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ABSTRACT

This study investigates the geographical distribution
of pronunciation variation of voiceless dental and
retroflex sibilants in Taiwan Mandarin. Previous
studies indicated that the merging of the two sibi-
lants is geographically dependent [17, 6]. How-
ever, the geographical effects in these studies are
not easy to interpret due to the limited number of
speakers and regions. For the current study, we
recruited 331 native speakers of Taiwan Mandarin
from 120 regions in Taiwan. In a picture-naming
task, 30 dental/retroflex-initial words were elicited
from each speaker. The data were analysed with
Generalized Additive Mixed models [26]. The anal-
ysis revealed a robust effect of geographical loca-
tion, with merging being less common in metropoli-
tan cities as compared to the surrounding areas.
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1. INTRODUCTION

When one language comes into contact with another,
changes in one or both languages inevitably occur
[21]. These contact-induced changes can be ob-
served at various linguistic levels, and phonological
or phonetic change is usually one of the phenom-
ena that are most likely to happen [19]. The issue of
how the sound systems of two contact languages in-
teract with each other is sociolinguistically interest-
ing, because social factors often play a crucial role
in determining how sounds change [15]. This study
examines the variation of sibilant merging in Taiwan
Mandarin from a sociolinguistic perspective.

Taiwan is a highly bilingual society. In addition
to the official language Mandarin, the majority of
people in Taiwan speak an additional substrate lan-
guage. As more than 70% of the people in Tai-
wan are ethnically Min, most people in Taiwan are
Mandarin-Min bilinguals [9]. The extensive contact
between the two languages has caused the sound
system of Mandarin to be substantially influenced

by Min [14, 11]. One of the well-documented pho-
netic variations in Taiwan Mandarin is the merging
between dental and retroflex sibilants.

In Mandarin there are three pairs of voiceless
dental and retroflex sibilants, including the frica-
tives /s/ and /ù/, the affricates /ts/ and /tù/, and
the aspirated affricates /tsh/ and /tùh/. Min, on
the other hand, has the same three dental sibilants
but none of the retroflex counterparts. The ab-
sence of retroflexes in Min is commonly consid-
ered as the cause of deretroflexion (i.e., producing
less retroflexed sibilants or even no retroflexes) in
the speech of Mandarin-Min bilinguals [14, 11, 7].
Deretroflexion results in neutralization of the two
sibilants in Taiwan Mandarin. This merging phe-
nomenon has been extensively studied in relation to
various social factors. For example, males tend to
have a higher degree of sibilant merging than fe-
males [23, 12], and merging is more frequently ob-
served in spontaneous speech than read speech [18].
Other social predictors that show an effect on the de-
gree of merging include age, educational level, and
socio-economic status [17, 18].

One aspect of the merging variation that has not
yet been fully explored is its geographical distribu-
tion. The lack of interest in the geographical effect
on sibilant merging might be due to the fact that
such effects are highly correlated with the influence
of Min. Higher frequency or proficiency of Min
usually leads to more severe merging [17, 18, 20].
Since Min frequency of use and Min proficiency is
geographically determined, with more Min use and
higher Min proficiency in the south than in the north
[1, 10], it is therefore often assumed that sibilant
merging follows the same geographical distribution
as frequency or proficiency of Min. To the best of
our knowledge, only two studies so far have directly
addressed this issue [17, 6]. Although the findings
of these studies are generally consistent with the as-
sumed geographical effect, the numbers of partici-
pants and locations in both studies are however lim-
ited: Lin [17] recruited 45 participants and divided
them into Taipei (the capital) and non-Taipei groups,
whereas Chuang [6] examined 15 speakers from ei-



ther Taipei or Kaohsiung (the biggest city in the
south). Given the small sample size in these studies,
a more comprehensive and larger-scale investigation
is necessary.

The goal of this study is to examine how the merg-
ing variation between dental and retroflex sibilants
in Taiwan is geographically distributed. Instead
of dividing speakers into separate location groups,
we quantify geographical location by measuring the
longitude and latitude of the region for each speaker.
We then use Generalized Additive Mixed models
(GAMM) [26] to model the non-linear interactions
between them, following the approach of Wieling et
al. [24] and Wieling et al. [25]. It is hypothesized
that if the geographical effect coincides with the
effect of Min influence, merging should aggravate
from the north to the south. On the contrary, if the
geographical effect is inconsistent or at odds with
the effect of Min influence, a different geographical
distribution of the merging variation should emerge.

2. METHODS

2.1. Participants

A total of 331 native speakers of Taiwan Mandarin
(194 males and 188 females) that are ethnically Min
were recruited for the experiment. The age of the
participants ranged from 18 to 30 (mean = 22.16).
The geographical location of each participant was
coded according to self-reported residential infor-
mation, and was operationally defined as the place
where the participant had lived for the longest pe-
riod of time before the age of 18. In total 120 distinct
locations were identified.

Figure 1 presents the geographical distribution of
the participants in this study, along with the popu-
lation size of each city coded in the background1.
As can be seen, the population density is higher in
the west of Taiwan. This is due to the fact that the
east of Taiwan predominantly consists of mountain-
ous areas. The major cities in the west of Taiwan
are Taipei, Taichung, and Kaohsiung, respectively.
Consistent with the population distribution, 67% of
our participants were from these three major cities.
Almost half of them (48%) were from Taipei, where
the data were collected.

2.2. Materials and procedure

Thirty dental/retroflex-initial Mandarin words (fif-
teen each) were selected. Eight of the words start
with fricatives (/s/ or /ù/), ten start with affricates
(/ts/ or /tù/), and twelve start with aspirated affricates
(/tsh/ or /tùh/). Moreover, thirteen words have their

Figure 1: The geographical distribution of popu-
lation in Taiwan, and the participants in this study.

initial sibilants followed by rounded vowels. For the
rest of the words, the sibilants are followed by un-
rounded vowels. Except for the initial position, no
dental or retroflex sibilants occur in the rest of the
words. Another set of thirty words were selected and
included as fillers. These filler words do not contain
any dental or retroflex sibilants.

We conducted a picture-naming task to elicit sibi-
lant production. The pictures of all sixty words
were presented in a sequential manner. Participants
were asked to name the pictures naturally and spon-
taneously. Whenever the identification of a picture
was not successful, the experimenter would provide
oral hints to elicit the correct production. When
the production of a word was unclear or accompa-
nied by other vocal activities such as laughing or
swallowing, repetitions were requested. All partici-
pants filled in a language background questionnaire
about their residential history and language use. On
a likert-scale from one to seven, they self-rated their
fluency in Min and the frequency of using Min.

2.3. Acoustic measurement

To quantify sibilant realizations, we adopted the
measurement of centroid frequency (henceforth
CenFreq), a reliable measure for distinguishing
different places of articulation for sibilants [13].
Specifically for studying the dental-retroflex distinc-
tion in Mandarin, CenFreq is widely used to measure
their realizations as well [12, 16, 5].

For each sibilant, the frication part was manually
labeled at zero-crossing boundaries. We then took a
30 ms spectral slice in the middle of each frication.
Given that the realization of aspirated affricates in-
cludes aspiration, the middle part of an aspirated af-
fricate could potentially coincide with aspiration. To
prevent this, the 30 ms spectral slice of the two as-



Figure 2: The distribution of centroid frequency
(Hz) of dental and retroflex sibilants in this study.
The dashed lines indicate the respective means.

pirated affricates was taken from the first half of the
sibilant realization. We filtered out frequencies be-
low 1000 Hz before computing CenFreq. All label-
ing and measuring was done in Praat [4].

CenFreq is negatively correlated with the length
of the front cavity prior to the constriction point. A
more dental production results in higher values of
CenFreq, whereas a more retroflex production gives
rise to lower values of CenFreq. The distribution
of CenFreq for dental and retroflex sibilants is pre-
sented in Figure 2, which plots the CenFreq distri-
bution of dental and retroflex sibilants in this study.

3. RESULTS

In total 11,364 sibilant tokens were collected, with
repetitions included. The data of eight partici-
pants were excluded, because the corresponding ge-
ographical regions were outliers in the current data
set (six from Penghu, one from Kinmen, and one
from Taitung, see Figure 1). Tokens that were pro-
duced with too short frication, with wrong pronunci-
ation, and with accompanying vocal activities were
excluded prior to analysis (about 4%). This left us
with a total of 10,616 sibilant tokens, 5,262 of which
are dentals and 5,354 are retroflexes.

3.1. Min proficiency and frequency of use

We first examined whether our participants’ Min
proficiency and frequency of use follows the same
geographical distribution as described in previous
studies [1, 10]. As rating is a measure of ordinal
scale, we thus fitted an ordinal GAMM [3] to Min
proficiency ratings, with gender and the non-linear
interaction between longitude and latitude as predic-
tors. Results showed that while the effect of gender
did not reach significance (p = 0.68), there was how-
ever a tendency suggesting the geographical effect
on Min proficiency (p = 0.058). As can be seen in
Figure 3, Min proficiency varies along the latitudi-
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Figure 3: Geographical variation of Min fluency.

nal scale, which gradually increases from the north
to the south. This pattern of results confirms that
speakers in the south speak Min more fluently than
speakers in the north [10].

For Min frequency of use, we fitted another ordi-
nal GAMM with the same predictors. However, nei-
ther the effect of gender, nor the effect of geograph-
ical location reached significance in this model. We
suspect that the absence of the geographical effect
is due to the fact that we collected the data in one
location (Taipei). This may have led to a similar fre-
quency of Min use among our speakers.

3.2. Sibilant merging

To examine geographical effects on sibilant merg-
ing, we again used a GAMM. The residuals of a
canonical GAMM, however, violated the normality
assumption. We therefore used a quantile GAMM
[8] instead to relax such a restriction. We mod-
eled the degree of sibilant merging by substract-
ing the non-linear interaction between longitude and
latitude for dentals from the corresponding interac-
tion for retroflexes. We added gender and vowel
context (rounded/unrounded) as fixed-effect control
variables. Finally, we included by-participant and
by-word random intercepts into the model.

The model revealed significant effects for both
gender and vowel context (gender: p < .001; vowel
context: p < .0001). As expected, CenFreqs were
lower for males (due to longer vocal tracts). In
addition, the following rounded vowels also led to
lower CenFreqs (as lip protrusion lengthens the vo-
cal tract). The interaction between gender and vowel
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Figure 4: Geographical variation of sibilant
merging. The three red points indicate the city
centers of Taipei, Taichung, and Kaohsiung.

context was significant as well (p < .001), suggest-
ing an asymmetrical lowering effect of the rounded
vowel context for male and female speakers.

Crucially, geographical location influenced sibi-
lant merging to a considerable extent (p < .00001),
the effect of which is presented in Figure 4. With
the geographical effect of dentals being controlled
for, high CenFreqs (less retroflexed pronunciation)
of retroflexes indicate a higher degree of merging
(coded by warm colors), while low CenFreqs indi-
cate a lower degree of merging (coded by cold col-
ors). In contrast to the geographical pattern of Min
fluency (see Figure 3), merging does not increase
latitudinally. Instead, the degree of merging seems
to be determined more by the degree of urbanization.

In Figure 4, we mark the urban areas of the three
major cities (Taipei, Taichung, Kaohsiung). As can
be seen, the degree of merging is relatively consis-
tent in the three urban areas. Outside these areas,
the merging situation is more variable. Generally
speaking, the degree of merging increases when one
moves away from the three metropolitan cities. The
only exception to this pattern of results is a decrease
of merging on the eastern side of Taichung (the blue
area in the center of Figure 4). A closer examina-
tion of the data revealed that to the east of Taichung,
there are only two female speakers, both of whom
happen to be very retroflexed speakers. One of them
is actually the most retroflexed speaker among all
our participants. It is thus suspected that the de-
creased merging in this area may primarily be driven
by speaker idiosyncrasy.

4. GENERAL DISCUSSION

This study investigated the geographical variation of
the merging between dental and retroflex sibilants in
Taiwan Mandarin. Different from previous studies
where only limited number of speakers and locations
were examined [17, 6], a larger group of speakers
from more evenly distributed geographical locations
was recruited for this study. In addition, by quanti-
fying geography with longitude and latitude, we ex-
amined sibilant merging in a two-dimensional space.
Such a method provided us with a clearer picture of
how variation is distributed and propagated both ver-
tically and horizontally.

One major finding of this study is that merging
variation is, to a large extent, independent of the
influence of Min: pronunciations of speakers with
a higher proficiency in Min do not necessarily un-
dergo more extensive merging. Instead, the results
reported here suggest that the degree of merging is
strongly tied to urbanization. Generally speaking,
merging is relatively uncommon in urban areas, and
the degree of merging increases in the surrounding
suburban or rural regions. This result is reminis-
cent of Trudgill’s gravity model [22], which states
that the diffusion of a given linguistic change is de-
pendent on population size. Thus change is usually
spread to big cities first and from there it gradually
diffuses to smaller ones. Although whether or not
sibilant merging originates in the big cities in Tai-
wan remains an empirical question, a diffusion pat-
tern is clearly observed. The gravity model, how-
ever, does not explain why more merging is found
outside the cities, instead of inside the cities, as it
would have predicted that cities are the center of
variation and change.

One potential explanation for the current pattern
of results is provided by Auer and hinskens [2].
They noted that big cities are typically more ethni-
cally and culturally diverse. Multi-dialectal interac-
tions can speed up dialect leveling, sometimes lead-
ing to the formation of regional standard varieties.
Applying this idea to Taiwan Mandarin, it is possible
that a regional standard variety is currently develop-
ing in the big cities and that a more retroflexed (i.e.,
less merged) sibilant realization is one of its fea-
tures. A clear prediction following from this hypoth-
esis is that the geographical distribution of merging
variation should be sensitive to the age of speakers,
with an attenuated effect of urbanization for older
speakers as compared to younger speakers. To test
this hypothesis, future studies examining geographi-
cal effects on sibilant merging for speakers from dif-
ferent age groups are necessary.
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