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ABSTRACT

This study investigates preboundary lengthening (PBL)
in Mandarin Chinese by exploring kinematic variation of
Lip Aperture conditioned by boundary, focus, and
lexical tones. Results showed that the lip opening and
the following hold duration of CV words were longer
phrase-finally, but in interaction with prominence.
Under focus, PBL came with slower velocity with no
spatial expansion, but under no focus, PBL came with
spatial expansion but no slowing-down. This suggests
that in the absence of focus-induced hyperarticulation,
PBL comes with both temporal and spatial expansion,
possibly counteracting a slowing-down effect. PBL also
interacted with lexical tones. Compared to simplex
Tonel, PBL was much more robust for Tone3 (low-
dipping) and Tone4 (falling) with further augmented
PBL for Tone3 under focus, presumably to make
sufficient room for realizing their tonal complexity.
These results imply that PBL is modulated by the
phonetically-driven phonological needs for maximizing
tonal contrast when licensed by prosodic structure.
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1. INTRODUCTION

Preboundary lengthening (henceforth PBL) refers to a
temporal expansion of phonological units at the right
edge of a prosodic domain [4,12,19]. As a near-universal
phonetic phenomenon, PBL is unequivocally realized
across many languages as temporal lengthening in the
acoustic domain, but its detailed articulatory
manifestation and its scope are known to be language-
specifically modulated by other higher-order linguistic
factors [17,18,22,25].

The phonetic realization of PBL is known to be
gradient in nature, with its effect strongest when closest
to the boundary and more robust before a larger
boundary than a smaller one [12,16,17,18,22]. Within
the framework of Articulatory Phonology [2,14], these
characteristics of PBL have been understood with the -
gesture model [3,4,7]. The m-gesture is a non-tract
variable prosodic gesture that does not have a specified
constriction degree and location of its own but overlaps
with segmental constriction gestures. The m-gesture is
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assumed to modulate the rate of clock and control the
realization of articulatory movements. As a consequence,
articulatory gestures are realized with a longer, slower,
and in some languages, spatially larger movement under
a stronger influence of the n-gesture (i.e., at a stronger
boundary) than when not [3,4,15]. In addition, its effect
is the strongest at the juncture and gradually wanes
across gestures even within a syllable in proportion to its
distance from the boundary. The present study
investigates the kinematic characteristics and the scope
of PBL of monosyllabic CV words in Mandarin Chinese
by examining the lip closing and opening gestures at the
phrase-final and phrase-medial positions.

The investigation of PBL in Mandarin is particularly
interesting, given the accumulating crosslinguistic
evidence that the detailed manifestation of PBL is
modulated by the prominence system of language
[16,18,22,24]. In English, for example, PBL was not
only realized on the final syllable regardless of stress,
but also on a non-final stressed syllable [24]. PBL was
further affected by phrase-level prominence in English,
being modulated by the degree of prominence [18]. The
interaction between PBL and the language-specific
prominence system was also found with Japanese, a
lexical pitch-accent language, and with Korean, an edge-
prominence language without lexical level prominence,
although no further interaction between PBL and phrase-
level prominence was found in either language [16,22].
In order to further our understanding of the fine-grained
kinematic realization of PBL and its interaction with
language-specific prominence system, the current study
focuses on how lexical tone system and phrase-level
prominence in Mandarin interact to affect articulatory
manifestation of PBL.

Mandarin has four lexical tones which are specified
with different tonal targets [5,11]: a High-level tone (T1),
a Low-High rising tone (T2), a Low-dipping tone (T3),
and a High-Low falling tone (T4). There is a close
correlation between contour-bearing ability and intrinsic
duration of tone [26]: a longer duration is required when
a tone has more pitch targets, a greater excursion, or a
rising pitch excursion. Considering that each tone has
distinctive tonal targets and intrinsic temporal structure,
a question arises as to how PBL may be modulated by
lexical tones in Mandarin. On the one hand, complex
tones with more tonal targets would require more time
to manifest phonological contrasts compared to simplex
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tones. Thus, one might expect a greater PBL effect for
complex tones than for simplex tones. On the other hand,
since lexical contrasts should be maintained through
distinctive lexical tones both phrase-finally and phrase-
medially, both complex and simplex tones may still be
produced with a similar degree of PBL when phrase-
final relative to when phrase-medial.

The present study also examines the effects of focus-
induced prominence on PBL and lexical tones to explore
whether and how the assumed interaction between
lexical tones and PBL may be further conditioned by
prominence. In particular, given that a boundary-related
strengthening effect on tonal realization could be
masked by the presence of tonal hyperarticulation under
focus, testing the focus factor may further inform us
whether and how the assumed contrast maximization of
tones associated with PBL becomes more or less evident
in the presence or absence of focus [7,8,10].

2. METHOD
2.1. Participants and procedures

Twelve native Mandarin speakers (6 females, 6 males,
Mage = 25.2) participated in this study. They were born
and raised in Northern China and had resided in Korea
for fewer than 3 years at the time of recording. Two CV
sequences (/pa/, /ma/) were recorded across four lexical
tones. Each target word was embedded in a carrier
sentence that was an answer to a question in a mini
dialogue where Boundary (IP-medial vs. IP-final) and
Focus (UnFoc vs. Foc) conditions varied, as in Table 1.
Table 1: Examples of target words in carrier sentences. Target words
are underlined and italicized, and focused words are in bold. “#”

represents an IP boundary. A number after each word indicates the
lexical tone of the word (e.g., | = Tonel).

Boundary Focus Example sentences

A: [ maol mil pal pi4 synd ma? ]
Does Cat EIGHT win?
B: [pud]#[ mal mil pal pi4 syn4.]
No. Mommy EIGHT wins.
A: [ malmil tal pi4 syn4d ma? ]
Does Mommy BUILD win?
B: [pud]#[ malmil pal pi4 syn4.]
No. Mommy EIGHT wins.
A: [ ni3 ts"ul mavl mil pal ma? ]
Do you play Cat EIGHT?
B: [pud]#[udo3ts"ul mal mil pal ]# [pidswndpa?]
No. | play Mommy EIGHT. Must win, right?
A: [ni3ts"ul malmiltal ma?]
Do you play Mommy BUILD?
B: [pud]#[ud3ts"ul malmil pal ]# [pidswn4dpa?]
No. | play Mommy EIGHT. Must win, right?

UnFoc

IP-medial

UnFoc

IP-final

Foc

During the recording, the speakers were presented
with a mini dialogue written in Chinese on the top of a
computer screen, along with two picture cards (Fig.1).
Next to the picture on each card, a monosyllabic word
was displayed in Chinese. The target word (/ma/ or /pa/)
was always on a card with a picture of a mommy,
marked by a red seal. The combination of a picture and
the target word yielded critical sequences such as
/mavlmil pal/ (‘cat eight’), /malmil pal/ (‘mommy
eight’), and /malmil tal/ (‘mommy build’). A target
word (e.g., pal) was followed by either an IP boundary
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(IP-final condition) or an IP-medial word boundary (IP-
medial condition). In the focused condition, the target
word on a mommy card was contrasted with a word on
another mommy card, given in the prompt question (e.g.,
‘mommy build /tal/’ vs. ‘mommy eight’ /pal/, Fig 1b).
In the unfocused condition, the picture words were
contrasted in the question-answer pair (e.g., ‘cat eight’
/pal/ vs. ‘mommy eight’ /pal/, Fig.1a), such that the
target word was unfocused.

(a) IP-medial unfocused (b) IP-final focused

A P/ Uisptn?

B 7, $EBR/ i

A REISTRED? B: 7R, FHIER/\, LR

[ni3 ts"ul mal mil tal ma?]  [pud] # (123 ts"u1 mal mil pal # [pid svn4 pa?]
Do you play Mommy BUILD?  No. | play Mommy EIGHT, Must win, right?

[mao1 mil pal pid svn4 ma?] [ pud] # [mal mi1 pat pid svd.]
Does Cat EIGHT win? No. Mommy EIGHT wins.

Figure 1: An example of the visual prompts used in the designed card
game. Displayed in the right mommy card is a target word (pal,
‘eight’).

The experiment was conducted at Hanyang Institute
for Phonetics and Cognitive Sciences in Seoul. The
articulatory data were obtained by using EMA
(Electromagnetic Articulograph, Carstens AG501) with
a sampling rate of 250 Hz. Acoustic data were recorded
simultaneously with the articulatory data, with a Tascam
US-4x4 audio interface and a SHURE KSM44A
microphone at a sampling rate of 44 kHz. In total, 1920
tokens were collected: 2 CV sequences x 4 lexical tones
x 2 boundaries x 2 focus conditions x 5 repetitions x 12
speakers. Thirty-five tokens with unintended prosodic
renditions were excluded, leaving 1885 tokens for
further data analysis.

2.2. Measurements and Statistical analysis

Articulatory data of lip movements were analyzed using
a MATLAB-based software MVIEW [23]. Lip aperture
was calculated using the Euclidean distance between the
two sensors attached to the upper and lower lips. The
gestural landmarks were identified based on the velocity
profile, and seven kinematic measures for lip closing and
opening gestures of CV were taken as follows
(schematized in Fig. 2).

(1) movement duration: duration from onset to target (ms)

(2) hold duration: duration from target to release (ms)

(3) formation duration: duration from onset to release (ms)

(4) time-to-pkvel: duration from onset to peak velocity (ms)

(5) movement displacement: displacement from onset to target (mm)

(6) maximum displacement: displacement from onset to max constriction (mm)
(7) peak velocity: the highest velocity during lip movements (cm/sec)
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Figure 2: Schematized trajectories of lip closing and opening
movements with kinematic landmarks and temporal-spatial measures.






