Pauses and Pause Fillers in Mandarin Monologue Speech: The Effects of Sex
and Proficiency

Jiahong Yuan', Xiaoying Xu®, Wei Lai', Mark Liberman'

! University of Pennsylvania
? Beijing Normal University

jiahong@ldc.upenn.edu, xuxiaoying2000@bnu.edu.cn, weilai@sas.upenn.edu, myl@ldc.upenn.edu

Abstract

In this study, we investigate the use of pauses and pause fillers
in Mandarin Chinese. Our analysis is based on 267 spoken
monologues from a Mandarin proficiency test. We identify
two basic pause fillers in Mandarin: e and en. We find that
males use more e than females, but there is no difference
between them on the frequency of en. Therefore, the
proportion of nasal-final pause fillers is higher in female than
in male speakers, as was found in the studies of Germanic
languages. Proficiency, on the other hand, does not affect the
frequency of either e or en. With respect to the use of unfilled
pauses, both sex and proficiency have a significant effect.
Males and less proficient speakers use more medium and long,
but not brief, pauses. Males tend to speak faster than females,
they have a shorter en, but there is no difference between the
two sexes on the duration of e. Un-proficient speakers produce
shorter pause fillers, both e and en, than proficient ones.
Finally, en is longer than e, it also precedes and follows a
longer pause than e.

Index Terms: pauses, pause fillers, disfluency,
proficiency, Mandarin Chinese

1. Introduction

Pauses are an important part of human speech [1-2].
According to various studies, the amount of pause time, as a
percentage of the total speaking time, is between 5% and 20%
in read speech, and between 30% and 46% in spontaneous
speech (see review in [3]). Pauses may be filled with hesitation
markers including both lexical (e.g., like and you know in
English) and non-lexical items (e.g., uh and um in English). In
this paper, we use the term pauses specifically for unfilled
pauses (i.e., silent intervals), and the term pause fillers for
non-lexical hesitation markers.

Pauses occur in connected speech for a number of reasons
including physical, socio-psychological, communicative,
linguistic and cognitive causes [4]. The acoustic silences that
are a direct result of articulatory processes (e.g., stop closure)
are normally not considered as a pause. A common practice in
the literature is to exclude those silent intervals by choosing a
minimum cut-off point somewhere between 100 and 300
milliseconds, although there has been a longstanding debate
about the threshold [5-7]. Campione and Véronis (2002)
analyzed pauses in 5% hours of read and spontaneous speech
in five languages [8]. They found that the distribution of
pauses appears as trimodal, suggesting a categorization in brief
(< 200 ms), medium (200-1000 ms), and long (>1000 ms)
pauses.

Pause frequency and duration have been examined in
terms of linguistic and social factors. It has been shown that
there is a strong correlation between syntactic and prosodic
complexity and pause duration [9-10]. Kendall (2009) showed
that region, gender and ethnicity have significant influences on
pause duration, and males tend to use longer pauses than
females [11]. Clopper and Smiljanic (2011) showed that
Southern male speakers use more pauses per intonation phrase
(IP) than Southern female speakers and Midland speakers
(both male and female) [12].

Like pauses, pause fillers have also been examined in
terms of linguistic and social factors in the literature. Modern
Germanic languages have two common pause fillers: a neutral
vowel in an open syllable and a neutral vowel followed by a
final bilabial nasal [13]. In American English they are
generally written as uh and um. Clark and Fox Tree (2002)
found that um was followed by pauses both more frequently
and longer than u/, suggesting that the two pause fillers have
different functions, i.e., they are used to announce the start of
what are expected to be a minor (uh) or longer (um) delay
[14]. Wieling et al. (to appear) investigated pause fillers in
various Germanic languages and dialects through a
quantitative analysis of a range of spoken and written corpora.
They found that the use of um increased over time relative to
the use of uh, and that the change is generally led by women
and more educated speakers [13]. Tottie (2011) found that
men, older people and educated speakers use more fillers than
women, younger speakers and less educated speakers, and um
is used more often by women, young speakers and more
educated speakers [15]. Shriberg (2001) also reported that men
used more filled pauses than women [16]. Laserna et al.
(2014), however, found that filled pauses were used at
comparable rates across genders and age, whereas discourse
markers (I mean, you know, like) were more common among
women, younger speakers, and more conscientious speakers
[17].

Pauses and pause fillers have also been studied in the
context of language learning and language proficiency. It has
been consistently shown that pauses and much related
speaking rate are the major contributing factors of speech
fluency and proficiency [18-21]. Findings in the literature are,
however, inconsistent regarding whether there is a correlation
between the frequency of occurrence of pause fillers and L2
proficiency [18, 21].

There are relatively few studies on pauses and pause fillers
in Mandarin Chinese. Strassel et al. (2005) reported their work
on annotating spoken corpora in Mandarin Chinese for the
purpose of metadata extraction (MDE). They identified four

pause fillers in Mandarin: "8 (en) & (um) W2 (eh) I (ah) [22].



Zhao and Jurafsky (2005) found that speakers in the south of
China use significantly more pause fillers than those in the
north, and the difference mainly lies in the use of uh [23]. Wu
et al. (2012) found a positive correlation between pause
duration and pitch reset in Mandarin for women but not men
[24].

In this study, we investigate the use of pauses and pause
fillers in Mandarin Chinese. We focus on two factors: speaker
sex and proficiency. Our analysis is based on 267 spoken
monologues from a Mandarin proficiency test, which will be
described in Section 2.

2. Data

We used a dataset of Putonghua Shuiping Ceshi (PSC) from
Beijing Normal University. PSC is the national standard
Mandarin proficiency test in China. The test consists of four
parts: The first two parts are to read 100 monosyllabic and 50
disyllabic words; the third part is to read an article of 300
characters, randomly selected from a pool of 60 articles; and
the last part is to speak freely on a given topic for three
minutes. The four parts are graded separately with a numeric
score, and the total score (out of 100 points) is converted to a
categorical proficiency level. There are six proficiency levels,
which are, from high to low: —Z¢ % (Class 1 Level 1), —
2% 2% (Class 1 Level 2), —ZH % (Class 2 Level 1), —2
2% (Class 2 Level 2), =% % (Class 3 Level 1), and =
2% 2% (Class 3 Level 2). In order to qualify for teaching K-
12, one must pass .2 % (Class 2 Level 2).

Our dataset consists of recordings of college students at
Beijing Normal University who took the PSC test in 2011. For
this study we used the spoken monologues (the last part of the
test) from 267 speakers, 178 female and 89 male, which
contain approximately 13 hours of speech. The proficiency
levels of the speakers range across four levels, from — 2 Z.%%
to =2 H 4§ (hereafter, L1 to L4). Table 1 shows the

distribution of the speakers with regards to sex and proficiency.

trained on Mandarin Broadcast News Speech (LDC98S73)
[25].

The results from forced alignment are shown in Table 2.
We can see that the most common pause fillers in Mandarin
are /e/ and /en/, a neutral vowel in an open syllable or
nasalized with the alveolar nasal /n/. In contrast to Germanic
languages, the bilabial nasal /m/ is far less used in Mandarin
pause fillers.

/a/ e/ /o/

e(1192) 41 1065 86
/e m/ /e n/ /en/ /m/ /m/
en (1866) 367 134 1126 174 65

—HRCE | DANE | SN LE | CHRE
(L1 (L2) (L3) (L4)

Table 2. The phonetic qualities of pause fillers determined by
forced alignment.

Forced alignment was also applied to determine and
segment pauses in the spoken monologues, through inserting a
“tee-model” for possible inter-word silence. A “tee-model”
has a direct transition from the entry to the exit node in the
HMM,; therefore, a silence with a “tee-model” can have “zero”
length (i.e., no silent interval). A state-of-the-art Mandarin
forced aligner was used for the task [25].

In total, the 267 monologues contain 3,058 pause fillers, of
which 1,192 are e and 1,866 are en; 26, 885 unfilled pauses,
and 100,212 words.

4. Analysis and Results

4.1. Frequencies of pauses and pause fillers

The total numbers of pause fillers, pauses, and words for
males and females and for different proficiency levels are
listed in top part of Table 3.

Male 10 31 30 18

Female 63 80 34 1

Table 1. The distribution of the speakers in the dataset.

3. Transcription and Forced Alignment

The spoken monologues were first transcribed by a
professional transcriptionist, and then proofed by the first
author for errors and pause fillers (which were ignored in the
first pass). The pause fillers were categorized into two types in
the transcription: one without nasalization (transcribed as e)
and one with nasalization (transcribed as en).

We then conducted forced alignment to determine the
vowel quality and nasal place of articulation in the pause
fillers. Based on what we observed in the transcription
process, three vowel qualities, /a/ (low), /e/ (central), and /o/
(rounded), were used as pronunciation alternatives for e; and
two nasals, /m/ and /n/, for en. The nasals could either be a
syllabic consonant (/m/, /n/) or follow a vowel /e/ (/e m/, /e n/,
/en/. Please note that /em/ is not a legitimate rime in
Mandarin). The acoustic models used for the alignment were

Female | Male L1 L2 L3 L4
#e 671 521 384 403 352 53
#en 1287 579 568 655 478 165
# pauses 17828 9057 7231 11165 | 6591 1898
# words 68331 31881 | 29514 | 42461 | 22695 | 5542
e/(eten) 0.343 0.474 || 0.403 | 0.381 | 0.424 | 0.243
e/words 0.010 0.016 | 0.013 | 0.010 | 0.016 | 0.010
en/words 0.019 0.018 || 0.019 | 0.015 | 0.021 0.030
(eten)/words | 0.029 0.035 | 0.032 | 0.025 | 0.037 | 0.039
pauses/words | 0.261 0.284 || 0.245 | 0.263 | 0.290 | 0.343

Table 3. Frequencies and relative frequencies of pauses and
pause fillers.

For each speaker we compute five relative frequencies:
e/(e+en): the proportion of e in pause fillers;

e/words: the number of e per word;

en/words: the number of en per word;

(e+en)/words: the number of pause fillers per word,;

pauses/words: the number of pauses (including all silent
intervals) per word.




Mixed-effects logistic regression models [26] were used to
assess the effects of sex and proficiency level on the relative
frequencies of pauses and pause fillers, in which speaker was
treated as a random factor (glmer(. ~ sex + proficiency +
(1|speaker), family=binomial). The results are shown in the
bottom part of Table 3, where the mean values of the five
relative frequency measures are listed, with bold and italic
numbers representing statistical significance at p < .05.

From Table 3 we can see that males use more e than
females, but there is no difference between them on the
frequency of en. Therefore, males have a greater percentage of
e in their pause fillers than females. Proficiency does not
appear to affect the frequency of either e or en. With respect to
the use of pauses, both sex and proficiency are a significant
factor. Males use more pauses than females, and less proficient
speakers also use more pauses.

In Table 4 we group pauses into three categories based on
their duration, following Campione and Véronis (2002): brief
(< 200 ms), medium (200-1000 ms), and long (> 1000 ms),
and conduct mixed-effects logistic regression on the relative
frequency for each of the pause categories. As above, bold and
italic numbers represent statistical significance p < .05. We
can see that sex and proficiency have a significant effect on
the relative frequency of medium and long pauses but not brief
pauses.

Female | Male — % | K| % | = R

% | BE | 2% | B

brief 0.062 0.059 0.056 0.061 0.066 0.063
medium 0.175 0.190 | 0.171 0.176 | 0.189 | 0.207
long 0.033 0.050 | 0.026 | 0.035 | 0.047 | 0.076

Table 4. Relative frequencies of brief, medium and long
pauses.

4.2. Durations of pauses and pause fillers

To assess the effects of sex and proficiency level on the
durations of pause fillers, pauses, and syllables, we used
mixed-effects linear regression models [26], in which speaker
was treated as a random factor (/mer(. ~ sex + proficiency +
(1|speaker)). It has been demonstrated in the literature that the
distribution of speech segment duration, including pauses, is
skewed and close to lognormal, and therefore logarithmic
values should be used for statistical analysis [27]. In the
mixed-effects regression analysis, we used log milliseconds
for duration. Table 5 lists the mean durations (in seconds) for
males and females and for different proficiency levels, with
bold and italic numbers representing statistical significance at
p < .05.

Female Male L1 L2 L3 L4
e 0.237 0.241 0.240 0.239 0.244 0.203
en 0.282 0.223 0.273 0.263 0.284 0.176

pauses 0.511 0.615 | 0.487 | 0.531 | 0.582 | 0.734

syllables 0.200 0.185 | 0.195 0.194 0.196 0.195

Table 5. Average durations of pauses, pause fillers, and
syllables.

From Table 5 we can see that males tend to speak faster
than females (they have shorter average syllable duration after
excluding pauses, i.e., faster “articulation rate”), but make

longer pauses. Proficiency does not affect articulation rate.
However, like male speakers, less proficient speakers make
longer pauses. Males have a shorter en than females, but there
is no difference between them on the duration of e. The effect
of proficiency on the duration of the two pause fillers is
interesting and puzzling. The speakers in L4 (=2 4%, Class
3 Level 1) have a shorter e and en than the other speakers.
These speakers did not qualify for teaching K-12. They are,
generally speaking, not proficient. The result suggests that un-
proficient speakers produce shorter pause fillers than
proficient ones.

QQ plots were drawn in Figure 1 to compare the
distribution of pause duration between males and females, and
between proficiency levels, respectively. From the figure we
can conclude that males use more longer pauses than females,
and less proficient speakers use more longer pauses than more
proficient ones.
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Figure 1. QQ plots of pause duration between males and
females and between proficiency levels.

Figure 2 draws the mean durations of the two pause fillers,
the mean durations of pauses following a pause filler (the
duration is 0 if there is no such pause), and the mean durations
of pauses before a pause filler (the duration is 0 if there is no
such pause). We can see that en is longer than e, and the pause
is longer both before and after en than e.

o Pause filler Pause after pause filler Pause before pause filler
p © ©
o o -
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Figure 2. Mean durations of pause fillers and pauses before
and after a pause filler.

5. Conclusions

Our study was based on 13 hours of monologue speech from
267 speakers. Through the combination of manual word
transcription and phonetic forced alignment, we identified two



basic pause fillers in Mandarin Chinese: e and en. Different
from English and other Germanic languages, the bilabial nasal
/m/ is far less used than the alveolar nasal /n/ in Mandarin
pause fillers.

The study further demonstrates the distinction between the
two basic pause fillers in speech. First, en is longer than e, it
also precedes and follows a longer pause than e; Secondly,
males have a shorter en than females, whereas there is no
difference between the two sexes on the duration of e; Thirdly,
males use more e than females, but there is no difference
between them on the frequency of en.

The proportion of nasal-final pause fillers is higher in
female than in male speakers, as was found in the studies of
Germanic languages. Proficiency, on the other hand, does not
affect the frequency and proportion of e and en.

Both sex and proficiency have a significant effect on the
occurrence of pauses. Males and less proficient speakers use
more medium and long pauses, suggesting an interesting
interaction between social and behavioral factors in language
production.

Un-proficient speakers produce shorter pause fillers, both
e and en, than proficient ones. Further research is needed to
explain this result. Finally, males tend to speak faster than
females, which is consistent with some previous studies [28-
29].
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