1963) show small magnitude F2 changes in the range of 100-
300 Hz, but the change in the vowel from /jx/ to [je] would require an F2 increase of at least
1000 Hz. Such a dramatic change in F2 seems to suggest a change in segment rather than a
gradient coarticulatory adjustment.

Steinlen (2005) addresses this issue. She compared the effect of consonantal context on
vowels in British English, Danish, and German. The hypothesis of her study was that the degree
that neighboring consonants have a centralizing effect on the F2 of vowels depends on the size of
the vowel inventory in a particular language. She concluded that Danish, with the largest vowel
inventory, showed the smallest coarticulation effects, and English, with the smallest vowel
inventory, showed the greatest effects. The larger F2 changes in the Mandarin mid vowel
compared to the vowels in other coarticulation studies, such as Stevens and House (1963), could
potentially be explained by Steinlen’s hypothesis. If Mandarin only has a single mid vowel
phoneme, then the surface forms of that phoneme would not be limited by competing phonemes
in the vowel space, and coarticulation effects would theoretically be greater in magnitude.

To summarize, onset-mid vowel interactions result in large magnitude alternations of the
mid vowel (e.g., /x/-> [e]), and these changes can be accounted for with an OT analysis in which

AGREE[coronal] outranks the relevant IDENT constraints. However, onset-high vowel
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interactions do not result in major alternations of the vowel. Instead, they are shown in the
limited inventory of possible syllables and in alternation of the onset in loanwords. These
interactions cannot be accounted for with an OT analysis using AGREE. It seems then, that if a
phonological or phonetic analysis is a binary choice, and a unified analysis of mid and high
vowels is desired, it cannot be a phonological analysis. The alternative is to propose
coarticulation as the explanation and to explain the apparent categorical nature of the mid vowel
alternations as an effect of the small Mandarin vowel inventory. In the following section, | will
explore VC interactions, and then | will conclude the chapter (and this dissertation) by returning

to the question of phonological versus phonetic explanations.

4.5 Nucleus-Coda interaction

In the previous section, | showed that the onset-mid vowel interaction data could be
accounted for phonologically. If a unified analysis of the mid and high vowels is desired,
however, a phonological account is less convincing. In this section, I will attempt to account for
the vowel-coda interaction data. |1 will begin by exploring a phonological analysis, but will
ultimately consider both phonological and phonetic explanations for the data.

4.5.1 VC interactions in Northern Mandarin

Table 4.19 shows the surface forms of Northern Mandarin vowels in closed syllables.

Table 4.19. The surface forms of NM
vowels in closed syllables

_n 1
mid [3n] [¥n]
low [an] [an]
fil [in] [in] or [j3n]
u/ [wan] [On]

Both the mid and low vowels are more front with the alveolar coda than they are with the velar
coda, but neither vowel is fully fronted with the alveolar coda. The contrast is between back and
central, not back and front. When the high front vowel is combined with a back velar nasal,

sometimes it appears in its usual surface form [i], but in other cases, the complex vowel [ja],
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which moves from high front to mid central, results. When the high back vowel is combined with
the front alveolar nasal, the surface form always contains the complex vowel [wa], which moves
from high back to mid central.

I will attempt an account for the mid and low vowel data first. Since the more front
vowels tend to appear with the front coda, setting aside the DAC model and coarticulation for the
time being, | will begin by exploring the possibility that the VC interaction in the data is
assimilation driven by a highly ranked AGREE constraint. | will start by assuming the Clements
(1991) features and the faithfulness constraints proposed in the previous section. (24)
summarizes the relevant constraints and (25) summarizes the relevant features based on
Clements (1991).

(24) Summary of constraints and rankings based on the Clements features
a. AGREE[coronal](\VC): the nucleus and coda agree in the feature [coronal]

b. IDENT[coronal](obs)>>IDENT[coronal](son.)>>IDENT[coronal](mid), etc.:
the feature [coronal] must not change. Less sonorous segments are more faithful
than more sonorous segments.

(25) Privative place features of relevant segments (Clements 1991)

coronal | dorsal labial
[x] v
[0] v v
[a]
[e] v
[a]
[a] v
[] v
[n] v
[n] v

Despite the fact that these constraints and features worked well for the onset-mid vowel
interactions, both the mid and low vowel + coda data in Table 4.19 immediately pose a problem
for the existing analysis. First, if AGREE[coronal] is the active constraint, then the wrong

surface form is predicted for the mid vowel with the alveolar coda, as the tableau below shows.
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Table 4.20. Surface forms of /xn/ in Northern Mandarin

hnl/ AGREE[cor.](VC) | IDENT][cor.]J(son.) | IDENT[cor.](mid)
a. [¥n] *1
b. 6 [en] *
c. ®[3n] *1 *

In 4.20, the constraint ranking predicts that the candidate with full fronting of /x/ to [&] is the
optimal candidate. The actual surface form [3n] is eliminated because [o] and [n] do not agree in
the feature [coronal], as the feature chart in (25) shows. The same problem exists if the binary
feature [back] is used; [2] is [+back], while [n] is [-back]. There is no existing feature system in
which [a] and [n] agree in all place features. The same is true of [a] and [n] in the rhyme [an].

One way to solve this problem is to change AGREE[coronal](VC) to
AGREE[dorsal](VC).

(26) AGREE[dorsal]
AGREE[dorsal](VC): a vowel and following coda must agree in the feature [dorsal]

Since neither [a] nor [n] is [dorsal] (see 25), [3n] does not violate AGREE[dorsal](\VVC). If the
following constraint ranking is assumed, then the correct surface form is produced, as Table 4.21

shows.

(27) Ranking of AGREE[dorsal] and relevant IDENT constraints
AGREE[dorsal](VC) >> IDENT[cor.](mid) >> IDENT[dorsal](mid)

Table 4.21. Surface forms of /xn/ in Northern Mandarin with the constraints in (28)

henl/ AGREE(dorsal)(VC) | IDENT[cor.]J(mid) | IDENT[dors.](mid)
a. [¥n] *1
b. [én] *| *
c. =[an] *
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In 4.21, the fully faithful [¥n] violates AGREE[dorsal](\VC). The candidate in which the vowel
becomes [coronal] to agree with the coda violates IDENT[cor](mid). The actual surface form is
the winner because it avoids a violation of AGREE[dorsal](\VVC) without changing its [coronal]
designation.

This solution allows for an accurate description of the data, but since OT constraints are
universal, it may make undesirable claims about cross-linguistic tendencies. With the use of both
AGREE][coronal](CV) and AGREE[dorsal](VC), the analysis suggests that CV pairs are more
likely to agree in frontness, while VC pairs prefer to agree in backness. Is this a generalization
that is desirable cross-linguistically? Even more troublesome is the fact that the vowel and coda
are agreeing in their lack of a feature. If assimilation is feature spreading, it is theoretically
unlikely that lack of specification for a feature would spread to an adjacent segment.

In addition, this phonological analysis is based on the assumption that a change from
back to central is a phonologically significant change. In traditional binary features (Chomsky &
Halle 1968), as well as in some autosegmental feature systems (e.g. Sagey 1986), back and
central vowels are not distinguished. The justification for grouping back and central vowels
together is based on the fact that contrasting back and central vowel pairs are rare cross-
linguistically and on the observation that back and central vowels tend to pattern together in
phonological processes. It can be argued, then, that the difference between [¥] vs. [3] and [d] vs.
[&] is not phonologically significant, and alternations from back to central or vice versa should
not be analyzed as a phonological process. Perceptual studies that determine whether native
speakers differentiate [3] and [¥] even when the coda is not present might resolve this question,
but such studies are unfortunately beyond the scope of this dissertation.

Since the mid and low vowels arguably do not undergo a featural change, and any
changes that do occur do not seem to be triggered by the spread of a specific, identifiable feature,
it is reasonable to assume that the vowel-coda interactions are phonetic in nature. The high vowel
data lend support to this claim. One characteristic of coarticulation versus assimilation is that
coarticulation tends to be more gradient in nature. That is, only a portion of the co-articulating
segment may be affected. In the non-agreeing high vowel + coda pairs, a simple vowel often
becomes a complex vowel. When this change in vowel quality occurs, the onset of the vowel
remains unchanged, but the portion of the vowel closest to the non-agreeing coda becomes more

similar to that coda. This partial agreement strongly suggests coarticulation rather than
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assimilation.

4.5.2 VVC interactions in Southwestern Mandarin

The closed-syllable data in Southwestern Mandarin differ from the Northern Mandarin
data. First, with the mid vowel, the velar coda only appears if the onset is labial. The alveolar
coda is possible with the mid vowel and any onset. It is tempting to assume that the backness of
the onset is affecting the backness of the coda, but, as (28) shows, any hypothesis that might

explain the onset-coda relationship is not supported by the data.

(28) Possible explanations of the distribution of velar codas in SWM
a. Hypothesis #1: Back codas pair with back onsets, and front codas pair with front
onsets BUT [k3n] and [x3n] are possible syllables.
b. Hypothesis #2: The labial onsets require a back coda OR labial onsets require a
back vowel, and the back vowel requires a back coda BUT [m3n] and [p3n] are

possible syllables.

It is most likely that the distribution of the Southwestern Mandarin codas in relation to the onsets
is random and not motivated by agreement in backness or place features.

The quality of the mid vowel with the codas, however, follows the same pattern as the
Northern Mandarin data. In Southwestern Mandarin, the mid vowel is slightly fronted to [3] with
the alveolar coda, but it remains back with the velar coda. The high vowels in closed syllables in
Southwestern Mandarin also take the same forms as the high vowels in closed syllables in
Northern Mandarin. For this reason, | will assume that interactions between codas and mid and
high vowels in Southwestern Mandarin are also a coarticulatory process.

The behavior of the low vowel with codas in Southwestern Mandarin is quite different
from the low vowel in Northern Mandarin. (29) shows the surface forms of the low vowel with

alveolar and velar codas in Southwestern Mandarin.
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(29) The surface forms of the low vowel in SWM
a. [a]
b. [&] or [&n]

c. [an] or [q]

The most notable difference is that in Southwestern Mandarin, the low vowel is fully fronted
with the alveolar coda. In my data, the alveolar coda was absorbed in 86% of /an/ utterances.
With the velar coda, the low vowel remains back. The velar coda was absorbed much less often
(20% of utterances). While the behavior of the mid and high vowels with the codas can be
grouped with the Northern Mandarin data into a coarticulation analysis, the behavior of the low
vowel seems much more like a phonological change. The change from back [a] to front [&] can
clearly be captured with a change in phonological features, namely the spreading of the feature
[coronal] from the alveolar coda. Table 4.22 shows that the constraints and rankings proposed

earlier in this section produce the correct surface form for /an/.

Table 4.22. Surface forms of /an/ in Southwestern Mandarin

lan/ AGREE[cor](VC) | IDENTJ[cor](son) | IDENT[cor](low)
a. = [an] *|
b. [&n] *
c. [an] *1

The high ranking AGREE constraint results in the choice of the form in which the low vowel is

fully fronted to agree with the alveolar coda.

4.5.3 Summary of VC interactions

In this section, | have shown that the effects of the coda on all vowels in Northern
Mandarin and on the mid and high vowels in Southwestern Mandarin are lower in magnitude and
cannot be captured with a change in phonological features. Arguably, no phonologically
significant alternations of these vowels are triggered by the coda. Thus, a coarticulation analysis
seems most appropriate. However, in Southwestern Mandarin, codas do trigger phonologically

significant alternations in the low vowel, and these alternations can be accounted for using an
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AGREE[coronal](VC) constraint. | will discuss ways to reconcile these seemingly conflicting
results, along with similarly conflicting results for CV interactions, in the conclusion of this

dissertation.
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CHAPTER 5
CONCLUSION

Descriptions of Mandarin phonology include accounts of what is sometimes referred to as
“Mandarin vowel assimilation.” The accounts and descriptions of this phenomenon vary, but, in
general, published descriptions suggest that mid and low vowels in Mandarin assimilate to
adjacent glides and nasals. In addition, descriptions of Mandarin phonology also point out
limitations on the combinations of sounds, in particular the combination of high vowels with
non-agreeing onsets. All of these descriptions seem to point to the possibility that vowels and
consonants in Mandarin interact. Specifically, the vowels (and possibly the consonants) alternate
in order to agree with an adjacent segment.

The primary purpose of this dissertation was to collect data to provide a detailed account
(supported by acoustic analysis) of vowel-consonant interactions in Mandarin. The data that |
collected and analyzed in this dissertation come from recordings of six speakers of Northern
Mandarin and six speakers of Southwestern Mandarin. The speakers participated in a picture
naming task, in which they pronounced 240 monosyllabic and multisyllabic lexical items in their
native dialects. This resulted in up to 350 unique syllables from each participant. Since Mandarin
has approximately 400 allowable syllables, these recordings included nearly all possible
Mandarin syllables. Thus, it is reasonable to assume that the data are sufficient to provide a full
account of vowel-consonant interactions.

In Chapter 2 of this dissertation, | provided a detailed account of the acoustic analysis.
The acoustic measurements focused on F1 and F2. Since the goal of the research was to
determine to what extent the surface qualities of the vowels are influenced by vowel-consonant
harmony, | compared the normalized F1 and F2 of the vowels in isolation (zero onset, zero coda)
to the normalized F1 and F2 of the vowels in simple onset contexts (CV), complex onset
contexts (C®V), as well as coda contexts CVC and C6VC.

| found that the mid vowel agrees with glide onsets in both Northern Mandarin and
Southwestern Mandarin. For example, the underlyingly back mid vowel is fully fronted to [e]
following [j]. In both dialects, glide onsets had very low magnitude effects on the low vowel. For
example, the low vowel was slightly fronted with [j] in both dialects, but not enough to result in

a change of phonological features.
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In Southwestern Mandarin, the mid vowel agrees not only with glide onsets, but also with
obstruent onsets. For example, the underlyingly back mid vowel is fully fronted to [e] following
[t]. In Northern Mandarin, obstruent onsets have no effect on the mid vowel. In Southwestern
Mandarin, obstruent onsets have minor effects on the low vowel. For example, the low vowel
was slightly fronted with [t] in Southwestern Mandarin.

In both dialects, there are low magnitude effects of coda on the mid vowel. For example,
the underlyingly back mid vowel is partially fronted to [s] with the alveolar nasal coda [n]. The
dialects differ in the effect of codas on the low vowel. In Northern Mandarin, the low vowel is
partially fronted with the alveolar nasal coda [n]. In Southwestern Mandarin, the effect is more
dramatic; the low vowel is fully fronted to [a&] preceding [n]. When high vowels appear with
non-agreeing codas, a complex vowel often results. For example, underlying /i/ is pronounced as
a complex vowel [jo] preceding [n]. A summary of all effects can be found in (11)-(13) of
Chapter 2. In addition, Chapter 3 illustrates all vowel-consonant interaction effects with actual
lexical items from the data.

In the final chapter of this dissertation, | explored both phonological and phonetic
analyses of the data. The goal of that chapter was, first of all, to attempt an analysis that would
not just “work’ as an accurate description of the interactions, but also to explain the interactions.
In writing this dissertation, | originally hoped to determine whether vowel-consonant interactions
in Mandarin were best classified as phonological (assimilation) or phonetic (coarticulation) in
nature, but in examining the full extent of these interactions in both dialects, | have discovered
that, in reality, the line between a phonetic change and a phonological change is not always
easily drawn. These data show a full spectrum of vowel-consonant interaction effects, ranging
from the most minor of coarticulatory adjustments that are noticed only through instrumental
analysis to obvious, large magnitude changes that can be straightforwardly analyzed as
allophonic variation. In the points below | will provide just a few examples to illustrate the full

range of the interactions.
e The mid vowel in Southwestern Mandarin undergoes a change in segment from /o/ to [e]

following palatal and alveolar onsets. This alternation can easily be analyzed
phonologically as a spreading of the feature [coronal].
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In Northern Mandarin, the mid and low vowels are partially fronted from back to central
when followed by an alveolar coda. This change is noticeable without instrumental
measurements, and acoustic analysis shows significant differences in the F2 of the
vowels. However, back versus central vowels are rarely distinguished phonologically. In
addition, even if features are chosen that differentiate back from central, there is no
identifiable phonological feature in the alveolar coda that is spreading to the vowel to
produce partial fronting. Thus, this alternation can be described using phonological
features, but it is not motivated by the spread of an identifiable feature and cannot be
analyzed phonologically as assimilation.

In Southwestern Mandarin, the alveolar coda triggers partial fronting of the mid vowel
similar to what is described above for Northern Mandarin, but the low vowel followed by
the alveolar coda is fully fronted to [a&]. This alternation in the low vowel can easily be
analyzed phonologically as a spreading of the feature [coronal], but a unified analysis of
mid and low vowels is impossible.

In both dialects of Mandarin there is a slight fronting of the low vowel when it follows
palatal onsets. This fronting is not noticeable to the naked ear. Analysis of F2 values
show statistically significant differences, but this change certainly cannot be analyzed
using any existing phonological features. However, the change is still clearly motivated

by interaction with an adjacent segment.

In my opinion, these examples and many other similar examples from the data suggest that
“phonetic” versus “phonological” is best represented as a continuum rather than a dichotomy. All
of the data analyzed in Chapter 4 can be generalized as an interaction between two segments in
which one segment influences the tongue position (or lip position) of the other segment. Based
on the definitions that | have suggested, the only difference between a phonetic interaction and a
phonological interaction is whether or not the change in the position of the articulators is drastic
enough to represent a change in features. It is possible that the degree of change is influenced by
other characteristics of the language. For example, the Steinlen (2005) research outlined earlier
in this chapter suggests that the degree of coarticulation is affected by the size of the sound
inventory. In the case of the interaction of Mandarin mid vowels with onsets, the small Mandarin

vowel inventory may allow for a greater degree of coarticulation, so great a degree, in fact, that if
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coarticulation and assimilation are on a continuum, the onset-mid vowel interaction may seem to
cross the line between “phonetic” and “phonological.” Similarly, the interaction between the
Southwestern low vowel and the codas may also cross that line. In Southwestern Mandarin, the
alveolar coda is deleted (or absorbed) in the vast majority of utterances. It is possible that the
deletion of the alveolar coda has motivated a greater degree of fronting in the /an/ context, so that
the low vowel with an absorbed alveolar coda can be more easily distinguished from the low
vowel with a velar coda. This greater degree of fronting to compensate for the absorbed alveolar
coda causes the interaction to cross the elusive line between “phonetic” and “phonological.”

I began this dissertation with the intention of choosing either a phonological assimilation
analysis or a phonetic coarticulation analysis for the vowel-consonant interactions in the two
dialects of Mandarin. 1 am concluding, however, that assimilation is simply a more advanced
degree of coarticulation, and that the line between the two may be more arbitrary than we like to
believe. All of the interactions in these data can be explained as an interaction in which the
articulator position (specifically the positon of the dorsum) influences the articulator position of
the adjacent segment. Whether that interaction is described as “phonological” or “phonetic”
depends entirely on one’s definition of those two terms. Rather than attempting to draw a line
between “phonological” or “phonetic,” | suggest that phonologists and phoneticians work to
determine why some sound interaction effects are large in magnitude and can easily be

represented with distinct phonological features while other similar effects are much more subtle.
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