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Abstract: In Mandarin Chinese, the interrogative pronoun “shen2me(0” not only can be
used to express interrogation, but also has multiple non-interrogative usages. In
sentences with same syntactic structure, by applying different intonations, this wh-word
can convey various meanings. However, due to the lack of grammatical markers, it
could be a complex problem for Automatic Speech Recognition (ASR). Therefore, this
study chose to investigate the acoustic features of these usages of “shen2me0”. Through
two experiments, this present compared the acoustic features including pitch contours,
sentence stress, duration, pitch range, boundary tone of sentence and the wh-word of
the interrogative, empty reference, rhetorical, and referential substitution usages in
same sentences under different contexts. Also, the use of modal particles at the end of
the sentences was considered. The results showed that interrogative usage had moderate
pitch fluctuation and the use of modal particle would influence how people pronounced
the wh-word. In empty reference usage, “shen2me(0” had a neutral nature as a
placeholder rather than a focus, and thus the sentence showed a flat pitch curve.
Rhetorical usage had dynamic pitch changes, especially at the word “hai2”, to express
strong emotion. Referential substitution usage had a flatter pitch curve at the beginning,
which rose higher at the end, with prolonged pronunciation of “me0”. Moreover, this

study also discussed about meaning for ASR and the improvements in further study.

Keywords: Mandarin interrogative pronoun, non-interrogative usages, acoustic

features, ASR
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1 Introduction

The interrogative pronoun is usually a pronoun used to express a question, and the
object of it in an interrogative sentence is to be revealed or to be known. The researchers
hold different opinions about the usage of interrogative pronouns in Mandarin. Some
proposed that the basic usage of wh-words is questioning, and the non-interrogative
usages are derivation. Some researchers also suggested that interrogation is a function
of the whole sentence. The wh-words do not have interrogative markers per se, and
there is equality between their interrogative usages and the non-interrogative ones,
which have different functions depending on the contexts. In this study, the wh-word
“shen2me0” is chosen to investigate its diverse usages, the phonetical form of which

could be ambiguous.

1.1 Interrogative usage of “shen2me0”

When used for interrogation, syntactically, the interrogative usage of “shen2me0”
mainly could be seen in specific reference questions, and a small part of it is used in
declarative sentences of questioning nature. Sometimes modal particles expressing
interrogation appear at the end of the sentence, such as “ne0”. The position of “shen2
me0” in a sentence is not fixed. It can be used as the subject, the object, the determiner

and other elements.

When used alone, “shen2 me0” can represent an object, but also can stand for

action and behavior, or nature and state. When referring to place, it can be used as
1



“shen2me0 di4fang1” (which place). It can be used to ask “why” or “which reason” by
forming a verb-object phrase as “wei4 shen2me(” before verbs, adjectives, or at the

beginning of the sentence.

Semantically, “shen2me0” is mainly used to indicate doubt, and if there is an
answer, it is the answer to the question to which the pronoun refers to. It is either hoping
that someone else will answer, or by way of rhetoric question, raising a question and

answering it oneself.

1.2 Non-interrogative usages of “shen2me(”

When “shen2me0” is used to express non-interrogative meanings, there are different
views on the classification of its non-interrogative usages. This study took the previous
studies into account, and generally categorized the non-interrogative usages into with-

reference and no-reference, with eight kinds of usages as in Figure 1.



— universal reference

— empty reference

—| with-reference H

—  anaphoric reference

é L referential substitution
o~
C -
2 — negation
wn
— rhetoric

— no-reference H

— enumeration

— independent usage

Figure 1 Classification of non-interrogative usages of "shen2me0"

Among these non-interrogative usages, four of them were selected to investigate
their acoustic features, which could be used sharing the same grammatical structure,

which could be problematic for Automatic Speech Recognition (ASR):

1.2.1 Empty reference

Empty reference indicates objects that is uncertain, i.e., something does exist, but is
shown to be unknown or unspoken. Semantically, this function can be equivalent to
“some” and “certain”. The difference between empty reference and universal reference
is that the former focuses more on individuals and small quantities, while the latter is

groups and larger quantities.

Formally, “shen2me0” of empty reference is mostly used as object, determiner and

complement in the sentences. According to Lv (1985), given that “shen2me0” has an

3



indefinite semantic feature of empty reference, it tends to appear in non-assertive
context sentences such as negative sentences, hypothetical complex sentences, yes/no
questions, affirmative-negative questions, and selective questions, or sentences with
words that indicate speculation such as “xiang3bi4” (presumably), “yilding4” (must),

“kong3pad” (supposedly), “ye3xu3” (maybe, perhaps).

a. As illustrated in example (1), in broad-focus informative sentence, “shen2me0”

can be used as a determiner modifying a noun to indicate an indefinite empty

reference.
(1) b HE IAES) — & 4 fid
Tal zhi3yao4 tao3de2 yildian3 shen2me(0 bian4
#h BkZe RS L7 HC 15 &
doul xiandgei3 zu2mu3  chil zi4ji3 qing2yuan4
Wit
e4dudzi2

Whenever she got something to eat, she gave to her grandma, even to

starve herself.

b. “Shen2me0” in speculative declarative sentences also usually is of empty
reference, in which usually contain words such as “fang3fu2”, “hao3xiang4”,

“si4de0”, “si4hul” (it seems that, it is like), as in example (2).

(2) 1HZ Al )53 R ]
Dan4shi4 talmen2 zong3 gan3dao4 mei2you3
GEL HiE il i A A
de2dao4  zhenlzheng4 de4 man3zu2 shenglhuo2
H SRES & AT (A
zhongl hao3xiang4  hai2 queldian3 shen2me0

However, they always feel that they haven 't been truly fulfilled, and that

there seems to be missing something in their lives.
4



c. In speculative sentences expressing empty reference, as example (3),
“shen2me0” also appears with verbs expressing mental activities, such as
“xilwang4” (hope), “yi3wei2” (suppose), “yuandyi4” (be willing, would like),
“da3suand” (prepare to), “xiang3” (want), “cail” (guess), etc.

(3) Al A i B8 BT A
Talmen2 bing4bu4 xilwang4 fang4xia4 shen2me(

They are not hoping to let go of anything.

d. “Shen2me0” used as empty reference with speculative adverbs such as
“xiang3bi4” (presumably), “yilding4” (must), “kong3pad” (supposedly),

“ye3xu3” (maybe, perhaps), as shown in example (4).

(4) It LA iy 2 ESUN
Tal yi3wei2 na4shi4 shen2me0 mei3weid
mny — JRAE I ERL
zhualle0  yilkuai4 fang4zai4  zui3li3

Thinking it was some kind of delicacy, she grabbed a piece and put in

her mouth.

Due to the presence of these speculative words, the whole sentence has a distinctly
speculative tone, and thus, constrained by this kind of context, the questioning tone of
“shen2me0” is weakened, and transformed into a tone of uncertainty and disbelief.

Phonetically, when indicating empty reference, “shen2me0” do not need to be stressed.

1.2.2 Rhetoric



Although formally it indicates questioning, the speaker has already had a clear idea in
mind, using affirmative expression to indicate negation and vice versa. “Shen2me0” in
such sentence does not carry interrogative information, but to use to strengthen the tone,
to reinforce the negative or affirmative content. “Shen2me0” normally need to be
stressed to express an extra pragmatic meaning of interrogation, surprise, reprimand or
emphasis. This meaning is produced with the strong emotional tone such as

demonstrated in examples (5) to (7).

a. X + shen2me(

(5) AiAil 3’ AR R ib] (K
Talmen2  you4 bu4shi4 gudyi4 de4 ni3
A 4 B XA XA Al
you3 shen2me0 bidyao4  zhedyang4 duiddai4 talmen2
i
ma0

They didn t do it on purpose, so whats the point of treating them like

that?

b. X +shen2me0 +Y

(6) AK i A (K th'd KA
Ben3lai2  jiu4 he2 ni3 mei2 guanlxi4
() 1t X H N 4 H
ni3 zai4 zhe4li3 ren4 shen2me0 zhenl
K W
mei2 bidyao4

1t had nothing to do with you in the first place, so why are you here being

serious? There s no need to do that.



c. You3 shen2me0 hao3 X de4

(7) i Hie XA A It £29
Shi4qing2  jiudshi4 zhe4yang4 falshengl le0 wo3
A 4 4t Ut il
you3 shen2me0 hao4 shuol deO

1t just happened. What do I have to say?

1.2.3 Referential substitution

Shao (1989) suggests that “shen2me0” can act as referential substitution, i.e., it is
borrowed to replace a certain object temporarily. Formally speaking, “shen2me0” can
replace a syllable, a word, a phrase, or even a sentence or a paragraph. He also divided

the usage of this function into three types in terms of meaning:

a. To replace unknow information. Due to the lack of knowledge of the speaker,
or be out of the mind for a moment, the current discourse is unable to be proceed
smoothly, and needs to temporarily substitute the obstacle in the communication

using “shen2me0” to make it continue as in example (8).

(8) 1K WilA T ih) e
Ni3 ganglcai2 suo3shuol ded Jjiu4shi4
i Eie Gl 1 1%
shuol wo3 he2 hua2 hua2
(A LS J5 AT XA
shen2me0  hua2tai4 fang2di4chan3 gonglsil zhe4ged
mai3mai4

What you just said is the business between me and the real estate

company Hua, something, Huatai.



b. The speaker thinks that due to inconvenient or taboo, it is not possible or
convenient to express directly, and therefore uses “shen2me0” to convey a kind
of vague message. This kind of message may be vague seemingly. However,
because of the shared knowledge background of both sides in the conversation,

it does not affect the communication effect in practice. It is shown in example

9).

9) & xniE A A e ABATT P
Ni3 zhildao4 nadge4  ren2 me0  talmen4lia3
2 18] e e el (I

zhiljianl shi4bu2shi4 you3 shen2me0
Do you know that people? Is there “something” between the two of

them?

c. To replace unimportant information in the dialogue. For secondary information
in a conversation, if the speaker does not feel the need to fully say it, it can be
replaced using “shen2me0” to make the discourse more concise, for example,

as shown in (10).

(10)  fihAl] 3 INEE il EEz
Talmen2 tan2qi3 xiao3xue2 de4 tong2xue2
S AE 1 4 il
mou3mou3 xian4zai4 zai4 shenm2me(0 cheng2shi4
s I A TAE
zai4 gao3 shen2me( gonglzuo4

They talked about their primary school classmates, someone is in

some city, doing some job.



1.3 Previous acoustic research on wh-words

From the phonetic point of view, previous studies performed acoustic analyses of wh-
words, specially, on the sentence level. The researchers chose to focus on features like
the stress and focus, intonation, the boundary tone, etc. and they mainly paid attention

to the basic usage of wh-words, i.e., the interrogative usage.

1.3.1 Wh-word, emphasis and focus

Emphasis, often referred to in Chinese literature as stress, is a highlighting phenomenon
when speaking (Lin & Wang, 2013). Speakers usually choose stressing to show
emphasizing in order to gain attention of hearers. And focus is normally viewed as a
way to reflect new information (Halliday, 1967). The sentence elements that have focus
are normally notional words (Zhao, Yang & Lv, 2013). It is generally believed that there
are close relationships between stress and focus. Although most focus would be stressed,
their degree of stressing vary widely. Only around half of the focuses are strongly
stressed, but the possibility of the focus at the end of the sentence gaining stress could
reach 88% (Zhao, Yang, Yang, et al., 2012). Qi (2012) explained their relations from
semantic perspective. He suggested that the speaker offer more energy to the focus
while speaking, which is an encoding process from focus to stress, and the listeners
would pay their attention on the words have higher pitch and longer duration while
understanding the information, which is a decoding process from stress to the semantics.

In interrogative sentences, some researchers, for example, Lin (1985) and Tang & Shi

9



(2009) believed that the interrogative pronoun and focus markers could have
similarities in their function of expression. The interrogative pronoun marks the
unknow information of a sentence, while the focus marks the most important new
information in it. However, researchers such as Lambrecht & Michaelis (1998),
Hedberg & Sosa (2002) held the opinions that in wh-questions the wh-word gains its
focus by structure (form and location) rather than intonation, and therefore the sentence
stress would fall on other sentence element instead of the wh-word. While Haan-van
Ditzhuysen (2001) and Chen (2006) proved that in Dutch, wh-words are not only the

focus of sentence, but also where the sentence stress is.

As for sentences with wh-words of non-interrogative usages, in these cases, the
querying function of wh-word decreases, i.e., instead of conveying questioning, it is
only for expressing the narration of opinion of the speaker. Therefore, in these sentences,
the wh-words lose their stress and focus. Zhao (1979) pointed out that wh-words of
empty reference normally should be pronounced using neutral tone, while those of
universal reference not. Lv (1982) also indicated that if there is modal particle “ma0”
at the end of wh-question sentences, the “ma0” would move the questioning point,
which makes the wh-question into yes/no question, and wh-words into indefinite

referents. Therefore, the interrogative pronoun would not be stressed.

1.3.2 Declarative tone vs. interrogative tone

10



In most languages, the declarative sentences have falling or low tone. While the
interrogation requires to consider the types of question: Yes/no question is mainly with
rising tone, and wh-question is normally expressed in falling tone. Lee (2005) and for
English, Cruttenden (1997) suggested that there are differences between the falling tone
of declaration and wh-question: the former is a gradually falling process, while the latter
shows a high or rising tone, and followed by a sharp fall, until reaching the bottom of
the range. The same is true for many Romance languages where statement intonation
and wh-question intonation can be quite distinct (Frota & Prieto, 2015). As for Chinese,
De Francis (1963), Yuan, Shih & Kochanski (2002), Wu, Tao & Lu (2006) suggested
that the difference between declaration and interrogation lies in the overall pitch contour
of the former is higher than the latter. Shen (1990), Shiamizadeh, Caspers & Schiller
(2015) suggested that their differences appear at the front part of sentences: pitch
contour of words before the wh-word of wh-question is higher than the corresponding
declarative sentence. Wang (2009) and Lin (2006, 2012) believed that only the
boundary tone could play the role of distinguishing the declarative and interrogative
tone. Liu & Xu (2005) thought that their discrepancy starts from the focus in sentence:
before the focus, the differences in pitch are not significant; after the focus, the pitch

curve of interrogative tone is higher than the corresponding declarative tone.

1.4 Automatic Speech Recognition of wh-words

11



In ASR of sentences with interrogative words, the first feature to be detected is the
lexical-syntactic feature, including the words appearing in specific sentence structures,
the order of words and the location of words in sentences. Besides, the information

conveyed by the speaker could also be recognized from the context.

However, the ASR of sentences with wh-words in Mandarin is facing problems
due to these reasons: From semantic and pragmatic level, there exists non-interrogative
usages of wh-words that express different meanings. From syntactic level, some of the
non-interrogative usages do not have specific or unique sentence structure that can be
easily detected, and the positions of wh-words in the sentence could be various.
Therefore, it is necessary to seek for other features, such as intonation, to improve the
ASR of wh-words in sentences expressing different tones. And it requires finding
acoustic features that are essential in the recognition. Jiang & Cai (2003) employed
Fisher discriminant analysis to examine average frequency, slope of fundamental
frequency (f0) and energy curve after linear fitting, duration and other acoustic features
to distinguish the two tones, and discovered that the combination of f0, duration and
energy was the most effective way to improve the accuracy of classification. Liu,
Surendran & Xu (2006) considered the influences of {0, intonation and focus on the
recognition of tones. Yuan & Jurasfsky (2005) chose to extract pitch, spectrum

characteristics ad duration for the investigation.

12



In this study, in order solve this problem, we especially focused on the different
usages of wh-words in the same grammatical structure. And through the analysis of

acoustic features of these sentences and the wh-words, we look for improvement of

ASR in Mandarin Chinese.

In the following sections, we first show the methodology adopted in this study,
including the research method, the experiment design, the data collection and
processing, and the data analysis. Furthermore, the results of the study are demonstrated.
Then we discussed the results, and the limitation of this present. Finally, the conclusions

of the study are drawn.

13



2 Methodology

2.1 Research method

This study employs a mixed-methods approach, integrating both quantitative and
qualitative analyses to comprehensively investigate the acoustic features of non-
interrogative usages of wh-words in Mandarin. Two experiments are designed to reflect
that when using the same sentence pattern, in different contexts, due to the difference
between the interrogative and non-interrogative pragmatic functions as well as the use
of modal particles, the meanings of expression are diverse. And after the collection of
speech data, the local and global acoustic features of Mandarin speakers’ voice are

analyzed.

2.2 Data collection

2.2.1 Materials

This study contains two experiments. Based on the factors that may affect the results of
Mandarin wh-words’ ASR, a set of sentences with the same syntactic structure, but with
different functions of the wh-word “shen2me0” in different contexts are designed.
Experiment Part I aims to investigate the acoustic performance of the wh-word
“shen2me0” in its (1) interrogative usage and three non-interrogative usages, which are
(2) empty reference, (3) rhetoric and (4) referential substitution. In experiment Part II,

modal particles “me0”, “ba0”, and “a0” are added to the end of sentences in the first

14



three usages, in order to study the effect of these modal particles on the acoustic features

and ASR of wh-word “shen2me0” in Mandarin.

2.2.2 Procedure

The collection was conducted via WeChat, where subjects first filled in their basic
background information, read and fully understood the contexts, then played the role in
the dialogues, and sent their speech through WeChat voice message. And in Experiment
I1, they were also required to first select and add the appropriate modal particle before
speaking. The subjects were asked to complete the recording in silent environment and

the use of earphones are preferred.

2.2.3 Participants

Thirty native Mandarin speakers were recruited and selected by the researcher, making
sure the participants in this study with a balanced gender and age range of 18-30 years

old, as well as excluding subjects with symptoms affecting their voice.

2.2.4 Ethical considerations

15



This study adhered to strict ethical guidelines to protect the privacy of participants and
data integrity. Informed consent was obtained from all participants clearly outlining the

purpose of the study and their rights.

2.3 Data analysis

2.3.1 Transcription

All sound files were transcribed after collection and WAV file conversion. The
transcribing was performed in Praat. First, we adopted Montreal Forced Aligner for
automated annotation, which is a tool based on Kaldi ASR toolkit, for time speech-text
aligning. Four tiers of textgrids were annotated in Praat: 1. Sentence (sentence), 2.

Phone (phones), 3. Word (words), and 4. Character (CHs), as shown in Figure 2.

2504

200+

FO (H7)

150

100+

QTR |4

t al h ‘ ai2 x ia3l ng | iao4 sh +:+1 e5| j iou3
tal hai2 xiang3 vao4 shen2 me5 jiu3
i) 6% bk l-a i

Figure 2 Annotation in Praat (*in annotation system, the tone 0 was represented using tone 5)

Then, every textgrid file was manually adjusted for better accuracy.

16



2.3.2 Feature extraction

The feature extraction was conducted using Praat. The target acoustic features are
divided into local features and global features. This study collected the original acoustic
data of these features using Praat script, which extracts the duration and pitch value of
10 averagely taken points, and finally stores the data in a text file. The “name” row data

is determined by the tier and its corresponding intervals. For example, when the “words

tier is selected, the results are as in Figure 3.

name  duration Pitch1  Pitch2  Pitch3  Pitchd  Pitch5  Pitch6  Pitch7  Pitch8  Pitch9  Pitch10
01 111 1.TextGrid tal 0.105 114 114 114 114 114 114 113 112 110 109
01111 1.TextGrid hai2 0.141 109 108 108 108 109 110 111 113 115 117
01111 1.TextGrid xiang3 0210 117 116 113 109 102 93 83 78 78 83
01111 1.TextGrid yao40.164 83 88 94 98 99 98 94 90 86 84
01111 1.TextGrid shen2  0.166 84 83 82 8 8 81 8 8 84 88
01111 1.TextGrid me5 0.113 88 92 95 99 102 104 105 105 106 107

Figure 3 Example of extracted data in text file

The target acoustic features investigated in this study are:
A. Local features
a. Duration of “shen2me0”
It is directly extracted using Praat script.
b. Pitch of “shen2me0” (range, highest and lowest point)

First extracted ten points’ pitch values of each “shen2me0”, and then selected
the highest and the lowest values, and used the highest minus the lowest to get

the range.

17



C.

Boundary tone of “shen2me0”

The data were normalized using Python by calculating the z-score of the last
point’s pitch value of each “shen2me0” to see how many standard deviations

this value was from the mean ten-points pitch of “shen2me0”.

B. Global features

a.

Sentence stress

For the sentence stress of Chinese, researchers hold different opinions on its
determination. Zhao (1968) believed that it requires first the expanding of pitch
range and duration of syllables, and then increasing the airflow. Lin, Yan & Sun
(1984) suggested that the most important feature of Chinese stress is the
increasing of duration, rather than the function of intensity. Shen (1994)
indicated that when recognizing the stress, the role of pitch is important, while
the function of duration is not obvious. There are studies on the auto-annotation
of stress of Mandarin, but not widely applied (Ni, Liu & Xu, 2012). In
experimental studies, some researchers like Liu (2016) chose to annotate the
stress manually. Taking into the previous studies of Chinese sentence stress into
consideration, in this present study the sentence stress was determined by pitch

and duration, using a self-designed calculating method:

(1) Extraction of duration and ten-points’ pitch value of each word

18



(2) Calculation

sum of all point's pitch values

itch t =
mean pitch of sentence sum of pitch points (the word number X 10)

sum of ten points'pitch value of the word

mean pitch of word = 10

sum of duration values of each word

mean duration of word =
f the word number

(3) Comparison of the mean pitch of word with mean pitch of sentence, and

each word’s duration with the mean duration of word. It is shown in Figure 4.

word duration
> +
mean duration of word

Duration

word duration
< .

mean duration of word

mean pitch of word
> +
mean pitch of sentence

Pitch

mean pitch of word
< -

mean pitch of sentence

Figure 4 Comparison method of duration and pitch

(4) Determination the stress levels. It is shown in Figure 5.
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Duration +, Pitch + Level 3 stress

Pitch + Level 2 stress

Duration + Level 1 stress

Figure 5 Determination method of stress levels
(5) Calculation of the total number of level 3, level 2 and levell stress, and

the final stress score:

Final stress score = level 3 number X 50% + level 2 number X 30% + level 1 number X 20%

b. Sentence duration

It was directly extracted using Praat script.

c. Sentence pitch range

Highest and lowest value are obtained after comparing all words’ ten-points-

pitch value, and the range value is the highest value minus the lowest value.

d. Sentence boundary tone

The data were normalized using Python by calculating the z-score of the last
point’s pitch value of the sentence to see how many standard deviations this

value was from the mean sentence pitch.
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2.3.3 Pitch contour visualization

In order to visualize the pitch contour of different context, first the “word” tier data
were stored and converted into excel files. And normalization was performed to the
pitch data using Python, which aimed to eliminate the voice variations across
participants and recording conditions, making it comparable across different recordings.
For this study, the pitch data were normalized by calculating z-score to show the

distance of each point’s pitch value to the mean pitch of each sentence.

For model fitting, this study adopted Generalized Additive Mixed Models
(GAMMs) using R. GAMMs provided a robust statistical framework to analyze the
complex patterns in the pitch data. It extended the traditional linear mixed-effects
models by allowing the inclusion of smooth functions for predictors, thus providing
more flexibility to capture non-linear relations between the tones and different context.
For this study, the pitch, expressed as z-score, was modeled as a function of the pitch
point thin plate regression spline. The choice of spline basis and the number of knots

were optimized to capture the underlying pitch contour without overfitting.

Finally, each word’s pitch contour was shown in plots. They were aligned by their
order in the sentences, which were also classified according to Parts (two parts of the
experiment) Scenarios (four usages of wh-word in part I and three usages with modal

particles in part II) and Tones (nouns with four Mandarin tones).
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2.3.4 Statistical analysis

In order to further investigate the target acoustic features of different usages of wh-
word “shen2me0”, a series of statistical analysis were employed using SPSS to analyze
the sentence duration, sentence pitch range, sentence boundary tone, wh-word duration,
wh-word pitch range and wh-word boundary tone. But for different comparison groups,

two kinds of tests were used: mixed model analysis and independent samples t-tests.

To assess the differences in acoustic features across different wh-word usages
scenarios, the mixed linear model analysis was applied. This statistical approach is
particularly suitable for data with hierarchical structure. The primary focus of the
analysis was the fixed effect of “scenario”, which represents the four distinct usages of
“shen2me0”. It was designed as the fixed effects in the tests. The experiment part and
tones of nouns are included in the random effects. The significance of the fixed effects
was tested using F-tests. The model fit was evaluated using criteria such as the Akaike
Information Criterion (AIC) and The Bayesian Information Criterion (BIC). Post-hoc
pairwise comparisons were conducted to further investigate the differences between

scenarios. If the p-value < 0.05, the data was considered significant.

Independent samples t-tests were conducted to compare the acoustic features
between the two parts of the experiment, i.e., the influence of modal particles. It is
suitable for comparing the means of two independent groups. Before performing the t-

tests, Levene’s test for equality of variances was conducted to check if the assumption
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of equal variances holds. If the variances were not equal, the results of the t-test
assuming unequal variances were reported. If the p-value < 0.05, the result was

significant.
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3 Results

In this part, the pitch contour and statistical analysis results of the target acoustic

features will be demonstrated and further analyzed.

3.1 Pitch contour analysis

The pitch contours are shown in Figure 6-13. In Figure 6-9, there are four curves and
in Figure 10-13, there are three curves. S1, S2, S3 and S4 represent Interrogative, Empty
reference, Rhetoric and Referential substitution usages of “shen2me0” in the sentences

accordingly.

ta1 hai2 xiang3 yao4 shen2 me5 zhou

™ s1

Z-score
¢
J
\\ .
|

_ 54

Figure 6 Pitch contour of data in experiment Part I and with nouns of tone 1
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Figure 7 Pitch contour of data in experiment Part I and with nouns of tone 2
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Figure 8 Pitch contour of data in experiment Part I and with nouns of tone 3
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Figure 9 Pitch contour of data in experiment Part I and with nouns of tone 4
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Figure 10 Pitch contour of data in experiment Part IT and with nouns of tone 1

26




tal hai2 xiang3 yao4 shen2 me5 you2 mas ba5 a5
3
2
o 1 — 51
g
v — Ss2
N
0 ——  §3
)
7N
-1 o
-2
Figure 11 Pitch contour of data in experiment Part II and with nouns of tone 2
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Figure 12 Pitch contour of data in experiment Part II and with nouns of tone 3
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Figure 13 Pitch contour of data in experiment Part II and with nouns of tone 4

From the pitch contour figures, an overview of the pitch patterns throughout the
sentences with different usages of “shen2me0” could be obtained. All four usages’
sentences start from a relatively high pitch point on the word “tal”, and then go down.
At “hai2” and “xiang3”, it can be seen that rhetoric usage exhibit dynamic changes,
while other usages are relatively flat. At the interrogative pronoun “shen2me0”, it is the
rhetoric usage that is generally flatter compared to other usages, with minor rises and
falls. And as for the interrogation, it shows relatively sharper fluctuations at the word
“shen2”. Comparing the four figures representing different tones of nouns in the
sentences, it is quite clear that the pitch contour of “me0” is influenced by the tone of
nouns, which may be one of the factors that affect the acoustic performance of the wh-
word in different usages. At the end of the sentences, the interrogative usage holds slight
rising towards the final noun. Generally speaking, the interrogation usage shows

moderate fluctuations throughout the sentence, and generally exhibits a rising tendency
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at the end of the wh-word and the sentence. The empty reference and referential
substitution usages are flatter compared to other usages with minor fluctuations, but the
latter rises higher at the end of sentences. And the rhetoric usage shows overall distinct

pitch changes, particularly at the front part of the sentence.

With the participation of modal particles at the end of the sentences, the pitch
curves have some changes, which are generally shown at the rear part of the sentences.
When there is the modal particle “ma5” to express questioning, the interrogative usage
then does not show the rising and falling of the same degree as without the “ma5”. And

the tone of nouns could also have influence on the pitch of modal particles.

3.2 Stress of sentence

Based on the complex theories of Mandarin stress, the pitch contour and the self-
designed stress determination method were adopted together for the analysis of

sentence stress of different usages of “shen2me0”.

It can be found from the stress analysis results that, in interrogation sentences,
when there is no modal particle, the sentence stress is mainly on “tal”, “hai2”, “xiang3”
and the nouns. And when added the modal particle, it generally does not change the
stress, but only with a not evident stress falling on the modal particle “ma0” that

expresses the query tone at the end of the sentences.
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For empty reference usage, in Part I, the four tones’ sentences are mainly stressed
on “tal”, “hai2” and the nouns. The stress on “xiang3” is not very obvious, which is
mainly the increase in duration rather than the increase in pitch that affects its stress. In
part I, they are also stressed on “xiang3”. The prominence of modal particle is mainly

due to a longer duration to express a speculative tone.

When expressing rhetoric meaning, the sentence stress still falls on the first three
word and the nouns. However, in this case the difference is that the stress of “hai2” is
especially obvious and prominent. The same is true for sentences with modal particles.

And the modal particle “a0” mainly has a longer duration to express the rhetoric tone.

When the wh-word is used as referential substitution, the stress falls on “tal”,
“hai2” and especially the nouns. But it is worth noticed that in such context the “me0”
of the wh-word has particularly longer duration, which is caused by the speakers

dragging out this word when their thinking and speaking got stuck.

3.3 Acoustic analysis of interrogative pronoun “shen2me0” with different usages

In this section the analysis will be separately performed on the target global and local
features, which will be mainly based on the statistical tests results in order to show the
difference between experiment groups. The statistical analysis was conducted using
mixed linear model to investigate the differences between usages of “shen2me0”, and

to control the variables, each test was performed in the same experiment part and tone

30



of noun. Only significant results in mixed linear model are demonstrated, with all

corresponding pairwise comparisons details.

3.3.1 Sentence duration

Here are the statistical analysis results of sentence duration in Table 1.1 and Table 1.2.

Mixed Linear Model Pairwise Comparisons
Mean Diff
Group F (3, 356) P-value Scenario can (;) Crence  p_value
1vs2 -0.078 0.189
1vs3 0.075 0.210
Part I 1 vs 4 -0.763 <0.001
<
Tone 1 84.197 0.001 2vs3 0.153 0.011
2 vs 4 -0.685 <0.001
3vs 4 -0.838 <0.001
1vs?2 -0.040 0.526
1vs3 0.099 0.115
Part I 1 vs 4 -0.728 <0.001
<
Tone 2 73.285 0.001 2vs3 0.138 0.027
2 vs 4 -0.689 <0.001
3vs 4 -0.827 <0.001
1vs2 -0.066 0.267
1vs3 0.037 0.535
Part | 1 vs 4 -0.809 <0.001
Tone 3 90.505 <0001 63 0.103 0.084
2 vs 4 -0.742 <0.001
3vs 4 -0.846 <0.001
1vs2 -0.059 0.302
1 vs3 0.017 0.770
Part I | vs 4 -0.807 <0.001
Tone 4 93725 <0.001 5 63 0.076 0.185
2 vs 4 -0.748 <0.001
3vs 4 -0.824 <0.001

Table 1.1 Mixed linear model results of sentence duration in Part I
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Mixed Linear Model Pairwise Comparisons

Mean Difference

Group F (2,267) P-value Scenario s) P-value
bt 1 vs2 20.091 0.007
Ta | 3.756 0.025 1 vs3 -0.041 0214
one 2vs 3 0.050 0.137
- 1 vs?2 0.118 <0.001
Ta ) 8.424 <0001  1vs3 -0.017 0.589
one 2vs 3 0.101 <0.001
- 1 vs?2 -0.120 <0.001
Ta 5 8.074 <0001  1vs3 -0.014 0.666
one 2vs 3 0.120 0.001
- 1 vs?2 -0.125 <0.001
art 7.940 <0001  1vs3 -0.068 0.030
Tone 4
2vs 3 0.056 0.074

Table 1.2 Mixed linear model results of sentence duration in Part II

In Part I, Scenario 4 is significantly different. Referring to the results of wh-
duration, it could be seen that it is due to the longer duration of the wh-word “shen2me0”
when used as referential substitution. Speakers tend to express their thinking process
for trying to capture the object they were going to refer to by extending their
pronouncing of “shen2me0”, especially the “me0”. From the mean difference data, it
can be specified that in Scenario 4, the duration of sentence is around 0.7 to 0.8 seconds
longer than other usages, while among other usages, the differences of sentence

duration are not outstanding.

In Part II, due to the participant of modal particles, the sentence duration of
interrogation, empty reference and rhetoric question are significantly different. When
the nouns are in Tone 1 and Tone 4, the sentence duration when expressing empty
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reference and rhetoric question are tend to be longer. Also, combining the results of wh-
word duration, it could be discovered that in this case, with the adding of modal
particles, the duration differences are no longer caused by wh-word. For example, by
examining the stress results, it can be found that in the rhetoric case, the duration of

“hai2” is longer than other words.

3.3.2 Sentence pitch range

Statistical results of sentence pitch range are in Table 2.

Mixed Linear Model Pairwise Comparisons
Mean Diff
Group F(2,267) P-value Scenario can (I;Z)erence P-value
Part II 1vs2 -39.344 0.007
Tan ) 4.830 0.009 1vs3 -39.100 0.008
one 2vs3 0.244 0.987
Part II 1vs2 -35.478 0.038
Tone 3 9.291 <0.001 1vs3 -73.200 <0.001
one 2vs3 -37.722 0.027
Part 1 1vs2 -41.244 0.013
a 3.244 0.041 1vs3 -27.889 0.093
Tone 4
2vs3 13.356 0.420

Table 2 Mixed linear model results of sentence pitch range

In Part 1, there is no significant difference of sentence pitch range. But in Part II,
there exist significant difference when the tones of noun are 2, 3 and 4. More

specifically speaking, the sentence pitch range of empty reference usage is higher than
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interrogation in all four tones of noun. And for tone 2 and 3 cases, the overall pitch

range of rhetoric question is also higher than interrogation.

3.3.3 Sentence boundary tone

The differences of sentence boundary tone across usages of “shen2me0” can be

checked in Table 3.
Mixed Linear Model Pairwise Comparisons

Group F (3,356) P-value Scenario  Mean Difference P-value
1vs2 -0.166 0.297
1vs3 0.035 0.824

Part I 1vs4 -0.560 <0.001

Tone 2 >890 0.001 2vs3 0.201 0.206
2vs4 -0.394 0.014
3vs4 -0.595 <0.001

Group F(2,267) P-value Scenario  Mean Difference P-value

part 11 1 vs2 1.086 <0.001
Tan ) 30.237 <0.001 1 vs3 0.757 <0.001
one 2vs 3 -0.329 0.022
bt 1 vs2 0.819 <0.001
a 18.040 <0.001 1vs3 0.755 <0.001

Tone 3
2vs 3 -0.063 0.676

Table 3 Mixed linear model results of sentence boundary tone

From the statistical results, it can be concluded that when the noun is of tone 2, no
matter there is a modal particle at the end of the sentence or not, the sentence boundary
tone shows significant differences. Especially the boundary tone of referential
substitution cases, whose pitch are relatively higher for the mean pitch of the ending

nouns. When there is a modal particle and with the O being a noun with tone 2 and 3,
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it can be seen that now the interrogation sentences have higher boundary tone. It might
be influenced by the tone 2 and 3’s rising that leads the modal particle to go even higher.
Also, it is possible that when added the “ma0”, the sentences have a semantic
implicature of yes-no question for the speakers involuntarily, which caused the rising
of sentence boundary tone to express the interrogative tone in some cases. While when
there is no modal particle, which means the interrogation is expressed by a wh-question

with a wh-word “shen2me0”, there are no significant rising in boundary tone.

3.3.4 Wh-word duration

The details of differences of wh-word duration are demonstrated in Table 4.

Mixed Linear Model Pairwise Comparisons
Mean Diff
Group F (3,356) P-value Scenario can (;) erence P-value
1vs2 0.017 0.531
1vs3 0.062 0.020
Part I 1vs4 -0.495 <0.001
Tonel 100082 SO00T ) i3 0.045 0.088
2vs4 -0.512 <0.001
3vs4 -0.557 <0.001
1vs2 0.024 0.363
1vs3 0.054 0.043
Part I l1vs4 -0.444 <0.001
<
Tone 2 160.447 0.001 2vs3 0.030 0.262
2vs4 -0.468 <0.001
3vs4 -0.498 <0.001
1vs2 0.018 0.496
Part I 1vs3 0.050 0.067
<
Tone 3 163.509 0.001 1vs4 -0.465 <0.001
2vs3 0.031 0.249
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Mixed Linear Model Pairwise Comparisons

Mean Difference

Group F (3,356) P-value Scenario ©) P-value
2vs4 -0.483 <0.001
3vs4 -0.514 <0.001
1vs2 0.013 0.639
lvs3 0.039 0.168
1vs4 -0.461 <0.001

Partl 4415 <0.001 v

Tone 4 2vs3 0.026 0.362
2vs4 -0.475 <0.001
3vs4 -0.500 <0.001

Table 4 Mixed linear model results of wh-word duration

Due to the referential substitution cases in Part I, the wh-word duration in all tone
groups demonstrate significance for Scenario 4, which have a wh-word duration
averagely 0.5 seconds longer than other context. It can also be confirmed by the results

of sentence duration.

3.3.5 Wh-word pitch range

Here are the statistical test results of wh-word pitch range in Table 5.1 and Table 5.2.

Mixed Linear Model Pairwise Comparisons
M Diffi
Group F (3,356) P-value Scenario ean (I;Z)erence P-value
1vs2 18.967 0.132
1vs3 30.678 0.015
Part I 1vs4 -5.278 0.675
Tone 1 3.537 0.015 2vs3 11.711 0.352
2vs4 -24.244 0.054
3vs4 -35.956 0.004
Part I 1vs2 20.044 0.146
Tone 2 3401 0.018 1vs3 32.300 0.020
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Mixed Linear Model Pairwise Comparisons

Mean Difference

Group F(3,356) P-value Scenario (Hz) P-value
1 vs4 -6.656 0.629
2vs3 12.256 0.374
2vs4 -26.700 0.053
3vs4 -38.956 0.005
1vs2 3.944 0.768
lvs3 25.656 0.056
Part I 1 vs4 -28.933 0.031
Tone 3 5018 0.001 2vs3 21.711 0.106
2vs4 -32.878 0.015
3vs4 -54.589 <0.001
1vs2 -4.100 0.743
Ivs3 14.378 0.250
Part I lvs4 -41.267 0.001
<
Tone 4 7.220 0.001 2vs3 18.478 0.140
2vs4 -37.167 0.003
3vs4 -55.644 <0.001
Table 5.1 Mixed linear model results of wh-word pitch range in Part I
Mixed Linear Model Pairwise Comparisons
Mean Diff
Group F (2,267) P-value Scenario can (I;Z)erence P-value
Part Il 1vs2 -18.189 0.025
art 3.902 0.021 1vs3 -20.533 0.011
Tone 4
2vs3 -2.344 0.771

Table 5.2 Mixed linear model results of wh-word pitch range in Part II

In experiment Part I, the wh-word pitch range of all four tone groups are

significantly different. For Tone 1 and Tone 2, “shen2me0’ in the rhetoric question cases

have around 30 to 35 Hz smaller pitch range than interrogation and referential

substitution. For Tone 3 and Tone 4, the wh-word pitch range of referential substitution

are larger than other cases. To be more specific, it is 20 to 30 Hz larger than

interrogation and empty reference, and about 55 Hz larger than rhetoric question.
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However, when there are modal particles at the end, generally existing rules could not

be found.

3.3.6 Wh-word boundary tone

In following Table 6.1 and Table 6.2, the results of wh-word boundary tone can be

checked.
Mixed Linear Model Pairwise Comparisons
Group F (3,356) P-value Scenario Mean Difference  P-value
1vs2 -0.183 0.193
1vs3 0.306 0.030
1vs4 -0.226 0.108
Part] 5.951 0.001 Vo 0
Tone 1 2vs3 0.489 0.001
2vs4 -0.043 0.759
3vs4 -0.532 <0.001
1vs2 0.322 0.067
1vs3 0.205 0.242
1vs4 0.675 <0.001
Part] 5.233 0.002 Vo
Tone 2 2vs3 -0.117 0.504
2vs4 0.353 0.044
3vs4 0.470 0.008
1vs2 0.256 0.094
1vs3 -0.496 0.001
1vs4 .617 <0.001
Part] 6.378 <0.001 Vo 0
Tone 3 2vs3 0.239 0.119
2vs4 0.361 0.019
3vs4 0.122 0.427

Table 6.1 Mixed linear model results of wh-word boundary tone in Part I
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Mixed Linear Model Pairwise Comparisons

Group F(2,267) P-value Scenario Mean Difference  P-value

bt 1vs 2 0.137 0.362
Ta : 12.324 <0.001 1 vs 3 0.703 <0.001
one 2vs3 0.566 <0.001
- 1 vs2 0.103 0.461
art 6.511 0.002 1 vs 3 -0.374 0.008
Tone 3
2vs 3 -0.477 0.001

Table 6.2 Mixed linear model results of wh-word boundary tone in Part II

There are significant differences appearing in most groups, among which the
interrogation and empty reference mainly have more evident rising at the ending
boundary of “shen2me0”. It might suggest that for interrogation of wh-question, the
strategy is to express the questioning tone by rise the tone of wh-word, especially at the
end of it. While for rhetoric question, when there is no modal particle, due to the focus
being mainly at the front part of sentence, such as the adverb “hai2”, some speakers
choose to pass the wh-word quickly, without modifying its tone. But when the sentences
have the participation “a0” at the end, which forms part of the sentence stress, it can
also be observed from the pitch curves that “me0” has a boundary tone going up that

could be a way to express emotion and to join the stressed word after it.

3.4 Analysis of modal particles’ influence on acoustic features of interrogative

pronoun “shen2me0” with different usages

In this part independent samples t-tests were conducted in order to quantify the
influences of modal particles on sentence boundary tone, wh-word duration, wh-word
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pitch range and wh-word boundary tone. Only significant results in the tests are shown

in tables.

3.4.1 Sentence boundary tone

In Table 7 are the independent sample t-test results of differences of sentence

boundary tone between experiment Part I and Part II.

Levene’s Test for

Part I vs Part 11 Equality of T-test for Equality of Means
Variances
. Sig. Mean
Group ¥ Sig. t (2-taigled) Difference

Scenario  Tone 1 0.019 0.890  5.455 <0.001 0.833
1 Tone 3 8.761 0.003 -4.211 <0.001 -0.663
Scenario  Tone 1 9.038 0.003  6.606 <0.001 0.979
2 Tone 2 1.950 0.164  7.583 <0.001 1.208
Scenario  Tone 1 1.455 0.229  3.825 <0.001 0.621
3 Tone 2 1.154 0.284  3.908 <0.001 0.678

Table 7 Independent sample t-test results of sentence boundary tone

In Tone 1 group, the z-score of sentence boundary tone of Part I is significantly
higher than Part II. In Tone 2 group, the z-score of Part I is higher than the other Part in
empty reference and rhetoric cases. And in Tone 3, when express query tone using

modal particle “ma0”, the z-score of sentence boundary will be higher.

3.4.2 Wh-word duration

The influences of modal particles on wh-word duration can be found in Table 8.
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Levene’s Test for

Part I vs Part 11 Equality of T-test for Equality of Means
Variances
. Mean
Group F Sig. Slg' Difference
(2-tailed)

()
 Tonel 15.624 <0.001 4726 <0.001 0.059
Scerllano Tone2 8013  0.005 5.276 <0.001 0.057
Tone4 10247  0.002  4.183 <0.001 0.041
Scenario Tone 1  14.494 <0.001  3.276 0.001 0.039
2 Tone2 10.794  0.001 2736 0.007 0.030
Scegarlo Tone3 1964  0.163  -2.264 0.025 -0.019

Table 8 Independent samples t-test results of wh-word duration

Excluded the referential substitution cases (Part II does not have this group),
comparing the impact of the presence or absence of modal particles on the duration of
wh-word, it can be found that in the cases of nouns with tone 1 and 2, the duration of
interrogative word without modal particles in the sentences is significantly different
when expressing interrogation and empty reference. Among tone 3 groups, the duration
of wh-word with modal particles when expressing rhetorical meanings is longer than
when without modal particles. And in tone 4 groups, the wh-word duration is longer

only when expressing interrogation and when there is no modal particle.

3.4.3 Wh-word pitch range

The results of wh-word pitch range are shown in Table 9.
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Levene’s Test for

Part I vs Part 11 Equality of T-test for Equality of Means
Variances
. Mean
Group F Sig. Slg' Difference
(2-tailed) (Hz)
Tone 1 22.834 <0.001 2.250 0.026 29.444
Scenario  Tone 2 15.239 <0.001 2.084 0.039 30.244
1 Tone 3 16.945 <0.001 2.828 0.005 29.733
Tone 4 21.516 <0.001 2.948 0.004 25.644
Scerzlarlo Tone3 26006  <0.001 2.901 0.004 27.678

Table 9 Independent samples t-test results of wh-word pitch range

Generally speaking, in interrogation context, the sentences with modal particles

have 25 to 30 Hz higher wh-word pitch range than those without modal particles.

3.4.4 Wh-word boundary tone

The results of wh-word boundary tone can be found in Table 10.

Levene’s Test for

Equality of T-test for Equality of Means
Variances
. Sig. Mean
Group F Sig. t (2-tailed) Difference

Scenario Tone2  0.007 0935 2.779 0.006 0.463
1 Tone3  6.898 0.009  4.195 <0.001 0.552
Scerzlam Tone3  1.096 0297  2.753 0.007 0.399
Sceg‘ano Tone3  11.954  0.001 -2.152 0.033 0318

Table 10 Independent samples t-test results of wh-word boundary tone
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Overall, the significant differences in the boundary tone at the end of wh-word are
concentrated in the case of noun of tone 3. Specifically, when expressing questioning
and empty reference, the z-score of the boundary tone at the end of “shen2me0” without
a modal particle in the sentences is higher than that with a modal particle. It could
because that it is necessary to express interrogation by the boundary tone of wh-word
when there is no help of the modal particle. While in rhetoric cases, the z-score of wh-
word’s boundary tone of sentences with modal particles is higher than those without
them, which may due to the reason that the modal particle “a0” plays the role of

strengthening the disapproval and dissatisfactory tone by rising the pitch.
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4 Conclusions and discussions

In this study the acoustic features of various usages of the Mandarin interrogative
pronoun ‘“shen2me0” — interrogation, empty reference, rhetoric and referential
substitution were analyzed, not only highlighting their acoustic distinctions but also
reflect the underlying pragmatic functions. The influence of modal particles and the
tone of nouns appearing between the interrogative pronoun and the modal particles
were also considered into account, which resulted having certain influence on the

acoustic features, but not general in all cases.

Interrogative usage of “shen2me0” is characterized by moderate pitch fluctuations,
especially with sharper variations at the word “shen2”. Without modal particle, in which
case the sentences are more of wh-question, the speakers choose to rise the tone at the
end of the sentences to express the questioning intention. The presence of querying
modal particle “ma0” at the end of the sentences would turn the sentences into a more
yes/no question, which makes the speakers not raise their tone that much as in the
former cases, but its presence still adds a slight stress, maintaining the query tone and

enhancing the clarity of the question.

In contrast, the empty reference usage exhibits a relatively flat pitch contour with
minor fluctuations both at sentence level and at wh-word level, reflecting its neutral or
non-specific nature. This flatness in pitch and stress distribution aligns with this

function of “shen2me0” as more of a placeholder rather than a focal point for eliciting
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information. It accords with the intention of speculating but not expecting any specific

answers.

Rhetoric usage, on the other hand, displays dynamic pitch changes, particularly at
“hai2”, which shows significant dips followed by sharp rises. This word is particularly
stressed in this usage with significantly higher pitch and longer duration. As for the wh-
word “shen2me0”, it shows relatively flatter contour, even comparing to the empty
reference cases. It could suggest that the interrogative pronoun plays less important role
of expressing strongly negative emotion than the adverb “hai2” when speaking. Fewer
speaker chooses to show their dissatisfaction or intention of persuasion using

interrogative pronoun when there is an adverb that can be used to strengthen the mood.

Referential substitution usage has flatter pitch contour at the front of the sentences,
but rises higher than other cases at the end of the sentences. And it is general that
speakers choose to last their pronouncing of “me0” in “shen2me0”, which also extended
the overall duration of sentence. These all points to thinking process in searching of the

wanted word of the speaker themselves.

Admittedly, there exist limitations in this study. First, due to the limited sample
size, the fitting results might not be as comprehensive as desired to represent general
Mandarin speaking population. The experimental design also presents certain
limitations. There is a possibility that some speakers did not fully understand the
context or were unable to immerse themselves adequately in the given scenarios, which

might have influenced their speech patterns. In future research, it could employ more
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immersive methods to create more realistic contexts, such as having conversations with
speakers, using videos, or even applying Al technologies. Another significant limitation
lies in the recording instruments used in this study. Due to the constraint, participants
recorded their voices using different mobile phones and under varying environmental
conditions, although they had instructions of recording and were requested to manage
avoiding the noise. This variation likely introduced background noise and
inconsistencies in the recording quality, which could have affected the accuracy of the
acoustic data. Moreover, future research should explore better methods to quantify the

acoustic data and to capture all relevant features.

This study could provide some suggestions for the ASR of non-interrogative
usages of wh-word in Mandarin Chinese from the perspective of acoustic analysis in
order to solve the problem of recognition and understanding of these types of special

usages in sentences sharing the same syntactic structure.

In recent years, the ASR has seen great advancements due to the deep learning
technology. The deep learning-based ASR models usually are trained on large datasets
of labeled audio data, and future studies could enrich the training data with specific
additional features such as the ones investigated in this study in order to have better
efficiency and performance. And the models convert raw audio signals into features that
can be processed by them, such as Mel-Frequency Cepstral Coefficients (MFCCs),
Mel-spectrogram, etc., and process them using feature extraction layer in their

structures. Researchers could also integrate the acoustic features analyzed in this
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present to this layer along with MFCCs and other commonly used features in these
models. Features such as MFCCs are indeed widely used in deep learning-based ASR
models due to various reasons. They show good performance in capturing features that
align well with human perceptions, such as in Speech Emotion Recognition (Nancy et
al., 2018, Liu et al. 2023). And MFCCs have benefits such as reducing the
dimensionality (Errity & McKenna, 2007), which is the limitation of this present study.
Despite these positive aspects of MFCCs, integrating the pitch, duration, and other basic
acoustic features in the feature set along with the standard features in deep learning-
based ASR could still be beneficial. For example, Gupta et al. (2020) proposed pitch-
synchronous single frequency filtering spectrogram to improve the recognition of
speech emotion. Nevertheless, MFCCs also need to face the problem of processing
signals with background noises (Khan et al., 2019). Moreover, modern ASR models
require specific contextual information, and in recent studies, researchers have
proposed ASR model based on audio conditioned large language models (AcLLM) that
makes use of the LLM through the input of continuous speech representations and
contextual information (Bai et al. 2024). The results of this study may also help such

models evaluating the contexts.
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Part I — Scenario I — Tone 1

APPENDIX A

Sentences stress score results

tal hai2 xiang3 yao4 shen2 meS zhoul
1 3 7 50 9 22 14 44
2 46 44 9 5 8 1 4
3 38 24 17 1 4 2 37
score 334 26.6 21.2 3.8 8.8 4.1 28.5
Part I — Scenario I — Tone 2
tal hai2 xiang3 yao4 shen2 meS you2
1 1 1 41 9 11 7 76
2 52 59 19 15 14 5 1
3 34 23 22 1 7 0 8
score 32.8 29.4 249 6.8 9.9 29 19.5
Part I — Scenario I — Tone 3
tal hai2 xiang3 yao4 shen2 meS jiu3
1 5 9 50 9 21 17 44
2 46 43 12 11 6 8 9
3 31 23 11 0 4 3 30
score 30.3 26.2 19.1 5.1 8 7.3 26.5
Part I — Scenario I — Tone 4
tal hai2 xiang3 yao4 shen2 meS rou4
1 0 8 42 8 30 4 47
2 53 53 11 13 6 0 3
3 33 24 24 1 2 2 38

54




score 32.4 29.5 23.7 6 8.8 1.8 29.3
Part I — Scenario I — Tone 1
tal hai2 xiang3 yao4 shen2 meS zhoul
1 2 4 29 9 8 11 29
2 24 52 21 8 3 7 6
3 63 23 8 0 2 3 50
score 39.1 27.9 16.1 42 35 5.8 32.6
Part I — Scenario II — Tone 2
tal hai2 xiang3 yao4 shen2 meS you2
1 0 4 35 6 6 7 76
2 27 56 22 17 10 8 1
3 61 24 11 3 6 0 8
score 38.6 29.6 19.1 7.8 72 3.8 19.5
Part I — Scenario II — Tone 3
tal hai2 xiang3 yao4 shen2 meS jiu3
1 4 4 31 7 9 12 44
2 22 46 20 15 7 15 9
3 52 12 9 2 3 4 32
score 334 20.6 16.7 6.9 5.4 8.9 27.5
Part I — Scenario II — Tone 4
tal hai2 xiang3 yao4 shen2 meS rou4
1 4 11 37 10 11 8 36
2 27 48 17 13 10 4 6
3 56 18 17 2 2 0 46
score 36.9 25.6 21 6.9 6.2 2.8 32

Part I — Scenario III — Tone 1
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tal hai2 xiang3 yao4 shen2 meS zhoul
2 17 13 2 9 11 44
2 46 32 37 5 1 1 4
3 37 39 25 0 0 1 37
score 32.7 32.5 26.2 1.9 2.1 3 28.5
Part I — Scenario III — Tone 2
tal hai2 xiang3 yao4 shen2 meS you2
1 1 8 14 1 14 9 71
2 56 34 41 13 4 4 0
3 29 46 25 0 0 2 18
score 315 34.8 27.6 4.1 4 4 23.2
Part I — Scenario III — Tone 3
tal hai2 xiang3 yao4 shen2 meS jiu3
1 1 16 13 0 9 11 55
2 52 33 32 11 3 13 1
3 29 35 24 0 1 2 29
score 30.3 30.6 24.2 33 32 7.1 25.8
Part I — Scenario III — Tone 4
tal hai2 xiang3 yao4 shen2 meS rou4
1 0 18 20 2 20 7 47
2 52 34 33 17 3 1 0
3 33 38 32 0 0 0 39
score 32.1 32.8 29.9 5.5 49 1.7 28.9
Part I — Scenario IV — Tone 1
tal hai2 xiang3 yao4 shen2 meS zhoul
1 4 3 8 18 13 70 14
2 62 64 22 6 9 2 20
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3 21 4 3 2 1 5 48
score 29.9 21.8 9.7 6.4 5.8 17.1 32.8
Part I — Scenario IV — Tone 2
tal hai2 xiang3 yao4 shen2 meS you2
1 0 1 13 12 9 71 65
2 64 74 42 20 12 2 1
3 20 6 8 2 5 3 15
score 29.2 25.4 19.2 9.4 7.9 16.3 20.8
Part I — Scenario IV — Tone 3
tal hai2 xiang3 yao4 shen2 me5 jiu3
1 2 5 16 7 15 57 43
2 53 65 26 16 18 10 1
3 19 2 6 1 1 11 36
score 25.8 21.5 14 6.7 8.9 19.9 26.9
Part I — Scenario IV — Tone 4
tal hai2 xiang3 yao4 shen2 meS rou4
1 8 5 21 13 16 65 24
2 52 54 21 3 14 3 23
3 21 10 4 1 0 5 37
score 27.7 222 12.5 4 7.4 16.4 30.2
Part IT — Scenario I — Tone 1
tal hai2 xiang3 yao4 shen2 meS zhoul ma5s
1 0 4 35 9 14 18 41 40
2 55 53 19 10 6 0 3 6
3 35 21 23 2 0 0 39 38
score 34 27.2 24.2 5.8 4.6 3.6 28.6 28.8

Part I — Scenario [ — Tone 2
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tal hai2 xiang3 yao4 shen2 meS you2 mas
1 3 0 25 3 9 13 83 53
2 57 61 30 24 11 9 0 2
3 25 26 31 3 1 0 0 28
score 30.2 313 29.5 9.3 5.6 5.3 16.6 252
Part II — Scenario I — Tone 3
tal hai2 xiang3 yao4 shen2 meS jiu3 mas
1 2 0 15 0 9 18 71 82
2 63 71 26 26 14 29 0 0
3 21 14 33 0 2 10 14 1
score 29.8 28.3 27.3 7.8 7 17.3 21.2 16.9
Part II — Scenario I — Tone 4
tal hai2 xiang3 yao4 shen2 meS rou4 mas
1 0 2 29 5 10 5 23 76
2 57 70 14 11 4 2 0 1
3 27 14 31 2 1 0 67 7
score 30.6 28.4 25.5 53 3.7 1.6 38.1 19
Part I — Scenario II — Tone 1
tal hai2 xiang3 yao4 shen2 meS zhoul bas
1 1 5 32 2 4 26 27 37
2 39 58 27 18 8 8 2 19
3 46 15 19 0 1 3 61 7
score 349 259 24 5.8 3.7 9.1 36.5 16.6
Part I — Scenario II — Tone 2
tal hai2 xiang3 yao4 shen2 meS you2 bas
1 4 1 24 1 5 6 82 43
2 41 61 35 28 18 15 0 12
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3 43 20 21 1 0 3 7 6
score 34.6 28.5 25.8 9.1 6.4 7.2 19.9 15.2
Part II — Scenario II — Tone 3
tal hai2 xiang3 yao4 shen2 meS jiu3 bas
1 9 5 19 0 1 15 59 46
2 43 62 18 28 17 28 0 5
3 36 10 21 3 0 15 30 9
score 32.7 24.6 19.7 9.9 5.3 18.9 26.8 15.2
Part IT — Scenario II — Tone 4
tal hai2 xiang3 yao4 shen2 meS rou4 bas
1 6 2 33 4 5 6 16 29
2 37 60 16 20 9 14 3 14
3 42 16 20 2 0 2 70 10
score 333 26.4 214 7.8 3.7 6.4 39.1 15
Part IT — Scenario II1 — Tone 1
tal hai2 xiang3 yao4 shen2 meS zhoul a5
1 0 7 9 1 16 16 62 38
2 60 29 39 24 5 9 1 3
3 28 50 36 0 0 3 24 5
score 32 35.1 31.5 7.4 4.7 7.4 24.7 11
Part IT — Scenario III — Tone 2
tal hai2 xiang3 yao4 shen2 meS you2 as
1 1 7 6 1 20 8 74 48
2 59 34 41 42 10 14 0 5
3 26 47 38 0 1 3 8 5
score 30.9 35.1 325 12.8 7.5 7.3 18.8 13.6

Part I — Scenario III — Tone 3
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tal hai2 xiang3 yao4 shen2 meS jiu3 as

1 3 13 17 7 15 16 55 63

2 52 27 39 26 18 24 5 9

3 20 36 23 1 0 6 29 12
score 26.2 28.7 26.6 9.7 8.4 13.4 27 21.3

Part I1 — Scenario I — Tone 4

tal hai2 xiang3 yao4 shen2 meS roud as

1 0 15 14 1 16 5 30 42

2 54 29 30 25 2 7 0 7

3 29 44 38 2 3 0 57 7
score 30.7 33.7 30.8 8.7 53 3.1 34.5 14
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APPENDIX B

Experiments

Experiment [

Background: You are roommates with Luo and Wan. Today, you and Wan go for
shopping in the supermarket. Luo can’t go with you because she is busy, and she asked

you two to bring something for her.

Scenario |

You and Wan have taken the stuff that Luo needs. At this time Luo texts Wan that she

needs something more.

1.1

INTT e NB A EE SR . (Wan: Luo said she also wants some porridge.)

fR: WA AR EEAT 2 85 2 (You: What kind of porridge does she also want?)

/NG M. (Wan: Oat porridge.)

1.2

INTT e NT AR B L . (Wan: Luo said she also wants some oil.)

fR: WS AR EAT 4 ? (You: What kind of oil does she also want?)

/INTT: RWREIH . (Wan: Olive oil).

1.3
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INTT e NT ALY . (Wan: Luo said she also wants some wine.)

fR: WA AT A ? (You: What kind of wine does she also want?)

/INFi: 2L, (Wan: Red wine.)

1.4

INTT e N A EESE . (Wan: Luo said she also wants some meat.)

fR: R AR EAT A R ? (You: What kind of meat does she also want?)

/INFi: 4ERl. (Wan: Beef))

Scenario 11

Before you and Wan left home, Luo asked you to contact her when you are in the
supermarket because she wanted to have a choose before deciding. Now you and Wan

have finished your shopping, and are ready to buy the stuff that Luo needs.

2.1

INTT: INBEAT A ? (Wan: What does Luo want?)

fR: WA EAT 486, FRiA A . (You: She wants some porridge. Let me ask her.)

~

fR: G EHESE S . (You: She said she wants oat porridge.)

2.2

INTT: NBEAL 4 ? (Wan: What does Luo want?)

PR Wi AREA T4 . R . (You: She wants some oil. Let me ask her.)
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fR: Wb BN . (You: She said she wants olive oil.)

23

N INFEA 24?7 (Wan: What does Luo want?)

Re WIS R EAT 4. FkMiF . (You: She wants some wine. Let me ask her.)

fR: WP EEZT . (You: She said she wants red wine.)

24

N NP EA 4?7 (Wan: What does Luo want?)

fR: WA EAT 4 P, FRiA A . (You: She wants some meat. Let me ask her.)

fR: Wi B (You: She said she wants beef)

Scenario 111

Luo asked you to buy too much same food for her, and You and Wan think she shouldn’t

do that, because she won’t be able to eat them all.

3.1 Luo said she wanted five bowls of oat porridge, and texts you now that she wants

five more.

INFT e NP B A FESE ! (Wan: Luo want five bowls of oat porridge more!)

fR: WA EAT A5 ? 1743581 ? (You: What porridge? Can she eat them all?)

3.2 Luo said she wanted five bottles of olive oil, and texts you now that she wants five

more.
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AINTT e ANBIREL RS RN ! (Wan: Luo want five bottles of olive oil more!)

fR: Wi AR AT A3 ? MZ243 581 ? (You: What 0il? Can she eat them all?)

3.3 Luo said she wanted five bottles of red wine, and texts you now that she wants five

more.

INTT e NB BB RS HAE ! (Wan: Luo want five bottles of red wine more!)

fR: Wi AR AT A0 ? 435218 ? (You: What wine? Can she eat them all?)

3.4 Luo said she wanted five pieces of beef, and texts you now that she wants five more.

INTT e N IREE LA (Wan: Luo want five pieces of beef more!)

fR: WA AT 2 P ? 1243580 ? (You: What meat? Can she eat them all?)

Scenario IV

You and Wan have finished your shopping, and are ready to buy the stuff Luo wants.
Before leaving home, Luo told you that she wanted porridge/oil/wine/meat, but asked
you to contact her when in the supermarket because she wanted to choose before

deciding. Now you are texting her asking what she wants while talking with Wan.

4.1

/INFis N EA 4T (What does Luo want?)

R (R—1G/NT RIEE, —ut) Wik EA 255, .. (You: (texting) She says

she wants some porridge...)
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fR: UNFREIET) Wi EE#EE# . (You: (Luo replied) She says she wants oat

porridge.)

4.2

INFe INFEA 24?7 (What does Luo want?)

R (PR—10g/NT RIE R, —) WA EA 2. .. (You: (texting) She says

she wants some oil...)

fR: CUNSREIET) Wit B . (You: (Luo replied) She says she wants olive

oil.)

4.3

INTie INTEA 24?7 (What does Luo want?)

R: (R—ag/ N RIEE, —i) Wb A EAT 4. .. (You: (texting) She says

she wants some wine...)

fRe ONFEIET) Wi ZEAW. (You: (Luo replied) She says she wants red wine.)

4.4

INTT: NBEAL 4 ? (What does Luo want?)

R: (R—g /N RIEE, —di) Wb A8 EAT 4 K. .(You: (texting) She says

she wants some meat...)

fr: CUNEBEIET) Wi E4 KA. (You: (Luo replied) She says she wants beef)
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Experiment I1

The background, the scenarios I to III and the conversations are exactly the same as
Experiment I. The only differences are the sentences “You” says have modal particles
“ma0” in Scenario I, “ba0” in Scenario II, and “a0” in Scenario III, but they do not

change the meaning nor the context of the sentences:

Scenario |

PR lad AR EEAT 2 B/l AR/ P ?

Scenario 11

TR Sl AR AT 2 s/ i A/ AL IE 2

Scenario 111

TR Sl AR AT 2 s/ ik A/ AL 2
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