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ABSTRACT

Lexical tones in tone languages have been found
to coarticulate with ambient tones, and speakers
are observed to normalize for such coarticulation.
Beijing Mandarin is one of the examples. In
languages with larger tone inventories, however,
the recoverability of the target tones is lower,
and faithful comprehension of coarticulated tones
based solely on normalization may be less likely.
In this study, perception of coarticulated tones
in Taiwan Mandarin and Taiwan Southern Min
is investigated. It was revealed that compared
with Taiwan Mandarin, Taiwan Southern Min tones
induced much less normalizing effects. Crucially,
Taiwan Southern Min was found to have stricter
tone boundaries than Taiwan Mandarin, presumably
allowing for effective tone perception under tonal
coariculation despite the larger tone inventory and
a lower degree of normalization. This study sheds
light on the perception strategies of coarticulated
tones in languages with tone inventories of different
sizes and the nature of tonal coarticulation.

Keywords: tone perception, normalization, tonal
coarticulation, Taiwan Mandarin, Taiwan Southern
Min.

1. INTRODUCTION

Lexical tones in tone languages are ideally
distinguished with their tone values and shapes. In
real-world communication, however, the production
and perception of tones is highly variable, subject
to factors including prosody [1], syllable duration
[2], and tonal coarticulation [1, 3, 4, 5, 6, 7]. In
this study, we focus on the last factor, i.e., tonal
coarticulation, where a target tone’s pitch value
and/or pitch contour varies owing to preceding
and/or following tones, to the extent that it
might be acoustically similar to another lexical
tone. Specifically, we focus on the perception of
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coarticulated tones in Taiwan Mandarin (TM) and
Taiwan Southern Min (TSM).

Lexical tones are known to coarticulate with
ambient tones [1, 3, 4, 5, 6, 7, 8], and such
coarticulation has been found to be perceptible to
the speakers [1, 4, 6, 9], and could influence tone
perception [4, 6, 9]. For example, in Beijing
Mandarin (BM), [4] found that changing ambient
tones could affect the identification accuracies of
the target tones. The possible confusion of tone
perception caused by such variation has been found
to be dealt with by means of normalization in BM [4,
9], where the target tones were perceived as higher
when preceded by lower tones, and vice versa. This
mechanism therefore serves to aid the perception of
coarticulated tones in BM.

However, while such normalization is possible
in BM and presumably TM, which have only
four lexical tones, normalizing effects as strong
would be less probable in languages with larger
tone inventories, such as TSM, with the lower
recoverability [10] led by the larger number of
potential target tones.

Logically, there could be three types of languages
pertaining the perception of coarticulated tones. One
would have no tonal coarticulation, and therefore
does not require any further mechanism. The other
two, with their tones coarticulated, would have to
develop strategies to deal with such coarticulation.
One possibility is to have looser tone boundaries,
and for the listeners to accept coarticulated tones as
other tones, and then retrieve the speakers’ intended
tones through normalization. The other is to have
stricter boundaries, and reject coarticulated tones as
other lexical tones. These languages are referred to
as Type 111, I and II languages hereafter, as illustrated
in Fig. 1. Under this account, BM, and likely TM,
would be Type I languages. A complete reliance
on normalization to resolve the possible confusion
of coarticulated tones is however less likely for
TSM, since normalization in a language with a large
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Figure 1: Three kinds of languages with reagrd to

tone perception under tonal coarticulation.
tone inventory would be more difficult as mentioned
previously. On the other hand, it has also been found
that while TSM has more lexical tones than TM,
it has identical magnitude of tonal coarticulation as
TM [11]. On this account, one may predict that
TSM is more likely a Type II language, which has
to maintain a stricter tone boundary in order for the
coarticulated tones to not be perceived as other tones.

Since previous studies on the perception of

coarticulated tones in TM and TSM are sparse and
inconsistent, and no direct comparison between the
two languages could be found, this study aims
to provide a systematic comparison of the two
languages. Crucially, this study seeks to find out:

» whether linguistic differences exist between the
degrees of normalization for coarticulated tones
in TM and TSM.

» if TSM has weaker normalizing effect, how
else TSM speakers could cope with the higher
probability of perceptual confusion.

2. PERCEPTION OF COARTICULATED
TONES IN PREVIOUS STUDIES

2.1. Perception of coarticulated tones in BM

In general, while no studies of TM could be found,
past studies generally found coarticulated tones
to be perceptible by the listeners in BM. In [4],
swapping of ambient tones was found to affect
the identification of target tones. Target tones
were perceived with higher accuracies in compatible
positions than in conflicting ones. Coarticulated
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tones were therefore hypothesized to be perceived
through normalization. = A more direct result
supporting such stipulation was borne out in [9],
where the low-tone-falling-tone boundaries were
found to be higher when the ambiguous target tones
were preceded by lower FO offsets, and vice versa.

2.2. Perception of coarticulated tones in TSM

Tonal coarticulation was also found to be perceivable
in TSM, and certain normalizing effects seemed to
be present. In [1], subjects could predict truncated
target tones with its ambient tones above chance
rates, and in [6], target tones were found to be
perceived as lower when preceded by higher FO
offsets, and vice versa. The audios were however not
processed, and therefore the acoustic cues other than
FO might have given hints to the subjects in these two
studies.

2.3. Sectional summary

While normalizing effects seemed to be found
in both BM and TSM, no previous research of
TM was conducted. Crucially, a quantifiable and
consistent design would be required to make a direct
comparison between the two languages.

3. METHODS

Two experiments were conducted in this study. The
first was a replication of [9], where the magnitude of
normalization of tonal coarticulation was measured.
The second was a word-non-word test, aiming to
examine the subjects’ strictness on tone boundaries.

3.1. Experiment 1

Experiment 1 measures the normalization effect for
tonal coarticulation in TM and TSM. Following the
design of [9], a continuum from low-level tone to
falling tone preceded by tones of different pitch
levels of offsets were synthesized into disyllabic
stimuli, and subjects were asked to judge whether
they heard a low-level tone or a falling tone. If
normalization was at work, different pitch levels of
preceding offsets should render different thresholds
of low-level tone/falling tone judgement.

3.1.1. Participants

This study recruited 43 Taiwanese college
students as participants (25 females; 20-27
y.0., mean=21.93). 15 of them were native speakers
of TM. These subjects were not speakers of TSM.
28 of them were native speakers of TSM (and






